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10 Êîìïîçèöèîííûå ìåòîäû àíàëèçà äàííûõ

Àíàëèç ïðîñòðàíñòâà ïàðàìåòðîâ

â çàäà÷àõ âûáîðà ìóëüòèìîäåëåé

Àäóåíêî Àëåêñàíäð Àëåêñàíäðîâè÷

1
⋆ aduenko1�gmail.
om

Ñòðèæîâ Âàäèì Âèêòîðîâè÷

1,2
strijov�

as.ru

1
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

2
Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

�àññìàòðèâàåòñÿ çàäà÷à âûáîðà ìóëüòèìîäåëåé ïðè ïîñòðî-

åíèè ìîäåëåé â çàäà÷àõ äâóõêëàññîâîé êëàññè�èêàöèè. Ìóëü-

òèìîäåëè ÿâëÿþòñÿ èíòåðïðåòèðóåìûì îáîáùåíèåì ñëó÷àÿ îä-

íîé ìîäåëè, ïîçâîëÿþùèì ó÷èòûâàòü íåîäíîðîäíîñòè â äàííûõ.

Ïðèçíàêîâûå ïðîñòðàíñòâà ìîäåëåé â ìóëüòèìîäåëè ìîãóò íå

ñîâïàäàòü. Êðîìå òîãî, ìóëüòèìîäåëü ìîæåò ñîäåðæàòü áîëüøîå

÷èñëî áëèçêèõ ìîäåëåé, ÷òî âåäåò ê íèçêîìó êà÷åñòâó ïðîãíî-

çà è îòñóòñòâèþ èíòåðïðåòèðóåìîñòè. Äëÿ ðåøåíèÿ ýòîé ïðîá-

ëåìû ïðåäëàãàåòñÿ ìåòîä ñòàòèñòè÷åñêîãî ñðàâíåíèÿ ìîäåëåé

äëÿ ïðîðåæèâàíèÿ ìóëüòèìîäåëè. Ââîäèòñÿ ïîíÿòèå àäåêâàòíîé

ìóëüòèìîäåëè, ò. å. ìóëüòèìîäåëè, âñå ìîäåëè â êîòîðîé ÿâëÿ-

þòñÿ ïîïàðíî ñòàòèñòè÷åñêè ðàçëè÷èìûìè. Äëÿ ñòàòèñòè÷åñêîãî

ñðàâíåíèÿ ìîäåëåé ïðåäëàãàåòñÿ ââåñòè �óíêöèþ áëèçîñòè ìåæ-

äó àïîñòåðèîðíûìè ðàñïðåäåëåíèÿìè ïàðàìåòðîâ ìîäåëåé. Òà-

êàÿ �óíêöèÿ äîëæíà áûòü îïðåäåëåíà äëÿ ñëó÷àÿ ïàðû ðàñïðå-

äåëåíèé ñ íåñîâïàäàþùèìè íîñèòåëÿìè, à òàêæå íå ðàçëè÷àòü

äâà ðàñïðåäåëåíèÿ, îäíî èç êîòîðûõ ÿâëÿåòñÿ ìàëîèí�îðìàòèâ-

íûì. Ïîêàçàíî, ÷òî äèâåðãåíöèÿ Êóëüáàêà�Ëåéáëåðà, ðàññòîÿíèÿ

Äæåíñîíà�Øåííîíà, Õåëëèíãåðà, Áõàòòà÷àðàéà íå óäîâëåòâîðÿ-

þò ýòîìó òðåáîâàíèþ. Ïðåäëàãàåòñÿ �óíêöèÿ áëèçîñòè äëÿ ïà-

ðû ðàñïðåäåëåíèé, êîòîðàÿ óäîâëåòâîðÿåò ýòèì òðåáîâàíèÿì. Èñ-

ñëåäîâàíû àñèìïòîòè÷åñêèå ñâîéñòâà ðàñïðåäåëåíèÿ ââåäåííîé

�óíêöèè áëèçîñòè â óñëîâèÿõ èñòèííîñòè ãèïîòåçû î ñîâïàäå-

íèè ìîäåëåé. Ñ ïîìîùüþ ñòàòèñòè÷åñêèõ ñâîéñòâ ðàñïðåäåëåíèÿ

ââåäåííîé �óíêöèè áëèçîñòè ïîëó÷åíû îöåíêè íà ìàêñèìàëüíîå

êîëè÷åñòâî ïîïàðíî ðàçëè÷èìûõ ìîäåëåé â ìóëüòèìîäåëè äëÿ âû-

áîðêè �èêñèðîâàííîãî ðàçìåðà [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-31205.

[1℄ Àäóåíêî À.À., Ñòðèæîâ Â.Â. Ñîâìåñòíûé âûáîð îáúåêòîâ è ïðè-

çíàêîâ â çàäà÷àõ ìíîãîêëàññîâîé êëàññè�èêàöèè êîëëåêöèè äîêó-

ìåíòîâ // Èí�îêîììóíèêàöèîííûå òåõíîëîãèè, 2014. � 1. Ñ. 47�53.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Features space analysis for multimodel selection

Aduenko Aleksandr1⋆ aduenko1@gmail.com

Strijov Vadim1,2 strijov@ccas.ru
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

The problem of multimodel selection when constructing models for
two-class classification problem is considered. Multimodels are inter-
pretable generalization of the single model case which addresses data
inhomogeneity. Feature spaces may differ across the models. More-
over, a multimodel may contain a big number of similar models which
leads to poor forecast quality and lack of interpretability. The method
of statistical model comparison is suggested to address this problem.
The multimodel is called adequate if the models constituting the mul-
timodel are pairwise statistically distinguishable. The present authors
suggest to introduce a similarity function between posterior distribu-
tion of model parameters for model comparison. Such a similarity
function should be defined for the pair of distributions with diffe-
rent supports. Moreover, it should not distinguish the distributions
one of which is non-informative. It is shown that Kulback–Leibler
divergence, Jensen–Shannon, Hellinger, and Bhattacharaja distances
do not satisfy this condition. The similarity function which satisfies
the conditions is suggested. The asymptotic properties of similarity
function distribution in case the model true parameters are identical
have been obtained and proved. The usage of the suggested similar-
ity function for model comparison is illustrated with synthetic data.
Using the statistical properties of the introduced similarity function,
the upper and the lower bounds on the maximum number of pair-
wise distinguishable models in a multimodel for a sample of the fixed
size have been obtained. The lower bound is proved by providing
the method of construction of adequate multimodel of the necessary
size [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-31205.
[1] Aduenko, A.A., and Strijov V.V. 2014. Joint feature and object selec-

tion for multiclass classification of documents’ collection. Infocommu-
nications Technologies 1:47–53.
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Âû÷èñëèòåëüíî ý��åêòèâíûå ìåòîäû

äëÿ îáó÷åíèÿ ìåòðèê è óñèëåííûå îöåíêè ðèñêà

ìåòðè÷åñêèõ êëàññè�èêàòîðîâ

Èî�èíà �àëèíà Âëàäèìèðîâíà

1
⋆ giofina�mail.ru

Ìàêñèìîâ Þðèé Âëàäèìèðîâè÷

2,3,4
yurymaximov�iitp.ru

Ìèíàåâ Àíäðåé Âèêòîðîâè÷

1
andrew�minaev.net

Ïîëÿêîâ Þðèé Ñåðãååâè÷

1
polyakovyury�gmail.
om

1
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

2
Ìîñêâà, Èíñòèòóò ïðîáëåì ïåðåäà÷è èí�îðìàöèè �ÀÍ

3
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó),

Ëàáîðàòîðèÿ ñòðóêòóðíûõ ìåòîäîâ àíàëèçà äàííûõ

â ïðåäñêàçàòåëüíîì ìîäåëèðîâàíèè (ÏðåÌîËàá)

4
Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

�àññìîòðåíà çàäà÷à îáó÷åíèÿ ìåòðèê â çàäà÷àõ âûñîêîé ðàç-

ìåðíîñòè ñ áîëüøèì ÷èñëîì êëàññîâ. Îñíîâíîé ìîòèâàöèåé ÿâ-

ëÿåòñÿ óñèëåíèå êà÷åñòâà àëãîðèòì k-áëèæàéøèõ ñîñåäåé è äî-

êàçàòåëüñòâî óñèëåííûõ îöåíîê íà ðèñê êëàññè�èêàòîðîâ ýòîãî

òèïà.

Â ðåàëüíûõ çàäà÷àõ ðàñïîçíàâàíèÿ âîçíèêàåò åñòåñòâåííûé

âûáîð ìåæäó ñëîæíîñòüþ (âðåìåíåì ðåøåíèÿ) çàäà÷è ðàñïîçíà-

âàíèÿ è êà÷åñòâîì (òî÷íîñòüþ) ðåøåíèÿ çàäà÷è òåì èëè èíûì

àëãîðèòìîì. Îñíîâíàÿ èäåÿ ïðåäëàãàåìîé êîíñòðóêöèè ñîñòîèò

â òîì, ÷òî, ó÷èòûâàÿ ðàçìåðíîñòü çàäà÷è, êîëè÷åñòâî êëàññîâ

è âíóòðåííþþ ñòðóêòóðó çàäà÷è, ìîæíî óñèëèòü èçâåñòíûå îöåí-

êè ðèñêà è ñêîðîñòü îáó÷åíèÿ êëàññè�èêàòîðà äëÿ ìåòîäîâ òèïà

áëèæàéøèõ ñîñåäåé.

Â ðàññìàòðèâàåìîé êîíñòðóêöèè çàäà÷à ïîñòðîåíèÿ îïòè-

ìàëüíîé ìåòðèêè ñâîäèòñÿ ê çàäà÷å êâàäðàòè÷íîé îïòèìèçàöèè,

äëÿ êîòîðîé ïðåäëàãàåòñÿ âû÷èñëèòåëüíî ý��åêòèâíàÿ ïðîöåäó-

ðà, ñêîðîñòü ñõîäèìîñòè êîòîðîé çàâèñèò îò ïåðå÷èñëåííûõ ïàðà-

ìåòðîâ. Òàêæå ïðåäñòàâëåí ðÿä ýêñïåðèìåíòîâ â çàäà÷àõ ðàñïî-

çíàâàíèÿ èçîáðàæåíèé [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-31241 ìîë_à è 15-

07-09121 à.

[1℄ Io�na G., Maximov Yu., Minaev A., Polyakov Yu. A new method for

learning similarity fun
tions in high dimensional problems // Pattern

Re
ogn. Image Anal. 2015 (in press).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Computationally efficient metric learning
with improved risk bounds

Iofina Galina1
⋆ giofina@mail.ru

Maximov Yury2,3,4 yurymaximov@iitp.ru

Minaev Andrey1 andrew@minaev.net

Polyakov Yury1 polyakovyury@gmail.com
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Institute for Information Transmission Problems
of the Russian Academy of Sciences

3Moscow, Moscow Institute of Physics and Technology (State University),
Laboratory of Structural Methods in Predictive Modeling (PreMoLab)

4Moscow, National Research University “Higher School of Economics”

The problem of metric learning for high-dimensional multiclass clas-
sification problems is considered. The motivation of the research is to
provide a k-nearest neighbor type algorithm that attains better risk
estimates.

For real-life practical problems, there is a natural trade-off be-
tween computational complexity of learning and quality/accuracy of
the algorithm. The main idea of the method is to take into account
the number of classes, dimensionality, and internal structure of the
problem.

In this paper, a novel algorithm is proposed for metric learning
in k-nearest neighbor algorithm with improved risk guarantees. The
algorithm leads to a quadratic optimization for which the authors
propose an effective numerical procedure whose complexity depends
on the parameters above. To support the algorithm, a series of ex-
periments with image classification problems has been proposed [1].

The work is supported in part by the Russian Foundation for
Basic Research, grant 14-07-31241 mol a. The second author is also
supported in part by the Laboratory of Structural Methods in Pre-
dictive Modeling Department of Control and Applied Mathematics,
Moscow Institute of Physics and Technology, Russian Government,
grant 11.G34.31.0073.

[1] Iofina, G., Maximov Yu., Minaev A., and Polyakov Yu. 2015 (in press).
A new method for learning similarity functions in high dimensional
problems. Pattern Recogn. Image Anal.
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Ìíîãîêëàññîâàÿ ìîäåëü �îðìû ñî ñêðûòûìè

ïåðåìåííûìè

Êèðèëëîâ Àëåêñàíäð Íèêîëàåâè÷

1
akirillov�
s.msu.ru

�àâðèêîâ Ìèõàèë Èãîðüåâè÷

2
gavrmike�gmail.
om

Ëîáà÷åâà Åêàòåðèíà Ìàêñèìîâíà

3
⋆ eloba
heva�hse.ru

Îñîêèí Àíòîí Àëåêñàíäðîâè÷

4
anton.osokin�inria.fr

Âåòðîâ Äìèòðèé Ïåòðîâè÷

1,3
vetrovd�yandex.ru

1
Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì.Â. Ëîìîíîñîâà, Ôàêóëüòåò ÂÌÊ

2
Ìîñêâà, ÎÎÎ ¾ßíäåêñ¿

3
Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿, Ôàêóëüòåò êîìïüþòåðíûõ íàóê

4
Ïàðèæ, SIERRA team, INRIA and

�

E
ole Normale Sup�erieure

Ìîäåëü �îðìû Áîëüöìàíà (SBM) è åå ìíîãîêëàññîâûé âàðè-

àíò (MSBM) ÿâëÿþòñÿ ãåíåðàòèâíûìè ìîäåëÿìè, ïîçâîëÿþùèìè

çàäàâàòü �îðìó îáúåêòà íà èçîáðàæåíèè. Ìíîãîêëàññîâàÿ ìî-

äåëü îáëàäàåò áîëüøåé âûðàçèòåëüíîé ñïîñîáíîñòüþ, ÷åì áèíàð-

íàÿ, íî äëÿ åå îáó÷åíèÿ òðåáóþòñÿ äàííûå ñ ïîëíîé ìíîãîêëàñ-

ñîâîé ðàçìåòêîé. Â äàííîé ðàáîòå ïðåäëîæåí íîâûé àëãîðèòì

îáó÷åíèÿ MSBM, äëÿ ïðèìåíåíèÿ êîòîðîãî äîñòàòî÷íî íåïîëíîé

ðàçìåòêè äàííûõ, à èìåííî: áèíàðíîé ðàçìåòêè è çàäàíèÿ ñåìÿí,

óêàçûâàþùèõ ïðèáëèæåííîå ðàñïîëîæåíèå ÷àñòåé îáúåêòîâ. Ñå-

ìåíà ïðè ýòîì ìîãóò áûòü ïîëó÷åíû àâòîìàòè÷åñêè íà îñíîâå

èñïîëüçîâàíèÿ äåòåêòîðà ÷àñòåé îáúåêòîâ. Â òåîðåòè÷åñêîé ÷àñ-

òè ðàáîòû ïðåäñòàâëåíà ãðà�è÷åñêàÿ ìîäåëü, çàäàþùàÿ âçàèìî-

ñâÿçü ìåæäó ïàðàìåòðàìè è ïåðåìåííûìè MSBM, áèíàðíîé è

ìíîãîêëàññîâîé ðàçìåòêîé è ñåìåíàìè, à òàêæå îïèñàíà îñíî-

âàííàÿ íà íåé EM-ïîäîáíàÿ ïðîöåäóðà îáó÷åíèÿ MSBM ïî äàí-

íûì ñ íåïîëíîé ðàçìåòêîé. Íà ýòàïå ýêñïåðèìåíòîâ ïîêàçàíî,

÷òî MSBM, îáó÷åííàÿ ïðåäëîæåííûì àëãîðèòìîì, ïðåâîñõîäèò

ïî êà÷åñòâó SBM è ñîïîñòàâèìà ïî êà÷åñòâó ñ MSBM, îáó÷åííîé

íà äàííûõ ñ ïîëíîé ðàçìåòêîé.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-31-20596 è Mi
rosoft

Resear
h â ðàìêàõ ïðîåêòà ¾Ñîâìåñòíûå èññëåäîâàíèÿ ïî êîì-

ïüþòåðíîìó çðåíèþ â �îññèè¿.

[1℄ Êèðèëëîâ À.Í., �àâðèêîâ Ì.È., Ëîáà÷åâà Å.Ì., Îñîêèí À.À.,

Âåòðîâ Ä.Ï. Ìíîãîêëàññîâàÿ ìîäåëü �îðìû ñî ñêðûòûìè ïåðå-

ìåííûìèè // Èíòåëëåêòóàëüíûå ñèñòåìû, 2015. Ò. 19. Âûï. 2. Ñ. 75�

95.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Deep part-based generative shape model
with Latent variables

Kirillov Alexander1 akirillov@cs.msu.ru

Gavrikov Mikhail2 gavrmike@gmail.com

Lobacheva Ekaterina3
⋆ elobacheva@hse.ru

Osokin Anton4 anton.osokin@inria.fr

Vetrov Dmitry1,3 vetrovd@yandex.ru
1Moscow, Lomonosov Moscow State University, Faculty of Computational
Mathematics and Cybernetics

2Moscow, Yandex
3Moscow, National Research University “Higher School of Economics”,
Faculty of Computer Science

4Paris, SIERRA team, INRIA and École Normale Supérieure

The Shape Boltzmann Machine (SBM) and its multilabel version
(MSBM) have been recently introduced as deep generative mod-
els that capture the variations of the object shape. While being
more flexible, MSBM requires datasets with labeled parts of the ob-
jects for training. An algorithm for training MSBM using binary
masks of objects and the seeds which approximately correspond
to the locations of objects parts is presented. The latter can be ob-
tained from part-based detectors in an unsupervised manner. A latent
variable model and an EM-like (expectation–maximization) training
procedure have been derived for adjusting the weights of MSBM
using the deep learning framework. It is shown that the model
trained by the suggested method outperforms SBM in the tasks
related to binary shapes and is very close to the original MSBM
in terms of the quality of multilabel shapes. Also, it was found out
that the MSBM trained by new procedure significantly outperforms
the MSBMs trained with multilabel segmentations obtained by some
straight-forward heuristic procedure from the binary segmentations
and the seeds.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-31-20596, and by Microsoft Research, research ini-
tiative “Computer vision collaborative research in Russia.”

[1] Kirillov, A.N., Gavrikov M., Lobacheva E., Osokin A., and Vetrov D.P.
2015. Deep part-based generative shape model with latent variables.
Intelligent Systems 19(2):75–95.
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Àãðåãàöèÿ óïîðÿäî÷åííûõ îöåíîê â öâåòíîì

øóìå

Êðûìîâà Åêàòåðèíà Àëåêñàíäðîâíà

1,2
⋆ krymova�physte
h.edu

1
Ìîñêâà, Èíñòèòóò ïðîáëåì ïåðåäà÷è èí�îðìàöèè �ÀÍ

2
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

�àññìàòðèâàåòñÿ çàäà÷à âîññòàíîâëåíèÿ �óíêöèè ðåãðåññèè

ïî êîíå÷íîìó ÷èñëó íàáëþäåíèé �óíêöèè â ãàóññîâñêèì øóìå,

çàäàííûõ â êîíå÷íîì ÷èñëå äåòåðìèíèðîâàííûõ òî÷åê. Òàêàÿ

çàäà÷à òèïè÷íà â íåïàðàìåòðè÷åñêîé ñòàòèñòèêå è î÷åíü ÷àñòî

âñòðå÷àåòñÿ íà ïðàêòèêå.

Ïðåäïîëîæèì, ÷òî ïîìèìî íàáëþäåíèé �óíêöèè èññëåäîâà-

òåëþ çàðàíåå èçâåñòåí �èêñèðîâàííûé íàáîð èç êîíå÷íîãî ÷èñëà

îöåíîê �óíêöèè. Íà îñíîâå ýòîãî íàáîðà îöåíîê òðåáóåòñÿ ïîñòðî-

èòü íîâóþ îöåíêó, êà÷åñòâî êîòîðîé áûëî áû ñðàâíèìî ñ íàèëó÷-

øåé (â ñìûñëå ñðåäíåêâàäðàòè÷íîãî ðèñêà) îöåíêîé èç çàäàííîãî

ìíîæåñòâà. Ïîä íàèëó÷øåé îöåíêîé èç çàäàííîãî ìíîæåñòâà ïî-

íèìàþò îöåíêó, ðèñê êîòîðîé ìèíèìàëåí â çàäàííîì ìíîæåñòâå

îöåíîê. Òàêóþ îöåíêó â ëèòåðàòóðå ÷àñòî íàçûâàþò îðàêóëîì,

òàê êàê åãî çíà÷åíèå èññëåäîâàòåëþ íåèçâåñòíî.

Ïîëó÷åíû íîâûå îðàêóëüíûå íåðàâåíñòâà (ò. å. íåðàâåíñòâà,

êîòîðûå ñâÿçûâàþò ðèñê ìåòîäà ñ ðèñêîì îðàêóëà) äëÿ ýêñïî-

íåíöèàëüíîé àãðåãàöèè óïîðÿäî÷åííûõ îöåíîê �óíêöèè ðåãðåñ-

ñèè â ïðåäïîëîæåíèè ãåòåðîñêåäàñòè÷íîãî øóìà, à èìåííî: øóì

ïðåäïîëàãàåòñÿ êîððåëèðîâàííûì (êîâàðèàöèîííàÿ ìàòðèöà èç-

âåñòíà) è äèñïåðñèÿ åãî ðàçëè÷íà â êàæäîé òî÷êå íàáëþäåíèÿ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-09121.

[1℄ Krymova E. Aggregation of ordered smoothers in 
olored noise //

J. Ma
h. Learn. Data Anal., 2015 (in press). Vol. 1. No. 13. jmlda.

org/papers/do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Aggregation of ordered smoothers in colored noise

Krymova Ekaterina1,2
⋆ krymova@phystech.edu

1Moscow, Institute for Information Transmission Problems
of the Russian Academy of Sciences

2Moscow, Moscow Institute of Physics and Technology (State University)

The paper is devoted to the problem of recovery of one-dimensional
functions given a set of noisy observations. Suppose that in addition,
given a fixed set of a finite number of function estimates. Based on this
set of estimates, it is necessary to construct a new estimator, the risk
of which would be close to the risk of the “best” estimate (so-called
oracle) in a given set. The present author proves new oracle inequal-
ities for aggregation of regression function estimates in assumption
of heteroscedasic Gaussian noise, namely, correlated Gaussian noise
with different variances at each design point [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-09121.

[1] Krymova, E. 2015 (in press). Aggregation of ordered smoothers in col-
ored noise. J. Mach. Learn. Data Anal. 1(13). jmlda.org/papers/doc/
2015/JMLDA2015no13.pdf
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18 Êîìïîçèöèîííûå ìåòîäû àíàëèçà äàííûõ

Êîìáèíèðîâàíèå îòíîøåíèé ïîðÿäêà

äëÿ âîññòàíîâëåíèÿ ïðåäïî÷òåíèÿ

íà íàáîðå îáúåêòîâ

Êóçíåöîâ Ìèõàèë Ïàâëîâè÷⋆ mikhail.kuzne
ov�physte
h.edu

Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

�åøàåòñÿ çàäà÷à âîññòàíîâëåíèÿ îòíîøåíèÿ ïðåäïî÷òåíèÿ

íà íàáîðå îáúåêòîâ. Çàäàíî ìíîæåñòâî D, ñîñòîÿùåå èç m îáú-

åêòîâ x1, . . . , xm. Íà ìíîæåñòâå D çàäàíî n îòíîøåíèé ïîðÿä-

êà z1, . . . , zn: zj(xi, xk) = I(xi >j xk). Çàäàíî öåëåâîå îòíîøåíèå
ïîðÿäêà z0(xi, xk). Òðåáóåòñÿ ïî èìåþùèìñÿ îïèñàíèÿì îáúåê-

òîâ z1, . . . , zn âîññòàíîâèòü ïîëíîå îòíîøåíèå ïîðÿäêà, ò. å. ïî-

ñòðîèòü îòîáðàæåíèå ϕ : x 7→ y ∈ R, óäîâëåòâîðÿþùåå óñëîâèþ

ìîíîòîííîñòè ïî âñåì z1, . . . , zn, è îïòèìàëüíîå âîññòàíàâëèâà-

þùåå öåëåâîå îòíîøåíèå z0.
Äëÿ ðåøåíèÿ çàäà÷è îïðåäåëÿåòñÿ �óíêöèÿ ïîòåðü, îïèñû-

âàþùàÿ îòêëîíåíèå îòíîøåíèÿ ïîðÿäêà, çàäàâàåìîãî îòîáðàæå-

íèåì ϕ, îò öåëåâîãî îòíîøåíèÿ z0. Ñòàâèòñÿ çàäà÷à îïòèìèçàöèè
�óíêöèè ïîòåðü ñ îãðàíè÷åíèÿìè-íåðàâåíñòâàìè, çàäàþùèìè ïî-

ëèýäðàëüíûé êîíóñ. Äëÿ ïîëó÷åíèÿ ÿâíîãî ðåøåíèÿ èñïîëüçóåòñÿ

ïðåäñòàâëåíèå êîíóñà ÷åðåç åãî ïîðîæäàþùèå ýëåìåíòû. Ïîêàçà-

íî, ÷òî ïðè íåêîòîðûõ äîïîëíèòåëüíûõ îãðàíè÷åíèÿõ íà ïàðà-

ìåòðû ìîäåëè çàäà÷à ïðåäñòàâëÿåòñÿ â �îðìå íåîòðèöàòåëüíîé

ëèíåéíîé ðåãðåññèè.

Ïðåäëàãàåòñÿ ìåòîä ñîêðàùåíèÿ ïðîñòðàíñòâà ïàðàìåòðîâ ìî-

äåëè ïóòåì èñïîëüçîâàíèÿ öåíòðàëüíûõ òî÷åê ðàññìàòðèâàåìûõ

êîíóñîâ. Íà îñíîâå ìåòîäà ðàçðàáîòàí äâóõøàãîâûé àëãîðèòì

âîññòàíîâëåíèÿ îòíîøåíèÿ ïðåäïî÷òåíèÿ íà ìíîæåñòâå îáúåêòîâ.

�åàëèçîâàí âû÷èñëèòåëüíûé ýêñïåðèìåíò, ïîêàçûâàþùèé ïðå-

âîñõîäñòâî ïðåäëîæåííîãî ìåòîäà íàä áàçîâûìè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ, ïðîåêò î�è_ì_2013

�13-01-12014.

[1℄ Kuznetsov M.P., Strijov V.V. Methods of expert estimations


on
ordan
e for integral quality estimation // Expert Syst. Appl., 2014.

Vol. 41. No. 4. P. 1988�1996.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Combining order relations for estimating preferences
over the set of objects

Kuznetsov Mikhail⋆ mikhail.kuznecov@phystech.edu

Moscow, Moscow Institute of Physics and Technology (State University)

A problem of estimating preference relation over the set of ob-
jects D = x1, . . . , xm is considered. The objects of D are described
by the set of order relations z1, . . . , zn: zj(xi, xk) = I(xi >j xk).
Also, a target order relation z0(xi, xk) is given. The goal is to recover
a full-order relation using the object descriptions z1, . . . , zn, that is,
to construct a map ϕ : x 7→ y ∈ R satisfying the monotonicity condi-
tion on z1, . . . , zn and optimally estimating the target relation z0.

To solve the problem, a loss function describing difference bet-
ween the target relation z0 and the relation defined by the map ϕ
is introduced. The loss function generalizes the rank correlation no-
tion. The preference estimation problem is formulated in terms of loss
function minimization with inequality conditions, which define a poly-
hedral cone. To obtain an explicit solution, a finitely generated form
of the cone is used. It is shown that by using some additional re-
strictions on the model parameters, the problem can be reformulated
in terms of nonnegative least squares.

The author proposes to reduce model parameter space considering
central points of the cones. On the basis of this method, a two-stage
algorithm of the preference relation estimation over the set of objects
is developed. The computations showed supremacy of the proposed
method over the baseline [1].

The research is granted by the Russian Foundation for Basic Re-
search, ofi m 201313-01-12014.

[1] Kuznetsov, M.P., and Strijov V.V. 2014. Methods of expert estima-
tions concordance for integral quality estimation. Expert Syst. Appl.
41(4):1988–1996.
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Ìíîãîêëàññîâîå ðàñïîçíàâàíèå â ïðîñòðàíñòâå

ïðåäñòàâëåíèé ñ ìíîãîóðîâíåâûì ðàçðåøåíèåì

Ëàíãå Ìèõàèë Ìèõàéëîâè÷ lange_mm�

as.ru

�àíåáíûõ Ñåðãåé Íèêîëàåâè÷⋆ sng�

as.ru

Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

Ïðèâåäåíî îáîáùåíèå ìíîãîêëàññîâîé ìîäåëè ðàñïîçíàâàíèÿ

îáðàçîâ ïî êðèòåðèþ áëèæàéøåãî ñîñåäà [1℄ ñ ó÷åòîì îòêàçà

îò êëàññè�èêàöèè. �àññìàòðèâàåòñÿ êëàññè�èêàòîð íà îñíîâå

ñõåìû ñðàâíåíèÿ ñ ýòàëîíàìè â ïðîñòðàíñòâå óíèâåðñàëüíûõ äðå-

âîâèäíûõ ïðåäñòàâëåíèé îáðàçîâ ñ ìíîãîóðîâíåâûì ðàçðåøåíè-

åì. Íà ìíîæåñòâå ïðåäñòàâëåíèé ïîñòðîåíî ñåìåéñòâî ìåð ðàçëè-

÷èÿ îáðàçîâ è ðàçäåëÿþùèõ �óíêöèé, âû÷èñëÿåìûõ íà ïîñëåäî-

âàòåëüíûõ óðîâíÿõ ðàçðåøåíèÿ. �àçðàáîòàíà ïðîöåäóðà îáó÷å-

íèÿ, âêëþ÷àþùàÿ îòáîð ýòàëîíîâ è âûáîð ïîðîãîâûõ çíà÷åíèé

ðàçäåëÿþùèõ �óíêöèé, èñïîëüçóåìûõ äëÿ ðåàëèçàöèè îòêàçà.

Ý��åêòèâíîñòü èñïîëüçóåìîé ïðîöåäóðû îáó÷åíèÿ ïðîäå-

ìîíñòðèðîâàíà ROC-êðèâûìè (re
eiver operating 
hara
teristi
)

â òåðìèíàõ çàâèñèìîñòè TPR (true positive rate) îò FPR (false

positive rate), õàðàêòåðèñòèêàìè AUC (area under 
urve) è íàè-

ìåíüøèìè çíà÷åíèÿìè ñóììàðíîé äîëè îøèáîê ((1-TPR)+FPR)/2,

äëÿ èñòî÷íèêîâ ïîëóòîíîâûõ èçîáðàæåíèé ëèö, ïîäïèñåé è æåñ-

òîâ ðóêè ïðè ðàçëè÷íûõ óðîâíÿõ ðàçðåøåíèÿ.

Ïîñòðîåí ðåøàþùèé àëãîðèòì íà îñíîâå ïàðàìåòðè÷åñêîé

ñòðàòåãèè ïîèñêà â ñåòè ýòàëîíîâ ñ ìíîãîóðîâíåâûì ðàçðåøå-

íèåì, ðåàëèçóþùåé èåðàðõè÷åñêèé è ïåðåáîðíûé ïîèñê ðåøå-

íèÿ. Èñïîëüçóÿ óêàçàííûå èñòî÷íèêè èçîáðàæåíèé è ïðîöåäóðó

ñêîëüçÿùåãî êîíòðîëÿ, âûïîëíåíî òåñòèðîâàíèå êëàññè�èêàòî-

ðîâ, ïîñòðîåííûõ ñ îòáîðîì è áåç îòáîðà ýòàëîíîâ. Äëÿ óêàçàí-

íûõ êëàññè�èêàòîðîâ ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè

äîëè îøèáîê îò âû÷èñëèòåëüíîé ñëîæíîñòè ðåøàþùåãî àëãîðèò-

ìà ïðè ðàçëè÷íûõ çíà÷åíèÿõ ïàðàìåòðà ñòðàòåãèè ïîèñêà.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ ��15-01-04671 è 15-07-

09324.

[1℄ Ëàíãå Ì.Ì., �àíåáíûõ Ñ.Í. Ý��åêòèâíîñòü èåðàðõè÷åñêîé êëàñ-

ñè�èêàöèè â òåðìèíàõ ñîîòíîøåíèÿ êà÷åñòâî�ñëîæíîñòü // Ìà-

øèííîå îáó÷åíèå è àíàëèç äàííûõ, 2014. Ò. 1. � 8. Ñ. 1126�1136.

jmlda.org/papers/do
/2014/JMLDA2014no8.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Multiclass pattern recognition in a space
of the multiresolution representations

Lange Mikhail lange mm@ccas.ru

Ganebnykh Sergey⋆ sng@ccas.ru

Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

The paper contains a generalization of a multiclass pattern recogni-
tion model [1] which decision rule is added by rejection. A classi-
fier that is based on comparing a submitted pattern with class se-
lected templates in a space of the universal multiresolution object
representations is developed. In a set of representations, dissimilarity
measures and the measure-based discriminant functions in sequential
resolution levels are defined. A learning procedure that consists in se-
lecting the templates and estimating the rejection thresholds is devel-
oped. An efficiency of the used learning procedure is shown by ROC-
curves (receiver operating characteristic) in terms of TPR (true pos-
itive rate) and FPR (false positive rate) relations as well as by AUC
(area under curve) values and minimal error rates ((1-TPR)+FPR)/2
that are obtained for sources of grayscale images of faces, signatures,
and hand gestures taken in the sequential resolution levels. A decision
algorithm that is based on a parametric strategy yielding hierarchical
and exhaustive search for the decision in a multiresolution network
of the templates is constructed. Using the above sources of the pat-
terns, a cross-testing scheme is performed for two classifiers, partic-
ularly, with selecting and without selecting the templates. For these
classifiers, experimental dependences of the error rate on a computa-
tional complexity of the decision algorithm are obtained by varying
a parameter of the search strategy.

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-01-04671 and 15-07-09324.

[1] Lange, M., and Ganebnykh S. 2014. An efficiency of hierarchical classi-
fication in terms of fidelity-complexity ratio. Mach. Learn. Data Anal.
1(8):1126–1136. jmlda.org/papers/doc/2014/JMLDA2014no8.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ïðåäëîæåí àëãîðèòì ïðèáëèæåííîãî ïîèñêà íà ìíîæåñòâå

öè�ðîâûõ ìàññèâîâ, çàäàííûõ m-ìåðíûìè êóáàìè èç Nm
ýëå-

ìåíòîâ, áëèæàéøåãî ïðåäñòàâèòåëÿ ê ïðåäúÿâëÿåìîìó ìàññèâó

ïî åâêëèäîâîé ìåðå. Èçâåñòíûå àëãîðèòìû ïîèñêà íà ìíîæåñòâå

âåêòîðîâ åâêëèäîâà ïðîñòðàíñòâà ðàçìåðíîñòè d > 1 âåêòîðà, îò-
ñòîÿùåãî îò ïðåäúÿâëÿåìîãî íà ðàññòîÿíèå íå áîëåå (1 + ε)Dmin,

ãäå Dmin � ðàññòîÿíèå äî áëèæàéøåãî ïðåäñòàâèòåëÿ, à ε > 0 �
äîïóñòèìîå îòêëîíåíèå, èìåþò ñëîæíîñòü O(cd,ε logn) ïðè áîëü-
øîé ìîùíîñòè n ìíîæåñòâà âåêòîðîâ è �èêñèðîâàííûõ d è ε.
Êîíñòàíòà cd,ε ðàñòåò ýêñïîíåíöèàëüíî ñ óâåëè÷åíèåì d è ïîëè-

íîìèàëüíî ñ óìåíüøåíèåì ε, ÷òî îãðàíè÷èâàåò ïðèìåíåíèå òàêèõ
àëãîðèòìîâ äëÿ ñëó÷àÿ d = Nm

ïðè N > 10 è m > 1 è, â ÷àñò-
íîñòè, äëÿ èçîáðàæåíèé áîëüøîãî ðàçìåðà.

Ïðåäëàãàåìûé àëãîðèòì èñïîëüçóåò ïèðàìèäàëüíûå ïðåä-

ñòàâëåíèÿ ìàññèâîâ ñ ìíîãîóðîâíåâûì ðàçðåøåíèåì è èåðàðõè÷å-

ñêóþ ñòðàòåãèþ ïîèñêà íà ìíîæåñòâå ïðåäñòàâëåíèé [1℄. Ïðè �èê-

ñèðîâàííîì m è áîëüøîì N ïîëó÷åíà àñèìïòîòè÷åñêàÿ îöåíêà

O(N−m logN) äîëè âû÷èñëèòåëüíîé ñëîæíîñòè èåðàðõè÷åñêîãî

àëãîðèòìà îòíîñèòåëüíî ñëîæíîñòè àëãîðèòìà ïîëíîãî ïåðåáîðà.

Äëÿ ìíîæåñòâà èçîáðàæåíèé ðóêîïèñíûõ öè�ð ðàçìåðà 32×32
(N = 32, m = 2, n = 50 000) â ðåæèìå ñêîëüçÿùåãî êîíòðîëÿ ïî-
ñòðîåíà çàâèñèìîñòü ñðåäíåãî çíà÷åíèÿ âåëè÷èíû ε îò äîëè ñëîæ-
íîñòè èåðàðõè÷åñêîãî àëãîðèòìà îòíîñèòåëüíî ñëîæíîñòè àëãî-

ðèòìà ïåðåáîðà.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �15-01-04671 è �15-07-

07516.

[1℄ Lange M.M., Stepanov D.Yu. Re
ognition of obje
ts given by


olle
tions of multi
hannel images // Pattern Re
ogn. Image Anal.,

2014. Vol. 24. No. 3. P. 431�442.
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Algorithm of approximate search for the nearest
digital array in a set of pyramidal data representations

Lange Mikhail⋆ lange mm@ccas.ru

Ganebnykh Sergey sng@ccas.ru

Lange Andrey lange am@mail.ru

Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

Given a set of m-dimensional cube-based digital arrays of Nm ele-
ments, an algorithm of approximate search in the set for the nearest
neighbor of a submitted array is suggested. For the Euclidean vec-
tor space of dimension d > 1, the known algorithms of approximate
nearest neighbor search for a vector with a distance not more than
(1+ε)Dmin (Dmin is the distance between a submitted vector and its
nearest neighbor and ε > 0 is the admissible value) possess a com-
putational complexity O(cd,ε logn) subject to a large value of the set
cardinality n and fixed d and ε. Here, cd,ε grows exponentially in in-
creasing d and polynomially in decreasing ε. So, this factor limits
application of these algorithms in case of d = Nm and N > 10,
m > 1, and, particularly, for images of large size.

The developed algorithm uses pyramidal multiresolution repre-
sentations of the arrays and a hierarchical search strategy in the
given set of the representations [1]. In case of fixed m and large N ,
an asymptotic estimate O(N−m logN) is given that yields a ratio
of complexities of the hierarchical and exhaustive search algorithms.
Using one time two fold cross-validation scheme for a set of hand
written digit images of size 32×32 (N = 32, m = 2, and n = 50 000),
a mean value ε as a function of the ratio of the complexities of the
hierarchical and exhaustive search algorithms is estimated by varying
a parameter of the hierarchical search strategy.

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-01-04671 and 15-07-07516.

[1] Lange, M.M., and Stepanov D.Yu. 2014. Recognition of objects Given
by collections of multichannel images. Pattern Recogn. Image Anal.
24(3):431–442.
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Âî ìíîãèõ îáëàñòÿõ òåõíè÷åñêèõ è åñòåñòâåííî-íàó÷íûõ èñ-

ñëåäîâàíèé ÷àñòî âîçíèêàåò ïðîáëåìà ìíîãîêëàññîâîé êëàññè�è-

êàöèè äàííûõ ñ ó÷èòåëåì ïðè óñëîâèè, ÷òî ðàçìåð îáó÷àþùåé

ñîâîêóïíîñòè äîñòàòî÷íî âåëèê. Èìåþùèåñÿ â äàííûé ìîìåíò

ìåõàíèçìû îáó÷åíèÿ ëèáî îáëàäàþò ñëèøêîì áîëüøîé âû÷èñëè-

òåëüíîé ñëîæíîñòüþ, ÷òîáû ïðîèçâîäèòü îáó÷åíèå íà áîëüøèõ

ìàññèâàõ äàííûõ, ëèáî ïðèíöèïèàëüíî ñïîñîáíû ðàáîòàòü ëèøü

ñ äâóìÿ êëàññàìè. Áîëåå òîãî, â íåêîòîðûõ çàäà÷àõ òðåáóåòñÿ íå

òîëüêî óêàçûâàòü ñàìûé ïðåäïî÷òèòåëüíûé êëàññ íîâîãî ïîñòó-

ïèâøåãî îáúåêòà, íî è óêàçûâàòü àïîñòåðèîðíûå âåðîÿòíîñòè åãî

îòíåñåíèÿ ê òîìó èëè èíîìó êëàññó.

Èäåÿ ðàáîòû çàêëþ÷àåòñÿ â ïîñòðîåíèè ìåõàíèçìà, îïèðà-

þùåãîñÿ íà õîðîøî èçâåñòíóþ çàäà÷ó äâóõêëàññîâîé êëàññè�è-

êàöèè ñ íàëîæåíèåì íà íåå òðåáîâàíèÿ íå÷åòêîñòè ðåøàþùåãî

ïðàâèëà. Ïðåäëàãàåòñÿ èñïîëüçîâàòü ìåòîä ìíîãîêëàññîâîãî ðàñ-

ïîçíàâàíèÿ îáðàçîâ, îñíîâàííûé íà ìåòîäå äâóõêëàññîâîé êëàñ-

ñè�èêàöèè ñ íå÷åòêèì ðåøàþùèì ïðàâèëîì. Òàêàÿ ïîñòàíîâêà

çàäà÷è ñïîñîáíà óìåíüøèòü âû÷èñëèòåëüíóþ ñëîæíîñòü äî ñëîæ-

íîñòè, áëèçêîé ê ëèíåéíîé ïî êîëè÷åñòâó îáúåêòîâ. Òàêæå îíà

âûãîäíà òåì, ÷òî ñóùåñòâóåò âîçìîæíîñòü äëÿ ðàñïàðàëëåëèâà-

íèÿ âû÷èñëåíèé íà ìíîãîïðîöåññîðíîé ìàøèíå èëè çàãðóçêîé èñ-

õîäíîé îáó÷àþùåé ñîâîêóïíîñòè â ïàìÿòü ÝÂÌ ïî ÷àñòÿì, ñîîò-

âåòñòâóþùèì êàæäîé ïàðå êëàññîâ [1℄.

[1℄ Maleni
hev A., Krasotkina O., Mottl V. Multi
lass learning in big

data // J. Ma
h. Learn. Data Anal., 2015 (in press).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Multiclass learning in big data
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In many fields of engineering and scientific research, there exists
a problem of supervised multiclass classification for big data. Cur-
rently available learning mechanisms have too big computational
complexity to produce learning on big data or principally able to work
with only two classes. Moreover, some problems require not only to in-
dicate the most preferred class of new incoming object, but also in-
dicate the posterior probabilities of its assignment to a particular
class.

The focus of work is to construct a mechanism that relies on a well-
known two-class classification task with adding to it the fuzzy decision
rule requirements. So, the authors propose to use the method of mul-
ticlass pattern recognition based on two-class classification with fuzzy
decision rule. This formulation of the problem can reduce the com-
putational complexity close to linear by the number of objects. It is
also advantageous because of the possibility for parallel computing
on multiprocessor machine as well as in the ability of downloading
the learning dataset in a computer memory by portions that corres-
pond to each pair of classes [1].

[1] Malenichev, A., Krasotkina O., and Mottl V. 2015 (in press). Multiclass
learning in big data. J. Mach. Learn. Data Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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vetrovd�yandex.ru
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Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííé óíèâåðñèòåò

èì. Ì.Â. Ëîìîíîñîâà
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Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

Â çàäà÷àõ êëàññè�èêàöèè è ðåãðåññèè ÷àñòî âîçíèêàåò ïðîá-

ëåìà îòáîðà ðåëåâàíòíûõ ïðèçíàêîâ. Îäíèì èç ïîäõîäîâ äëÿ ðå-

øåíèÿ ýòîé ïðîáëåìû ÿâëÿåòñÿ áàéåñîâñêèé ïîäõîä ê âûáîðó ìî-

äåëè, îñíîâàííûé íà ìàêñèìèçàöèè òàê íàçûâàåìîé îáîñíîâàí-

íîñòè. Ýòîò ïîäõîä ëåæèò â îñíîâå ìàøèíû ðåëåâàíòíûõ âåê-

òîðîâ, ïðåäëîæåííîé Òèïïèíãîì â 2001 ã. Ìàøèíà ðåëåâàíòíûõ

âåêòîðîâ ïîçâîëÿåò îòáèðàòü ïðèçíàêè â çàäà÷àõ ðåãðåññèè è

êëàññè�èêàöèè, à â êà÷åñòâå àïðèîðíîãî ðàñïðåäåëåíèÿ íà ïà-

ðàìåòðû ìîäåëè èñïîëüçóåòñÿ íîðìàëüíîå ðàñïðåäåëåíèå.

Àâòîðû ïðåäëàãàþò ìàøèíó ðåëåâàíòíûõ òåãîâ äëÿ ðåøåíèÿ

çàäà÷è áèíàðíîé êëàññè�èêàöèè ñ áèíàðíûìè ïðèçíàêàìè (òå-

ãàìè) è îòáîðà ðåëåâàíòíûõ òåãîâ. Ïðåäëîæåíà íîâàÿ âåðîÿò-

íîñòíàÿ ìîäåëü, ãäå â êà÷åñòâå àïðèîðíûõ ðàñïðåäåëåíèé èñïîëü-

çóþòñÿ áåòà-ðàñïðåäåëåíèÿ, êîòîðûå, ïî ìíåíèþ àâòîðîâ, ëó÷øå

ïîäõîäÿò â ñëó÷àå áèíàðíûõ ïðèçíàêîâ. Òàêæå ïðåäëîæåí ïðè-

áëèæåííûé ìåòîä âûâîäà â ïîëó÷åííîé ìîäåëè, îñíîâàííûé íà

ãëîáàëüíûõ âàðèàöèîííûõ îöåíêàõ. Ýêñïåðèìåíòàëüíî ïîêàçàíî,

÷òî ïðåäëîæåííàÿ ìîäåëü ðàáîòàåò íå õóæå ïðåäûäóùèõ ïîäõî-

äîâ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ�15-31-20596-ìîë_à_âåä,

à òàêæå ãðàíòàìè Mi
rosoft Resear
h, resear
h initiative: Computer

vision 
ollaborative resear
h in Russia, Skolte
h SDP Initiative,

appli
ations A1 and A2.

[1℄ Ìîë÷àíîâ Ä.À., Êîíäðàøêèí Ä.À., Âåòðîâ Ä.Ï. Ìàøèíà ðåëå-

âàíòíûõ òåãîâ // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå-

÷àòè). Ò. 1. � 13. jmlda.org/papers/do
/2015/JMLDA2015no13.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Relevance tagging machine

Molchanov Dmitry1
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Vetrov Dmitry2 vetrovd@yandex.ru
1Moscow, Moscow State University
2Moscow, National Research University “Higher School of Economics”

The task of relevant feature selection arises in many classification and
regression problems. One approach to address this task is Bayesian
approach to model selection which is based on evidence maximization.
Relevance vector machine (Tipping, 2001) is based on this approach.
Relevance vector machine is successfully used to perform feature se-
lection in classification and regression problems, it uses multivariate
normal distribution as a prior to model parameters.

In this work, relevance tagging machine which is able to solve
a binary classification problem with binary features (tags) is sug-
gested and also, relevant feature selection is performed. A probabilis-
tic model, in which beta distributions are used as priors, has been
proposed that seems more reasonable than normal distributions in
case of binary features. Also, an approximate inference algorithm
based on global variational bounds has been suggested. An experi-
mental investigation shows that the presented model is comparable
to the previous state-of-the-art methods [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant #15-31-20596mol-a-ved, Microsoft Research, research
initiative: Computer vision collaborative research in Russia, Skoltech
SDP Initiative, applications A1 and A2.

[1] Molchanov, D., Kondrashkin D., and Vetrov D. 2015 (in press). Rele-
vance tagging machine. J. Mach. Learn. Data Anal. 1(13). jmlda.org/
papers/doc/2015/JMLDA2015no13.pdf

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îöåíêà îáúåìà âûáîðêè â çàäà÷àõ

êëàññè�èêàöèè

Ìîòðåíêî Àíàñòàñèÿ Ïåòðîâíà⋆

anastasiya.motrenko�physte
h.edu

Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

Èññëåäîâàíèå íàïðàâëåíî íà ðåøåíèå ïðîáëåìû âûáîðà ìîäå-

ëåé ïðè êëàññè�èêàöèè âûáîðîê ìàëîé ìîùíîñòè. Äëÿ âûáîðà

îïòèìàëüíîé ìîäåëè ïðåäëàãàåòñÿ ïîëó÷èòü îöåíêó íåîáõîäèìî-

ãî îáúåìà âûáîðêè. �åøåíèå ïîñòàâëåííîé çàäà÷è àêòóàëüíî äëÿ

àíàëèçà äàííûõ ìåäèöèíñêèõ èññëåäîâàíèé. Â ÷àñòíîñòè, ïîëíîå

èçìåðåíèå èììóíîëîãè÷åñêèõ áèîìàðêåðîâ ïàöèåíòà ÿâëÿåòñÿ äî-

ðîãîñòîÿùèì, ÷òî âëå÷åò ñëîæíîñòü ñáîðà âûáîðêè äîñòàòî÷íîé

ìîùíîñòè äëÿ ïðèíÿòèÿ ðåøåíèé î êëàññè�èêàöèè ïàöèåíòà.

Ñóùåñòâóþùèå ìåòîäû îöåíêè îáúåìà âûáîðêè íå ïðèíèìà-

þò â ó÷åò ìîäåëü, èñïîëüçóåìóþ ïðè ðåøåíèè çàäà÷è, ÷òî âëå÷åò

çà ñîáîé çàâûøåíèå ïîëó÷àåìûõ îöåíîê. Ïðåäëàãàåòñÿ âêëþ÷èòü

ìîäåëü â ïðîöåäóðó îöåíèâàíèÿ îáúåìà âûáîðêè: îáúåì âûáîðêè

îöåíèâàåòñÿ ïóòåì àíàëèçà �óíêöèè ðàñïðåäåëåíèÿ ïàðàìåòðîâ

ìîäåëè. Ïàðàìåòðû �óíêöèè ïëîòíîñòè ðàñïðåäåëåíèÿ äàííûõ,

îöåíèâàåìûå ïî âûáîðêå, äîëæíû áûòü óñòîé÷èâû îòíîñèòåëü-

íî íåáîëüøèõ âîçìóùåíèé ñîñòàâà âûáîðêè. Ïðåäëàãàåòñÿ ñ÷è-

òàòü îáúåì âûáîðêè m äîñòàòî÷íûì, åñëè ïîäâûáîðêè äàííîãî

îáúåìà m èç ðàññìàòðèâàåìîãî ðàñïðåäåëåíèÿ áóäóò îòíåñåíû

íåêîòîðûì êðèòåðèåì ê îäíîìó ðàñïðåäåëåíèþ [1℄. Äëÿ ñðàâ-

íåíèÿ ïîäâûáîðîê âû÷èñëÿåòñÿ ðàññòîÿíèå Êóëüáàêà�Ëåéáëåðà

ìåæäó àïîñòåðèîðíûìè ðàñïðåäåëåíèÿìè ïàðàìåòðîâ, îöåíåííû-

ìè íà äàííûõ ïîäâûáîðêàõ, ââîäèòñÿ ñòàòèñòè÷åñêèé êðèòåðèé

ïðèíàäëåæíîñòè äâóõ ïîäâûáîðîê îäíîìó ðàñïðåäåëåíèþ. Òàê

êàê ïîëó÷àåìûå îöåíêè çàâèñÿò îò âûáðàííîé ìîäåëè êëàññè�è-

êàöèè, ïðåäëàãàåìûé ìåòîä îöåíêè îáúåìà âûáîðêè ïîçâîëÿåò

îöåíèòü, ÿâëÿåòñÿ ëè äàííûé îáúåì âûáîðêè àäåêâàòíûì ïðèìå-

íÿåìîìó ìåòîäó êëàññè�èêàöèè.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-37-50323.

[1℄ Motrenko A., Strijov V., Weber G.-W. Bayesian sample size estimation

for logisti
 regression // J. Comput. Appl. Math., 2014. Vol. 255.

P. 743�752.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Sample size estimation in classification problems

Motrenko Anastasia⋆ anastasiya.motrenko@phystech.edu

Moscow, Moscow Institute of Physics and Technology (State University)

The aim of the study is to propose a model selection strategy in
classification of small sample sets. The task is to estimate the sam-
ple size and select the optimal classification model on the basis of
a small multivariate sample. Solving this problem is essential in anal-
ysis of biomedical data, such as immunological data, where costs of
full examination of one patient can be high, which hampers obtaining
sufficient samples for solving classification problem.

Existing methods of sample size estimation usually do not con-
sider classification model, which leads to overestimation of sample
size. It is proposed to include the model into the sample size es-
timation process via analysis of model parameters’ probability dis-
tributions. To obtain adequate classification results, these distribu-
tions should be stable against subtle sample set variations. The au-
thor compares subsamples, computes Kullback–Leibler divergence be-
tween parameters’ posteriori distributions, and declares sample size
m sufficient, if subsamples of this size m are considered to pertain to
the same probability distribution [1]. A statistical test for the two-
sample problem, based on Kullback–Leibler divergence, has been in-
troduced. Since the estimations, obtained by this way, depend on the
chosen model, the proposed method allows to define if the current
sample size is sufficient for a particular classification model.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-37-50323.

[1] Motrenko, A., Strijov V., and Weber G.-W. 2014. Bayesian sample size
estimation for logistic regression. J. Comput. Appl. Math. 255:743–752.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ê âîïðîñó îá ý��åêòèâíîñòè áóñòèíãà â çàäà÷å

êëàññè�èêàöèè

Íåäåëüêî Âèêòîð Ìèõàéëîâè÷⋆ nedelko�math.ns
.ru

Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ. Ë. Ñîáîëåâà ÑÎ �ÀÍ

Èññëåäóþòñÿ ïðè÷èíû âûñîêîé ý��åêòèâíîñòè ìåòîäîâ, îñíî-

âàííûõ íà êîìïîçèöèÿõ ðåøàþùèõ �óíêöèé, â ÷àñòíîñòè áóñòèí-

ãà. Ïîêàçàíî, ÷òî îäíîé èç ãëàâíûõ ïðè÷èí òàêîé ý��åêòèâíîñòè

ìîæåò áûòü èñïîëüçîâàíèå ý��åêòà íåçàâèñèìîñòè ïåðåìåííûõ.

Äëÿ âûÿâëåíèÿ îñîáåííîñòåé ìåòîäà èññëåäóåòñÿ åãî ðàáîòà íåïî-

ñðåäñòâåííî íà ðàñïðåäåëåíèÿõ. Ïðîâîäèòñÿ ñðàâíåíèå àïïðîê-

ñèìèðóþùåé ñïîñîáíîñòè áóñòèíãà è ñïëàéíîâ. Òàêæå ïîêàçàíà

ñâÿçü ñëîæíîñòè êîìïîçèöèè ñ äîñòèæèìîé âåëè÷èíîé îòñòóïà.

Â íàñòîÿùåå âðåìÿ èñïîëüçîâàíèå ìåòîäîâ ïîñòðîåíèÿ ðåøà-

þùèõ �óíêöèé, îñíîâàííûõ íà êîìïîçèöèÿõ, ÿâëÿåòñÿ åäâà ëè íå

íåîáõîäèìûì óñëîâèåì äëÿ óñïåøíîãî ðåøåíèÿ ïðàêòè÷åñêèõ çà-

äà÷. Òåì íå ìåíåå, äî ñèõ ïîð îñòàåòñÿ îòêðûòûì âîïðîñ: çà ñ÷åò

÷åãî êîìïîçèöèè, â ÷àñòíîñòè áóñòèíã, çà÷àñòóþ ïðåâîñõîäÿò äðó-

ãèå ìåòîäû?

Â êà÷åñòâå îáîñíîâàíèÿ (îáúÿñíåíèÿ) ý��åêòèâíîñòè áóñòèí-

ãà ÷àñòî ïðèâîäèòñÿ óòâåðæäåíèå, ÷òî áóñòèíã ìàêñèìèçèðóåò îò-

ñòóï, à â ñèëó èçâåñòíîé îöåíêè, ÷åì áîëüøå îòñòóï, òåì ìåíü-

øå ïðåäïîëàãàåìàÿ âåðîÿòíîñòü îøèáêè. Äàæå åñëè ñîãëàñèòüñÿ

ñ ýòèì óòâåðæäåíèåì, ñëåäóåò çàìåòèòü, ÷òî îíî åùå íå îáúÿñíÿ-

åò, ïî÷åìó áóñòèíã ý��åêòèâåí ïðè ðåøåíèè ïðàêòè÷åñêèõ çàäà÷,

à �àêòè÷åñêè ëèøü çàìåíÿåò ýòîò âîïðîñ âîïðîñîì, ïî÷åìó áó-

ñòèíã óâåëè÷èâàåò îòñòóï.

Ïðè ýòîì, êàê îêàçûâàåòñÿ, áóñòèíã äàëåêî íå âñåãäà óâåëè÷è-

âàåò îòñòóï. Ýêñïåðèìåíòû ïîêàçûâàþò, ÷òî â íåêîòîðûõ çàäà÷àõ

ðàñïðåäåëåíèå îòñòóïà ñ ðîñòîì êîìïîçèöèè ìåíÿåòñÿ íåìîíî-

òîííî; áîëåå òîãî, ñðåäíèé îòñòóï (íîðìèðîâàííûé) ìîæåò èìåòü

òåíäåíöèþ ê óìåíüøåíèþ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-01-00590.

[1℄ Íåäåëüêî Â.Ì. Ê âîïðîñó îá ý��åêòèâíîñòè áóñòèíãà â çàäà÷å

êëàññè�èêàöèè // Ñèáèðñêèé æóðíàë ÷èñòîé è ïðèêëàäíîé ìàòå-

ìàòèêè, 2015. Ò. 15. Âûï. 2. Ñ. 72�89.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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On performance of boosting in classification problem

Nedel’ko Victor⋆ nedelko@math.nsc.ru

Novosibirsk, Sobolev Institute of Mathematics of the Siberian Branch

of the Russian Academy of Sciences

The work provides some new explanation of effectiveness of the boo-
sting methods. The main reason why boosting makes good decision
functions on real world tasks is that the boosting utilizes some pat-
tern of feature independence. Also, margin-based risk estimates are
discussed with relation to boosting and it is shown that margin de-
pends on complexity of composition.

Usually, the performance of boosting methods is explained via
margin-based risk estimates: boosting typically increases margin, and
the bigger margin the lower risk estimate. However, it was found that
margin (after normalization) can decrease when composition grows.

Since margin maximization is not an immanent property of boo-
sting, an effectiveness of boosting cannot be fully explained via mar-
gins theory only. As an important cause of boosting accuracy, feature
independence pattern has been suggested [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-01-00590.

[1] Nedelko, V. 2015. On performance of boosting in classification problem.
Siberian J. Pure Appl. Math. 15(2):72–89.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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øêîëà ýêîíîìèêè¿

Âåðîÿòíîñòíûå ãðà�è÷åñêèå ìîäåëè ÿâëÿþòñÿ óäîáíûì èí-

ñòðóìåíòîì äëÿ ðåøåíèÿ çàäà÷ â òàêèõ îáëàñòÿõ, êàê êîìïüþòåð-

íîå çðåíèå, ìàøèííîå îáó÷åíèå, àíàëèç ñîöèàëüíûõ ñåòåé è äð.

Ñîâìåñòíîå ðàñïðåäåëåíèå äèñêðåòíûõ ïåðåìåííûõ ìîæíî çà-

äàòü ÷åðåç ìíîãîìåðíûé ìàññèâ (òåíçîð) íåíîðìèðîâàííîé âåðî-

ÿòíîñòè. Â ðàáîòå ïðåäëàãàåòñÿ íîâûé ïîäõîä äëÿ ðàáîòû ñ âå-

ðîÿòíîñòíûìè ãðà�è÷åñêèìè ìîäåëÿìè, îñíîâàííûé íà íåäàâ-

íî ïðåäëîæåííîì ðàçëîæåíèè òåíçîðíîãî ïîåçäà (Tensor Train,

TT). �àçëîæåíèå TT ïîçâîëÿåò õðàíèòü òåíçîð â êîìïàêòíîì âè-

äå è ý��åêòèâíî ïðèìåíÿòü ê íåìó îïåðàöèè ëèíåéíîé àëãåáðû.

Â äàííîé ðàáîòå ïðåäëîæåí ìåòîä äëÿ ïåðåâîäà òåíçîðîâ ýíåð-

ãèè è íåíîðìèðîâàííîé âåðîÿòíîñòè ìàðêîâñêîãî ñëó÷àéíîãî ïî-

ëÿ â TT-�îðìàò. Ñâîéñòâà ýòîãî �îðìàòà èñïîëüçóþòñÿ äëÿ ïîä-

ñ÷åòà íîðìèðîâî÷íîé êîíñòàíòû è ïîèñêà êîí�èãóðàöèè íàèáîëü-

øåé âåðîÿòíîñòè. Ïðåäîñòàâëåíû òåîðåòè÷åñêèå ãàðàíòèè òî÷-

íîñòè îöåíêè íîðìèðîâî÷íîé êîíñòàíòû. Ïðåäëîæåííûå ìåòîäû

ñðàâíèâàþòñÿ ñ àíàëîãàìè íà ðàçëè÷íûõ íàáîðàõ äàííûõ [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè�ÔÔÈ �15-31-20596-ìîë_à_

âåä; Mi
rosoft Resear
h, resear
h initiative: Computer vision 
ollab-

orative resear
h in Russia; Skolte
h SDP Initiative, appli
ations A1

and A2; ðåçóëüòàòû ïðèìåíåíèÿ òåíçîðíîãî ïàêåòà ïîääåðæàíû

�ÍÔ �14-11-00659.

[1℄ Novikov A., Rodomanov A., Osokin A., Vetrov D. Putting MRFs on

a tensor train // J. Ma
h. Learn. Res., 2014. Vol. 32. P. 811�819.

jmlr.org/pro
eedings/papers/v32/novikov14.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Putting Markov random fields on a tensor train
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Markov random fields (MRF) have become a popular tool for many
applications in the fields of computer vision, machine learning, so-
cial networking, etc. One way of defining the joint distribution of
discrete variables is to express it as a multidimensional array (ten-
sor) of (unnormalized) probabilities. A new framework is presented
for dealing with probabilistic graphical models. The suggested ap-
proach relies on the recently proposed Tensor Train (TT) format of
a tensor that while being compact allows for efficient application of
linear algebra operations. A way to convert the energy of an MRF to
the TT-format is presented and it is shown how one can exploit the
properties of the TT-format to attack the tasks of the partition func-
tion estimation and the MAP (maximum a posteriori probability)
inference. Theoretical guarantees on the accuracy of the proposed al-
gorithm for estimating the partition function have been provided and
the suggested methods have been compared against several state-of-
the-art algorithms [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant No. 15-31-20596mol-a-ved; by Microsoft Research, re-
search initiative: Computer vision collaborative research in Russia;
by Skoltech SDP Initiative, applications A1 and A2; the results of the
tensor toolbox application are supported by Russian Science Foun-
dation No. 14-11-00659.

[1] Novikov, A., Rodomanov A., Osokin A., and Vetrov D. 2014. Putting
MRFs on a tensor train. J. Mach. Learn. Res. 32:811–819. jmlr.org/
proceedings/papers/v32/novikov14.pdf.
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Êèåâ, Èíñòèòóò êèáåðíåòèêè ÍÀÍ Óêðàèíû

Àíàëèçèðóåòñÿ ðîëü âíóòðåííå ïðèñóùèõ è ïðèâíîñèìûõ

ñòðóêòóð äàííûõ â ïîñòðîåíèè ý��åêòèâíûõ àëãîðèòìîâ ðàñïî-

çíàâàíèÿ. Èññëåäóþòñÿ ïîíÿòèå îáîáùåííîãî ïðåöåäåíòà è îñíî-

âàííûå íà åãî èñïîëüçîâàíèè ìåòîäû ñîêðàùåíèÿ ðàçìåðíîñòè

çàäà÷. Ïðåäëîæåíû äâà íîâûõ ïîäõîäà ê ïðîáëåìå, îñíîâàííûå

íà ïîçèöèîííîì ïðåäñòàâëåíèè äàííûõ è íà èñïîëüçîâàíèè ãðóï-

ïîâûõ ñðåäíèõ äëÿ ýëåìåíòàðíûõ ëîãè÷åñêèõ çàêîíîìåðíîñòåé.

Ïîêàçàíî, ÷òî â ñëó÷àå ïîçèöèîííîãî ïðåäñòàâëåíèÿ ïðî-

ñòðàíñòâî ïðèçíàêîâ RN
ìîæåò áûòü ðåäóöèðîâàíî äî äâóìåð-

íîãî ïðîñòðàíñòâà ãèïåðêóáîâ ïîçèöèîííîé èåðàðõèè. �åäóöèðî-

âàííîå ïðåäñòàâëåíèå ïðåäñòàâëÿåò ñîáîé îäíîìåðíóþ ðàçâåðò-

êó RN
, íàãðóæåííóþ âåñàìè îáîáùåííûõ ïðåöåäåíòîâ. �àçðàáî-

òàí è èññëåäîâàí íîâûé ìåòîä ñæàòèÿ îáó÷àþùåé âûáîðêè, îñíî-

âàííûé íà èñïîëüçîâàíèè ãðóïïîâûõ ñðåäíèõ ïî êëàñòåðàì ýëå-

ìåíòàðíûõ ëîãè÷åñêèõ çàêîíîìåðíîñòåé è íà èõ èñïîëüçîâàíèè

â êà÷åñòâå îáîáùåííûõ ïðåöåäåíòîâ â ïðåîáðàçîâàííîì (N + 1)-
ìåðíîì ïðèçíàêîâîì ïðîñòðàíñòâå.

Âû÷èñëèòåëüíûé ýêñïåðèìåíò ïðîâîäèëñÿ äëÿ íåñêîëüêèõ òè-

ïîâ îáîáùåííûõ ïðåöåäåíòîâ íà ðåàëüíûõ çàäà÷àõ. Õîðîøèå

ïðåäâàðèòåëüíûå ðåçóëüòàòû ïîäòâåðæäàþò íàëè÷èå çäåñü íî-

âûõ âîçìîæíîñòåé è ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ îáîáùåí-

íûõ ïðåöåäåíòîâ â çàäà÷àõ ðàñïîçíàâàíèÿ ñ áîëüøèìè âûáîðêàìè

îáó÷àþùèõ äàííûõ [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �15-01-05776-à è �14-

01-90413 Óêð_à.
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The role of intrinsic and introduced data structures in constructing
efficient recognition algorithms is analyzed. The concept of gener-
alized precedent and based on its use methods of reduction of the
dimension of tasks have been investigated. Two new approaches to
the problem based on positional data representation and on cluster
means for elementary logical regularities are proposed.

It was shown that in case of positional data representation, the
feature space RN can be reduced to two-dimensional space of hyper-
cubes of positional hierarchy. Reduced representation realizes the one-
dimensional scan of RN , which is loaded with weights of generalized
precedents. A new method of training data compression has been
developed and investigated based on the use of cluster means for
elementary logical regularities and on its use as generalized precedents
in transformed (N + 1)-dimensional feature space.

Computational experiment was made for several types of general-
ized precedents on real tasks. Good preliminary results approve the
new opportunities and open prospects of the use of generalized prece-
dents in recognition tasks with big data samples [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-01-05776-a and 14-01-90413 Ukr a.

[1] Ryazanov, V. 2015 (in press). Using generalized precedents for big data
sample compression at learning. J. Mach. Learn. Data Anal. 1(14).
jmlda.org/papers/doc/2015/JMLDA2015no14.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015



36 Êîìïîçèöèîííûå ìåòîäû àíàëèçà äàííûõ

Îöåíêà ý��åêòà ìíîæåñòâåííîãî òåñòèðîâàíèÿ

ïðè ïîèñêå çàêîíîìåðíîñòåé â äàííûõ âûñîêîé

ðàçìåðíîñòè

Ñåíüêî Îëåã Âàëåíòèíîâè÷

1
⋆ senkoov�mail.ru

Ìîðîçîâ Àëåêñåé Ìèõàéëîâè÷

2
alxmopo3ov�gmail.
om

Êóçíåöîâà Àííà Âèêòîðîâíà

3
azfor�narod.ru

Êëèìåíêî Ëþäìèëà Ëåîíèäîâíà

4
klimenkoll�mail.ru

1
Ìîñêâà, Ôåäåðàëüíûé èññëåäîâàòåëüñêèé öåíòð ¾Èí�îðìàòèêà

è óïðàâëåíèå¿ �ÀÍ

2
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�àçðàáîòêà ìåòîäîâ ïîèñêà ñòàòèñòè÷åñêè äîñòîâåðíûõ ýìïèðè-

÷åñêèõ çàêîíîìåðíîñòåé ÿâëÿåòñÿ îäíîé èç ïðèîðèòåòíûõ çàäà÷

èíòåëëåêòóàëüíîãî àíàëèçà äàííûõ. Îäíîé èç âîçìîæíûõ òåõíî-

ëîãèé ïîèñêà òàêèõ çàêîíîìåðíîñòåé ÿâëÿåòñÿ ìåòîä îïòèìàëü-

íûõ äîñòîâåðíûõ ðàçáèåíèé, êîòîðûé èñïîëüçóåò äëÿ ñòàòèñòè-

÷åñêîé âåðè�èêàöèè ïåðåñòàíîâî÷íûé òåñò. Â óñëîâèÿõ âûñîêîé

ðàçìåðíîñòè äàííûõ îöåíêà äîñòîâåðíîñòè äâóìåðíûõ çàêîíî-

ìåðíîñòåé ñóùåñòâåííî îñëîæíÿåòñÿ ïðîáëåìîé ìíîæåñòâåííî-

ãî òåñòèðîâàíèÿ. Èñïîëüçîâàíèå ñòàíäàðòíîãî ìåòîäà êîððåêöèè

Áîí�åððîíè òðåáóåò �èêñàöèè ÷ðåçâû÷àéíî æåñòêèõ è ïðàêòè-

÷åñêè ðåäêî äîñòèæèìûõ ïîðîãîâ ïðè îòáîðå äîñòîâåðíûõ çàêî-

íîìåðíîñòåé ïðè ðàçìåðíîñòè äàííûõ âûøå 100. Ñåðèÿ Ìîíòå-

Êàðëî ýêñïåðèìåíòîâ áûëà ïðîâåäåíà äëÿ îöåíêè èñòèííîé äî-

ñòîâåðíîñòè çàêîíîìåðíîñòåé, âûÿâëåííûõ ïðè ðåøåíèè áèîìå-

äèöèíñêîé çàäà÷è èçó÷åíèÿ ñâÿçè óðîâíÿ �àêòîðà ðîñòà ñîñóäîâ

ñ øèðîêèì íàáîðîì áèîëîãè÷åñêèõ ïîêàçàòåëåé. Íàáîð çàêîíî-

ìåðíîñòåé, íàéäåííûõ â èñõîäíîé âûáîðêå, ñðàâíèâàëñÿ ñ íàáî-

ðàìè çàêîíîìåðíîñòåé, íàéäåííûõ â 50 ñëó÷àéíûõ âûáîðêàõ, ïî-

ëó÷åííûõ èç èñõîäíîé ïóòåì ñëó÷àéíûõ ïåðåñòàíîâîê çíà÷åíèé

öåëåâîé ïåðåìåííîé. Ýêñïåðèìåíòû ïîêàçàëè, ÷òî ìíîãèå çàêîíî-

ìåðíîñòè, íå ñîîòâåòñòâóþùèå êðèòåðèþ Áîí�åððîíè, íà ñàìîì

äåëå îêàçûâàþòñÿ äîñòîâåðíûìè [1℄.

[1℄ Senko O., Kostomarova I., Kuznetsova A. Modi�
ation of the method

of optimal valid partitioning for 
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urren
e of is
hemi
 stroke in two groups of patients // Pattern

Re
ogn. Image Anal., 2014. Vol. 24. Iss. 1. P. 114�123.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.



Compositional Data Mining Methods 37

Evaluating of multiple testing effect in task
of regularities search in multidimensional data.

Senko Oleg1⋆ senkoov@mail.ru

Morozov Aleksey3 alxmopo3ov@gmail.com

Kuznetsova Anna3 azfor@narod.ru

Klimenko Lyudmila4 klimenkoll@mail.ru
1Moscow, Federal Research Center “Computer Science and Control”
of the Russian Academy of Sciences

2Moscow, Lomonosov Moscow State University
3Moscow, Emanuel Institute of Biochemical Physics of the Russian
Academy of Sciences

4Moscow, Semenov Institute of Chemical Physics of the Russian

Academy of Sciences

Development of method for statistically valid regularities discovery is
one of the most important data mining problems. One of the possible
techniques of regularities search is the method of optimal valid par-
titioning, using permutation test for statistical verification. In high-
dimensional tasks, verification task becomes more complicated due
to the problem of multiple testing. Standard Bonferroni correction is
based on very strong validity thresholds that rarely are practically
achievable when dimension is greater 100. Set of Monte-Carlo ex-
periments was done to evaluate true validity of found regularities in
the following biomedical task: study of relationship between vessels
growth factor levels and wide set of biological and biochemical indi-
cators, microelements levels, and electrical potentials of head. Set of
regularities found in initial data set was compared with the sets of
regularities that were found in 50 random data sets obtained from
the original by random permutations of the target variable positions.
Experiments have shown that many of regularities that were rejected
according to the Bonferroni rule actually were valid. The experiments
allow to evaluate true validity conditions [1].

[1] Senko, O., Kostomarova I., and Kuznetsova A. 2014. Modification of
the method of optimal valid partitioning for comparison of patterns
related to the occurrence of ischemic stroke in two groups of patients.
Pattern Recogn. Image Anal. 24(1):114–123.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Âî ìíîãèõ îáëàñòÿõ ñîâðåìåííîé íàóêè ñóùåñòâóþò çàäà-

÷è, àäåêâàòíàÿ �îðìàëèçàöèÿ êîòîðûõ ïðèíöèïèàëüíî íåîáõî-

äèìà äëÿ ïîëó÷åíèÿ òåîðåòè÷åñêè è ïðàêòè÷åñêè âàæíûõ ðå-

çóëüòàòîâ. Â ðàìêàõ òåðìèíîëîãèè íàó÷íîé øêîëû àêàäåìè-

êà �ÀÍ Þ.È. Æóðàâë¼âà, �îðìàëèçîâàííûìè ÿâëÿþòñÿ çà-

äà÷è ñ îäíîçíà÷íî çàäàâàåìûìè ìàòðèöåé èí�îðìàöèè è èí-

�îðìàöèîííîé ìàòðèöåé. Â íàñòîÿùåé ðàáîòå ðàññìîòðåí êîì-

ïëåêñ ïðîáëåì, ñâÿçàííûõ ñ �îðìàëèçàöèåé çàäà÷ ðàñïîçíàâà-

íèÿ/êëàññè�èêàöèè è ñ�îðìóëèðîâàíû îñíîâû �îðìàëèçìà äëÿ

ïðîâåäåíèÿ ìåòðè÷åñêîãî àíàëèçà ïëîõî �îðìàëèçîâàííûõ çàäà÷.

Ïðîöåññ �îðìàëèçàöèè çàäà÷è ìîæåò áûòü ïðåäñòàâëåí êàê ïî-

ñëåäîâàòåëüíûé ïåðåõîä îò ìíîæåñòâà èñõîäíûõ îïèñàíèé ê îïðå-

äåëåííîé òîïîëîãèè, çàòåì ê ðåøåòêå è ïîòîì ê ìåòðè÷åñêîìó

ïðîñòðàíñòâó. Ïîêàçàíî, ÷òî ñâîéñòâî ðåãóëÿðíîñòè çàäà÷ ïîÆó-

ðàâë¼âó äîñòàòî÷íî äëÿ ñóùåñòâîâàíèÿ áèåêòèâíûõ îòîáðàæåíèé

ìåæäó ðàññìàòðèâàåìûìè êîíñòðóêöèÿìè. �àññìîòðåíû âîçìîæ-

íîñòè ïðèëîæåíèÿ ðàçðàáàòûâàåìîãî àïïàðàòà ê òàêèì âàæíûì

ïðîáëåìàì �îðìàëèçàöèè çàäà÷, êàê ââåäåíèå ìåòðèê íà ìíî-

æåñòâàõ ïðèçíàêîâûõ îïèñàíèé, ìåòðèê íà ìíîæåñòâàõ îáúåêòîâ

è àíàëèç ¾âçàèìîäåéñòâèé¿ ìåæäó ðàçíîðîäíûìè ïðèçíàêîâûìè

îïèñàíèÿìè.
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Metric analysis of poorly formalized problems

Torshin Ivan1
⋆ tiy135@yahoo.com

Rudakov Konstantin1,2 rudakov@ccas.ru
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

In many areas of modern science, there are problems adequate for-
malization of which is indispensable for obtaining both practically
and theoretically important results. In terms of the scientific school
of Yu. I. Zhuravlev, a formalized problem is uniquely defined by the
matrix of information and the information matrix. Here, the com-
plex of issues related to the formalization of the problems of pattern
recognition/classification is considered and basics of a universal for-
malism for metric analysis of poorly formalized problems is proposed.
Thus, formalization of the problem can be represented as a gradual
transition from the set of original descriptions to a particular topol-
ogy, then, to a lattice, and after that, to a certain metric space. It
is shown that the property of Zhuravlev’s regularity is sufficient for
the existence of bijective mappings between these mathematical con-
structs. The possibilities of application of the apparatus developed
are illustrated on several issues important for the formalization of
the problems: introduction of metrics on the sets of the features, on
the sets of the objects, and analysis of “interactions” between dissim-
ilar feature descriptions.

This research is in part funded by the Russian Foundation for
Basic Research, grant 12-07-00485.

[1] Torshin, I. Yu., and Rudakov K.V. 2015 (in press). On the theoretical
basis of the metric analysis of poorly formalized problems of recognition
and classification. Pattern Recogn. Image Anal.
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Áóñòèíã ïðèáëèæåííûõ àëãîðèòìîâ â ïðèëîæåíèè

ê ïîëèýäðàëüíîé îòäåëèìîñòè êîìèòåòíîãî òèïà

Õà÷àé Ìèõàèë Þðüåâè÷⋆ mkha
hay�imm.uran.ru

Åêàòåðèíáóðã, Èíñòèòóò ìàòåìàòèêè è ìåõàíèêè

èì. Í.Í. Êðàñîâñêîãî ÓðÎ �ÀÍ

Êîìáèíàòîðíàÿ îïòèìèçàöèÿ è òåîðèÿ îáó÷åíèÿ � äâå òåñ-

íî âçàèìîäåéñòâóþùèå è àêòèâíî ðàçâèâàþùèåñÿ îáëàñòè ñîâðå-

ìåííîé òåîðåòè÷åñêîé èí�îðìàòèêè. Òðàäèöèîííî íàïðàâëåíèå

âçàèìîäåéñòâèÿ ìåæäó ýòèìè ðàçäåëàìè áûëî ñâÿçàíî ñ èñïîëü-

çîâàíèåì òî÷íûõ è ïðèáëèæåííûõ ìåòîäîâ ðåøåíèÿ çàäà÷ êîìáè-

íàòîðíîé îïòèìèçàöèè äëÿ ïîñòðîåíèÿ ý��åêòèâíûõ (ñóá)îïòè-

ìàëüíûõ ïðîöåäóð îáó÷åíèÿ, ñõåì êëàñòåðèçàöèè, îòáîðà ïðèçíà-

êîâ è ò. ï. Îäíàêî ïóáëèêàöèè ïîñëåäíèõ ëåò äåìîíñòðèðóþò âîç-

ìîæíîñòü îáðàòíîãî âçàèìîäåéñòâèÿ, íàïðèìåð, ñâÿçàííîãî ñ èñ-

ïîëüçîâàíèåì ïðîöåäóð îáó÷åíèÿ ïðè ïîñòðîåíèè ý��åêòèâíûõ

òî÷íûõ èëè ïðèáëèæåííûõ àëãîðèìîâ ñ ãàðàíòèðîâàííûìè îöåí-

êàìè è ïîëèíîìèàëüíûõ ïðèáëèæåííûõ ñõåì äëÿ çàäà÷ êîìáèíà-

òîðíîé îïòèìèçàöèè.

Ïðèâîäèòñÿ ïðèìåð ïðèìåíåíèÿ ñõåìû áóñòèíãà ðàçðàáîò-

êè ïðèáëèæåííûõ àëãîðèòìîâ ñ ðåêîðäíûìè îöåíêàìè òî÷íîñòè

äëÿ çàäà÷è î ìèíèìàëüíîì à��èííîì ðàçäåëÿþùåì êîìèòåòå

(MASC) ïðè äîïîëíèòåëüíîì óñëîâèè �èêñèðîâàííîé ðàçìåðíî-

ñòè ïðîñòðàíñòâà n > 1 è îáùíîñòè ïîëîæåíèÿ ðàçäåëÿåìûõ ìíî-
æåñòâ. Ïðåäëàãàåìûé â ðàáîòå èãðîâîé ïîäõîä ÿâëÿåòñÿ ðàçâèòè-

åì ðåçóëüòàòîâ É. Ôðîéíäà è Ñ. Àðîðû [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÍÔ �14-11-00109.

[1℄ Kha
hay M. Committee polyhedral separability: Complexity and

polynomial approximation // Ma
h. Learn., 2015. http://dx.doi.

org/10.1007/s10994-015-5505-0.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Boosting of polynomial time approximation algorithms
for committee polyhedral separability

Khachay Michael⋆ mkhachay@imm.uran.ru

Ekaterinburg, Krasovsky Institute of Mathematics and Mechanics

of the Ural Branch of the Russian Academy of Sciences

The Minimum Affine Separating Committee (MASC) combinatorial
optimization problem, which is related to ensemble machine learning
techniques on the class of linear weak classifiers combined by the rule
of simple majority, has been considered. Actually, the MASC problem
is a mathematical formalization of the famous Vapnik–Chervonenkis
(VC) principle of structural risk minimization in the mentioned class
of classifiers. According to this principle, it is required to construct
the best performance ensemble classifier belonging to a family of the
least possible VC-dimension.

It is known that the MASC problem is NP-hard and remains
intractable in spaces of any fixed dimension n > 1 even under an
additional constraint on the separated sets to be in general position.
This special case of the MASC problem called MASC-GP(n) is the
main subject of interest of the present paper.

To design polynomial-time approximation algorithms for a class of
combinatorial optimization problems containing the MASC problem,
a new framework has been suggested, adjusting the well-known Mul-
tiple Weights Update method. Following this approach, polynomial-
time approximation algorithms with the state-of-the-art approxima-
tion guarantee for the MASC-GP(n) problem has been constructed.
The results obtained provide a theoretical framework for learning
a high-performance ensembles of affine classifiers [1].

This research is supported by the Russian Science Foundation,
grant 14-11-00109.

[1] Khachay, M. 2015. Committee polyhedral separability: Complexity and
polynomial approximation. Mach. Learn. Available at: http://dx.doi.
org/10.1007/s10994-015-5505-0 (accessed July 30, 2015).
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Ïîñòðîåíèå ìîíîòîííîãî êëàññè�èêàòîðà

äëÿ çàäà÷ ìåäèöèíñêîé äèàãíîñòèêè
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1
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

2
Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì.À.À.Äîðîäíèöûíà �ÀÍ

Ëèíåéíûå âåêòîðíûå ìîäåëè êëàññè�èêàöèè õîðîøî çàðåêî-

ìåíäîâàëè ñåáÿ âî ìíîãèõ ïðèêëàäíûõ çàäà÷àõ. �àñøèðåíèå ëè-

íåéíîé ìîäåëè äî ñåìåéñòâà ìîíîòîííûõ íåëèíåéíûõ �óíêöèé

ïîâûøàåò òî÷íîñòü àïïðîêñèìàöèè îáó÷àþùåé âûáîðêè, íî óâå-

ëè÷èâàåò ðèñê ïåðåîáó÷åíèÿ. Äëÿ ñîêðàùåíèÿ ñëîæíîñòè ìîäåëè

ñòàâèòñÿ çàäà÷à âûáîðà ìèíèìàëüíîãî èí�îðìàòèâíîãî íàáîðà

ïðèçíàêîâ ïðè îäíîâðåìåííîé ìîíîòîíèçàöèè âûáîðêè ïóòåì îò-

áîðà ìàêñèìàëüíîãî ïîäìíîæåñòâà îïîðíûõ îáúåêòîâ. Ïðåäëà-

ãàþòñÿ âû÷èñëèòåëüíî ý��åêòèâíûå ýâðèñòè÷åñêèå àëãîðèòìû

äëÿ ðåøåíèÿ NP-òðóäíîé çàäà÷è îäíîâðåìåííîãî îòáîðà îáúåêòîâ

è ïðèçíàêîâ ïðè ïîñòðîåíèè ìîíîòîííîãî êëàññè�èêàòîðà. Äëÿ

îòáîðà ïðèçíàêîâ ïðåäëàãàþòñÿ æàäíûå àëãîðèòìû, îñíîâàííûå

íà ïðåäâàðèòåëüíîì ðàíæèðîâàíèè ïðèçíàêîâ ïî èõ èí�îðìà-

òèâíîñòè â ëèíåéíîì íàèâíîì áàéåñîâñêîì êëàññè�èêàòîðå.

Ýêñïåðèìåíòû ïðîâîäèëèñü íà çàäà÷å äèàãíîñòèêè 14 çàáîëå-

âàíèé ïî ýëåêòðîêàðäèîãðàììå äëèòåëüíîñòüþ 5�8 ìèí. Â êà÷å-

ñòâå ïðèçíàêîâ èñïîëüçîâàëèñü ÷àñòîòû ïîÿâëåíèÿ 216 ïàòòåð-

íîâ âàðèàáåëüíîñòè ñåðäå÷íîãî ðèòìà, îõâàòûâàþùèõ 4 ñîñåäíèõ

êàðäèîöèêëà. Äëÿ êàæäîãî çàáîëåâàíèÿ íàéäåíû èí�îðìàòèâ-

íûå ïîäïðîñòðàíñòâà ïðèçíàêîâ íèçêîé ðàçìåðíîñòè, ïîäîáðàíû

ñî÷åòàíèÿ ýâðèñòèê â àëãîðèòìàõ îäíîâðåìåííîãî îòáîðà îáúåê-

òîâ è ïðèçíàêîâ, èññëåäîâàíà âîçìîæíîñòü ïîâûøåíèÿ êà÷åñò-

âà êëàññè�èêàöèè ñ ïîìîùüþ ëèíåéíîé êîìïîçèöèè ìîíîòîííûõ

êëàññè�èêàòîðîâ. Ïîëó÷åíû äîñòàòî÷íî âûñîêèå ïîêàçàòåëè ÷óâ-

ñòâèòåëüíîñòè è ñïåöè�è÷íîñòè (90% è âûøå) [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíò �14-07-31240.

[1℄ Øâåö Ì.Þ., Çóõáà À.Â. Ìîíîòîííûå êëàññè�èêàòîðû äëÿ çàäà÷

ìåäèöèíñêîé äèàãíîñòèêè // Ìàòåìàòè÷åñêàÿ áèîëîãèÿ è áèîèí-

�îðìàòèêà, 2015 (â ïå÷àòè). www.matbio.org.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Learning isotonic classifier for medical diagnostics
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Vorontsov Konstantin1,2 voron@forecsys.ru
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy
of Sciences

Linear vector models for classification are successfully used in a wide
range of applications. Extending a linear model to the family of iso-
tonic nonlinear functions improves the accuracy of the training set
approximation but increases the risk of overfitting. Feature selection
helps to reduce overfitting by determining an optimal complexity of
the model. On the other hand, prototype selection helps to mono-
tonize the training set by selecting the largest subset of objects consis-
tent with the monotonicity constraint. The problem of simultaneous
feature and prototype selection for learning isotonic classifier is NP-
hard. In this paper, computationally efficient heuristic algorithms is
suggested to solve it. The authors propose greedy feature selection al-
gorithms that perform preliminary ranking of features based on their
weights in the Näıve Bayes linear classifier.

The experiments were carried out for medical diagnostics of 14 dis-
eases by 5–8-minute electrocardiogram records. The features were
based on the frequencies of 216 patterns of heart rate variability,
covering 4 neighboring cardiocycles. As a result, the informative fea-
ture subspaces of low dimensionality for each disease were found, the
combinations of suitable heuristics for the algorithms of simultaneous
feature and prototype selection were adjusted, and the improvement
of classification by using linear composition of monotonic classifiers
were investigated. The authors obtained high sensitivity and speci-
ficity values, 90% and higher depending on the disease [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-31240.

[1] Shvets, M., and Zukhba A. 2015 (in press). Isotonic classifier for medical
diagnostics Math. Biol. Bioinf. www.matbio.org.
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Ìîñêâà, Öåíòð ¾Àíòèñòèõèÿ¿ Ì×Ñ �îññèè

Îáñóæäàåòñÿ êëàññ àãðåãèðîâàííî êîððåêòíûõ àëãîðèòìîâ

ðàñïîçíàâàíèÿ è ïðîãíîçèðîâàíèÿ è àãðåãèðóþùèå êîððåêòíûå

îïåðàöèè íàä íèìè, êîòîðûå ïðîèçâîëüíûé êîíå÷íûé íàáîð àã-

ðåãèðîâàííî êîððåêòíûõ àëãîðèòìîâ ïåðåâîäÿò â àãðåãèðîâàííî

êîððåêòíûé àëãîðèòì. Òàêèå îïåðàöèè ðàñøèðÿþò êëàññû áàçî-

âûõ àëãîðèòìîâ ïðè ïîìîùè àãðåãèðóþùèõ îïåðàöèé îïðåäåëåí-

íîãî âèäà è ïîçâîëÿþò ñòðîèòü íîâûå êîìïîçèöèè àëãîðèòìîâ

ðàñïîçíàâàíèÿ è ïðîãíîçèðîâàíèÿ.

Ââîäÿòñÿ ïîíÿòèÿ âûïóêëîé �óíêöèè è àãðåãèðóþùåé �óíê-

öèè îòíîñèòåëüíî ïàðû èäåìïîòåíòíûõ àãðåãèðóþùèõ îïåðàöèé

è íà èõ îñíîâå ñòðîÿòñÿ äîñòàòî÷íûå óñëîâèÿ òîãî, ÷òî èäåìïî-

òåíòíàÿ àãðåãèðóþùàÿ îïåðàöèÿ íàä àëãîðèòìàìè ÿâëÿåòñÿ àãðå-

ãèðîâàííî êîððåêòíîé îòíîñèòåëüíî çàäàííîãî àãðåãèðîâàííîãî

�óíêöèîíàëà êà÷åñòâà àëãîðèòìîâ.

Ïîëó÷åííûå ðåçóëüòàòû îáîñíîâûâàþò íîâûå ñïîñîáû ïîñòðî-

åíèÿ îïåðàöèé íàä àëãîðèòìàìè, êîòîðûå ñîõðàíÿþò ñâîéñòâî àã-

ðåãèðîâàííîé êîððåêòíîñòè àëãîðèòìîâ [1℄.

�àáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà �ÔÔÈ �15-01-

03381à.

[1℄ Øèáçóõîâ Ç.Ì. Àãðåãèðóþùèå êîððåêòíûå îïåðàöèè íàä àëãîðèò-

ìàìè // Äîêë. �ÀÍ, 2015. Ò. 462. � 6. Ñ. 649�652.
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Aggregation correct operations on algorithms

Shibzukhov Zaur1,2⋆ szport@gmail.com
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2Moscow, Center “Antistikhiya”of Emercom of Russia

The paper discusses the classes of aggregationally correct algorithms
for recognition and forecasting and aggregation operations on algo-
rithms that an arbitrary finite set of aggregationally correct algo-
rithms transform into aggregationally correct algorithm. Such op-
erations expand basic classes of algorithms using a certain type of
aggregation operations and allow to construct new compositions of
algorithms for recognition and forecasting.

The concepts of a convex function and aggregate function with re-
spect to a pair of idempotent aggregation operations are introduced.
On the base of these concepts, sufficient conditions have been in-
troduced that idempotent aggregating operation on algorithms is an
aggregationally correct with respect to a specified aggregation func-
tional of algorithm’s quality.

The results justify new methods of construction operations on
algorithms that preserve the property of aggregated correctness of
algorithms [1].

This research is funded by the Russian Foundation for Basic Re-
searh, grant No. 15-01-03381a.

[1] Shibzukhov, Z.M., 2015. Aggregation correct operations on algorithms.
Dokl. Math. 91(3):391–393.
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Ìîñêâà, Ìîñêîâñêèé ïåäàãîãè÷åñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Îïèñûâàåòñÿ íîâûé êëàññ ìîäåëåé èñêóññòâåííûõ íåéðîíîâ

àãðåãèðóþùåãî òèïà, êîòîðûå âêëþ÷àþò â ñåáÿ êëàññè÷åñêèå

�óíêöèîíàëüíûå ìîäåëè, â òîì ÷èñëå è ñî ñëîæíûìè ñèíàïñàìè.

Òàêèå ìîäåëè îñíîâàíû íà ïðèìåíåíèè àãðåãèðóþùèõ �óíêöèé

äëÿ âû÷èñëåíèÿ ñóììàðíîãî ïîòåíöèàëà íåéðîíà, âêëàäîâ â íåãî

ñëîæíûõ ñèíàïñîâ è ñèíàïòè÷åñêèõ êëàñòåðîâ.

Îäíîé èç òàêèõ ìîäåëåé ÿâëÿåòñÿ ìîäåëü ΣΠ-íåéðîíà. Êëþ-
÷åâûì ïðåèìóùåñòâîì äàííîé ìîäåëè ÿâëÿåòñÿ òîò �àêò, ÷òî

ΣΠ-íåéðîí áîëåå àäåêâàòíî ñîîòâåòñòâóåò ïðîöåññàì, ïðîòåêà-

þùèì â êîðå ãîëîâíîãî ìîçãà. Äîêàçàíî, ÷òî ΣΠ-íåéðîíû âïîëíå

ïðè îïðåäåëåííûõ óñëîâèÿõ ñïîñîáíû ïðåäñòàâëÿòü ïðîèçâîëü-

íûå äèñêðåòíûå �óíêöèè, îïðåäåëåííûå íà êîíå÷íûõ ìíîæå-

ñòâàõ. Ìîäåëü ΣΠ-íåéðîíà åñòåñòâåííûì îáðàçîì ðàñøèðÿåò-

ñÿ äî ìîäåëè àãðåãèðóþùåãî íåéðîíà, â êîòîðîé âìåñòî ñóììû

èñïîëüçóåòñÿ êâàçèàääèòèâíàÿ àãðåãèðóþùàÿ �óíêöèÿ, à âìåñ-

òî ïðîèçâåäåíèÿ èñïîëüçóåòñÿ êâàçèìóëüòèïëèêàòèâíàÿ àãðåãè-

ðóþùàÿ �óíêöèÿ. Äîêàçàíî, ÷òî òàêàÿ ìîäåëü àãðåãèðóþùåãî

íåéðîíà òàêæå ñïîñîáíà ïðåäñòàâëÿòü ïðîèçâîëüíûå äèñêðåòíûå

�óíêöèè, îïðåäåëåííûå íà êîíå÷íûõ ìíîæåñòâàõ. Òàêèå íåéðîíû

ñòðîÿòñÿ ïðè ïîìîùè êîíñòðóêòèâíîé ïðîöåäóðû îáó÷åíèÿ. Ïðè

ýòîì, èç-çà íåîäíîçíà÷íîñòè âûáîðà äîïóñòèìûõ êâàçèìóëüòè-

ïëèêàòèâíûõ ýëåìåíòîâ, ìîæíî ïîñòðîèòü ñåìåéñòâî òàêèõ íåé-

ðîíîâ, êîòîðûå âñå ÿâëÿþòñÿ êîððåêòíûìè íà îáó÷àþùåì ìíî-

æåñòâå. Êîíñòðóêòèâíîñòü ïðîöåññà îáó÷åíèÿ ïîçâîëÿåò òàêæå

ìèíèìèçèðîâàòü ñëîæíîñòü ñëîæíûõ ñèíàïñîâ è ñèíàïòè÷åñêèõ

êëàñòåðîâ [1℄.

�àáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà �ÔÔÈ �15-01-

03381à.

[1℄ Øèáçóõîâ Ç.Ì., ×åðåäíèêîâ Ä.Þ. Î ìîäåëÿõ íåéðîíîâ àãðåãèðóþ-

ùåãî òèïà // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015. Ò. 1. � 12.

Ñ. 1706�1716. jmlda.org/papers/do
/2015/JMLDA2015no12.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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On the models of neurons of aggregation type

Shibzukhov Zaur1,2 szport@gmail.com

Cherednikov Denis2⋆ denis.cherednikov@gmail.com
1Nalchik, Institute of Applied Mathematics and Automatization
2Moscow, Moscow Pedagogical State University

A new class of models of artificial neurons is described, which includes
classical functional models with complex synapses. Such models are
based on application of aggregate functions for evaluation of total
neuron potential and inclusions of complex synapses and synaptical
clusters.

One of these models is ΣΠ-neuron. The main advantage of such
model is that ΣΠ-neuron adequately corresponds to the information
processing occurring in the cerebral cortex. It has been proven that
ΣΠ-neurons within certain limits are able to present arbitrary dis-
crete functions, determined in finite sets. ΣΠ-neuron model can be
expanded naturally to aggregate neuron model in which instead of ad-
dition, a quasi-additive aggregate function is used, and instead of mul-
tiplication, a quasi-multiplicative aggregate function is used. It has
been proven that such aggregate neuron model is also able to present
arbitrary discrete functions, determined in finite sets. Such neurons
can be built by constructive training process. At the same time, be-
cause of the ambiguity of the selection range of quasi-multiplicative
properties of the components, a set of such neurons can be con-
structed, which are all correct in the training set. Also, construc-
tive learning process allows to minimize the complicacy of complex
synapses and synaptic clusters [1].

This research is funded by Russian Foundation for Basic Research,
grant 15-01-03381a.

[1] Shibzukhov, Z.M., and Cherednikov D.Y. 2015. On the models of neu-
rons of aggregation type. J. Mach. Learn. Data Anal. 1(12):1706–1716.
jmlda.org/papers/doc/2015/JMLDA2015no12.pdf
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Êîëëåêòèâíûé êëàñòåðíûé àíàëèç ñ âåñàìè,

îñíîâàííûé íà êîàññîöèàòèâíûõ ìàòðèöàõ

Áåðèêîâ Âëàäèìèð Áîðèñîâè÷⋆ berikov�math.ns
.ru

1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

Èññëåäóåòñÿ ìåòîä êîëëåêòèâíîãî êëàñòåðíîãî àíàëèçà, îñíî-

âàííûé íà ïîñòðîåíèè êîàññîöèàòèâíîé ìàòðèöû ðàçëè÷èé, ñ ó÷å-

òîì âåñîâ áàçîâûõ àëãîðèòìîâ, êîòîðûå âû÷èñëÿþòñÿ ñ èñïîëüçî-

âàíèåì èíäåêñîâ êà÷åñòâà ãðóïïèðîâêè. Ââîäèòñÿ âåðîÿòíîñòíàÿ

ìîäåëü àíñàìáëåâîé êëàññè�èêàöèè, èññëåäóþòñÿ åå ñâîéñòâà.

Ñóùåñòâóåò íåñêîëüêî îñíîâíûõ ñïîñîáîâ ïîñòðîåíèÿ êîëëåê-

òèâíûõ ðåøåíèé êëàñòåðíîãî àíàëèçà. Â ðàìêàõ ïåðâîãî íàïðàâ-

ëåíèÿ îò àíñàìáëÿ òðåáóþò êîíñåíñóñà, ò. å. íåêîòîðîé íàèëó÷øåé

ñòåïåíè ñîãëàñîâàííîñòè ñ ðåçóëüòàòàìè îòäåëüíûõ àëãîðèòìîâ.

Äðóãîå íàïðàâëåíèå îñíîâàíî íà âû÷èñëåíèè êîàññîöèàòèâíîé

ìàòðèöû, îïðåäåëÿþùåé, êàê ÷àñòî ïàðà îáúåêòîâ îêàçûâàåòñÿ

â îäíîì è òîì æå êëàñòåðå â ðàçíûõ âàðèàíòàõ ðàçáèåíèÿ.

Â äàííîé ðàáîòå ðàçâèâàåòñÿ íàïðàâëåíèå, îñíîâàííîå íà êî-

àññîöèàòèâíûõ ìàòðèöàõ, ñ ó÷åòîì âåñîâ àëãîðèòìîâ. Ïðè ýòîì

â èòîãîâîì êîëëåêòèâíîì ðåøåíèè ïðåäëàãàåòñÿ ó÷èòûâàòü ñòå-

ïåíü ¾êîìïåòåíòíîñòè¿ (âåñ) êàæäîãî àëãîðèòìà íà ðàçíûõ ïàðàõ

îáúåêòîâ. Äëÿ îáîñíîâàíèÿ êðèòåðèÿ êà÷åñòâà àíñàìáëÿ ñ ðàâíû-

ìè âåñàìè ðàíåå èñïîëüçîâàëàñü ìîäåëü êîëëåêòèâíîãî êëàñòåð-

íîãî àíàëèçà, âïåðâûå ââåäåííàÿ â ðàáîòå [1℄. Â ðàáîòå [2℄ áûëà

îïèñàíà ìîäè�èêàöèÿ äàííîé ìîäåëè, ó÷èòûâàþùàÿ âåñà ðàçëè÷-

íûõ àëãîðèòìîâ.

Â ïðåäëàãàåìîé ðàáîòå ïðîâîäèòñÿ äàëüíåéøåå ðàçâèòèå ìî-

äåëè: äîïîëíèòåëüíî ó÷èòûâàþòñÿ çíà÷åíèÿ èíäåêñîâ êà÷åñòâà

ãðóïïèðîâêè, ÷òî ïîçâîëÿåò áîëåå ïîëíî îòðàçèòü õàðàêòåðèñòè-

êè àëãîðèòìîâ, âêëþ÷åííûõ â àíñàìáëü.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00249.

[1℄ Berikov V. A latent variable pairwise 
lassi�
ation model of a 
lustering

ensemble // Multiple 
lassi�er systems / Eds. C. Sansone, J. Kittler,
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omputer s
ien
e ser. � Heidelberg: Springer,

2011. Vol. 6713. P. 279�288.

[2℄ Berikov V. Weighted ensemble of algorithms for 
omplex data


lustering // Pattern Re
ognition Letters, 2014. Vol. 38. P. 99�106.
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Ensemble clustering using weights
based on coassociation matrices
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Novosibirsk, Sobolev Institute of Mathematics of the Siberian Branch

of the Russian Academy of Sciences

The author investigates the method of ensemble clustering based on
weighted averaged coassociation matrix, where the weights of ensem-
ble elements are determined with the use of cluster validity indices.
Probabilistic model of ensemble clustering has been introduced and
theoretically investigated.

A number of approaches for finding ensemble clustering decision
were suggested in literature. In consensus-style procedures, it is re-
quired to reach optimal degree of consistency with the results of indi-
vidual algorithms. Another approach is based on the notion of aver-
aged coassociation matrix. This matrix defines how often object pairs
fall into different (or the same) clusters over all clustering variants.

The present paper follows the ensemble clustering approach based
on coassociation matrices. For the formation of final collective deci-
sions, weights of algorithms on different object pairs was considered.
In [1], a probabilistic model of clustering ensemble with equal weights
was suggested. The model was developed in [2] for analysis of ensem-
bles composed of different clustering algorithms. The present paper
further elaborates the ideas of these works: for ensemble variants,
the author additionally introduces weights, which are dependent on
cluster validity indices.

This research was funded by the Russian Foundation for Basic
Research, grant 14-07-00249.

[1] Berikov, V. 2011. A latent variable pairwise classification model of
a clustering ensemble. Multiple classifier systems. Eds. C. Sansone,
J. Kittler, and F. Roli. Lecture notes on computer science ser. Hei-
delberg: Springer. 6713:279–288.

[2] Berikov, V. 2014. Weighted ensemble of algorithms for complex data
clustering. Pattern Recognition Letters 38:99–106.
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1
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2
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
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âû÷èñëèòåëüíîé òåõíèêè ÑÎ �ÀÍ

Çàäà÷à öåíçóðèðîâàíèÿ çàøóìëåííîé âûáîðêè ÿâëÿåòñÿ îä-

íîé èç öåíòðàëüíûõ ïðîáëåì àíàëèçà äàííûõ. Ïîä çàøóìëåí-

íîé âûáîðêîé áóäåì ïîíèìàòü âûáîðêó, èçíà÷àëüíî ñîäåðæàùóþ

íåâåðíî êëàññè�èöèðîâàííûå îáúåêòû. Â ðàáîòå îïèñàí àëãî-

ðèòì öåíçóðèðîâàíèÿ òàêèõ äàííûõ, îðèåíòèðîâàííûé òîëüêî íà

ëîêàëüíûå õàðàêòåðèñòèêè îáúåêòîâ âûáîðêè.

Äëÿ îöåíêè âåðîÿòíîñòè ïðèíàäëåæíîñòè îáúåêòà z ê îäíîìó
èç äâóõ îáðàçîâ A èëè B èñïîëüçóåòñÿ òåðíàðíàÿ îòíîñèòåëüíàÿ

ìåðà � �óíêöèÿ êîíêóðåíòíîãî ñõîäñòâà (FRiS-�óíêöèÿ), îöåíè-

âàþùàÿ ñõîäñòâî îáúåêòà z ñ ìíîæåñòâîì A â êîíêóðåíöèè ñ ìíî-

æåñòâîì B. Â �èêñèðîâàííîì ïðèçíàêîâîì ïðîñòðàíñòâå öåíçó-

ðèðîâàíèå ñîñòîèò â ïîñëåäîâàòåëüíîì óäàëåíèè îáúåêòîâ, ìàê-

ñèìàëüíî óõóäøàþùèõ êà÷åñòâî îïèñàíèÿ âûáîðêè (èëè îöåíêó

ðàçäåëèìîñòè êëàññîâ), êîòîðàÿ çàâèñèò îò êîíêóðåíòíîãî ñõîä-

ñòâà îáúåêòîâ ñî ñâîèì îáðàçîì â êîíêóðåíöèè ñ äðóãèì îáðàçîì

è îò ÷èñëà ðàññìàòðèâàåìûõ îáúåêòîâ. �åçóëüòàòû òåñòèðîâàíèÿ

ïðåäëîæåííîãî àëãîðèòìà íà øèðîêîì ñïåêòðå ìîäåëüíûõ çàäà÷

ïîçâîëèëè ñäåëàòü âûâîä, ÷òî îáúåêòû, óäàëåííûå äî òî÷êè ïåðå-

ãèáà �óíêöèè, îïèñûâàþùåé ðàçäåëèìîñòü êëàññîâ, êàê ïðàâèëî,

ÿâëÿþòñÿ âûáðîñàìè, èñêàæàþùèìè ñòðóêòóðó äàííûõ. Ïîýòîìó

èñêëþ÷åíèå òàêèõ îáúåêòîâ èç àíàëèçèðóåìîé âûáîðêè ïîâûøàåò

íàäåæíîñòü ðàñïîçíàâàíèÿ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-01-00039.

[1℄ Áîðèñîâà È.À., Êóòíåíêî Î.À. Öåíçóðèðîâàíèå îøèáî÷íî êëàññè-

�èöèðîâàííûõ îáúåêòîâ âûáîðêè // Ìàøèííîå îáó÷åíèå è àíàëèç

äàííûõ, 2015. Ò. 1. �11. Ñ. 1632�1641. jmlda.org/papers/do
/2015/

no11/Borisova2015Outliers.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The problem of outliers detection is one of the important problems
in Data Mining. Here, outliers are considered as initially misclassified
objects of the dataset. This paper describes an algorithm of censoring
such data, which focuses only on the local characteristics of objects
of the dataset.

To calculate the level of belonging of the object z to one of two
classes A and B, the ternary relative measure called the function
of rival similarity (FRiS-function) is used. It evaluates the similarity
of the object z with the class A in competition with the class B.
Censoring procedure in a fixed feature space consists of sequential
removals of objects, which deteriorate the quality of dateset descrip-
tion (a value of classes’ separability) in a strongest way. This value
depends on the number of objects in the dataset and similarity of ob-
jects with their class in competition with the rival class. The proposed
algorithm was tested on a wide range of model problems. According
to the results obtained, it is possible to conclude that the objects,
which were deleted before the inflection point of the classes separa-
bility function, usually distort the structure of the data. Therefore,
their exclusion from the analyzed dataset increases the reliability of
recognition [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-010-00039.

[1] Borisova, I. A., Kutnenko O.A. 2015. Outliers detection in datasets
with misclassified objects. J. Mach. Learn. Data Anal. 1(11):1632–1641.
jmlda.org/papers/doc/2015/no11/Borisova2015Outliers.pdf.
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Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

�åøàåòñÿ ïðîáëåìà ïîðîæäåíèÿ ãëîáàëüíîé ðàíæèðóþùåé

�óíêöèè â çàäà÷å èí�îðìàöèîííîãî ïîèñêà. Òðåáóåòñÿ íàéòè

òàêóþ ðàíæèðóþùóþ �óíêöèþ, êîòîðàÿ îïðåäåëÿëà áû ðåëå-

âàíòíîñòü ðàçëè÷íûõ äîêóìåíòîâ ïîñòóïàþùèì çàïðîñàì. Äëÿ

ðåøåíèÿ çàäà÷è ïîèñêà ñóïåðïîçèöèè ãëîáàëüíîé ðàíæèðóþùåé

�óíêöèè èñïîëüçóåòñÿ ìåòîä ïðîãíîçèðîâàíèÿ ñòðóêòóðû �óíê-

öèîíàëüíîé çàâèñèìîñòè. Ïðåäïîëàãàåòñÿ, ÷òî �óíêöèîíàëüíàÿ

çàâèñèìîñòü ñóùåñòâåííî íåëèíåéíà è ÿâëÿåòñÿ ñóïåðïîçèöèåé

ýëåìåíòàðíûõ �óíêöèé, ïðè ýòîì äåëàåòñÿ îãðàíè÷åíèå íà ìàêñè-

ìàëüíóþ ñëîæíîñòü ìîäåëè. Äåðåâî ñóïåðïîçèöèè ïðåäñòàâëÿåò-

ñÿ â âèäå ìàòðèöû. Â òàêîì âèäå çàäà÷à ñâîäèòñÿ ê çàäà÷å ñòðóê-

òóðíîãî îáó÷åíèÿ � çàäà÷å âîññòàíîâëåíèÿ ñòðóêòóðû îáúåêòà ïî

åãî îïèñàíèþ [1℄.

Äëÿ îáó÷åíèÿ ìåòîäà ñòðóêòóðíîãî îáó÷åíèÿ ïîëó÷åíà âûáîð-

êà ¾ïîäêîëëåêöèÿ�ìîäåëü¿ ñ ïîìîùüþ ãåíåòè÷åñêîãî àëãîðèòìà

íàä ìíîæåñòâîì ýëåìåíòàðíûõ �óíêöèé. �àññìîòðåí ðÿä ìåòî-

äîâ ïðîãíîçèðîâàíèÿ ñòðóêòóðû �óíêöèè ïî ìàòðèöå âåðîÿòíî-

ñòè ïåðåõîäîâ, èõ ðàáîòà ïðîòåñòèðîâàíà íà ñèíòåòè÷åñêèõ äàí-

íûõ. Íàéäåííàÿ ãëîáàëüíàÿ ðàíæèðóþùàÿ �óíêöèÿ ïðîòåñòèðî-

âàíà ïðè ïîìîùè �óíêöèîíàëà MAP íà ïîëíîé êîëëåêöèè äîêó-

ìåíòîâ. Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòà èñïîëüçîâàíà âûáîðêà, ñî-

ñòîÿùàÿ èç ìíîæåñòâ êîëëåêöèé äîêóìåíòîâ êîí�åðåíöèè EURO

2010.

[1℄ Áî÷êàðåâ À.Ì., Âàð�îëîìååâà À.À. Ñòðóêòóðíîå îáó÷åíèå ïðè ïî-

ðîæäåíèè ìîäåëåé // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015

(â ïå÷àòè).
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The problem of the generation of the global ranking function in the
task of information retrieval has been suggested. It is required to find
a ranking function, which would determine the relevance of various
documents incoming queries. To solve the problem of searching the
superposition of the global ranking function, a method of forecasting
the structure of functional dependencies has been used. It is assumed
that the functional dependencies are nonlinear and ranking function
is a superposition of elementary functions. The maximum complexity
of the model is taken to be limited and a superposition tree is repre-
sented as a matrix. In this way, the problem reduces to the problem
of structured learning — the problem of reconstructing the structure
of the object by its description [1].

For training structured learning method, sample “subcollection –
model” was received using a genetic algorithm on the set of elemen-
tary functions. A number of methods for predicting the structure
function has been considered on the probability of transition, these
methods are tested on synthetic data. Found global ranking function
is tested using functional MAP on full collection of documents. To
perform the experiment, a sample consisting of theses of documents
of the conference EURO 2010 has been used.

[1] Bochkarev, A., and Varfolomeeva A. 2015 (in press). Structure learning
for model generation. J. Mach. Lern. Data Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Î ìåòðè÷åñêèõ ñâîéñòâàõ ìåäèàíû Êåìåíè

Äâîåíêî Ñåðãåé Äàíèëîâè÷⋆ dsd�tsu.tula.ru

Ïøåíè÷íûé Äåíèñ Îëåãîâè÷ denispsheni
hny�yandex.
om

Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àññìîòðåíà íîâàÿ çàäà÷à ïîñòðîåíèÿ ìåäèàíû Êåìåíè ñ ìåò-

ðè÷åñêèìè ñâîéñòâàìè. Èçâåñòíî, ÷òî ïîëó÷åíèå ðàíæèðîâàíèé

îçíà÷àåò âûïîëíåíèå èçìåðåíèé â òàê íàçûâàåìûõ ìåíåå ìîù-

íûõ (êà÷åñòâåííûõ) øêàëàõ. Ïðè ñîãëàñîâàíèè ýêñïåðòíûõ ìíå-

íèé òðåáóåòñÿ ïîëó÷èòü îáùóþ ðàíæèðîâêó, íàèìåíåå îòëè÷àþ-

ùóþñÿ îò îñòàëüíûõ è èìåþùóþ ñìûñë ãðóïïîâîãî ìíåíèÿ. Ìå-

äèàíà Êåìåíè ÿâëÿåòñÿ ýêâèâàëåíòîì ñðåäíåãî â øêàëàõ (êâà-

çè)ïîðÿäêîâ è ñâîáîäíà îò ðÿäà ïðîòèâîðå÷èé, ñâÿçàííûõ ñ âû-

ÿâëåíèåì ãðóïïîâûõ ìíåíèé ïî ïðàâèëó áîëüøèíñòâà (ïàðàäîêñ

Ýððîó). Èçâåñòíûé ëîêàëüíî-îïòèìàëüíûé àëãîðèòì ïîñòðîåíèÿ

ìåäèàíû Êåìåíè ïðåäïîëàãàåò âû÷èñëåíèå ïàðíûõ ðàññòîÿíèé

ìåæäó ðàíæèðîâàíèÿìè è âû÷èñëåíèå òàê íàçûâàåìîé ìàòðèöû

ïîòåðü.

Ñ÷èòàÿ, ÷òî ðàíæèðîâàíèÿ, ïðåäñòàâëåííûå ïàðíûìè ðàññòî-

ÿíèÿìè ìåæäó ñîáîé, îáðàçóþò ìíîæåñòâî, ïîãðóæåííîå â åâêëè-

äîâî ìåòðè÷åñêîå ïðîñòðàíñòâî, ïîëó÷àåì âîçìîæíîñòü îïðåäå-

ëèòü ñðåäíèé ýëåìåíò êàê öåíòð òàêîãî ìíîæåñòâà. Î÷åâèäíî,

÷òî òàêîé öåíòðàëüíûé ýëåìåíò òàêæå ÿâëÿåòñÿ ðàíæèðîâàíèåì

è äîëæåí èìåòü òàêîé æå ñìûñë, êàê è ìåäèàíà Êåìåíè.

Â îáùåì ñëó÷àå íàéäåííûé ñðåäíèé ýëåìåíò îòëè÷àåòñÿ ñâî-

èìè ðàññòîÿíèÿìè îò ñîîòâåòñòâóþùèõ ðàññòîÿíèé ìåäèàíû Êå-

ìåíè äî îñòàëüíûõ ýëåìåíòîâ ìíîæåñòâà. �àçðàáîòàíà ïðîöåäó-

ðà �îðìèðîâàíèÿ ñêîððåêòèðîâàííîé ìàòðèöû ïîòåðü äëÿ ïî-

ñòðîåíèÿ ìåòðè÷åñêîé ìåäèàíû Êåìåíè, ñîâïàäàþùåé ñî ñðåäíèì

ýëåìåíòîì äàííîãî ìíîæåñòâà. Òàêîå ðàíæèðîâàíèå ñîâïàäàåò

ñ êëàññè÷åñêîé ìåäèàíîé Êåìåíè, ïîäòâåðæäàÿ åå ìåòðè÷íîñòü,

èëè îòëè÷àåòñÿ îò íåå, åñëè ìåòðè÷åñêèå íàðóøåíèÿ â êîí�èãó-

ðàöèè èñõîäíîãî ìíîæåñòâà ðàíæèðîâàíèé îêàçàëèñü çíà÷èòåëü-

íûìè.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-02228.

[1℄ Äâîåíêî Ñ.Ä., Ïøåíè÷íûé Ä.Î. Î ìåòðè÷åñêèõ ñâîéñòâàõ ìåäèà-

íû Êåìåíè // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015. Ò. 1. � 11.

Ñ. 1619�1631. jmlda.org/papers/do
/2015/JMLDA2015no11.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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On metric characteristics of the Kemeny’s median
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Tula, Tula State University

The novel problem of the metric Kemeny’s median is under investi-
gation. It is well-known that the rankings mean the measurements in
so-called less powerful (qualitative) scales.

For aggregating of experts’ opinions, it is necessary to find the
final ranking, which is the least different from others and represents
the group opinion. The Kemeny’s median appears to be the good
idea of the average for scales of (quasi-)orderings and is free of some
contradictions concerning the building of a group opinion based on
the majority rules (Arrow’s paradox). The well-known locally optimal
algorithm to find the Kemeny’s median depends on pairwise distances
between rankings and calculates the so-called loss matrix.

It is assumed that the rankings represented by pairwise distances
between them are immersed as a set in some Euclidean metric space.
According to it, one can define the average element as the center of
this set. It is evident that such the central element is also ranking
and needs to be similar to the Kemeny’s median.

In general, such an average element differs by its distances from
the corresponding distances of the Kemeny’s median to other set ele-
ments. The procedure is developed to build the modified loss matrix
and to find the metric Kemeny’s median, which coincides with the
average element of the given set. Such ranking coincides with the
classic Kemeny’s median and proves its metric property, or differs
from it, if the metric violations in the set configuration appear to be
significant.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-02228.

[1] Dvoenko, S., and Pshenichy D. 2015. On metric characteristics of the
Kemeny’s median. J. Mach. Learn. Data Anal. 1(11):1619–1631. jmlda.
org/papers/doc/2015/JMLDA2015no11.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ïðèìåíåíèå áàéåñîâñêîé ðåãóëÿðèçàöèè

ïðè îáó÷åíèè ðàñïîçíàâàíèÿ ñèãíàëîâ

íà îñíîâå ìåòîäà îïîðíûõ âåêòîðîâ

Êâàñîâ Àíäðåé Ôåäîðîâè÷⋆ kvandrew11�gmail.
om

Êðàñîòêèíà Îëüãà Âÿ÷åñëàâîâíà krasotkina�tsu.tula.ru

Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì. Â. Ëîìîíîñîâà

Îïèñàíû òåîðåòè÷åñêèå è ïðàêòè÷åñêèå ðåçóëüòàòû, ïîëó÷åí-

íûå ïðè ðåøåíèè çàäà÷ ðàñïîçíàâàíèÿ ðóêîïèñíûõ ñèìâîëîâ ñ ïî-

ìîùüþ ïðåäëîæåííîãî àâòîðàìè êðèòåðèÿ ãëàäêîñòè è ìåòîäà

îïîðíûõ âåêòîðîâ (support ve
tor ma
hine � SVM).

�àññìîòðåíû ïðîáëåìû ïîëó÷åíèÿ ïðèçíàêîâîãî ïðîñòðàíñò-

âà îáúåêòîâ äëÿ SVM, ÿâëÿþùèõñÿ íåïðåðûâíûìè ñèãíàëàìè

ñ íå�èêñèðîâàííûì êîëè÷åñòâîì èçìåðåíèé.

Ïðîèçâîäèòñÿ ïîèñê ïîäõîäÿùèõ îãðàíè÷åíèé íà àïðèîðíîå

ðàñïðåäåëåíèå îáó÷àþùåé âûáîðêè, êîëè÷åñòâî îáúåêòîâ â êîòî-

ðîé ñðàâíèìî ñ ðàçìåðàìè ïîëó÷åííîãî ïðèçíàêîâîãî ïðîñòðàíñò-

âà.

Ïîäðîáíî îñâåùåí ýâðèñòè÷åñêèé êðèòåðèé ãëàäêîñòè, èñ-

ïîëüçóåìûé êàê ðåãóëÿðèçàòîð â SVM, åãî âåðîÿòíîñòíàÿ èí-

òåðïðåòàöèÿ è ðåçóëüòàòû èñïîëüçîâàíèÿ â çàäà÷å ðàñïîçíàâàíèÿ

ïîñëåäîâàòåëüíîñòåé èçìåðåíèé êàê â èñõîäíîì ïðîñòðàíñòâå ãå-

íåðàëüíîé ñîâîêóïíîñòè, òàê è â ìåòðè÷åñêîì ïðîñòðàíñòâå îáú-

åêòîâ.

Òàêæå ïðîâåäåíû èññëåäîâàíèÿ ìåòîäà âûðàâíèâàíèÿ ñèã-

íàëîâ Dynami
 Time Warping, èñïîëüçîâàííîãî äëÿ ðàññìîòðå-

íèÿ çàäà÷è ðàñïîçíàâàíèÿ ðóêîïèñíûõ ñèìâîëîâ â ìåòðè÷åñêîì

ïðîñòðàíñòâå [1℄.

Ïðåäñòàâëåíû ðåçóëüòàòû ðàáîòû êëàññè�èêàòîðà íà ìîäåëü-

íûõ è ðåàëüíûõ äàííûõ, âçÿòûõ èç âûáîðêè UJI Pen Chara
ters

Data Set.

[1℄ Êâàñîâ À.Ô., Êðàñîòêèíà Î.Â.Ïðèìåíåíèå áàéåñîâñêîé ðåãóëÿðè-

çàöèè ïðè îáó÷åíèè ñèãíàëîâ íà îñíîâå ìåòîäà îïîðíûõ âåêòîðîâ //

Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Application of Bayesian regularization in signal
recognition based on Support Vector Machine

Kvasov Andrew⋆ kvandrew11@gmail.com
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Moscow, Lomonosov Moscow State University

The paper describes theoretical and practical results obtained by sol-
ving the problem of online handwritten character recognition, using
the smooth criterion proposed by the authors and included in Support
Vector Machine (SVM).

The main objective was an investigation on objects’ feature space
used in SVM, which consists of continuous measurement sequences,
i. e., signals, with nonfixed length.

The role of appropriate constraints, arising from the prior prob-
ability of the training sample which is characterized by the number
of objects comparable to the size of the feature space, has been exa-
mined.

Detailed concept of the heuristic smoothness’ criterion, used as
a regularizer in SVM, with its probabilistic interpretation and use in
signals’ recognition, viewed both in the original space of the statistical
population and in its metric space, is introduced.

Furthermore, this study includes an exploration of the signals’
alignment method, called Dynamic Time Warping, used for construc-
tion of the signals’ metric space [1].

The results obtained from the online handwriting character clas-
sification are performed on simulated data and real data taken from
the samples of UJI Pen Characters Data Set.

[1] Kvasov, A., and Krasotkina O. 2015 (in press). Application of Bayesian
regularization in signal recognition based on Support Vector Machine.
J. Mach. Learn. Data Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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3
Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

Íàèáîëåå ïîïóëÿðíûì ìåòîäîì ðåøåíèÿ çàäà÷è îáó÷åíèÿ

ðàñïîçíàâàíèþ îáðàçîâ ïî îáó÷àþùåé âûáîðêå, ïðåäñòàâëåííîé

îáúåêòàìè òîëüêî ëèøü îäíîãî êëàññà, ÿâëÿåòñÿ ìåòîä îïèñà-

íèÿ äàííûõ îïîðíûìè âåêòîðàìè (SVDD � Support Ve
tor Data

Des
ription), ïðåäëîæåííûé Ä. Òýêñîì. Ñóòü ìåòîäà çàêëþ÷àåò-

ñÿ â îïèñàíèè áîëüøèíñòâà âåêòîðîâ îáó÷àþùåé ñîâîêóïíîñòè

ãèïåðñ�åðîé çà èñêëþ÷åíèåì îòíîñèòåëüíî íåáîëüøîãî ÷èñëà äà-

ëåêèõ ðåäêèõ âûáðîñîâ (outliers).

Îñíîâíîé íåäîñòàòîê äàííîãî ìåòîäà â òîì, ÷òî îí íå îáåñ-

ïå÷èâàåò êîððåêòíîé ñåëåêöèè íåòèïè÷íûõ îáúåêòîâ îáó÷àþùåé

ñîâîêóïíîñòè. Ýòî ñâÿçàíî ñ òåì, ÷òî èñõîäíàÿ ïîñòàíîâêà çàäà÷è

Òýêñà íå ÿâëÿåòñÿ ãåîìåòðè÷åñêè âåðíîé, òàê êàê âåëè÷èíà øòðà-

�à äîïóñòèìîãî âûõîäà îáúåêòîâ îáó÷àþùåé âûáîðêè çà ïðåäå-

ëû îïèñûâàþùåé ãèïåðñ�åðû íåñîèçìåðèìà ñ ðàññòîÿíèåì äî åå

öåíòðà â îïòèìèçàöèîííîé çàäà÷å.

Öåëü äàííîé ðàáîòû � ìîäè�èêàöèÿ ìåòîäà SVDD ñ öåëüþ

óñòðàíèòü åãî íåàäåêâàòíîñòü ïðèðîäå ìíîãèõ ïðèêëàäíûõ çàäà÷

[1℄. Ïðîáëåìà çàêëþ÷àåòñÿ â òîì, ÷òî òàêàÿ êîððåêòèðîâêà ïîñòà-

íîâêè çàäà÷è êëàññè�èêàöèè ïðèâîäèò ê íåîáõîäèìîñòè îïòèìè-

çàöèè âûïóêëîãî, íî íåäè��åðåíöèðóåìîãî êðèòåðèÿ. Â äàííîé

ðàáîòå ïðåäëîæåí ïîäõîä ê ðåøåíèþ îïòèìèçàöèîííûõ çàäà÷ òà-

êîãî òèïà.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-00527-à è 14-37-

50786-ìîë-íð.

[1] Larin A., Seredin O., Kopylov A., Kuo S.-Y., Huang S.-C., Chen B.-H.

Parametric representation of objects in color space using one-class clas-
sifiers // Machine learning and data mining in pattern recognition /
Ed. P.Perner. — Lecture notes in computer science ser. — Switzerland:
Springer International Publishing, 2014. Vol. 8556. P. 300–314.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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3Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

The Support Vector Data Description (SVDD) method proposed by
D. Tax is one of the most popular methods to solve the problem of
pattern recognition learning in training sets that contain objects of
only one class. The essence of the method is description of the major-
ity of objects in the training set by a hypersphere, except a relatively
small amount of outliers. The main drawback of that method con-
sists in its inability to provide correct selection of atypical objects.
This owes to the fact that the original statement of the optimization
problem proposed by D. Tax is geometrically incorrect, because the
penalty for a point beyond the hypersphere is incommensurable with
its distance to the hypersphere’s center. The aim of this paper is to
modify the SVDD method so as to eliminate its inadequacy to many
applications [1]. The main problem is that such a modification leads
to the necessity to minimize a convex but nondifferentiable training
criterion. In this work, an approach to solve optimization problems
of this kind is proposed.

This research is funded by the Russian Foundation for Basic Re-
search, grants 14-07-00527-a and 14-37-50786-jung.

[1] Larin, A., Seredin O., Kopylov A., Kuo S.-Y., Huang S.-C., and
Chen B.-H. 2014. Parametric representation of objects in color space
using one-class classifiers. Machine learning and data mining in pat-
tern recognition. Ed. P. Perner. Lecture notes in computer science ser.
Switzerland: Springer International Publishing. 8556:300–314.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Èññëåäîâàíèå è âûáîð ðåãðåññèîííûõ ìîäåëåé

ñ ó÷åòîì ïîãðåøíîñòè êàê çàâèñèìûõ,

òàê è íåçàâèñèìûõ ïåðåìåííûõ

�óäîé �åîðãèé Èãîðåâè÷⋆ 0xd34df00d�gmail.
om

Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

Â õîäå àíàëèçà ðåçóëüòàòîâ �èçè÷åñêîãî ýêñïåðèìåíòà òðåáó-

åòñÿ âîññòàíîâèòü �óíêöèîíàëüíóþ çàâèñèìîñòü ìåæäó èçìåðÿ-

åìûìè âåëè÷èíàìè, ïðè ýòîì íåîáõîäèìà âîçìîæíîñòü ýêñïåðò-

íîé èíòåðïðåòèðóåìîñòè ñîîòâåòñòâóþùåé çàâèñèìîñòè.

�àññìàòðèâàåòñÿ êëàññ ñóùåñòâåííî íåëèíåéíûõ ïàðàìåòðè-

÷åñêèõ ñóïåðïîçèöèé ýëåìåíòàðíûõ �óíêöèé, ìíîæåñòâî êîòî-

ðûõ ìîæåò áûòü ëèáî çàðàíåå ïðåäëîæåíî ýêñïåðòàìè, ëèáî ïî-

ðîæäåíî, íàïðèìåð, ìåòîäîì ñèìâîëüíîé ðåãðåññèè. Îäíàêî â õî-

äå �èçè÷åñêîãî ýêñïåðèìåíòà èçìåðÿåìûå âåëè÷èíû êàê íåçàâè-

ñèìûå, òàê è çàâèñèìûå, èçâåñòíû ëèøü ñ íåêîòîðîé êîíå÷íîé

òî÷íîñòüþ. Ñîîòâåòñòâåííî òðåáóåòñÿ íå òîëüêî âûáðàòü ðåãðåñ-

ñèîííóþ ìîäåëü, ìèíèìèçèðóþùóþ ñóììó êâàäðàòîâ ðåãðåññèîí-

íûõ îñòàòêîâ, íî è îöåíèòü çàâèñèìîñòü âàðèàöèè åå ïàðàìåòðîâ

îò âàðèàöèè âõîäíûõ äàííûõ â ðàìêàõ íåêîòîðûõ ïðåäïîëîæåíèé

î ïîãðåøíîñòÿõ èçìåðåíèÿ.

Êðîìå òîãî, íåïîñðåäñòâåííî â ïðîöåññå ïîñòðîåíèÿ ìîäåëè

íåîáõîäèìî ó÷èòûâàòü ïîãðåøíîñòè èçìåðåíèÿ íåçàâèñèìûõ ïå-

ðåìåííûõ, äëÿ ÷åãî ñòàíäàðòíûé �óíêöèîíàë ñðåäíåêâàäðàòè÷-

íîé îøèáêè íå ïîäõîäèò.

Â íàñòîÿùåé ðàáîòå ïðåäëîæåí êðèòåðèé óñòîé÷èâîñòè ìîäå-

ëåé, îïèñûâàþùèé çàâèñèìîñòü âàðèàöèè ïàðàìåòðîâ ìîäåëè îò

âàðèàöèè îáó÷àþùèõ äàííûõ, è ââîäèòñÿ �óíêöèîíàë îøèáêè,

ó÷èòûâàþùèé ïîãðåøíîñòè èçìåðåíèÿ íåçàâèñèìûõ ïåðåìåííûõ,

è ñîîòâåòñòâóþùèé àëãîðèòì îïòèìèçàöèè, îñíîâàííûé íà àëãî-

ðèòìå Ëåâåíáåðãà�Ìàðêâàðäòà. Ïðåäëîæåííûé ìåòîä òàêæå ìî-

æåò áûòü ïðèìåíåí â ñëó÷àå ðàçëè÷èÿ ïîãðåøíîñòè îïðåäåëåíèÿ

êàæäîé èç �èçè÷åñêèõ âåëè÷èí â ðàçëè÷íûõ òî÷êàõ [1℄.

[1℄ �óäîé �.È. Î âîçìîæíîñòè ïðèìåíåíèÿ ìåòîäîâ Ìîíòå-Êàðëî

â àíàëèçå íåëèíåéíûõ ðåãðåññèîííûõ ìîäåëåé // Ñèáèðñêèé æóð-

íàë âû÷èñëèòåëüíîé ìàòåìàòèêè, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Model selection and analysis
with respect to measurement errors in both free
and dependent variables

Georg Rudoy⋆ 0xd34df00d@gmail.com

Moscow, Moscow Institute of Physics and Technology (State University)

A functional dependency between measured data is to be found dur-
ing physical experiment analysis. It is desirable for the dependency
to be interpretable by experts. For this, a set of nonlinear parametric
superpositions of elementary functions is considered (either induc-
tively generated via, for example, symbolic regression, or proposed
by experts) as the set of candidate regression models.

However, during the physical experiment, the measured values
both independent and dependent are known only to a finite precision.
Thus, it is also required to estimate the dependency of variation of
the selected model parameters on the variation of the learning data,
accounting for measurement errors.

Moreover, during the model selection process (and, in particular,
during parameters optimization), the possible measurement errors of
independent variables should be taken into account. The standard
mean-square error functional does not fit this task since it assumes
zero measurement error of these variables.

This work proposes a model selection criterion called model sta-

bility, describing the dependency of model parameters variation on
learning data variation, and a functional accounting for measurement
errors in both dependent and independent variables along with the
optimization method based on the Levenberg–Marquardt algorithm.
The proposed criterion and method can be also used in case of dif-
ferent measurement errors in various data points [1].

[1] Rudoy, G. 2015 (in press). On applying Monte-Carlo methods to anal-
ysis of non-linear regression models. Numerical Anal. Appl.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�åãðåññèîííàÿ ìîäåëü, îñíîâàííàÿ íà âûïóêëûõ

êîìáèíàöèÿõ, ìàêñèìàëüíî êîððåëèðóþùèõ

ñ îòêëèêîì

Ñåíüêî Îëåã Âàëåíòèíîâè÷ senkoov�mail.ru

Äîêóêèí Àëåêñàíäð Àëåêñàíäðîâè÷⋆ dalex�

as.ru

Ìîñêâà, Ôåäåðàëüíûé èññëåäîâàòåëüñêèé öåíòð ¾Èí�îðìàòèêà

è óïðàâëåíèå¿ �ÀÍ

Ïðåäñòàâëåí íîâûé ðåãðåññèîííûé ìåòîä, îñíîâàííûé íà ïî-

ñòðîåíèè îïòèìàëüíûõ âûïóêëûõ êîìáèíàöèé ïðîñòûõ ëèíåéíûõ

ðåãðåññèé ïî ìåòîäó íàèìåíüøèõ êâàäðàòîâ (ÌÍÊ), ïîñòðîåí-

íûõ ïî èñõîäíûì îáúÿñíÿþùèì ïåðåìåííûì. Áûëî ïîêàçàíî, ÷òî

íà ñàìîì äåëå îïèñàííûé ðåãðåññèîííûé ìåòîä ýêâèâàëåíòåí ìî-

äè�èêàöèè ÌÍÊ, âêëþ÷àþùåé äîïîëíèòåëüíîå òðåáîâàíèå î ñî-

âïàäåíèè çíàêà ðåãðåññèîííîãî ïàðàìåòðà ñ êîý��èöèåíòîì êîð-

ðåëÿöèè ìåæäó ñîîòâåòñòâóþùåé îáúÿñíÿþùåé ïåðåìåííîé è îò-

êëèêîì. Îïèñàí ìåòîä ïîñòðîåíèÿ îïòèìàëüíûõ âûïóêëûõ êîì-

áèíàöèé, îñíîâàííûé íà êîíöåïöèè íåñîêðàòèìûõ è íåðàñøèðÿ-

åìûõ íàáîðîâ. Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòîâ ïî ñðàâ-

íåíèþ ðàçðàáîòàííîãî ìåòîäà ñ èçâåñòíûì àëãîðèòìîì glmnet.

Ýêñïåðèìåíòû ïîäòâåðäèëè ý��åêòèâíîñòü ðàçðàáîòàííîãî ìå-

òîäà [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00819.

[1℄ Ñåíüêî Î.Â., Äîêóêèí À.À. �åãðåññèîííàÿ ìîäåëü, îñíîâàííàÿ

íà âûïóêëûõ êîìáèíàöèÿõ, ìàêñèìàëüíî êîððåëèðóþùèõ ñ îòêëè-

êîì //Æóðíàë âû÷èñëèòåëüíîé ìàòåìàòèêè è ìàòåìàòè÷åñêîé �è-

çèêè, 2015. Ò. 55. � 3. Ñ. 530�544.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Regression model based on convex combinations
best correlated with response

Senko Oleg senkoov@mail.ru

Dokukin Alexander⋆ dalex@ccas.ru

Moscow, Federal Research Center “Computer Science and Control”

of the Russian Academy of Sciences

A new regression method based on constructing optimal convex com-
binations of simple linear regressions of the least squares method
(LSM) built from original regressors is presented. It is shown that in
fact, this regression method is equivalent to a modification of the LSM
including the additional requirement of the coincidence of the sign of
the regression parameter with that of the correlation coefficient be-
tween the corresponding regressor and the response. A method for
constructing optimal convex combinations based on the concept of
nonexpandable irreducible ensembles is described. Results of exper-
iments comparing the developed method with the known glmnet al-
gorithm are presented, which confirm the efficiency of the former [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00819.

[1] Senko, O., and Dokukin A. 2015. Regression model based on convex
combinations best correlated with response. Comput. Math. Math.
Phys. 55(3):526–539.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ìåòðè÷åñêàÿ ãèïîòåçà êîìïàêòíîñòè è ìåòîä

ïîòåíöèàëüíûõ �óíêöèé â òåîðèè îáó÷åíèÿ

Ñåðåäèí Îëåã Ñåðãååâè÷

1
⋆ oseredin�yandex.ru

Ìîòòëü Âàäèì Âÿ÷åñëàâîâè÷

2
vmottl�

as.ru

1
Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

2
Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

Â êà÷åñòâå �óíäàìåíòàëüíîãî ïðèíöèïà ìàøèííîãî îáó÷å-

íèÿ ðàññìàòðèâàåòñÿ ãèïîòåçà êîìïàêòíîñòè, ñ�îðìóëèðîâàííàÿ

Ý.Ì. Áðàâåðìàíîì â 1960 ã. Îíà ñîñòîèò â ïðåäïîëîæåíèè íà-

áëþäàòåëÿ, ÷òî îáúåêòû ðåàëüíîãî ìèðà ñ áëèçêèìè çíà÷åíèÿ-

ìè ñêðûòîé öåëåâîé õàðàêòåðèñòèêè áëèçêè è ïî ñâîèì íàáëþ-

äàåìûì ñâîéñòâàì. Ìû ïîíèìàåì ãèïîòåçó êîìïàêòíîñòè â ìåò-

ðè÷åñêîì ñìûñëå, èíòåðïðåòèðóÿ ñõîäñòâî â ïðîñòðàíñòâå íàáëþ-

äåíèé êàê ìàëîå çíà÷åíèå íåêîòîðîé ìåòðèêè, îïðåäåëåííîé íà

ìíîæåñòâå îáúåêòîâ ðåàëüíîãî ìèðà. ×òîáû óñïåøíî ðåøàòü çà-

äà÷è âîññòàíîâëåíèÿ çàâèñèìîñòè ìåæäó íàáëþäàåìîé è ñêðû-

òîé õàðàêòåðèñòèêàìè îáúåêòà, íàáëþäàòåëü äîëæåí âûáðàòü

â ïðîñòðàíñòâå íàáëþäåíèé ìåòðèêó, óäîâëåòâîðÿþùóþ ãèïîòå-

çå êîìïàêòíîñòè. Ìàòåìàòè÷åñêèé è àëãîðèòìè÷åñêèé àïïàðàò

îáó÷åíèÿ â ïðîèçâîëüíîì ìåòðè÷åñêîì ïðîñòðàíñòâå îñíîâàí íà

åãî ìûñëåííîì ïîãðóæåíèè â ïñåâäîåâêëèäîâîå ëèíåéíîå ïðî-

ñòðàíñòâî ñ ïîñëåäóþùèì ïîñòðîåíèåì ëèíåéíûõ, òî÷íåå, à�-

�èííûõ ðåøàþùèõ ïðàâèë, ¾ïî÷òè¿ êàê â îáû÷íîì åâêëèäîâîì

ïðîñòðàíñòâå [1℄. Îäíàêî ïðèíÿòàÿ íàáëþäàòåëåì ìåòðèêà íå âñå-

ãäà îáåñïå÷èâàåò ïðèåìëåìîå ëèíåéíîå ïñåâäîåâêëèäîâîå ïðèáëè-

æåíèå îáúåêòèâíî ñóùåñòâóþùåé çàâèñèìîñòè. Ïðåäëàãàåìîå ïà-

ðàìåòðè÷åñêîå ñåìåéñòâî ïðåîáðàçîâàíèé èñõîäíîé ìåòðèêè, ÿâ-

ëÿþùååñÿ îáîáùåíèåì ñåìåéñòâà ïîòåíöèàëüíûõ �óíêöèé, ðàç-

ðàáîòàííîãî Ý.Ì. Áðàâåðìàíîì äëÿ êîíå÷íîìåðíûõ åâêëèäîâûõ

ïðîñòðàíñòâ, ïðàêòè÷åñêè ñòèðàåò ðàçëè÷èå ìåæäó ëèíåéíûìè

è íåëèíåéíûìè ðåøàþùèìè ïðàâèëàìè.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-00527-à è 14-07-

00661-à.

[1℄ Ñåðåäèí Î.Ñ., Àáðàìîâ Â.È., Ìîòòëü Â.Â. À��èííûå îïåðàöèè

â ïñåâäîåâêëèäîâîì ëèíåéíîì ïðîñòðàíñòâå // Èçâåñòèÿ Òóë�Ó,

Åñòåñòâåííûå íàóêè. � Òóëà: Èçä-âî Òóë�Ó, 2014. Âûï. 3. Ñ. 178�

196.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The metric-based compactness hypothesis and
method of potential functions for machine learning

Seredin Oleg1⋆ oseredin@yandex.ru

Mottl Vadim2 vmottl@ccas.ru
1Tula, Tula State University
2Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

The compactness hypothesis formulated by Emmanuil Braverman in
1960 is considered as the fundamental principle of machine learning.
It consists in the observer’s assumption that real-world objects hav-
ing similar values of the hidden goal characteristics should be similar
to each other also by their observable properties. We keep to the
metric-based understanding of the compactness hypothesis, namely,
consider the pairwise observation similarity as a small value of some
metric defined on the set of real-world objects. It is up to the observer
to find a metric that satisfies the compactness hypothesis. The math-
ematical and algorithmic framework of learning in an arbitrary met-
ric space is based on its mental embedding into a pseudo-Euclidean
linear space supplied with linear, to be more exact, affine decision
rules, just “almost” as in a usual Euclidean linear space [1]. However,
it happens often that the metric initially accepted by the observer
does not provide good linear pseudo-Euclidean approximation to the
actual dependence in the set of real-world objects. A parametric fam-
ily of metric transformations, which is proposed in the present work
as a generalization of Braverman’s family of potential function onto
metric spaces, virtually eliminates the difference between linear and
nonlinear decision rules.

This research is funded by the Russian Foundation for Basic Re-
search, grants 14-07-00527-a and 14-07-00661-a.

[1] Seredin, O. S., Abramov V. I., and Mottl V.V. 2014. Affinnye ope-
ratsii v psevdoevklidovom lineynom prostranstve [Affine operations in
a pseudo-Euclidean linear space]. Proceedings of Tula State University,
Natural Sciences. Tula: Tula State University Publs. 3:178–196.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îòáîð ïðèçíàêîâ â çàäà÷å êëàññè�èêàöèè

â ïîòîêàõ äàííûõ ïðè ñìåùåíèè ðåøàþùåãî

ïðàâèëà

Òóðêîâ Ïàâåë Àíàòîëüåâè÷⋆ pavel.turkov�gmail.
om

Êðàñîòêèíà Îëüãà Âÿ÷åñëàâîâíà o.v.krasotkina�yandex.ru

Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Â îáëàñòè ðàñïîçíàâàíèÿ îáðàçîâ ñóùåñòâóåò ìíîæåñòâî çàäà÷

êëàññè�èêàöèè, ñâÿçàííûõ ñ ïîòîêàìè äàííûõ. Â äàííîé ñòàòüå

îñòàíîâèìñÿ íà òàêèõ âàæíûõ îñîáåííîñòÿõ äàííîé ïðîáëåìû,

êàê áåñêîíå÷íàÿ äëèíà îáó÷àþùåé ïîñëåäîâàòåëüíîñòè, ñìåùåíèå

ðåøàþùåãî ïðàâèëà è îòáîð ïðèçíàêîâ. Òàê êàê ïîòîê äàííûõ

òåîðåòè÷åñêè áåñêîíå÷åí, õðàíåíèå è èñïîëüçîâàíèå äëÿ îáó÷å-

íèÿ âñåõ ðàíåå ïîëó÷åííûõ äàííûõ ÿâëÿåòñÿ íåâîçìîæíûì. Ñìå-

ùåíèå ðåøàþùåãî ïðàâèëà ÿâëÿåòñÿ ðàñïðîñòðàíåííûì îñëîæ-

íåíèåì â çàäà÷àõ îáó÷åíèÿ â ïîòîêàõ äàííûõ, êîòîðîå âîçíèêàåò

â ðåçóëüòàòå íàëè÷èÿ èçìåíåíèé â íàáëþäàåìûõ îáúåêòàõ. Â ëè-

òåðàòóðå, ïîñâÿùåííîé âîññòàíîâëåíèþ çàâèñèìîñòåé â ïîòîêàõ

äàííûõ, âñòðå÷àþòñÿ ðåøåíèÿ òîëüêî äëÿ ïåðâûõ äâóõ ïðîáëåì,

òîãäà êàê çàäà÷à îòáîðà ïðèçíàêîâ îñòàåòñÿ íåðàññìîòðåííîé.

Ê ñîæàëåíèþ, ïðèìåíåíèå êëàññè÷åñêèõ ìåòîäîâ îòáîðà ïðèçíà-

êîâ â ïðîöåññå îáó÷åíèÿ îñëîæíåíî ñìåùåíèåì ðåøàþùåãî ïðà-

âèëà. Ïðåäñòàâëåííàÿ ñòàòüÿ ïðåäëàãàåò íîâûé ìåòîä äëÿ îòáîðà

ïðèçíàêîâ, îñíîâàííûé íà áàéåñîâñêîì ïîäõîäå ê çàäà÷å ðàñïî-

çíàâàíèÿ îáðàçîâ â ïîòîêàõ äàííûõ. Ïðåäëîæåíà èåðàðõè÷åñêàÿ

âåðîÿòíîñòíàÿ ìîäåëü äëÿ îöåíêè ïàðàìåòðîâ ðåøàþùåãî ïðàâè-

ëà, ïîçâîëÿþùàÿ îòáèðàòü ïðèçíàêè íàðÿäó ñ îöåíèâàíèåì ïàðà-

ìåòðîâ ðåøàþùåãî ïðàâèëà. Ïðåäëîæåííûé êðèòåðèé ÿâëÿåòñÿ

íåñìåùåííûì, îáëàäàåò õîðîøèìè îáîáùàþùèìè è ïðîãíîçèðó-

þùèìè ñâîéñòâàìè, åãî ìàêñèìàëüíûé ðèñê ñòðåìèòñÿ ê êîíå÷-

íîìó çíà÷åíèþ. Ý��åêòèâíîñòü ïðåäëîæåííîãî ïîäõîäà ïðîèë-

ëþñòðèðîâàíà â õîäå ýêñïåðèìåíòîâ íà òåñòîâûõ è ðåàëüíûõ äàí-

íûõ [1℄.

[1℄ Turkov P., Krasotkina O. Feature sele
tion in the data stream


lassi�
ation under 
on
ept drift // J. Ma
h. Learn. Data Anal., 2015

(â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Data stream classification poses many challenges to the data min-
ing community. In this paper, such major challenges, namely, infi-
nite length, concept drift, and feature selection, are addressed. Since
a data stream is theoretically infinite in length, it is impractical to
store and use all the historical data for training. Concept drift is
a common phenomenon in data streams, which occurs as a result of
changes in the underlying concepts. Most existing data stream clas-
sification techniques address only the first two challenges and ignore
the feature selection. The concept drift makes difficulties for apply-
ing classical feature selection methods in the learning procedure. This
paper proposes the new Bayesian framework to feature selection in
pattern recognition problem under concept drift. The hierarchical
probability model is suggested for decision rule parameters estima-
tion with sparse regularization. The proposed shrinkage criterion is
unbiased, has grouping and oracle properties, and its maximal risk di-
verges to a finite value. Experimental results show that the proposed
framework is competitive on both simulated data and publicity avail-
iable real data [1].

[1℄ Turkov, P., and Krasotkina O. 2015 (in press). Feature sele
tion in the

data stream 
lassi�
ation under 
on
ept drift. J. Ma
h. Learn. Data

Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Íîâûå ðàññòîÿíèÿ è ìåðû äîñòîâåðíîñòè

äëÿ �îðìóë ëîãèêè Ëóêàñåâè÷à â êëàñòåðèçàöèè

ëîãè÷åñêèõ âûñêàçûâàíèé áàçû çíàíèé

Âèêåíòüåâ Àëåêñàíäð Àëåêñàíäðîâè÷

1,2
vikent�math.ns
.ru

Ôå�åëîâà Âàëåðèÿ Âàëåðüåâíà

2
⋆ lexsiyaren�yandex.ru

1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

2
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àññìîòðåíà îäíà èç àêòóàëüíûõ çàäà÷, âîçíèêøàÿ íà ñòûêå

òåîðèè àíàëèçà äàííûõ, èñêóññòâåííîãî èíòåëëåêòà è ìàòåìàòè-

÷åñêîé ëîãèêè �� çàäà÷à àíàëèçà ýêñïåðòíûõ ëîãè÷åñêèõ âûñêà-

çûâàíèé èç áàçû çíàíèé. Äàííîå íàïðàâëåíèå ðàçâèâàëîñü â ðà-

áîòàõ �.Ñ. Ëáîâà, Í. �. Çàãîðóéêî, À.À. Âèêåíòüåâà è èõ êîëëåã.

Â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ ëîãè÷åñêèå âûñêàçûâàíèÿ ýêñ-

ïåðòîâ, ïðåäñòàâëåííûå â âèäå �îðìóë n-çíà÷íîé ëîãèêè Ëóêàñå-
âè÷à. Ïîíÿòíî, ÷òî ðàçëè÷íûå âûñêàçûâàíèÿ íåñóò â ñåáå ðàçíîå

êîëè÷åñòâî èí�îðìàöèè. Ñëåäîâàòåëüíî, âîçíèêàåò âîïðîñ îá èõ

ñðàâíåíèè ïî èí�îðìàòèâíîñòè è, êàê ñëåäñòâèå, èõ ðàíæèðî-

âàíèè. Äëÿ êëàñòåðèçàöèè çíàíèé, ïîñòðîåíèÿ ðåøàþùèõ �óíê-

öèé íà îñíîâå �îðìóë íóæíî ââåñòè ðàññòîÿíèÿ ìåæäó �îðìó-

ëàìè. Ñ ïðèâëå÷åíèåì òåîðèè ìîäåëåé îïðåäåëÿþòñÿ íîâûå ðàñ-

ñòîÿíèÿ ìåæäó �îðìóëàìè, îáîáùàþùèå èçâåñòíûå. Äîêàçàíû

ñâîéñòâà ìåòðèêè äëÿ ðàññòîÿíèé è ìåðû íåòðèâèàëüíîñòè; îíè

ó÷èòûâàþò ìíîãîçíà÷íîñòü, ñõîæè ñî ñâîéñòâàìè âåëè÷èí ïðåäû-

äóùèõ ðàññòîÿíèé äëÿ ëîãèê Ëóêàñåâè÷à, îòâå÷àþò íà âîïðîñû

�.Ñ. Ëáîâà è ïðèìåíÿþòñÿ â àëãîðèòìàõ êëàñòåðèçàöèè �îð-

ìóë. Àâòîðàìè ââåäåíû íîâûå ðàññòîÿíèÿ è ìåðû íåòðèâèàëü-

íîñòè äëÿ �îðìóë n-çíà÷íîé ëîãèêè Ëóêàñåâè÷à, äîêàçàíû èõ

ñâîéñòâà. Òàêæå áûë àäàïòèðîâàí èåðàðõè÷åñêèé àëãîðèòì êëàñ-

òåðèçàöèè [1℄.

Ïðèâåäåíû ïðèìåðû êëàñòåðèçàöèè äëÿ ðàçëè÷íûõ n è ïîêà-
çàíû èõ ðàçëè÷èÿ, íàïèñàíî ðàáî÷åå java-ïðèëîæåíèå.

�àáîòà âûïîëíåíà ïðè ïîääåðæêå �ÔÔÈ, ïðîåêòû 14-07-

00851à è 14-07-00249a.

[1℄ Vikent'ev A. A. Con
erning distan
es and degrees of un
ertainty for

many-valued expert statements and appli
ation of those 
on
epts in

pattern re
ognition and 
lustering // Pattern Re
ogn. Image Anal.,

2014. Vol. 24. No. 4. P. 489�501.
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A topical problem on the border between data analysis, artificial in-
telligence, and mathematical logic has been considered: the analy-
sis of databases of expert’s statements. This area was developed by
G. S. Lbov, N.G. Zagorujko, A.A. Vikent’ev, and their colleagues.

The presenrt authors consider expert’s logical statements rep-
resented by formulas of the n-valued formulas of Lukasievicz logic.
Clearly, different propositions can carry different amounts of infor-
mation and it follows that the ranking of these statements by their
informativeness becomes an interesting problem. The distances be-
tween formulas are considered as one of the tools for clusterization of
knowledge and constructing deciding functions. Using model theory,
new distances between formulas can be produced which generalize
the already known ones. Some properties of metrics for such dis-
tances and of the measure of nontriviality have been proven; they
take into account the many-valuedness of the logic, are similar to
the previously studied distances for Lukasievicz logic, answer some
questions by G. S. Lbov, and are used in the clusterization algorithms
for formulas. The authors introduce new distances and nontriviality
measures for the formulas of the n-valued Lukasievicz logic and prove
some of their properties. Also, the hierarchic clusterization algorithm
has been adapted [1].

The authors present some examples for various n and discuss the
differences between them. Also, a working java application has been
developed.

The research was supported by the Russian Foundation for Basic
Research, projects 14-07-00851a and 14-07-00249a.
[1] Vikent’ev, A. 2014. Concerning distances and degrees of uncertainty

for many-valued expert statements and application of those concepts
in pattern recognition and clustering. Pattern Recogn. Image Anal.
24(4):489–501.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015



70 Äèñêðåòíî-ëîãè÷åñêèå ìåòîäû êëàññè�èêàöèè

Âîïðîñû ý��åêòèâíîñòè ëîãè÷åñêèõ êîððåêòîðîâ

Äþêîâà Åëåíà Âñåâîëîäîâíà edjukoval�mail.ru

Æóðàâë¼â Þðèé Èâàíîâè÷ zhuravlev�

as.ru

Ïðîêî�üåâ Ï¼òð Àëåêñàíäðîâè÷⋆ p_prok�mail.ru

Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

Îäíèì èç îñíîâíûõ ïîíÿòèé, èñïîëüçóåìûõ äëÿ ïîñòðîåíèÿ

êîððåêòíûõ ðàñïîçíàþùèõ ïðîöåäóð, ÿâëÿåòñÿ ïîíÿòèå ýëåìåí-

òàðíîãî êëàññè�èêàòîðà (ýë.êë.). Ýëåìåíòàðíûé êëàññè�èêà-

òîð � ýòî ýëåìåíòàðíàÿ êîíúþíêöèÿ, îïðåäåëåííàÿ íà öåëî÷èñ-

ëåííûõ ïðèçíàêîâûõ îïèñàíèÿõ îáúåêòîâ. Åñëè íà îïèñàíèè íåêî-

òîðîãî îáúåêòà ýëåìåíòàðíàÿ êîíúþíêöèÿ îáðàùàåòñÿ â åäèíèöó,

òî ãîâîðÿò, ÷òî ýòîò îáúåêò ñîäåðæèò äàííûé ýë.êë. Ýëåìåíòàð-

íûé êëàññè�èêàòîð ðàçëè÷àåò äâà îáúåêòà, åñëè îäèí îáúåêò ñî-

äåðæèò, à äðóãîé íå ñîäåðæèò äàííûé ýë.êë. Ýëåìåíòàðíûé êëàñ-

ñè�èêàòîð íàçûâàåòñÿ êîððåêòíûì äëÿ êëàññàK, åñëè ëþáûå äâà
îáó÷àþùèõ îáúåêòà, îäèí èç êîòîðûõ ïðèíàäëåæèò K, à äðóãîé
íå ïðèíàäëåæèò K, îäíîâðåìåííî íå ñîäåðæàò äàííûé ýë.êë.

Êëàññè÷åñêèé ëîãè÷åñêèé àíàëèç äàííûõ â ðàñïîçíàâàíèè

îñíîâàí íà ïîñòðîåíèè ñåìåéñòâ èç êîððåêòíûõ ýë.êë. Ñóùåñòâó-

þò ñëîæíûå çàäà÷è, êîãäà íå óäàåòñÿ íàéòè äîñòàòî÷íîå êîëè-

÷åñòâî èí�îðìàòèâíûõ êîððåêòíûõ ýë.êë. Ïîäîáíàÿ ñèòóàöèÿ

âîçíèêàåò, íàïðèìåð, â ñëó÷àå, êîãäà êàæäûé ïðèçíàê èìååò

ñëèøêîì ìíîãî çíà÷åíèé. Îäèí èç ñïîñîáîâ ðåøåíèÿ ïðîáëåìû �

èñïîëüçîâàíèå ðàñïîçíàþùèõ ïðîöåäóð, îñíîâàííûõ íà ïîñòðîå-

íèè ñåìåéñòâ êîððåêòíûõ íàáîðîâ ýë.êë. (ëîãè÷åñêèõ êîððåêòî-

ðîâ). Íàáîð ýë.êë. U íàçûâàåòñÿ êîððåêòíûì äëÿ êëàññà K, åñ-
ëè äëÿ ëþáîé ïàðû îáó÷àþùèõ îáúåêòîâ, â êîòîðîé îäèí îáúåêò

èç K, äðóãîé íå èç K, â U ñóùåñòâóåò ýë.êë., ðàçëè÷àþùèé ýòè

îáúåêòû.

Â [1℄ ïðèâîäÿòñÿ íîâûå ðåçóëüòàòû, êàñàþùèåñÿ ïîâûøå-

íèÿ ðàñïîçíàþùåé ñïîñîáíîñòè è ñêîðîñòè îáó÷åíèÿ ëîãè÷åñêèõ

êîððåêòîðîâ. Ñòðîèòñÿ ìîäåëü ëîãè÷åñêîãî êîððåêòîðà, áàçè-

ðóþùàÿñÿ íà áîëåå îáùåì ïîíÿòèè êîððåêòíîãî íàáîðà ýë.êë.

�àáîòà ÷àñòè÷íî ïîääåðæàíà ãðàíòàìè �ÔÔÈ�13-01-00787-a,

è �14-07-00819-a è ãðàíòîì ïðåçèäåíòà �Ô ÍØ-4908.2014.1.

[1℄ Äþêîâà Å.Â., Æóðàâë¼â Þ.È., Ïðîêî�üåâ Ï.À. Ìåòîäû ïîâûøå-

íèÿ ý��åêòèâíîñòè ëîãè÷åñêèõ êîððåêòîðîâ // Ìàøèííîå îáó÷å-

íèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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One of the key concepts used to build the correct recognition proce-
dures is the concept of elementary classifier (EC). Elementary clas-
sifier is an elementary conjunction defined on integer attributive de-
scriptions of objects. If EC refers to 1 by the description of the object
S, one say that object S contains EC. The objects S′ and S′′ are
discriminated by EC, if exactly one of these objects contains it. Ele-
mentary classifier is correct for the class K, if between any training
objects S′ ∈ K and S′′ 6∈ K either S′ or S′′ does not contain it.

Classical logical analysis of data by correct recognition is based
upon the construction of correct EC families. There are challenges
that cannot find a sufficient number of correct informative EC. Such
situation arises, for example, in the task where attribute domains are
too large. One way to solve the problem is to build the recognition
procedures based on the construction of correct EC sets families (lo-
gical correctors). Set of EC U is correct for the class K if for any
training objects S′ ∈ K and S′′ 6∈ K, there exists EC that belongs
to U by which S′ and S′′ are discriminated.

There are some new results concerning the improvement of recog-
nition power and learning speed of logical correctors in [1]. The model
of the logical corrector based on a more general concept of a correct
set of EC is built.

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-01-00787-a and 14-07-00819-a and the President’s
of Russia grant SS-4908.2014.1.

[1] Djukova, E.V., Zhuravlev Yu. I., and Prokofjev P.A. 2015 (in press).
Methods to improve the effectiveness of logical correctors. J. Mach.
Learn. Data Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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1
Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

2
Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì.Â. Ëîìîíîñîâà, Ôàêóëüòåò ÂÌÊ

Îäíîé èç �óíäàìåíòàëüíûõ çàäà÷ äèñêðåòíîé ìàòåìàòèêè ÿâ-

ëÿåòñÿ äóàëèçàöèÿ, êîòîðàÿ â ìàòðè÷íîé �îðìóëèðîâêå çâó÷èò

êàê çàäà÷à ïîñòðîåíèÿ (ïåðå÷èñëåíèÿ) âñåõ íåïðèâîäèìûõ ïî-

êðûòèé áóëåâîé ìàòðèöû.

Êàê ïðàâèëî, ÷èñëî ðåøåíèé äóàëèçàöèè ðàñòåò ýêñïîíåíöè-

àëüíî ñ ðîñòîì ðàçìåðîâ âõîäíûõ äàííûõ, ïîýòîìó àêòóàëüíûì

ÿâëÿåòñÿ èñïîëüçîâàíèå ïàðàëëåëüíûõ âû÷èñëåíèé.

Îñíîâíûì ðåçóëüòàòîì íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðàçâèòèå

ðàííåå ïðåäëîæåííîãî àâòîðàìè ïîäõîäà ê ïîñòðîåíèþ ý��åê-

òèâíûõ ïàðàëëåëüíûõ àëãîðèòìîâ äóàëèçàöèè. Ïîäõîä îñíîâàí

íà ñòàòèñòè÷åñêèõ îöåíêàõ îáúåìîâ âû÷èñëèòåëüíûõ ïîäçàäà÷.

Â ðàìêàõ ðàññìàòðèâàåìîãî ïîäõîäà ðàçðàáîòàíà íîâàÿ ñõå-

ìà ðàñïàðàëëåëèâàíèÿ àñèìïòîòè÷åñêè îïòèìàëüíûõ àëãîðèòìîâ

äóàëèçàöèè, ïîçâîëÿþùàÿ ñíèçèòü âðåìåííûå çàòðàòû íà ïîëó-

÷åíèå ñòàòèñòè÷åñêèõ äàííûõ. �àñïðåäåëåíèå âû÷èñëèòåëüíûõ

ïîäçàäà÷ îñóùåñòâëÿåòñÿ ñîãëàñíî çàðàíåå ñîñòàâëåííîìó ðàñïè-

ñàíèþ. Äëÿ ñîñòàâëåíèÿ óêàçàííîãî ðàñïèñàíèÿ óñòàíàâëèâàåò-

ñÿ âèä ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû, èñïîëüçóþùåéñÿ äëÿ

îöåíêè îáúåìîâ ïîäçàäà÷, è îïòèìèçèðóåòñÿ óðîâåíü çàãðóçêè

ïðîöåññîðîâ. Ñõåìà ïðèìåíåíà ê ðàñïàðàëëåëèâàíèþ àñèìïòî-

òè÷åñêè îïòèìàëüíîãî àëãîðèòìà RUNC-M (Äþêîâà Å.Â., Ïðî-

êî�üåâ Ï.À., 2014). Âûÿâëåíû óñëîâèÿ, ïðè êîòîðûõ ïàðàëëåëü-

íàÿ âåðñèÿ àëãîðèòìà RUNC-M äåìîíñòðèðóåò äîñòàòî÷íî ðàâíî-

ìåðíóþ çàãðóçêó ïðîöåññîðîâ è óñêîðåíèå, áëèçêîå ê ìàêñèìàëü-

íîìó [1℄.

�àáîòà ÷àñòè÷íî ïîääåðæåíà ãðàíòàìè �ÔÔÈ �13-01-00787-a

è �14-07-00819-a è ãðàíòîì ïðåçèäåíòà �Ô ÍØ-4908.2014.1.

[1℄ Äþêîâà Å.Â., Íèêè�îðîâ À. �. Îá ý��åêòèâíîì ðàñïàðàëëåëèâà-

íèè àëãîðèòìîâ äëÿ äèñêðåòíûõ ïåðå÷èñëèòåëüíûõ çàäà÷ // Ìà-

øèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 13.

jmlda.org/papers/do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Dualization is a fundamental problem in discrete mathematics and
consists in enumeration of a given boolean matrix irreducible cover-
ings.

As a rule, the number of irreducible coverings is exponential in the
input matrix size. Therefore, it is essential to use parallel computing.

The basic result of the present paper is development of the ap-
proach to efficient parallel dualization algorithms elaboration, for-
merly suggested by the authors. The approach is based on statistical
estimates for computational tasks size.

A new parallel scheme for asymptotically optimal dualization al-
gorithms is developed, reducing time costs on statistical data col-
lection. Task distribution is performed according to a timesheet set
up in advance. For this purpose, a distribution of random variable,
used for tasks size estimation, is fitted and the processor load level
is optimized. A parallel scheme is applied to an asymptotically op-
timal algorithm RUNC-M (Djukova E., Prokofjev P., 2014). There
are found conditions when parallel version of RUNC-M demonstrates
a balanced processor load and almost maximal speedup [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-01-00787-a and 14-07-00819-a and the President’s
of Russia grant SS-4908.2014.1.

[1] Djukova, E., and Nikiforov A. 2015 (in press). On efficient parallelizing
of the algorithms for discrete enumeration problems. J. Mach. Learn.
Data Anal. 1(13). jmlda.org/papers/doc/2015/JMLDA2015no13.pdf.
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Îá îäíîé çàäà÷å êëàñòåðèçàöèè íà ãðà�å

Èëüåâ Âèêòîð Ïåòðîâè÷⋆ iljev�mail.ru

Èëüåâà Ñâåòëàíà Äèàäîðîâíà iljeva�mail.ru

Îìñê, Îìñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Â çàäà÷å êëàñòåðèçàöèè òðåáóåòñÿ ðàçáèòü çàäàííîå ìíîæå-

ñòâî îáúåêòîâ íà íåñêîëüêî ïîäìíîæåñòâ (êëàñòåðîâ) òîëüêî íà

îñíîâå ñõîäñòâà îáúåêòîâ äðóã ñ äðóãîì. Â òåîðèè ðàñïîçíàâàíèÿ

îáðàçîâ è â ìàøèííîì îáó÷åíèè çàäà÷è êëàñòåðèçàöèè îòíîñÿò

ê ðàçäåëó îáó÷åíèÿ áåç ó÷èòåëÿ. Íàðÿäó ñ ýòèì ðàññìàòðèâàþòñÿ

òàêæå çàäà÷è êëàñòåðèçàöèè ñ ÷àñòè÷íûì îáó÷åíèåì, â êîòîðûõ

÷àñòü îáúåêòîâ èçíà÷àëüíî ðàñïðåäåëåíà ïî êëàñòåðàì.

Îäíîé èç íàèáîëåå íàãëÿäíûõ �îðìàëèçàöèé çàäà÷ êëàñòåðè-

çàöèè âçàèìîñâÿçàííûõ îáúåêòîâ ÿâëÿåòñÿ çàäà÷à àïïðîêñèìàöèè

ãðà�à (èëè çàäà÷à êëàñòåðèçàöèè íà ãðà�å), â êîòîðîé òðåáóåò-

ñÿ ðàçáèòü ìíîæåñòâî âåðøèí íà êëàñòåðû ñ ó÷åòîì ðåáåðíîé

ñòðóêòóðû. �ðà� íàçûâàåòñÿ êëàñòåðíûì ãðà�îì, åñëè êàæäàÿ

åãî êîìïîíåíòà ñâÿçíîñòè ÿâëÿåòñÿ ïîëíûì ãðà�îì. Îáîçíà÷èì

÷åðåç Mk(V ) ìíîæåñòâî âñåõ êëàñòåðíûõ ãðà�îâ íà ìíîæåñòâå

âåðøèí V , ñîäåðæàùèõ ðîâíî k íåïóñòûõ êîìïîíåíò ñâÿçíîñòè,

2 6 k 6 |V |. Åñëè G1 = (V,E1) è G2 = (V,E2) � ãðà�û íà îäíîì

è òîì æå ìíîæåñòâå âåðøèí V , òî ðàññòîÿíèå ìåæäó íèìè îïðå-
äåëÿåòñÿ êàê ρ(G1, G2) = |E1 \ E2|+ |E2 \ E1|.

�àññìîòðèì ñëåäóþùóþ çàäà÷ó êëàñòåðèçàöèè íà ãðà�å.

Çàäà÷à A+
k
. Äàí îáûêíîâåííûé ãðà� G = (V,E), öåëîå ÷èñ-

ëî k, 2 6 k 6 |V |, è ìíîæåñòâî X = {x1, . . . , xk} ⊆ V , ãäå xi 6= xj
ïðè i 6= j. Òðåáóåòñÿ íàéòè òàêîé ãðà� M∗∈Mk(V ), ÷òî

ρ(G,M∗) = min
M∈Mk(V )

ρ(G,M),

ãäå ìèíèìóì áåðåòñÿ ïî âñåì êëàñòåðíûì ãðà�àì M , â êîòîðûõ

xi ∈ Vi. Çäåñü Vi � i-é êëàñòåð (êîìïîíåíòà ñâÿçíîñòè) ãðà�àM ,

i = 1, . . . , k.
Äîêàçàíî, ÷òî çàäà÷à A+

k
ÿâëÿåòñÿ NP-òðóäíîé äëÿ ëþáîãî

�èêñèðîâàííîãî k > 2. Äëÿ çàäà÷è A+
2
ïðåäëîæåí ïîëèíîìèàëü-

íûé 3-ïðèáëèæåííûé àëãîðèòì [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÍÔ �15-11-10009.

[1℄ Èëüåâ Â.Ï., Èëüåâà Ñ.Ä. Î çàäà÷àõ êëàñòåðèçàöèè íà ãðà�àõ //

Âåñòíèê Îìñêîãî óíèâåðñèòåòà. � Îìñê: Èçä-âî Îì�Ó, 2015 (â ïå-

÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The objective of the clustering problem is to partition the objects
(data elements) into a family of subsets (i. e., clusters) such that
the objects within a cluster are more similar to one another than
the objects in different clusters. In pattern recognition and machine
learning, clustering methods fall under the section of unsupervised
learning. At the same time, semisupervised clustering methods use
limited supervision. For example, relatively few objects are labeled
(i. e., are assigned to clusters), whereas a large number of objects are
unlabeled.

One of the most visual formalizations of clustering is the graph
approximation problem (or graph clustering), that is, grouping the
vertices of a graph into clusters taking into consideration the edge
structure of the graph. A graph is called a cluster graph if each of
its connected components is a complete graph. Denote by Mk(V )
the set of all cluster graphs on vertex set V consisting of exactly k
nonempty connected components, 2 6 k 6 |V |. If G1 = (V,E1) and
G2 = (V,E2) are the graphs on the same vertex set V , then the
distance between them is defined as ρ(G1, G2) = |E1 \E2|+ |E2 \E1|.

Let consider the following graph clustering problem.
Problem A+

k
. Given a graph G = (V,E), an integer k,

2 6 k 6 |V |, and a set X = {x1, . . . , xk} ⊆ V (xi 6= xj unless i = j),
find a graph M∗∈Mk(V ) such that

ρ(G,M∗) = min
M∈Mk(V )

ρ(G,M)

where minimum is taken over all cluster graphs M such that xi ∈ Vi,
i = 1, . . . , k, with Vi beeing the ith cluster (connected component) of
graph M .

It has been proved that problem A+
k

is NP-hard for each fixed

integer k > 2. For problem A+
2
, 3-approximation polynomial-time al-

gorithm has been proposed [1].
This research is funded by the Russian Science Foundation, grant

15-11-10009.
[1] Il’ev, V.P., and Il’eva S.D. 2015 (in press). O zadachakh klasterizatsii

na grafakh [On graph clustering problems]. Vestnik Omskogo Univer-
siteta [Bulletin of Omsk University].
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Êîìáèíàòîðíûå îöåíêè ïåðåîáó÷åíèÿ

îäíîìåðíûõ ïîðîãîâûõ êëàññè�èêàòîðîâ

Èøêèíà Øàóðà Õàáèðîâíà⋆ shaurushka�gmail.
om

Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì.À.À.Äîðîäíèöûíà �ÀÍ

Îäíîìåðíûå ïîðîãîâûå êëàññè�èêàòîðû ïðèìåíÿþòñÿ äëÿ

áèíàðèçàöèè äàííûõ ïðè ïîñòðîåíèè ëîãè÷åñêèõ çàêîíîìåðíî-

ñòåé è ðåøàþùèõ äåðåâüåâ, à òàêæå â êà÷åñòâå ðåøàþùåãî ïðà-

âèëà â ìîäåëÿõ êëàññè�èêàöèè ñ âåùåñòâåííîé äèñêðèìèíàíò-

íîé �óíêöèåé. Â äàííîé ðàáîòå ïîëó÷åíû òî÷íûå îöåíêè îáîá-

ùàþùåé ñïîñîáíîñòè äëÿ äàííîãî ñåìåéñòâà êëàññè�èêàòîðîâ

â ðàìêàõ êîìáèíàòîðíîé òåîðèè ïåðåîáó÷åíèÿ.

Íåïîñðåäñòâåííîå âû÷èñëåíèå êîìáèíàòîðíûõ îöåíîê îáîá-

ùàþùåé ñïîñîáíîñòè ïî îïðåäåëåíèþ èìååò ýêñïîíåíöèàëüíóþ

ñëîæíîñòü. Ïðåäëàãàåòñÿ àëãîðèòì âû÷èñëåíèÿ âåðîÿòíîñòè ïå-

ðåîáó÷åíèÿ è îæèäàåìîé ÷àñòîòû îøèáîê ñêîëüçÿùåãî êîíòðîëÿ

çà ïîëèíîìèàëüíîå âðåìÿ O(ℓ6), ãäå ℓ � îáúåì âûáîðêè. �àññìàò-

ðèâàþòñÿ äâà âàðèàíòà àëãîðèòìà: äëÿ êîëè÷åñòâåííîãî ïðèçíà-

êà, ïðèíèìàþùåãî ïîïàðíî ðàçëè÷íûå çíà÷åíèÿ íà îáúåêòàõ âû-

áîðêè, è äëÿ íîìèíàëüíîãî ïðèçíàêà, èíäóöèðóþùåãî âàðèàöè-

îííûé ðÿä ñî ñâÿçêàìè.

Àëãîðèòì îñíîâàí íà ðåêóððåíòíîì ïîäñ÷åòå ÷èñëà äîïóñòè-

ìûõ òðàåêòîðèé ïðè áëóæäàíèè ïî òðåõìåðíîé ñåòêå ìåæäó äâó-

ìÿ çàäàííûìè òî÷êàìè ñ îãðàíè÷åíèÿìè ñïåöèàëüíîãî âèäà.

Ïîëó÷åííûå îöåíêè ïðèìåíåíû â êà÷åñòâå êðèòåðèÿ îòáîðà

ïðèçíàêîâ äëÿ ðåøåíèÿ ïðèêëàäíîé çàäà÷è äèàãíîñòèêè çàáîëå-

âàíèé âíóòðåííèõ îðãàíîâ ÷åëîâåêà ìåòîäàìè èí�îðìàöèîííîãî

àíàëèçà ýëåêòðîêàðäèîñèãíàëîâ ïî Â.Ì. Óñïåíñêîìó. Ïîêàçàíî,

÷òî ïðè ìàëûõ îáúåìàõ îáó÷àþùåé âûáîðêè äëÿ íåêîòîðûõ çà-

áîëåâàíèé äàííûå îöåíêè ïîçâîëÿþò ïîëó÷èòü ìåíåå ñëîæíóþ

ìîäåëü ïðè áîëåå âûñîêîé òî÷íîñòè äèàãíîñòèêè [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíò �14-07-00847.

[1℄ Èøêèíà Ø.Õ. Êîìáèíàòîðíûå îöåíêè ïåðåîáó÷åíèÿ ïîðîãîâûõ ðå-

øàþùèõ ïðàâèë // Ó�èìñêèé ìàòåìàòè÷åñêèé æóðíàë, 2015 (â ïå-

÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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One-dimensional threshold decision rules are widely used in super-
vised learning as data binarization functions, building blocks for de-
cision trees and conjunction rules, and decision functions for real-
valued classifiers. In this work, combinatorial generalization bounds
have been obtained for learning threshold decision rules via empirical
risk minimization.

The direct computation of the probability of overfitting in com-
binatorial theory of overfitting has an exponential time complexity
in the size of the dataset ℓ. The author proposes an algorithm that
computes an exact upper bound of the probability of overfitting in
polynomial time O(ℓ6). Two versions of the algorithm, both for con-
tinuous and discrete features have been considered.

The algorithms exploit the isomorphism between the set of par-
titions of the dataset into training and testing subsets that suffer
from overfitting, and the set of paths of the constrained random
walk on three-dimensional lattice. The algorithm calculates recur-
sively the number of admissible paths that connect two fixed points
of the lattice.

The overfitting bounds have been used as a feature selection cri-
terion for Näıve Bayes linear classifier. The experiments were carried
out on the set of 600 cardiosycle electrocardiogram records labeled
by diagnoses of 18 internal diseases. The features were extracted as
frequencies of 216 patterns of heart rate variability covering 4 neigh-
boring cardiocycles, according to the information analysis of ECG-
signals proposed by V.M. Uspenskiy. It is shown that combinatorial
bounds lead to a more accurate and less complicated classification
models [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00847.

[1] Ishkina Sh. 2015 (in press). Combinatorial bounds of overfitting for
threshold decision rules. Ufa Math. J.
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Çàäà÷à îòäåëèìîñòè (separation problem) îïîðíûõ

íåðàâåíñòâ äëÿ çàäà÷è àïïðîêñèìàöèè ãðà�à
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Ïóñòü Kn = (V,E) � ïîëíûé íåîðèåíòèðîâàííûé ãðà� áåç

ïåòåëü è êðàòíûõ ðåáåð. Îñòîâíûé ïîäãðà� H ⊂ Kn íàçûâàåòñÿ

M -ãðà�îì, åñëè êàæäàÿ åãî êîìïîíåíòà ñâÿçíîñòè ÿâëÿåòñÿ êëè-

êîé. Ïðè ýòîì ïîëàãàåì, ÷òî îäíîâåðøèííûé ãðà� òàêæå êëèêà.

Ìíîæåñòâî âñåõ M -ãðà�îâ â Kn îáîçíà÷èì ÷åðåç µ(V ).
Âåêòîðîì èíöèäåíöèé ïðîèçâîëüíîãî ãðà�à D ⊆ Kn áåç èçî-

ëèðîâàííûõ âåðøèí íàçûâàåòñÿ âåêòîð xD ∈ RE
ñ êîìïîíåíòàìè

xDe =

{

1 ïðè e ∈ ED;

0 ïðè e /∈ ED.

Ìíîãîãðàííèêîì M -ãðà�îâ áóäåì íàçûâàòü ìíîæåñòâî

Pn = conv
{

xH ∈ RE|H ∈ µ(V )
}

.

Â [1℄ ïîñòðîåí êëàññ îïîðíûõ íåðàâåíñòâ (k-ïàðàøþòû) îòíî-
ñèòåëüíî ìíîãîãðàííèêà Pn, îïèñàíû óñëîâèÿ, ïðè êîòîðûõ ïî-

ëó÷åííûå íåðàâåíñòâà ÿâëÿþòñÿ �àñåòíûìè.

Ïðè èñïîëüçîâàíèè îïîðíûõ íåðàâåíñòâ â êà÷åñòâå îòñåêà-

þùèõ ïëîñêîñòåé íà ïåðåäíèé ïëàí âûõîäèò çàäà÷à èäåíòè�è-

êàöèè (separation problem), êîòîðàÿ ñîñòîèò â òîì, ÷òîáû íàéòè

â çàäàííîì êëàññå íåðàâåíñòâî, îòñåêàþùåå äàííóþ íåöåëî÷èñ-

ëåííóþ òî÷êó, ëèáî äîêàçàòü, ÷òî â ýòîì êëàññå òàêîãî íåðàâåí-

ñòâà íåò. Â íàñòîÿùåé ðàáîòå ïîëó÷åí ñëåäóþùèé ðåçóëüòàò.

Òåîðåìà. Çàäà÷à èäåíòè�èêàöèè íåðàâåíñòâ, èíäóöèðîâàí-

íûõ k-ïàðàøþòàìè, îòíîñèòåëüíî ìíîãîãðàííèêà çàäà÷è àïïðîê-
ñèìàöèè ãðà�îâ NP-òðóäíà.

[1℄ Ñèìàí÷åâ �.Þ., Óðàçîâà È.Â. Î ãðàíÿõ ìíîãîãðàííèêà çàäà÷è àï-

ïðîêñèìàöèè ãðà�îâ // Äèñêðåò. àíàëèç è èññëåäîâàíèå îïåðàöèé,

2015. Ò. 22. �2. Ñ. 86�101. http://math.ns
.ru/publishing/DAOR/

2_15.html.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Let Kn = (V,E) is usual complete graph without loops and multiple
edges with the vertex set V and edge set E. Spanning subgraph H
⊂ Kn is called M -graph if each its connected component is a clique.
It is assumed that one-vertex graph is clique too. The set of all
M -graphs of Kn let denote µ(V ).

Let RE is the space of column vectors and axes of this space
are in one-to-one correspondence with an edge E. For each subgraph
H ⊆ Kn, let define its incidence vector as (0, 1)-vector x

H ∈ RE with
the components

xHe =

{

1, if e ∈ EH ;

0 otherwise.

The M -graphs polytope is the set defined as

Pn = conv {xH ∈ RE |H ∈ µ(V )} .

In [1], a class of support inequalities (k-parachutes) was described
with respect to Pn. Moreover, the conditions under which these in-
equalities are facet have been also described.

The support inequalities have been used in the cutting plane pro-
cedures. Here, the separation problem becomes very important. The
separation problem is as follows. Given a point in RE and a class
of support inequalities for Pn. Either find the inequality of this class
which separates point and Pn or prove that there is no such inequality
in this class. In this paper, the following result is obtained.

Theorem. The separation problem for k-parachute inequalities
and M -graphs polytope is NP-hard.

[1] Simanchev, R.Yu., and Urazova I.V. 2015. On the polytope faces of the
graph approximation problem. J. Appl. Ind. Math. 9(2):283–291.
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Ïðåäëîæåí îñíîâàííûé íà àëãîðèòìå âû÷èñëåíèÿ îöåíîê ìå-

òîä ðàñïîçíàâàíèÿ îáðàçîâ â óñëîâèÿõ íå�èêñèðîâàííîãî íàáîðà

ïðèçíàêîâ, íåïîëíîòû íàáîðîâ ïðèçíàêîâ äëÿ îòäåëüíûõ îáúåê-

òîâ, ðàçíûõ íàáîðîâ ïðèçíàêîâ äëÿ ðàçíûõ êëàññîâ, âîçìîæíî-

ãî ïîÿâëåíèÿ íîâûõ êëàññîâ. Äëÿ îöåíêè îáúåêòîâ èñïîëüçóþòñÿ

ïðîåêöèè êëàññîâ íà ïîäïðîñòðàíñòâà ïðèçíàêîâ, çíà÷åíèÿ êîòî-

ðûõ èçâåñòíû äëÿ ýòèõ îáúåêòîâ. Êëàññû, â ïåðåñå÷åíèå êîòîðûõ

ïîïàäàåò îáúåêò, îáðàçóþò òàê íàçûâàåìûé äè��åðåíöèàëüíûé

ðÿä îáúåêòà. Ïðåäëîæåí ïîäõîä ê ïîñòðîåíèþ îïîðíûõ ìíîæåñòâ

äëÿ îòäåëüíûõ êëàññîâ íà îñíîâå àíàëèçà ïðåöåäåíòîâ, îïðåäåëå-

íèÿ ìåðû áëèçîñòè äëÿ ïîëíîñòüþ è íå ïîëíîñòüþ îïðåäåëåííûõ

âåêòîðîâ ïðèçíàêîâ è ðàñøèðåíèÿ îáó÷àþùèõ âûáîðîê çà ñ÷åò

äîáàâëåíèÿ ê íèì ñëó÷àåâ ðåøåíèÿ çàäà÷è ðàñïîçíàâàíèÿ. Ïðè

ïîñòðîåíèè îïîðíûõ ìíîæåñòâ â óñëîâèÿõ íåïîëíîòû îïèñàíèé

èñïîëüçóåòñÿ îðèãèíàëüíàÿ ïðîöåäóðà ïðîåöèðîâàíèÿ è âûäåëå-

íèÿ èí�îðìàòèâíûõ ïîäïðîñòðàíñòâ ïðèçíàêîâ. Äëÿ ðåàëèçàöèè

ïðåäëîæåííîãî ìåòîäà ðàçðàáîòàíà ñèñòåìà ðàñïîçíàâàíèÿ, ñïî-

ñîáíàÿ ê àäàïòàöèè ê ðåøàåìûì êëàññàì çàäà÷: ïîÿâëåíèþ íîâûõ

êëàññîâ è ðàñøèðåíèþ ñïåêòðà âîçìîæíûõ çíà÷åíèé ïðèçíàêîâ.

Â êà÷åñòâå ïðèìåðà ðàññìîòðåíà çàäà÷à äè��åðåíöèàëüíîé äèà-

ãíîñòèêè â ìåäèöèíå â óñëîâèÿõ îãðàíè÷åííûõ ðåñóðñîâ è âðåìå-

íè [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �15-01-02362 è �15-07-

02355.

[1℄ Þäèí Â.Í., Êàðïîâ Ë.Å., Êàðïîâ Þ.Ë., Ñìåòàíèí Þ.�. Äè��å-

ðåíöèðîâàíèå êëàññîâ ïðè îöåíêå íå ïîëíîñòüþ îïèñàííîãî îáúåê-

òà // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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A method of pattern recognition is suggested based on calculating
estimations in case the set of object features is not fixed, the set of
feature values for individual objects is not necessary complete, dif-
ferent classes are characterized by different sets of features, and new
classes may appear during the process of data analysis. The aim is
to recognize objects described by incomplete sets of features, that
is, the projections of classes on subspaces of features whose value
is known. The classes in the intersection of which the object is lo-
cated form a so-called differential set of the object. Support sets are
constructed for each class as a result of the analysis of its training
examples (precedents). A measure of proximity is proposed suitable
for both complete and incomplete feature vectors. This measure is
determined using an original procedure of finding the projections of
feature vectors on the subspace spanned on the features whose value
is known. The training set can be expanded by adding the recognized
samples. A pattern recognition system is developed for the implemen-
tation of the proposed method; the system is capable to adapt to the
applied problems, e. g., it can add training samples and new classes
and can expand the range of possible feature values. As an example of
application, the problem of decision making in differential diagnosis
in medicine is considered under limited resources and time [1].

This research was partly supported by the Russian Foundation
for Basic Research, grants 15-01-02362 and 15-07-02355.

[1] Yudin, V., Karpov L., Karpov Yu., and Smetanin Yu. 2015 (in press).
Differential set of classes for estimation of not fully described objects.
J. Mach. Learn. Data Anal.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Èäåÿ ïðèìåíåíèÿ n-ñèìïëåêñîâ è òåîðåìà äëÿ ïðèíÿòèÿ è îáîñíî-
âàíèÿ ðåøåíèé â èíòåëëåêòóàëüíûõ ìåäèöèíñêèõ ñèñòåìàõ áûëà

ïðåäëîæåíà À.Å. ßíêîâñêîé â 1990 ã. Âïåðâûå ïðåäëàãàåòñÿ ïðè-

ìåíÿòü 2-ñèìïëåêñ ïðèçìó (ðèñ. 1), â ñå÷åíèÿõ êîòîðîé ðàñïîëî-

æåíû 2-ñèìïëåêñû, äëÿ ïðèíÿòèÿ è îáîñíîâàíèÿ ðåøåíèé â èí-

òåëëåêòóàëüíûõ äèíàìè÷åñêèõ ñèñòåìàõ (ÈÄÑ), îñíîâàííûõ êàê

íà òåñòîâûõ ìåòîäàõ ðàñïîçíîâàíèÿ îáðàçîâ, òàê è íà ìåòîäàõ

íå÷åòêîé è ïîðîãîâîé ëîãèêè, â ðÿäå ïðîáëåìíûõ îáëàñòåé: ìå-

äèöèíà, îáðàçîâàíèå, äîðîæíîå ñòðîèòåëüñòâî è äð. [1℄.

�èñ. 1. 2-ñèìïëåêñ ïðèçìà â ÈÄÑ

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ (ïðîåêòû �� 13-07-

00373, 13-07-98037, 14-07-00673) è ÷àñòè÷íî ��ÍÔ (ïðîåêò � 13-

06-00709).

[1℄ ßíêîâñêàÿ À.Å., ßìøàíîâ À.Â., Êðèâäþê Í.Ì. 2-ñèìïëåêñ ïðèç-

ìà � êîãíèòèâíîå ñðåäñòâî ïðèíÿòèÿ è îáîñíîâàíèÿ ðåøåíèé â èí-

òåëëåêòóàëüíûõ äèíàìè÷åñêèõ ñèñòåìàõ // Ìàøèííîå îáó÷åíèå

è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. � 13. jmlda.org/papers/

do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The idea of n-simplex application and the theorem for decision-
making and its justifications for intelligent medical systems were
proposed by A. Yankovskaya in 1990. Here, 2-simplex prism which
contains 2-simplex disposed in geometrical sections for the first time
is proposed (Fig. 1) for application at decision-making and its justi-
fications in intelligent dynamic systems (IDS) based on test methods
of pattern recognition and methods of fuzzy and threshold logics for
different problem areas: medicine, education, road building, etc. [1].

Fig. 1. 2-simplex prism in IDS

The work is supported by the Russian Foundation for Basic
Research (projects 13-07-00373a, 13-07-98037-r sibir a, and 14-07-
00673) and partially supported by the Russian Humanitarian Sci-
entific Foundation (project 13-06-00709).
[1] Yankovskaya, A., Yamshanov A., and Krivdyuk N. 2015 (in press).

2-simplex prism — a cognitive tool for decision-making and its jus-
tifications in intelligent dynamic systems. J. Mach. Learn. Data Anal.
1(13). jmlda.org/papers/doc/2015/JMLDA2015no13.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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øêîëà ýêîíîìèêè¿

�àññìàòðèâàþòñÿ çàäà÷è îïòèìèçàöèè áîëüøîé ðàçìåðíîñòè,

çàïèñàííûå â âèäå:

‖Ax− b‖22 + λF (x) → min,

ãäå F (x) � ïðîñòîé ñèëüíî âûïóêëûé ðåãóëÿðèçàòîð (òàêîé êàê

‖x‖22, ‖x‖1 èëè ýíòðîïèÿ) è λ � ÷èñëîâîé ïàðàìåòð.

Ïðîáëåìû òàêîãî ðîäà âîçíèêàþò ÷àñòî âî ìíîãèõ èíæåíåð-

íûõ ïðèëîæåíèÿõ, ðàâíî êàê è â îáëàñòè ìàøèííîãî îáó÷åíèÿ,

òàêèõ êàê ðàíæèðîâàíèå è çàäà÷è îïòèìèçàöèè â ñëîæíûõ ñåòÿõ.

�àññìàòðèâàþòñÿ òîëüêî ðàçðåæåííûå çàäà÷è. Â çàâèñèìîñòè

îò òèïà ðàçðåæåííîñòè (ïî ñòðîêàì / ïî ñòîëáöàì, ðàâíîìåðíàÿ

ðàçðåæåííîñòü / ðàçðåæåííîñòü â ñðåäíåì) ñðàâíèâàþòñÿ ðàçëè÷-

íûå ñîâðåìåííûå àëãîðèòìû è ïðåäëàãàþòñÿ íåêîòîðûå íîâûå

èäåè, ïîçâîëÿþùèå ñíèçèòü èõ âû÷èñëèòåëüíóþ ñëîæíîñòü [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ 15-31-20571 ìîë_à_âåä

è Ëàáîðàòîðèåé ñòðóêòóðíûõ ìåòîäîâ àíàëèçà äàííûõ â ïðåäñêà-

çàòåëüíîì ìîäåëèðîâàíèè �àêóëüòåòà óïðàâëåíèÿ è ïðèêëàäíîé

ìàòåìàòèêè ÌÔÒÈ, ãðàíò ïðàâèòåëüñòâà �Ô 11.G34.31.0073.

[1℄ �àñíèêîâ À.Â., Äâóðå÷åíñêèé Ï.Å., Íåñòåðîâ Þ.Å. Ñòîõàñòè÷å-

ñêèå ãðàäèåíòíûå ìåòîäû ñ íåòî÷íûì îðàêóëîì // Àâòîìàòèêà

è òåëåìåõàíèêà, 2015. arXiv:1411.4218, Nov. 2014. P. 1�53. http:

//arxiv.org/pdf/1411.4218.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The authors consider a huge-scale optimization problems in the form

‖Ax− b‖22 + λF (x) → min

where F (x) is the composite convex function and λ is the small nu-
merical parameter.

The problem typically arises in many engineering and machine
learning problems, such as ranking or network topology optimization.

The matrix is supposed to be sparse. Depending on various
sparsity conditions (column/row sparsity, uniform/average sparsity),
the authors compare state-of-the-art algorithms and propose several
novel ideas that allow to improve computational efficiency of numer-
ical optimization methods [1].

The work is supported by the Russian Foundation for Basic Re-
search, grant 15-31-20571 mol a ved, and by the Laboratory of Struc-
tural Methods in Predictive Modeling of the Department of Control
and Applied Mathematics, Moscow Institute of Physics and Technol-
ogy, Russian Government, grant 11.G34.31.0073.

[1] Gasnikov, A., Dvurechensky P, and Nesterov Yu. 2014. Stochastic gra-
dient methods with inexact oracle. arXiv:1411.4218. P. 1–53.
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Èññëåäóåòñÿ ìîäåëü, îïèñûâàþùàÿ ïðîöåññ ãðóçîïåðåâîçîê,

ðåàëèçóåìûé â ðàìêàõ ðÿäà òåõíîëîãèé. �àññìàòðèâàþòñÿ ÷åòû-

ðå âàðèàíòà ìîäåëè. Ïåðâûé âàðèàíò ìîäåëè îïèñûâàåò òðàíñ-

íàöèîíàëüíûå òðàíñïîðòíûå ãðóçîïåðåâîçêè áåç âûäåëåííûõ íà-

÷àëüíîé ñòàíöèè îòïðàâëåíèÿ è êîíå÷íîé ñòàíöèè ðàñïðåäåëåíèÿ

ãðóçîâ. Ýòîò âàðèàíò ìîäåëè îïèñûâàåò ãðóçîïåðåâîçêè, äëÿ êî-

òîðûõ êàê ïåðâàÿ, òàê è ïîñëåäíÿÿ ñòàíöèè íå ÿâëÿþòñÿ óçëîâû-

ìè. Äëÿ òàêèõ ãðóçîïåðåâîçîê âàæíî îïèñàòü çàêîí âçàèìîäåé-

ñòâèÿ ïðîìåæóòî÷íûõ ñòàíöèé. Âòîðîé âàðèàíò ìîäåëè îïèñûâà-

åò òðàíñïîðòíûå ãðóçîïåðåâîçêè ñ âûäåëåííîé íà÷àëüíîé ñòàíöè-

åé îòïðàâëåíèÿ ãðóçîâ. Ýòîò âàðèàíò ìîäåëè îïèñûâàåò ãðóçîïå-

ðåâîçêè íà ïðîòÿæåííîì ó÷àñòêå ïóòè, ãäå íà÷àëüíàÿ ñòàíöèÿ ÿâ-

ëÿåòñÿ óçëîâîé. Òðåòèé âàðèàíò ìîäåëè îïèñûâàåò òðàíñïîðòíûå

ãðóçîïåðåâîçêè ñ âûäåëåííûìè íà÷àëüíîé ñòàíöèåé îòïðàâëåíèÿ

è êîíå÷íîé ñòàíöèåé ðàñïðåäåëåíèÿ ãðóçîâ. Ýòîò âàðèàíò ìîäåëè

îïèñûâàåò ãðóçîïåðåâîçêè íà ïðîòÿæåííîì ó÷àñòêå ïóòè ìåæäó

äâóìÿ óçëîâûìè ñòàíöèÿìè. ×åòâåðòûé âàðèàíò ìîäåëè îïèñû-

âàåò òðàíñïîðòíûå ãðóçîïåðåâîçêè ïî êðóãîâîé öåïî÷êå ñòàíöèé.

Äëÿ âñåõ âàðèàíòîâ ìîäåëè èçó÷àþòñÿ ðåæèìû ãðóçîïåðåâî-

çîê, óäîâëåòâîðÿþùèå çàäàííîé ñèñòåìå êîíòðîëÿ. Òàêèå ðåæè-

ìû îïèñûâàþòñÿ ðåøåíèÿìè òèïà áåãóùåé âîëíû äëÿ íåëèíåéíî-

ãî êîíå÷íî-ðàçíîñòíîãî àíàëîãà óðàâíåíèÿ ïàðàáîëè÷åñêîãî òèïà.

Îïèñàíû âîçìîæíûå ðåæèìû ãðóçîïåðåâîçîê, èññëåäîâàí âîïðîñ

óñòîé÷èâîñòè ñòàöèîíàðíûõ ðåæèìîâ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-51-05011.

[1℄ Áåêëàðÿí Ë.À., Õà÷àòðÿí Í.Ê. Äèíàìè÷åñêàÿ ìîäåëü îðãàíèçà-

öèè ãðóçîïåðåâîçîê // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015

(â ïå÷àòè). Ò. 1. � 14. jmlda.org/papers/do
/2015/JMLDA2015no14.

pdf.
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The model describing the process of cargo transportation, realized
through a number of technologies, is investigated. Four versions of
the model are considered. The first version of the model describes
the transnational cargo transportation without dedicated initial de-
parture station and the final station cargo distribution. This version
of the model describes the cargo, for which both the first and the
last stations are not the nodes. For such cargo transportation, it is
important to describe the rule of interaction of intermediate stations.
The second version of the model describes the transport cargo with
a dedicated initial departure station. This version of the model de-
scribes the cargo on the long section of the route where the initial
departure station is nodular. The third version of the model describes
the cargo transportation between dedicated initial departure station
and final station. This version of the model describes the cargo on the
long section of the route between the two node stations. The fourth
version of the model describes the cargo transportation in a circular
chain of stations.

For all versions of the model, the modes of freight satisfying
given control system are studied. Such regimes are described by trav-
eling wave type solutions of nonlinear finite-difference analogue of
a parabolic equation. The possible modes of freight are described
and the issue of stability of stationary regimes are investigated [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-51-05011.

[1] Beklaryan, L., and Khachatryan N. 2015 (in press). Dynamic model of
the organization of cargo transportation. J. Mach. Learn. Data Anal.
1(14). jmlda.org/papers/doc/2015/JMLDA2015no14.pdf.
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Î íåêîòîðûõ òðóäíûõ çàäà÷àõ äèñêðåòíîé

îïòèìèçàöèè, ñâÿçàííûõ ñ êëàñòåðèçàöèåé,

ïîêðûòèåì è ìàðøðóòèçàöèåé

�èìàäè Ýäóàðä Õàéðóòäèíîâè÷

1,2
⋆ gimadi�math.ns
.ru

1
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

2
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

Ïðåäñòàâëåíà òåìàòèêà ïîñòðîåíèÿ àëãîðèòìîâ ñ îöåíêàìè

äëÿ ðåøåíèÿ íåêîòîðûõ òðóäíîðåøàåìûõ çàäà÷ äèñêðåòíîé îï-

òèìèçàöèè, ñâÿçàííûõ ñ ïðîáëåìàìè êëàñòåðèçàöèè, ïîêðûòèÿ

ãðà�îâ è ìàðøðóòèçàöèè.

Áîëüøàÿ ÷àñòü ïðîáëåì ñîñòîèò â ïîèñêå â ãðà�å íåñêîëüêèõ

äèñêðåòíûõ ðåáåðíî- èëè âåðøèííî-íåïåðåñåêàþùèõñÿ ñòðóêòóð

(ïîäãðà�îâ) ñ ýêñòðåìàëüíûì ñóììàðíûì âåñîì â çàäàííîì ïîë-

íîì ðåáåðíî-âçâåøåííîì ãðà�å [1℄. Îñîáîå âíèìàíèå óäåëåíî ðå-

çóëüòàòàì ïîñòðîåíèÿ àñèìïòîòè÷åñêè òî÷íûõ àëãîðèòìîâ.

�àññìîòðåíû ñëåäóþùèå çàäà÷è:

(1) çàäà÷à êëàñòåðèçàöèè íà ÷èñëîâîé îñè;

(2) çàäà÷à êëàñòåðèçàöèè íà ñåòåâûõ ìîäåëÿõ;

(3) ìåòðè÷åñêàÿ è êâàäðàòè÷íàÿ åâêëèäîâà çàäà÷à ïîèñêàm êëèê

ñ ìàêñèìàëüíûì ñóììàðíûì âåñîì;

(4) ïîèñê m âåêòîðîâ ñ ìàêñèìàëüíîé íîðìîé ñóììû â åâêëèäî-

âîì ïðîñòðàíñòâå: ðàíäîìèçèðîâàííûé àëãîðèòì;

(5) TSP (Traveling Salesman Problem) ïîäõîä ê ïðèáëèæåííîìó

ðåøåíèþ çàäà÷è ïîêðûòèÿ ãðà�à m âåðøèííî-íåñìåæíûìè

öèêëàìè (öåïÿìè);

(6) Åâêëèäîâà çàäà÷à MAX m-CYCLES COVER;
(7) çàäà÷à MINm-CYCLES COVER íà ñëó÷àéíûõ âõîäàõ èç êëàñ-

ñà UNI (0, 1);
(8) çàäà÷à ïîèñêà îäíîãî è äâóõ îñòîâíûõ äåðåâüåâ ìèíèìàëüíîãî

âåñà ïðè îãðàíè÷åíèè ñíèçó íà äèàìåòð äåðåâà;

(9) m-Peripateti
 Salesman Problem: ïîèñê íåñêîëüêèõ ðåáåðíî-íå-
ïåðåñåêàþùèõñÿ ãàìèëüòîíîâûõ öèêëîâ â ïîëíîì ãðà�å.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �15-01-00976 è �13-07-

00070.

[1℄ Gimadi E. E�
ient algorithms with performan
e guarantees for some

problems of �nding several dis
rete disjoint subgraphs in 
omplete

weighted graph // Appl. Math. Comput., 2015. Vol. 255. P. 84�91.

doi:10.1016/j.am
.2014.11.037.
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Several observations on efficient approximation algorithms with
proven guarantees have been made for some discrete optimization
problems that mainly associated with clustering, covering, and root-
ing. The problems considered are, in general, case NP-hard.

Most of the problems considered are to find multiple discrete
disjoint structures (subgraphs) of extremal total weight in a given
complete edge-weighted graph [1]. Particular attention has been paid
to the results of designing asymptotically optimal algorithms, when
a performance ratio tends to 1 with increasing size of the input data.

The following problems have been considered:

(1) Clustering Problem on the real axis;
(2) Clustering Problem in network models;
(3) Metric and Quadratic Euclidean MAX m-Weighted Clique Prob-

lems: 2-approximation algorithm;
(4) Euclidean MAX Vector Subset Problem: a randomized algorithm;
(5) TSP (Traveling Salesman Problem) approach to construct an

approximation algorithm for solving the problem m-CYCLES
(CHAINS) COVER: covering a complete graph by m vertex-
disjoint cycles (chains) of extremal total weight of edges;

(6) Euclidean MAX m-CYCLES COVER;
(7) Random MIN m-CYCLES COVER on instances UNI (0, 1);
(8) Minimum Spanning Tree Problem with diameter, bounded from

below: cases of finding one and two disjoint spanning trees; and
(9) m-Peripatetic Salesman Problem: finding several edge-disjoint

Hamiltonian circuits in complete weighted graph.

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-01-00976 and 13-07-00070.
[1] Gimadi, E. 2015. Efficient algorithms with performance guaran-

tees for some problems of finding several discrete disjoint sub-
graphs in complete weighted graph. Appl. Math. Comput. 255:84–91.
doi:10.1016/j.amc.2014.11.037.
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Îá àñèìïòîòè÷åñêè òî÷íûõ ïðèáëèæåííûõ

àëãîðèòìàõ äëÿ íåêîòîðûõ òðóäíûõ çàäà÷

ìàðøðóòèçàöèè

�èìàäè Ýäóàðä Õàéðóòäèíîâè÷

1,2
gimadi�math.ns
.ru
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1
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1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

2
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àññìîòðåíû òðè çàäà÷è, ÿâëÿþùèåñÿ ìîäè�èêàöèÿìè êëàñ-

ñè÷åñêîé çàäà÷è êîììèâîÿæåðà: çàäà÷à îá m êîììèâîÿæåðàõ

ñ ðàçëè÷íûìè âåñàìè ìàðøðóòîâ, çàäà÷à ïîêðûòèÿ ãðà�à m
öèêëàìè è çàäà÷à ïîêðûòèÿ ãðà�à m öåïÿìè. Ñîäåðæàòåëü-

íî, ïåðâàÿ çàäà÷à ñîñòîèò â òîì, ÷òîáû â çàäàííîì ïîëíîì

(íå)îðèåíòèðîâàííîì ãðà�å G = (V,E) ñ âåñîâûìè �óíêöèÿìè

wi : E → R+, i = 1, . . . ,m, íàéòè m ðåáåðíî-íåïåðåñåêàþùèõñÿ

ãàìèëüòîíîâûõ öèêëîâ ìèíèìàëüíîãî ñóììàðíîãî âåñà. Âòîðàÿ

è òðåòüÿ çàäà÷è çàêëþ÷àþòñÿ â òîì, ÷òîáû â ïîëíîì âçâåøåííîì

ãðà�å íàéòè m öèêëîâ (öåïåé) ìèíèìàëüíîãî îáùåãî âåñà, òàêèõ

÷òî ëþáàÿ âåðøèíà ãðà�à G ïðèíàäëåæèò ðîâíî îäíîìó öèêëó

(öåïè).

Âñå òðè çàäà÷è NP-òðóäíû â ñèëüíîì ñìûñëå, ïîñêîëüêó ê íèì

ñâîäèòñÿ êëàññè÷åñêàÿ çàäà÷à êîììèâîÿæåðà.

Ïðåäëîæåíû ïðèáëèæåííûå ïîëèíîìèàëüíûå àëãîðèòìû ðå-

øåíèÿ ýòèõ çàäà÷. �àññìîòðåíî ïîâåäåíèå ýòèõ àëãîðèòìîâ

â ïðåäïîëîæåíèè, ÷òî âåñà ðåáåð ãðà�à ÿâëÿþòñÿ íåçàâèñèìû-

ìè îäèíàêîâî ðàñïðåäåëåííûìè ñëó÷àéíûìè âåëè÷èíàìè [1℄.

Íàéäåíû óñëîâèÿ àñèìïòîòè÷åñêîé òî÷íîñòè àëãîðèòìîâ â ñëó-

÷àÿõ, êîãäà âåñà ðåáåð ãðà�à G èìåþò ðàâíîìåðíîå ðàñïðåäåëå-

íèå íà îòðåçêå [an, bn], 0 < an < bn, è óñå÷åííîå ïîêàçàòåëüíîå

ðàñïðåäåëåíèå ñ ïàðàìåòðîì βn íà èíòåðâàëå [an,∞), an > 0.
�àáîòà âûïîëíåíà ïðè ïîääåðæêå �ÔÔÈ, ïðîåêòû 15-01-00976

è 13-07-00070.

[1℄ �èìàäè Ý.Õ., Èñòîìèí À.Ì., �ûêîâ È.À., Öèäóëêî Î.Þ. Âåðî-

ÿòíîñòíûé àíàëèç ïðèáëèæåííîãî àëãîðèòìà äëÿ ðåøåíèÿ çàäà-

÷è î íåñêîëüêèõ êîììèâîÿæåðàõ íà ñëó÷àéíûõ âõîäíûõ äàííûõ,

íåîãðàíè÷åííûõ ñâåðõó // Òð. ÈÌÌ ÓðÎ �ÀÍ, 2014. Ò. 20-2. Ñ. 88�

98. http://mi.mathnet.ru/timm1061.
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Three important modifications of the well known traveling sales-
man problem have been considered: m peripatetic salesman problem
with different weight functions for each salesman,m cycles cover, and
m chains cover problems. In the first problem, given a complete di-
rected or undirected n-vertex graph G = (V,E) with weight functions
wi : E → R+, i = 1, . . . ,m, and it is necessary to findm edge-disjoint
Hamiltonian circuits H1, . . . , Hm ⊂ E so as to minimize their total
weight:

m
∑

i=1

wi(Hi) =

m
∑

i=1

∑

e∈Hi

wi(e).

The second and the third problems consist in finding, given a com-
plete weighted graph G, m cycles (chains) of minimal total weight,
such that each vertex in G belongs to exactly one cycle (chain)

All three problems are strong NP-hard, since the traveling sales-
man problem reduces to each of them. For these problems, approx-
imation polynomial algorithms have been proposed based on the
greedy idea. The behavior of these algorithms has been studied under
assumption that the weights of the edges of G are independent and
identically distributed real numbers [1].

The conditions for the algorithms to be asymptotically optimal
have been found in the cases when the weights of the edges of G
have uniform distribution in [an, bn], 0 < an < bn, and exponential
distribution with parameter βn in [an,∞), an > 0.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-01-00976 and 13-07-00070.

[1] Gimadi, E., Istomin A., Rykov I., and Tsidulko O. 2014. Probabilistic
analysis for an approximation algorithm solving m peripatetic salesman
problem on random inputs unbounded from above. Tr. IMM UrB RAS
20-2:88–98. (In Russian.) http://mi.mathnet.ru/timm1061.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015



92 Ñëîæíîñòü âû÷èñëåíèé è îïòèìèçàöèÿ

Ïðèáëèæåííûå ìåòîäû ìèíèìèçàöèè áóëåâûõ

�óíêöèé â ñïåöèàëüíûõ êëàññàõ

�ðàíèí Ñåðãåé Ñåðãååâè÷

1
⋆ ssgranin�gmail.
om

Ìàêñèìîâ Þðèé Âëàäèìèðîâè÷

2,3,4
yurymaximov�iitp.ru

1
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

2
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3
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Ëàáîðàòîðèÿ ñòðóêòóðíûõ ìåòîäîâ àíàëèçà äàííûõ

â ïðåäñêàçàòåëüíîì ìîäåëèðîâàíèè (ÏðåÌîËàá)

4
Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

�àññìàòðèâàåìàÿ çàäà÷à ïîñâÿùåíà ïðèáëèæåííûì ìåòîäàì

ïîñòðîåíèÿ ïðîñòûõ (êðàò÷àéøèõ è ìèíèìàëüíûõ) äèçúþíêòèâ-

íûõ íîðìàëüíûõ �îðì áóëåâûõ �óíêöèé, ïðèíèìàþùèõ íóëå-

âîå çíà÷åíèå â îòíîñèòåëüíî íåáîëüøîì ÷èñëå òî÷åê. Íàèáîëåå

èíòåðåñíûì ïðåäñòàâëÿåòñÿ ñëó÷àé, â êîòîðîì ÷èñëî óêàçàííûõ

òî÷åê îãðàíè÷åíî ïîëèíîìîì îò ðàçìåðíîñòè ïðîñòðàíñòâà ïåðå-

ìåííûõ.

Äàííûå �óíêöèè èãðàþò äîñòàòî÷íî âàæíóþ ðîëü â ðåøåíèè

çàäà÷ ðàñïîçíàâàíèÿ ëîãè÷åñêèìè ìåòîäàìè, ïðè ñèíòåçå �óíê-

öèîíàëüíûõ ñõåì, â çàäà÷àõ òåñòèðîâàíèÿ äèñêðåòíûõ óñòðîéñòâ.

Êëþ÷åâûì âêëàäîì ÿâëÿþòñÿ íîâûå ãðàíèöû íà ñëîæíîñòü

(äëèíó, ðàíã) áóëåâûõ �óíêöèè ñ îãðàí÷åííûì ÷èñëîì íóëåé,

ðàâíî êàê è ý��åêòèâíûå ìåòîäû èõ ïîñòðîåíèÿ. Ïðåäñòàâëåíû

òàêæå íåêîòîðûå àëãîðèòìû äëÿ ðåøåíèÿ çàäà÷è ìèíèìèçàöèè

÷àñòè÷íî çàäàííûõ �óíêöèé. Áëèçêèå ðåçóëüòàòû ïðåäñòàâëåíû

â ðàáîòå [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-31277 ìîë_a è 15-

07-09121.

[1℄ �ðàíèí Ñ.Ñ., Ìàêñèìîâ Þ.Â. Ñëîæíîñòü äèçúþíêòèâíûõ íîð-

ìàëüíûõ �îðì è ïîëó-ý��åêò Øåííîíà â íåêîòîðûõ ïîäêëàñ-

ñàõ áóëåâûõ �óíêöèé // Àâòîìàòèêà è òåëåìåõàíèêà, 2015. http:

//arxiv.org/pdf/1501.03444v1.pdf.
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The considered problem is devoted to accurate approximation of sim-
plest (shortest and minimal) disjunctive normal forms of Boolean
functions that attain False value in a relatively small number of
points. The class of functions with number of False points polyno-
mially bounded with respect to the dimension of input space is of
primal interest.

Such kind of functions plays an important role for the purposes
of logical analysis of data, algebraic methods of machine learning,
testing, and other areas.

The key contribution is a new state-of-the-art methods that give
upper bounds for approximation of shortest and minimal disjunctive
normal forms of Boolean functions with relatively small number of
zeros. Some results for disjunctive normal form minimization of par-
tially defined Boolean are presented as well.

The main tool of the proposed approach is Fourier analysis over
Boolean hypercube. Tightly connected results are suggested earlier
in [1].

The work is supported by the Russian Foundation for Basic Re-
search, grants 14-07-31277 mol a and 15-07-09121.

[1] Granin, S., and Maximov Yu. 2015. Average case complexity of DNFs
and Shannon semi-effect for narrow subclasses of boolean functions.
arXiv:1501.03444.
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Îìñê, Îìñêèé �èëèàë Èíñòèòóòà ìàòåìàòèêè èì. Ñ. Ë. Ñîáîëåâà

ÑÎ �ÀÍ

�àññìàòðèâàåòñÿ çàäà÷à ïîñòðîåíèÿ òîðãîâûõ õàáîâ äëÿ ðûí-

êà ýëåêòðîýíåðãèè ñ ìàðæèíàëüíûì óçëîâûì öåíîîáðàçîâàíèåì.

Çàäàíî ÷èñëî èñêîìûõ õàáîâ è èçâåñòíû çíà÷åíèÿ öåí ýëåêòðî-

ýíåðãèè äëÿ êàæäîãî óçëà ñåòè è êàæäîãî ñóáúåêòà ðûíêà çà

íåêîòîðûé äîñòàòî÷íî ïðîäîëæèòåëüíûé ïåðèîä. Òðåáóåòñÿ âû-

áðàòü êëàñòåðû óçëîâ ñåòè (õàáû) è ïðèêðåïèòü ê íèì ñóáúåê-

òû ðûíêà ñ öåëüþ ìèíèìèçàöèè ñóììàðíîãî âçâåøåííîãî ñðåäíå-

êâàäðàòè÷åñêîãî îòêëîíåíèÿ óçëîâûõ öåí ñóáúåêòîâ îò èíäåêñîâ

õàáîâ. Â êà÷åñòâå îãðàíè÷åíèé çàäàíî óñëîâèå äîñòàòî÷íî íèçêîé

êîíöåíòðàöèè ðûíêà â êàæäîì èç õàáîâ, ÷òî èçìåðÿåòñÿ èíäåê-

ñîì Õåð�èíäàëÿ�Õèðøìàíà, à òàêæå íèæíÿÿ ãðàíèöà íà ÷èñëî

óçëîâ õàáà.

Óñòàíîâëåíî, ÷òî ðàññìàòðèâàåìàÿ çàäà÷à ÿâëÿåòñÿ NP òðóä-

íîé â ñèëüíîì ñìûñëå è äëÿ íåå íå ñóùåñòâóåò âïîëíå ïîëèíîìè-

àëüíîé àïïðîêñèìàöèîííîé ñõåìû (FPTAS), åñëè P 6= NP. Ââèäó

âû÷èñëèòåëüíîé ñëîæíîñòè çàäà÷è, äëÿ åå ðåøåíèÿ ïðåäëîæåíû

ýâîëþöèîííûå àëãîðèòìû: ãåíåòè÷åñêèé àëãîðèòì è ãèáðèäíàÿ

ýâðèñòèêà ëîêàëüíîãî ïîèñêà. Ïðîâåäåíî òåñòèðîâàíèå è ñðàâíå-

íèå àëãîðèòìîâ íà ðåàëüíûõ äàííûõ. Èññëåäîâàíû ñâîéñòâà

¾ëàíäøà�òà¿ ëîêàëüíûõ îïòèìóìîâ ñ èñïîëüçîâàíèåì ìíîãî-

êðàòíîãî ëîêàëüíîãî ñïóñêà, ÷òî ïîçâîëèëî îáúÿñíèòü îñîáåí-

íîñòè ðàáîòû ýâîëþöèîííûõ àëãîðèòìîâ. Ñ ïðàêòè÷åñêîé òî÷êè

çðåíèÿ ðàçðàáîòàííûå àëãîðèòìû ìîãóò ñëóæèòü ïîëåçíûì ñðåä-

ñòâîì ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ïðè ïîñòðîåíèè òîðãîâûõ

õàáîâ äëÿ îïòîâûõ ðûíêîâ ýëåêòðîýíåðãèè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÍÔ �15-11-10009.

[1℄ Borisovsky P., Eremeev A., Grinkevi
h E., Klokov S., Kosarev N.

Trading hubs 
onstru
tion in ele
tri
ity markets using evolutionary

algorithms // Pattern Re
ognition Image Anal., 2014. Vol. 24. Iss. 2.

P. 270�282. http://dx.doi.org/10.1007/978-3-540-88965-6_3.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Trading Hubs Construction for Electricity Markets

Eremeev Anton⋆ eremeev@ofim.oscsbras.ru

Omsk, Omsk Branch of Sobolev Institute of Mathematics of the Siberian

Branch of the Russian Academy of Sciences

The trading hubs construction problem for electricity markets under
locational marginal prices is considered. Given historical prices for
all nodes of the electricity grid and for all market participants over
a sufficiently long period of time, the problem is to choose a required
number of node clusters (hubs) and to assign market participants to
hubs so as to minimize the deviation of hub prices from the prices
of participants. The problem is formulated under constraints of suffi-
ciently low market concentration, measured in terms of Herfindahl–
Hirschmann index, and lower bounds on hub sizes.

The problem is shown to be strongly NP-hard and it does not
admit a fully polynomial approximation scheme (FPTAS) if P 6= NP.
In view of problem complexity, two evolutionary algorithms are pro-
posed: a genetic algorithm and a hybrid local search heuristic. The
algorithms are tested and compared on the real-life data. The prop-
erties of the fitness landscapes are analyzed using multiple restarts of
the local search and the behavior of the evolutionary algorithms is ex-
plained on the basis of this analysis. From the practical point of view,
the developed algorithms proved to be a useful decision-support tool
in trading hubs construction for the electricity wholesale markets [1].

This research is funded by the Russian Science Foundation, grant
15-11-10009.

[1] Borisovsky, P., Eremeev A., Grinkevich E., Klokov S., and Kosarev N.
2014. Trading hubs construction in electricity markets using evolu-
tionary algorithms. Pattern Recognition Image Anal. 24(2):270–282.
http://dx.doi.org/10.1007/978-3-540-88965-6_3.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îòáîð îáúåêòîâ è ïðèçíàêîâ äëÿ ìîíîòîííûõ

êëàññè�èêàòîðîâ

Çóõáà Àíàñòàñèÿ Âèêòîðîâíà⋆ a__l�mail.ru

Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

Íåêîòîðûå ïðèêëàäíûå çàäà÷è êëàññè�èêàöèè ïðåäïîëàãàþò

íàëè÷èå ìîíîòîííûõ çàâèñèìîñòåé ìåæäó ïðèçíàêàìè è âåðîÿò-

íîñòüþ îäíîãî èç êëàññîâ. Â òàêèõ çàäà÷àõ ÷àñòî èñïîëüçóþòñÿ

ëèíåéíûå êëàññè�èêàòîðû. �àñøèðåíèå ìîäåëè êëàññè�èêàöèè

äî ñåìåéñòâà ìîíîòîííûõ �óíêöèé ïîâûøàåò òî÷íîñòü àïïðîê-

ñèìàöèè îáó÷àþùåé âûáîðêè, íî òàêæå ïîâûøàåò ðèñê ïåðåîáó-

÷åíèÿ, ïîýòîìó äëÿ ìîíîòîííûõ êëàññè�èêàòîðîâ âàæíà îïòè-

ìèçàöèÿ ñëîæíîñòè ìîäåëè ïóòåì îòáîðà ïðèçíàêîâ. Êðîìå òî-

ãî, ïîñòðîåíèå ìîíîòîííîãî êëàññè�èêàòîðà ïðåäïîëàãàåò ìîíî-

òîíèçàöèþ âûáîðêè ïóòåì îòáîðà ïîäìíîæåñòâà îïîðíûõ îáú-

åêòîâ, óäîâëåòâîðÿþùèõ óñëîâèþ ìîíîòîííîñòè. Òàêèì îáðàçîì,

ïðè ïîñòðîåíèè ìîíîòîííûõ êëàññè�èêàòîðîâ âîçíèêàåò çàäà÷à

îäíîâðåìåííîãî îòáîðà îáúåêòîâ è ïðèçíàêîâ. Äëÿ åå ðåøåíèÿ,

êàê ïðàâèëî, èñïîëüçóþò æàäíûå ýâðèñòè÷åñêèå àëãîðèòìû, îä-

íàêî âîïðîñû âû÷èñëèòåëüíîé ñëîæíîñòè çàäà÷è ïîñòðîåíèÿ ìî-

íîòîííûõ êëàññè�èêàòîðîâ îòíîñèòåëüíî ìàëî èññëåäîâàíû.

Â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ âîçìîæíûå ïîñòàíîâêè çà-

äà÷è ìîíîòîíèçàöèè âûáîðêè êàê çàäà÷è äèñêðåòíîé îïòèìèçà-

öèè. Ïðåäëàãàåòñÿ ñèñòåìàòèçàöèÿ çàäà÷ îäíîâðåìåííîãî îòáîðà

îáúåêòîâ è ïðèçíàêîâ äëÿ ìîíîòîíèçàöèè âûáîðêè. Äëÿ êàæäîé

ïîñòàíîâêè çàäà÷è ìîíîòîíèçàöèè óñòàíàâëèâàåòñÿ ñòàòóñ åå âû-

÷èñëèòåëüíîé ñëîæíîñòè. Äîêàçûâàåòñÿ ïîëèíîìèàëüíàÿ ñâîäè-

ìîñòü ê çàäà÷àì ìîíîòîíèçàöè òàêèõ èçâåñòíûõ NP-ïîëíûõ çà-

äà÷, êàê çàäà÷à î ðþêçàêå, çàäà÷à î áèêëèêå, çàäà÷à î ìèíèìàëü-

íîì ïîêðûòèè ìíîæåñòâà ïîäìíîæåñòâàìè. Äëÿ ïîñòàíîâîê, ðàç-

ðåøèìûõ çà ïîëèíîìèàëüíîå âðåìÿ, ïðåäëàãàåòñÿ òî÷íûé àëãî-

ðèòì ðåøåíèÿ [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíò �14-07-31240.

[1℄ Çóõáà À.Â. Âû÷èñëèòåëüíàÿ ñëîæíîñòü îòáîðà îáúåêòîâ è ïðèçíà-

êîâ äëÿ çàäà÷ ñ îãðàíè÷åíèÿìè ìîíîòîííîñòè // Ìàòåìàòè÷åñêàÿ

áèîëîãèÿ è áèîèí�îðìàòèêà, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Feature and prototype selection for isotonic classifier

Zukhba Anastasia⋆ a l@mail.ru

Moscow, Moscow Institute of Physics and Technology (State University)

In many applications of two-class classification, it is known before-
hand that the class label should be increasing (or decreasing) in the
features. In such situations, linear classifiers are usually used. Ex-
panding classification model to the family of isotonic functions re-
duces the approximation error on the training sample but also in-
creases the risk of overfitting. Therefore, the optimization of the
model complexity via feature selection is an important issue for
isotonic classifiers. In addition, learning isotonic classifier assumes
a monotonization of the training set by sampling a subset of proto-
type objects satisfying monotonicity constraints. Thus, learning iso-
tonic classifier requires simultaneous selection of objects and features.
Greedy heuristic algorithms are typically used to solve this problem.
Nevertheless, the computational complexity of the corresponding dis-
crete optimization problems still remains little studied.

In this work, a systematization of monotonization problem state-
ments is proposed as discrete optimization problems. For each prob-
lem, its computational complexity is estimated. It is shown that well-
known NP-complete problems, such as the knapsack problem, and
the biclique problem, the minimal covering set problem are polyno-
mially reducible to different variants of the monotonization problem.
An effective algorithm for polynomially solvable variants of the mono-
tonization problem is presented [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-31240.

[1] Zukhba, A. 2015 (in press). Computational complexity of prototype
and feature selection for isotonic classification problems Math. Biol.

Bioinf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Êâàäðàòè÷íûå åâêëèäîâû çàäà÷è

2-êëàñòåðèçàöèè: ñëîæíîñòü è ý��åêòèâíûå

àëãîðèòìû ñ îöåíêàìè òî÷íîñòè äëÿ èõ ðåøåíèÿ

Êåëüìàíîâ Àëåêñàíäð Âàñèëüåâè÷

1,2
⋆ kelm�math.ns
.ru

1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

2
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àññìîòðåíû íåñêîëüêî êâàäðàòè÷íûõ åâêëèäîâûõ çàäà÷

2-êëàñòåðèçàöèè, êîòîðûå èìåþò ïðèëîæåíèÿ â àíàëèçå äàííûõ,

ðàñïîçíàâàíèè îáðàçîâ, ñòàòèñòèêå, êîìáèíàòîðíîé ãåîìåòðèè,

òåîðèè ïðèáëèæåíèÿ. Çàäà÷è àêòóàëüíû äëÿ ìíîãèõ åñòåñòâåííî-

íàó÷íûõ è òåõíè÷åñêèõ ïðèëîæåíèé. Öåëü ñòàòüè � îáçîð íîâûõ

(íåèçó÷åííûõ), èçâåñòíûõ (íî ñëàáîèçó÷åííûõ) çàäà÷, à òàêæå

ðåçóëüòàòîâ î âû÷èñëèòåëüíîé ñëîæíîñòè ýòèõ çàäà÷ è ý��åê-

òèâíûõ àëãîðèòìàõ ñ îöåíêàìè òî÷íîñòè äëÿ èõ ðåøåíèÿ.

Íèæå ïðèâåäåí ñïèñîê ðàññìàòðèâàåìûõ çàäà÷.

Çàäà÷à 1. Minimum sum-of-squares 2-
lustering with given 
enter

of one 
luster.

Çàäà÷à 2. Minimum sum-of-squares 2-
lustering problem on sequen
e

with given 
enter of one 
luster.

Çàäà÷à 3. Quadrati
 Eu
lidean Max-Cut.

Çàäà÷à 4. Quadrati
 Eu
lidean Min-Sum all-pairs 2-
lustering.
Çàäà÷à 5. Eu
lidean balan
ed varian
e-based 2-
lustering.
Çàäà÷à 6. Eu
lidean balan
ed varian
e-based 2-
lustering with given


enter of one 
luster.

Îñíîâíîå âíèìàíèå óäåëåíî çàäà÷àì ðàçáèåíèÿ êîíå÷íûõ ìíî-

æåñòâ è ïîñëåäîâàòåëüíîñòåé òî÷åê åâêëèäîâà ïðîñòðàíñòâà íà

äâà êëàñòåðà ïðè çàäàííîì (æåëàåìîì) öåíòðå îäíîãî èç êëàñòå-

ðîâ [1℄. Æåëàåìûé öåíòð çàäàåòñÿ íà âõîäå â íåêîòîðîé òî÷êå,

áåç îãðàíè÷åíèÿ îáùíîñòè � â íà÷àëå êîîðäèíàò, à âòîðîé öåíòð

íåèçâåñòåí. Àíàëèçèðóþòñÿ äâà âàðèàíòà çàäà÷, â êîòîðûõ ìîù-

íîñòè êëàñòåðîâ ëèáî ÿâëÿþòñÿ ÷àñòüþ âõîäà, ëèáî íåèçâåñòíû.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-01-00462.

[1℄ Êåëüìàíîâ À.Â. Êâàäðàòè÷íûå åâêëèäîâû çàäà÷è áè-ðàçáèåíèÿ

ìíîæåñòâà è ïîñëåäîâàòåëüíîñòè: ñëîæíîñòü è àëãîðèòìû ñ îöåí-

êàìè êà÷åñòâà ðåøåíèÿ // Ìàò-ëû VI Ìåæäóíàð. êîí�. ¾Ïðîáëåìû

îïòèìèçàöèè è ýêîíîìè÷åñêèå ïðèëîæåíèÿ¿. � Îìñê, 2015. Ñ. 36�

41.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Quadratic Euclidian 2-clustering problems: Complexity
and efficient algorithms with performance garantees
for their solutions

Kel’manov Alexander1,2⋆ kelm@math.nsc.ru
1Novosibirsk, Sobolev Institute of Mathematics of the Siberian Branch
of the Russian Academy of Sciences

2Novosibirsk, Novosibirsk State University
Some quadratic Euclidean 2-clustering problems induced by actual
issues in data analysis, pattern recognition, statistics, computational
geometry, and approximation theory have been considered. These
problems are also important in a wide range of natural-science and
engineering applications. The purpose of the paper is to overview
new (previously unstudied), known (poorly studied), and recent re-
sults on computational complexity of these problems and on efficient
algorithms with performance guarantees for their solutions.

Below is the list of the problems considered.

Problem 1. Minimum sum-of-squares 2-clustering with given center

of one cluster.
Problem 2. Minimum sum-of-squares 2-clustering problem on se-

quence with given center of one cluster.
Problem 3. Quadratic Euclidean Max-Cut.
Problem 4. Quadratic Euclidean Min-Sum all-pairs 2-clustering.
Problem 5. Euclidean balanced variance-based 2-clustering.
Problem 6. Euclidean balanced variance-based 2-clustering with

given center of one cluster.

The focus is on the 2-clustering problems (for the finite set and
finite sequence of points in the Euclidean space) with the given center
of one cluster [1]. So, the desired center of one of the clusters is given
(without loss of generality at 0) as an input, while the center of the
second cluster is unknown (a variable for optimizing). Two variants
of the problems are analyzed, where the cardinalities of the clusters
are either the parts of input or unknown.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-01-00462.
[1] Kel’manov, A. 2015. Quadratic Euclidian bi-clustering problems: Com-

plexity and efficient algorithms with performance garantees. 6th Con-
ference (International) “Optimization Problems and their Economical
Applications”Proceedings. Omsk. 36–41.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Òî÷íûé ïñåâäîïîëèíîìèàëüíûé àëãîðèòì

äëÿ îäíîé êâàäðàòè÷íîé åâêëèäîâîé çàäà÷è

ñáàëàíñèðîâàííîé 2-êëàñòåðèçàöèè

Êåëüìàíîâ Àëåêñàíäð Âàñèëüåâè÷

1,2
kelm�math.ns
.ru

Ìîòêîâà Àííà Âëàäèìèðîâíà

2
⋆ anitamo�mail.ru

1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

2
Íîâîñèáèðñê, Íîâîñèáèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àññìàòðèâàåòñÿ ñëåäóþùàÿ NP-òðóäíàÿ â ñèëüíîì ñìûñëå

Çàäà÷à (Eu
lidean balan
ed varian
e-based 2-
lustering with

given 
enter of one 
luster and 
luster 
ardinalities). Äàíî: ìíî-

æåñòâî Y = {y1, . . . , yN} òî÷åê èç R
q
è íàòóðàëüíîå ÷èñëî M .

Íàéòè ðàçáèåíèå ìíîæåñòâà Y íà êëàñòåðû C è Y \ C òàêèå, ÷òî

|C|
∑

y∈C

‖y − y(C)‖2 + |Y \ C|
∑

y∈Y\C

‖y‖2 → min,

ãäå y(C) = (1/|C|)
∑

y∈C

y � öåíòðîèä C, ïðè îãðàíè÷åíèè |C| =M .

Çàäà÷à àêòóàëüíà, â ÷àñòíîñòè, ïðè ðåøåíèè ïðîáëåì àíàëèçà

è èíòåðïðåòàöèè äàííûõ.

Â íàñòîÿùåé ðàáîòå ïîñòðîåí òî÷íûé ïñåâäîïîëèíîìèàëüíûé

àëãîðèòì, êîòîðûé íàõîäèò îïòèìàëüíîå ðåøåíèå çàäà÷è äëÿ ñëó-

÷àÿ öåëî÷èñëåííûõ êîîðäèíàò òî÷åê âõîäíîãî ìíîæåñòâà è �èê-

ñèðîâàííîé ðàçìåðíîñòè ïðîñòðàíñòâà [1℄. Âðåìÿ ðàáîòû àëãîðèò-

ìà åñòü âåëè÷èíàO(N(MD)q), ãäåD � ìàêñèìàëüíîå àáñîëþòíîå

çíà÷åíèå êîîðäèíàò òî÷åê âõîäíîãî ìíîæåñòâà.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �13-07-00070 è �15-01-

00462.

[1℄ Êåëüìàíîâ À.Â., Ìîòêîâà À.Â. Òî÷íûé ïñåâäîïîëèíîìèàëüíûé

àëãîðèòì äëÿ îäíîé êâàäðàòè÷íîé åâêëèäîâîé çàäà÷è ñáàëàíñè-

ðîâàííîé 2-êëàñòåðèçàöèè // Äèñêðåòíûé àíàëèç è èññëåäîâàíèå

îïåðàöèé, 2015 (â ïå÷àòè).
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The authors consider the following strongly NP-hard
Problem (Euclidean balanced variance-based 2-clustering with

given center of one cluster and cluster cardinalities). Given: a set
Y = {y1, . . . , yN} of points from R

q and a positive integer number
M . Find: a partition of Y into clusters C and Y \ C such that

|C|
∑

y∈C

‖y − y(C)‖2 + |Y \ C|
∑

y∈Y\C

‖y‖2 → min

where y(C) = (1/|C|)
∑

y∈C
y is the centroid of C, under constrain |C|

=M .
This problem is actual, in particular, in data analysis.
A pseudopolynomial algorithm which finds an optimal solution for

the case of integer components of the points in the input set and fixed
space dimension is presented [1]. The running time of the algorithm
is O(N(MD)q) where D is the maximum absolute coordinate value
of the points in the input set.

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-07-00070 and 15-01-00462.

[1] Kel’manov, A.V., and Motkova A.V. 2015 (in press). Tochnyy psev-
dopolinomial’nyy algoritm dlya odnoy kvadratichnoy evklidovoy
zadachi sbalansirovannoy 2-klasterizatsii An exact pseudopolynomial
algorithm for a quadratic Euclidean balanced 2-clustering problem //
Diskretnyy analiz i issledovanie operatsiy [Discrete Analysis and Oper-
ations Research].
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Î ñëîæíîñòè îäíîé êâàäðàòè÷íîé åâêëèäîâîé

çàäà÷è ñáàëàíñèðîâàííîé 2-êëàñòåðèçàöèè

Êåëüìàíîâ Àëåêñàíäð Âàñèëüåâè÷

1,2
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.ru
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�àññìàòðèâàåòñÿ çàäà÷à ðàçáèåíèÿ êîíå÷íîãî ìíîæåñòâà òî-

÷åê åâêëèäîâà ïðîñòðàíñòâà íà äâà êëàñòåðà ïî êðèòåðèþ ìè-

íèìóìà ñóììû âåñîâ êëàñòåðîâ, óìíîæåííûõ íà èõ ìîùíîñòè.

Ïîä âåñîì êëàñòåðà ïîíèìàåòñÿ ñóììà êâàäðàòîâ ðàññòîÿíèé îò

ýëåìåíòîâ êëàñòåðà äî åãî öåíòðà. Öåíòð îäíîãî êëàñòåðà çàäàí,

à öåíòð äðóãîãî � íåèçâåñòåí, ÿâëÿåòñÿ ãåîìåòðè÷åñêèì öåíòðîì

(öåíòðîèäîì) è îïðåäåëÿåòñÿ êàê ñðåäíåå çíà÷åíèå ýëåìåíòîâ ýòî-

ãî êëàñòåðà. Çàäà÷à �îðìóëèðóåòñÿ ñëåäóþùèì îáðàçîì.

Çàäà÷à Eu
lidean Balan
ed Varian
e-based 2-Clustering
with Given Center of one 
luster. Äàíî: ìíîæåñòâî Y =
= {y1, . . . , yN} òî÷åê èç R

q
. Íàéòè: ðàçáèåíèå ìíîæåñòâà Y íà

äâà íåïóñòûõ ïîäìíîæåñòâà X è Z òàêèõ, ÷òî

|X |
∑

x∈X

‖x− x(X )‖2 + |Z|
∑

z∈Z

‖z‖2 −→ min,

ãäå x(X ) = (1/|X |)
∑

x∈X
x � öåíòðîèä ïîäìíîæåñòâà X .

Ýòà çàäà÷à èíäóöèðóåòñÿ, â ÷àñòíîñòè, ïðîáëåìàìè àíàëèçà

äàííûõ è ðàñïîçíàâàíèÿ îáðàçîâ êîìáèíàòîðíîé ãåîìåòðèè, ñòà-

òèñòèêè. Âîïðîñ î ñòàòóñå ñëîæíîñòè çàäà÷è áûë îòêðûòûì.

Â íàñòîÿùåé ðàáîòå äîêàçàíî [1℄, ÷òî (1) çàäà÷à NP-òðóäíà

â ñèëüíîì ñìûñëå è (2) äëÿ íåå íå ñóùåñòâóåò ïîëíîñòüþ ïîëè-

íîìèàëüíîé ïðèáëèæåííîé ñõåìû (FPTAS), åñëè P 6= NP. Äëÿ

äîêàçàòåëüñòâà �àêòà òðóäíîðåøàåìîñòè çàäà÷è ïîñòðîåíî ïîëè-

íîìèàëüíîå ñâåäåíèå ê íåé NP-òðóäíîé â ñèëüíîì ñìûñëå çàäà÷è

Minimum Bise
tion äëÿ êóáè÷åñêèõ ãðà�îâ.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ ��15-01-00462, 15-01-

00976 è 13-07-00070.
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òè÷íûõ åâëèäîâûõ çàäà÷ 2-êëàñòåðèçàöèè // Äîêë. �ÀÍ, 2015 (â ïå-

÷àòè).
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The following problem has been considered. Given a finite set of
points from Euclidean space, find a partition of this set into two clus-
ters minimizing the sum of weights of the clusters multiplied by their
cardinalities. By the weight of the cluster, the sum of squared dis-
tances from the elements of the cluster to its center has been meant.
The center of one cluster is given while for the second cluster, it is
unknown (so, it is estimated by the centroid that is the mean value
of the elements of the cluster).

Problem (Euclidean Balanced Variance-based 2-Clustering

with Given Center of one cluster). Given: a set Y = {y1, . . . , yN}
of points from R

q. Find : a partition of set Y into two subsets X and
Z such that

|X |
∑

x∈X

‖x− x(X )‖2 + |Z|
∑

z∈Z

‖z‖2 −→ min,

where x(X ) = (1/|X |)
∑

x∈X
x is the centroid of subset X .

This problem is actual, in particular, for solving the problems in
data analysis. The complexity of this problem was unexplored.

It has been proven [1] that this problem (i) is strongly NP-hard
and (ii) do not admit FPTAS (fully polynomial-time approximation
scheme), unless P = NP. The proof is based on polynomial-time re-
duction from the strongly NP-hard Minimum Bisection problem on
cubic graphs.

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-01-00462, 15-01-00976, and 13-07-00070.

[1] Kel’manov, A., and Pyatkin A. 2015 (in press). NP-hardness of some
Quadratic Euclidean 2-clustering problems. Dokl. Math.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�àññìàòðèâàåòñÿ ñëåäóþùàÿ NP-òðóäíàÿ â ñèëüíîì ñìûñëå

Çàäà÷à (Minimum sum-of-squares 2-
lustering problem on

sequen
e with given 
enter of one 
luster and 
luster 
ardinalities).

Äàíî: ïîñëåäîâàòåëüíîñòü Y = (y1, . . . , yN) òî÷åê èç R
q
, íàòó-

ðàëüíûå ÷èñëà Tmin, Tmax è M > 1. Íàéòè: ïîäìíîæåñòâî M =
= {n1, . . . , nM} ⊆ N íîìåðîâ ýëåìåíòîâ ïîñëåäîâàòåëüíîñòè Y
òàêîå, ÷òî

∑

j∈M

‖yj − y(M)‖2 +
∑

i∈N\M

‖yi‖
2 → min,

ãäå y(M) = (1/|M|)
∑

i∈M yi ïðè îãðàíè÷åíèÿõ

1 6 Tmin 6 nm − nm−1 6 Tmax 6 N, m = 2, . . . ,M,

íà ýëåìåíòû íàáîðà (n1, . . . , nM ).
�àññìàòðèâàåìàÿ çàäà÷à àêòóàëüíà, â ÷àñòíîñòè, ïðè ðåøåíèè

ïðîáëåì ïîìåõîóñòîé÷èâîé îáðàáîòêè âðåìåííûõ ðÿäîâ.

Â íàñòîÿùåé ðàáîòå óñòàíîâëåíî [1℄, ÷òî åñëè P 6= NP, òî äëÿ

çàäà÷è íå ñóùåñòâóåò ïîëíîñòüþ ïîëèíîìèàëüíîé ïðèáëèæåííîé

ñõåìû (FPTAS). Òàêàÿ ñõåìà ïîñòðîåíà äëÿ ñëó÷àÿ �èêñèðîâàí-

íîé ðàçìåðíîñòè ïðîñòðàíñòâà. Òðóäîåìêîñòü àëãîðèòìà, ðåàëè-

çóþùåãî ñõåìó FPTAS, ðàâíà O(N4(1/ε)q/2), ãäå ε � ãàðàíòèðî-

âàííàÿ îòíîñèòåëüíàÿ ïîãðåøíîñòü.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �13-07-00070 è �15-01-

00462.

[1℄ Êåëüìàíîâ À.Â., Õàìèäóëëèí Ñ.À., Õàíäååâ Â.È. FPTAS äëÿ îä-

íîé çàäà÷è 2-êëàñòåðèçàöèè ïîñëåäîâàòåëüíîñòè // Äèñêðåòíûé

àíàëèç è èññëåäîâàíèå îïåðàöèé, 2015 (â ïå÷àòè).
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The authors consider the following strongly NP-hard
Problem (Minimum sum-of-squares 2-clustering problem on se-

quence with given center of one cluster and cluster cardinalities).
Given: a sequence Y = (y1, . . . , yN ) of points from R

q and some
positive integer numbers Tmin, Tmax, and M . Find: a subset M
= {n1, . . . , nM} ⊆ N = {1, . . . , N} such that

∑

j∈M

‖yj − y(M)‖2 +
∑

i∈N\M

‖yi‖
2 → min

where y(M) = (1/|M|)
∑

i∈M yi, under constraints

1 6 Tmin 6 nm − nm−1 6 Tmax 6 N, m = 2, . . . ,M,

on the elements of set (n1, . . . , nM ).

The considered problem is actual, in particular, in noise-proof
analysis of time series.

It has been proven [1] that unless P = NP, in the general case of
the problem, there is no fully polynomial-time approximation scheme
(FPTAS). In addition, such a scheme is presented for the case of fixed
space dimension. The running time of the algorithm is O(N4(1/ε)q/2)
where ε is the arbitrary relative error.

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-07-00070 and 15-01-00462.

[1] Kel’manov, A., Khandeev V., and Khamidullin S. 2015 (in press).
FPTAS for a sequence 2-clustering problem. J. Appl. Indust. Math.
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�àññìàòðèâàåòñÿ ñëåäóþùàÿ NP-òðóäíàÿ â ñèëüíîì ñìûñëå

Çàäà÷à (Minimum sum-of-squares 2-
lustering problem with

given 
enter of one 
luster and 
luster 
ardinalities). Äàíî: ìíî-

æåñòâî Y = {y1, . . . , yN} òî÷åê èç R
q
è íàòóðàëüíîå ÷èñëî M .

Íàéòè: ðàçáèåíèå ìíîæåñòâà Y íà äâà êëàñòåðà C è Y \ C òàêîå,

÷òî

∑

y∈C

‖y − y(C)‖2 +
∑

y∈Y\C

‖y‖2 → min,

ãäå y(C) = (1/|C|)
∑

y∈C

y � öåíòðîèä êëàñòåðà C, ïðè îãðàíè÷åíèè

|C| =M .

�àññìàòðèâàåìàÿ çàäà÷à àêòóàëüíà, â ÷àñòíîñòè, â àíàëèçå

äàííûõ è ðàñïîçíàâàíèè îáðàçîâ, ìàòåìàòè÷åñêîé ñòàòèñòèêå,

êîìïüþòåðíîé ãåîìåòðèè.

Â íàñòîÿùåé ðàáîòå óñòàíîâëåíî [1℄, ÷òî åñëè P 6= NP, òî äëÿ

çàäà÷è íå ñóùåñòâóåò ïîëíîñòüþ ïîëèíîìèàëüíîé ïðèáëèæåííîé

ñõåìû (FPTAS). Òàêàÿ ñõåìà ïîñòðîåíà äëÿ ñëó÷àÿ �èêñèðîâàí-

íîé ðàçìåðíîñòè ïðîñòðàíñòâà. Òðóäîåìêîñòü àëãîðèòìà, ðåàëè-

çóþùåãî ñõåìó FPTAS, ðàâíà O(N3(1/ε)q/2), ãäå ε � ãàðàíòèðî-

âàííàÿ îòíîñèòåëüíàÿ ïîãðåøíîñòü.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �13-07-00070 è �15-01-

00462.
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The authors consider the following strongly NP-hard
Problem (Minimum sum-of-squares 2-clustering problem with

given center of one cluster and cluster cardinalities). Given: a set
Y = {y1, . . . , yN} of points from R

q and a positive integer number
M . Find : a partition of Y into clusters C and Y \ C such that

∑

y∈C

‖y − y(C)‖2 +
∑

y∈Y\C

‖y‖2 → min

where y(C) = (1/|C|)
∑

y∈C

y is the centroid of C, under constraint

|C| =M .
The considered problem is actual, in particular, in data analy-

sis and pattern recognition, computer geometry, and mathematical
statistics.

It has been proven that unless P = NP, in the general case
of the problem, there is no fully polynomial-time approximation
scheme (FPTAS) [1]. In addition, such a scheme is presented for the
case of fixed space dimension. The running time of the algorithm is
O(N3(1/ε)q/2) where ε is the arbitrary relative error.

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-07-00070 and 15-01-00462.

[1] Kel’manov, A., and Khandeev V. 2015 (in press). FPTAS for a special
case of a quadratic Euclidean 2-clustering problem. Comput. Math.
Math. Phys.
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Ìîäè�èêàöèè ëîêàëüíîãî ýëèìèíàöèîííîãî

àëãîðèòìà äëÿ ý��åêòèâíîãî ðåøåíèÿ áîëüøèõ

ðàçðåæåííûõ çàäà÷ äèñêðåòíîé îïòèìèçàöèè

Ëåìòþæíèêîâà Äàðüÿ Âëàäèìèðîâíà⋆ darabbt�gmail.
om

Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

Îäèí èç ïîäõîäîâ ê ðåøåíèþ ðàçðåæåííûõ çàäà÷ öåëî÷èñ-

ëåííîãî ëèíåéíîãî ïðîãðàììèðîâàíèÿ îñíîâàí íà âûäåëåíèè

áëî÷íî-äðåâîâèäíîé (ÁÄ) ñòðóêòóðû â ìàòðèöå îãðàíè÷åíèé.

Â ÷àñòíîñòè, ìîäè�èöèðîâàííûé ìåòîä äåêîìïîçèöèè Ôèíêåëü-

øòåéíà ïîçâîëÿåò âûäåëÿòü ñáàëàíñèðîâàííóþ ñòðóêòóðó. Çàòåì

ïðîèçâîäèòñÿ äåêîìïîçèöèÿ çàäà÷è, íàïðèìåð ñ ïîìîùüþ ëî-

êàëüíîãî ýëèìèíàöèîííîãî àëãîðèòìà (ËÝÀ), ïðåäëîæåííîãî

Î.À.Ùåðáèíîé. Ëîêàëüíûé ýëèìèíàöèîííûé àëãîðèòì ñâîäèò

èñõîäíóþ çàäà÷ó áîëüøîé ðàçìåðíîñòè ê ïîñëåäîâàòåëüíîñòè çà-

äà÷ ìåíüøèõ ðàçìåðíîñòåé, ñâÿçàííûõ ñ îòäåëüíûìè áëîêàìè

ÁÄ-ñòðóêòóðû. Ïðîáëåìà äàííîãî ïîäõîäà çàêëþ÷àåòñÿ â òîì,

÷òî äëÿ ìíîãèõ çàäà÷ áîëüøîé ðàçìåðíîñòè ïîèñê òî÷íîãî ðå-

øåíèÿ òàêèì ñïîñîáîì îñòàåòñÿ ÷ðåçâû÷àéíî òðóäîåìêèì. Öå-

ëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ðàñøèðåíèå êëàññà çàäà÷, ðåøàåìûõ

ñ ïîìîùüþ ËÝÀ.

Áûëè ïðîâåäåíû èññëåäîâàíèÿ ðàçëè÷íûõ ìåòîäîâ ñîêðàùå-

íèÿ ïåðåáîðà â ËÝÀ êàê òî÷íûõ, òàê è ïðèáëèæåííûõ. Ëåê-

ñèêîãðà�è÷åñêèé ïîèñê îêàçàëñÿ íàèáîëåå ý��åêòèâíîé ýâðèñ-

òèêîé äëÿ ðåøåíèÿ NP-òðóäíîé çàäà÷è îïðåäåëåíèÿ îïòèìàëü-

íîãî ïîðÿäêà ýëèìèíàöèè. Ïðåïðîöåññèíã ïîêàçàë ñâîþ ý��åê-

òèâíîñòü äëÿ ïðåäâàðèòåëüíîé îáðàáîòêè çàäà÷ áîëüøîé ðàçìåð-

íîñòè. Èñïîëüçîâàíèå ïîñòîïòèìàëüíîãî àíàëèçà ñîêðàùàåò âðå-

ìÿ ðåøåíèÿ çàäà÷ äëÿ áîëüøèõ ïàêåòîâ òèïîâûõ çàäà÷. �åëàêñà-

öèè ïîçâîëÿþò ïîëó÷àòü ðåøåíèÿ äëÿ ìíîãèõ çàäà÷ áîëüøîé ðàç-

ìåðíîñòè çíà÷èòåëüíî áûñòðåå. �àñïàðàëëåëèâàíèå ñóùåñòâåííî

óìåíüøàåò âðåìÿ íàõîæäåíèÿ ðåøåíèé äëÿ çàäà÷ ñ áîëüøèìè ñå-

ïàðàòîðàìè. Ëîêàëüíûé ýëèìèíàöèîííûé àëãîðèòì ñ îðàêóëîì

îêàçàëñÿ ý��åêòèâíûì äëÿ áûñòðîãî ïîëó÷åíèÿ ïðèáëèæåííîãî

ðåøåíèÿ [1℄.

[1℄ Ëåìòþæíèêîâà Ä.Â. Ïàðàëëåëüíîå ïðåäñòàâëåíèå ëîêàëüíîãî

ýëèìèíàöèîííîãî àëãîðèòìà äëÿ óñêîðåíèÿ ðåøåíèÿ ðàçðåæåííûõ

çàäà÷ äèñêðåòíîé îïòèìèçàöèè // Êîìïüþòåðíûå èññëåäîâàíèÿ

è ìîäåëèðîâàíèå, 2015. Ò. 7. �3. Ñ. 699�705.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Modification of local elimination algorithm for sparse
large-scale problems of discrete optimization

Lemtyuzhnikova Darya⋆ darabbt@gmail.com

Moscow, Dorodnicyn Computing Centre of the Russian Academy
of Sciences

An approach to solving sparse integer linear programming problems
is considered. It is based on the allocation of block-tree structure
in the matrix of restrictions. The modified Finkelstein decomposi-
tion is used to select a well balanced block-tree structure. Thereafter,
the local elimination algorithm proposed by O.A. Shcherbina is used
for the decomposition of the problem. The local elimination algo-
rithm reduces the initial large-scale problem to a sequence of low-
dimensional problems associated with individual blocks of the block-
tree structure. Reducing the time complexity of the exact solution
still remains a challenging problem for many large-scale applications.
The goal of this work is to extend the class of problems effectively
solved with the local elimination algorithm.

Various methods of reducing the running time of the local elimina-
tion algorithm, both exact and approximate, have been investigated.
It is shown that lexicographic search is the most efficient heuristic
for the NP-hard task of determining the optimal elimination order.
The preprocessing is effective for large-scale problems. The postopti-
mal analysis reduces the total running time for large packages of typ-
ical tasks. Relaxation reaches a solution much faster for many large-
scale problems. Parallelization reduces the running time for problems
with large separators. The local elimination algorithm with oracle is
effective for finding approximate solution quickly [1].

[1] Lemtyuzhnikova, D. 2015. Parallel representation of local elimination
algorithm for accelerating the solving sparse discrete optimization prob-
lems. Computer Research Modeling 7(3):699–705.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îïòèìèñòè÷åñêèå îöåíêè ðèñêà â çàäà÷àõ

ìíîãîêëàññîâîé êëàññè�èêàöèè

Ìàêñèìîâ Þðèé Âëàäèìèðîâè÷

1,2,3
yurymaximov�iitp.ru

�åøåòîâà Äàðüÿ �åðìàíîâíà

2
⋆ reshetova�physte
h.edu

1
Ìîñêâà, Èíñòèòóò ïðîáëåì ïåðåäà÷è èí�îðìàöèè �ÀÍ

2
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó),

Ëàáîðàòîðèÿ ñòðóêòóðíûõ ìåòîäîâ àíàëèçà äàííûõ

â ïðåäñêàçàòåëüíîì ìîäåëèðîâàíèè

3
Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

�àññìàòðèâàåòñÿ çàäà÷à ìíîãîêëàññîâîé êëàññè�èêàöèè ñ äî-

ïîëíèòåëüíûìè ïðåäïîëîæåíèÿìè î ðàçäåëèìîñòè ðàçíûõ äàí-

íûõ â îäíîðîäíûå ïî êëàññàì ðåãèîíû. Îñíîâíàÿ èäåÿ ïðåäëàãà-

åìîãî àëãîðèòìà ñóòü ëîêàëèçàöèÿ ñëîæíîñòè çàäà÷è ñ áîëüøèì

÷èñëîì êëàññîâ íà îñíîâå àíàëèçà ñõîæåñòè ïðèçíàêîâûõ îïèñà-

íèé äàííûõ.

Ïðåäñòàâëåíû íîâûå âåðõíèå è íèæíèå ãðàíèöû íà îáîáùà-

þùóþ ñïîñîáíîñòè ìíîãîêëàññîâûõ êëàññè�èêàòîðîâ. Òàêæå îá-

ñóæäàþòñÿ âîïðîñû óòî÷íåíèÿ ïîëó÷åííûõ ãðàíèö äëÿ ñëó÷àÿ

îáó÷åíèÿ �óíêöèîíàëüíûõ êëàññîâ ìàëîé ñëîæíîñòè.

Íà îñíîâå ïðåäëàãàåìûõ îöåíîê ïðåäëîæåíû íîâûå ìíîãî-

øàãîâûå àëãîðèòìû ìíîãîêëàññîâîé êëàññè�èêàöèè è ïðîäåìîí-

ñòðîâàíà èõ ý��åêòèâíîñòü íà ðàçëè÷íûõ äàííûõ èç ðåïîçèòî-

ðèåâ ImageNet è UCI [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíò 15-07-09121_à.

[1℄ Maximov Yu., Reshetova D. Tight risk bounds for multi-
lass margin


lassi�ers. http://arxiv.org/abs/1507.03040.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Optimistic risk bounds in multiclass classification
problems

Maximov Yury1,2,3 yurymaximov@iitp.ru

Reshetova Daria2
⋆ reshetova@phystech.edu

1Moscow, Institute for Information Transmission Problems
of the Russian Academy of Sciences

2Moscow, Institute of Physics and Technology (State University),
Laboratory of Structural Methods in Predictive Modeling (PreMoLab)

3Moscow, National Research University “Higher School of Economics”

A problem of multiclass classification under plausible assumptions
on data separability into label homogeneous regions is considered.
The main idea of the algorithm is to localize a multiclass complexities
based on the analysis of data similarity.

Upper and lower Rademacher complexity based bounds on the
multiclass risk bounds are provided. The properties of the class func-
tions to be learned are discussed which allow to reduce the risk bounds
dependence in the number of classes as well.

It seems that the bounds matches with state-of-the-art results and
can be generalized on transductive and semisupervised setting.

The efficiency of the method is illustrated on various data from
ImageNet and UCI datasets [1].

The work is supported by the Russian Foundation for Basic Re-
search, grant 15-07-09121 a.

[1] Maximov, Yu., and Reshetova D. Tight risk bounds for multi-class mar-
gin classifiers. http://arxiv.org/abs/1507.03040

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ñóùåñòâîâàíèå ðàâíîâåñèé â äâóõóðîâíåâûõ

çàäà÷àõ öåíîîáðàçîâàíèÿ è ðàçìåùåíèÿ õàáîâ

Ïëÿñóíîâ Àëåêñàíäð Âëàäèìèðîâè÷

1
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.ru
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1
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.ru

×âîêè÷ Äìèòðèé

2
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1
Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ.Ë. Ñîáîëåâà ÑÎ �ÀÍ

2
Áàíÿ-Ëóêà, Óíèâåðñèòåò Áàíÿ-Ëóêà

Â çàäà÷àõ ðàçìåùåíèÿ õàáû ñëóæàò â êà÷åñòâå ïóíêòîâ, â êî-

òîðûõ íàêàïëèâàþòñÿ è ïåðåðàñïðåäåëÿþòñÿ ïîòîêè, íàïðèìåð,

ïàññàæèðîâ, ãðóçîâ, ïî÷òû, äàííûõ. Ý��åêò îò ââåäåíèÿ õàáîâ

îáóñëîâëåí ñ îäíîé ñòîðîíû óäàëåíèåì ÷àñòè ìàðøðóòîâ, ïî êîòî-

ðûì ïðîèñõîäèò ïåðåäà÷à ïîòîêà, à ñ äðóãîé ñòîðîíû ýêîíîìèåé

çà ñ÷åò ðîñòà îáúåìîâ ïåðåâîçîê ìåæäó õàáàìè.

Â ðàáîòå ïðåäëàãàåòñÿ íîâàÿ äâóõóðîâíåâàÿ íåëèíåéíàÿ

÷àñòè÷íî�öåëî÷èñëåííàÿ ìîäåëü ðàçìåùåíèÿ õàáîâ, ñâÿçàííûõ

ñ íèìè ðàäèàëüíûõ ñåòåé, è âûáîðà öåí çà îáñëóæèâàíèå êëèåí-

òîâ. Ëèäåð ïåðâûì âûáèðàåò ñâîè õàáû, êîíñòðóèðóåò òîïîëîãèþ

ñâîèõ ðàäèàëüíûõ ñåòåé è óñòàíàâëèâàåò öåíû. Çàòåì ñâîé âû-

áîð äåëàåò ïîñëåäîâàòåëü. Äëÿ êàæäîé ïàðû (ïóíêò_ãåíåðàöèè,

ïóíêò_íàçíà÷åíèÿ) è â ñåòè ëèäåðà, è â ñåòè ïîñëåäîâàòåëÿ

íàéäåòñÿ ñâîé ìàðøðóò ïåðåäà÷è ïîòîêà. �àñïðåäåëåíèå ïîòî-

êîâ ìåæäó ìàðøðóòàìè îïèñûâàåòñÿ ñïåöèàëüíîé ìîäåëüþ (logit

model).

Ïîêàçàíî [1℄, ÷òî â ïðåäëàãàåìîé ìîäåëè ñóùåñòâóåò ðàâíîâå-

ñèå Øòàêåëüáåðãà äëÿ ëþáîãî òèïà âçàèìîäåéñòâèÿ èãðîêîâ: êàê

êîîïåðàòèâíîãî, òàê è íåêîîïåðàòèâíîãî. Óñòàíîâëåíî, ÷òî åñëè

õàáû è ñåòè èãðîêàìè óæå âûáðàíû è èãðîêè ó÷àñòâóþò â öå-

íîâîé âîéíå ïî òèïó èãðû Áåðòðàíà, òî ñóùåñòâóåò åäèíñòâåííîå

è êîíå÷íîå ðàâíîâåñèå Íýøà äëÿ ëþáîãî òèïà âçàèìîäåéñòâèÿ èã-

ðîêîâ. Èç ýòîãî ðåçóëüòàòà ñëåäóåò, ÷òî åñëè ðàññìàòðèâàòü êîí-

êóðåíöèþ ìåæäó èãðîêàìè ïðè âûáîðå õàáîâ ñ ïîñëåäóþùåé öå-

íîâîé âîéíîé, òî äëÿ ëèäåðà ñóùåñòâóåò ðåøåíèå, ïðèíîñÿùåå åìó

ìàêñèìàëüíûé äîõîä äëÿ ëþáîãî òèïà âçàèìîäåéñòâèÿ èãðîêîâ.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �13-07-00016.

[1℄

�

Cvoki�
 D.D., Ko
hetov Yu.A., Plyasunov A.V. Sta
kelberg equilibria

in the leader�follower hub lo
ation and pri
ing problem // 4OR,

Springer, 2015 (in press). Vol. 13.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Existence of equilibria in the bilevel hub location and
pricing problem

Plyasunov Alexander1⋆ apljas@math.nsc.ru

Kochetov Yury1 jkochet@math.nsc.ru

Čvokić Dimitrije2 dimitriye.chwokitch@yahoo.com
1Novosibirsk, Sobolev Institute of Mathematics of the Siberian Branch
of the Russian Academy of Sciences

2Banja Luka, University of Banja Luka

Hub location problem is one of the thriving research areas in loca-
tion theory with many practical applications. Hubs generally serve as
consolidation and dissemination facilities through which flows (e. g.,
passengers, freight, mail, data) are routed between stipulated ori-
gins and destinations. Concept itself provides significant reduction in
number of links, called spokes, required to ensure that all demand is
going to be satisfied. Other benefits are so-called economies of scale.
This means that cost per unit of flow is going to be reduced between
the hubs. Generally, usage of transportation resources will be much
more efficient.

In this paper, a model is proposed where two competitors, called
a leader and a follower, are sequentially creating their hub and spoke
networks and setting prices. It is called the Leader–Follower Hub
Location and Pricing Problem. For this model, it is shown in [1] that
there is Stackelberg equilibrium for altruistic and selfish behavior of
the follower. Next, the authors address different scenarios in which
competitors are playing Bertrand alike pricing game for already given
hub and spoke networks. It is shown that there is a finite pricing Nash
equilibrium for this case as well.

This research is funded by the Russian Foundation for Basic Re-
search, grant 13-07-00016.

[1] Čvokić, D.D., Kochetov Yu.A., and Plyasunov A.V. 2015 (in press).
Stackelberg equilibria in the leader–follower hub location and pricing
problem. 4OR 13.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Áûñòðûé èíêðåìåíòàëüíûé ìåòîä îïòèìèçàöèè

áîëüøèõ ñóìì �óíêöèé ñ ñóïåðëèíåéíîé

ñêîðîñòüþ ñõîäèìîñòè
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�àññìàòðèâàåòñÿ çàäà÷à îïòèìèçàöèè ñëåäóþùåãî âèäà:

min
w∈RD

[

F (w) :=
1

N

N
∑

i=1

fi(w) +
λ

2
‖w‖22

]

,

ãäå fi : R
D → R, i = 1, . . . , N, � âñþäó îïðåäåëåííûå âûïóêëûå

äâàæäû íåïðåðûâíî äè��åðåíöèðóåìûå �óíêöèè; w ∈ R
D
�

îïòèìèçèðóåìûå ïåðåìåííûå; λ > 0 � çàäàííûé êîý��èöèåíò.

Ïðåäïîëàãàåòñÿ, ÷òî ÷èñëî ñëàãàåìûõ N ÿâëÿåòñÿ î÷åíü áîëü-

øèì. Â òàêîé ñèòóàöèè äëÿ ìèíèìèçàöèè �óíêöèè F îáû÷íî

èñïîëüçóþò èíêðåìåíòàëüíûå ìåòîäû îïòèìèçàöèè, ñòîèìîñòü

èòåðàöèè êîòîðûõ íå çàâèñèò îò ÷èñëà �óíêöèé N .
Â ïîñëåäíèå ãîäû áûë ïðåäëîæåí öåëûé ðÿä ðàçíîîáðàçíûõ

èíêðåìåíòàëüíûõ ìåòîäîâ. Ê ñîæàëåíèþ, íåñìîòðÿ íà ñâîþ ý�-

�åêòèâíîñòü íà ïðàêòèêå â íåêîòîðûõ ñëó÷àÿõ, âñå ýòè ìåòîäû

èìåþò ëèáî ñóáëèíåéíóþ, ëèáî ëèíåéíóþ ñêîðîñòü ñõîäèìîñòè.

Â ýòîé ðàáîòå ïðåäëàãàåòñÿ íîâûé èíêðåìåíòàëüíûé ìåòîä

îïòèìèçàöèè, îáëàäàþùèé ïðèíöèïèàëüíî áîëåå áûñòðîé ñêî-

ðîñòüþ ñõîäèìîñòè � ñóïåðëèíåéíîé. �åçóëüòàòû ýêñïåðèìåí-

òàëüíîãî ñðàâíåíèÿ íà ðåàëüíûõ äàííûõ ïîêàçûâàþò, ÷òî â ðÿäå

çàäà÷ ïðåäëîæåííûé ìåòîä ðàáîòàåò ñóùåñòâåííî áûñòðåå ìèðî-

âûõ àíàëîãîâ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-31-20596-ìîë_à_âåä,
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rosoft Resear
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[1℄ �îäîìàíîâ À.Î., Êðîïîòîâ Ä.À. Áûñòðûé èíêðåìåíòàëüíûé ìå-

òîä îïòèìèçàöèè áîëüøèõ ñóìì �óíêöèé ñ ñóïåðëèíåéíîé ñêî-

ðîñòüþ ñõîäèìîñòè // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015

(â ïå÷àòè).
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Fast incremental optimization of large sums
with superlinear convergence rate
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The following optimization problem has been considered:

min
w∈RD

[

F (w) :=
1

N

N
∑

i=1

fi(w) +
λ

2
‖w‖22

]

where fi : R
D → R, i = 1, . . . , N are the convex twice continuously

differentiable functions defined everywhere; w ∈ R
D are the opti-

mization variables; and λ > 0 is the given coefficient.
Assume that the number of variables N is very large. In this case,

one usually uses incremental optimization methods, whose iteration
cost does not depend on N , for optimizing F .

A lot of various incremental methods have been proposed in re-
cent years. Unfortunately, despite being effective in practice in some
cases, all these methods still have either a sublinear or linear rate of
convergence.

In this work, the authors propose a new incremental optimization
method which has a substantially rate of convergence, namely, super-
linear. The results of experimental evaluation on a set of real data
problems show that the proposed method works much faster than
current state-of-the-art methods [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-31-20596-mol a ved, Microsoft Research, research
initiative: Computer vision collaborative research in Russia, Skoltech
SDP Initiative, applications A1 and A2.

[1] Rodomanov, A., and Kropotov D. 2015 (in press). Fast incremental op-
timization of large sums with superlinear convergence rate. J. Mach.
Learn. Data Anal.
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Ñîãëàñîâàíèå ïðîãíîçîâ â çàäà÷àõ

ïðîãíîçèðîâàíèÿ èåðàðõè÷åñêèõ âðåìåííûõ ðÿäîâ

Ñòåíèíà Ìàðèÿ Ìèõàéëîâíà

1,2
⋆ mmedvednikova�gmail.
om

1
Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

2
Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

�àññìàòðèâàåòñÿ çàäà÷à ñîãëàñîâàíèÿ ïðîãíîçîâ ñåìåéñòâà

âðåìåííûõ ðÿäîâ, îáúåäèíåííûõ â èåðàðõè÷åñêóþ ìíîãîóðîâíå-

âóþ ñòðóêòóðó. Âåêòîðîì íåçàâèñèìûõ ïðîãíîçîâ íàçûâàåòñÿ âåê-

òîð, âñå ýëåìåíòû êîòîðîãî ïîëó÷åíû äëÿ êàæäîãî âðåìåííî-

ãî ðÿäà èåðàðõèè íåçàâèñèìî îò äðóãèõ. Âåêòîðîì ñîãëàñîâàí-

íûõ ïðîãíîçîâ íàçûâàåòñÿ âåêòîð ïðîãíîçîâ, ýëåìåíòû êîòîðîãî

óäîâëåòâîðÿþò ñòðóêòóðå èåðàðõèè. �åøåíèåì çàäà÷è ñîãëàñîâà-

íèÿ ïðîãíîçîâ ÿâëÿåòñÿ âåêòîð ñîãëàñîâàííûõ ïðîãíîçîâ, óäîâëå-

òâîðÿþùèõ �èçè÷åñêèì îãðàíè÷åíèÿì è îáåñïå÷èâàþùèõ çíà÷å-

íèå çàäàííîé �óíêöèè ïîòåðü íå áîëüøå, ÷åì ïðè èñïîëüçîâàíèè

íåçàâèñèìûõ ïðîãíîçîâ.

Ïðåäëàãàåòñÿ àëãîðèòì òåîðåòèêî-èãðîâîãî ñîãëàñîâàíèÿ ïðî-

ãíîçîâ. Çàäà÷à ñîãëàñîâàíèÿ ïðîãíîçîâ ðàññìàòðèâàåòñÿ êàê ïî-

èñê ðàâíîâåñèÿ Íýøà â àíòàãîíèñòè÷åñêîé èãðå, ãäå èãðîê âûáè-

ðàåò âåêòîð ñîãëàñîâàííûõ ïðîãíîçîâ, óäîâëåòâîðÿþùèõ �èçè÷å-

ñêèì îãðàíè÷åíèÿì, à ïðèðîäà � âåêòîð äåéñòâèòåëüíûõ çíà÷å-

íèé âðåìåííûõ ðÿäîâ. Äîêàçûâàåòñÿ, ÷òî âûáîð â êà÷åñòâå âåêòî-

ðà ñîãëàñîâàííûõ ïðîãíîçîâ ðàâíîâåñíîé ñòðàòåãèè èãðîêà ãàðàí-

òèðóåò, ÷òî ïðîãíîçû áóäóò óäîâëåòâîðÿòü �èçè÷åñêèì îãðàíè-

÷åíèÿì è òðåáîâàíèþ ê êà÷åñòâó. Àëãîðèòì òåîðåòèêî-èãðîâîãî

ñîãëàñîâàíèÿ íàõîäèò áëèæàéøèé âåêòîð ê âåêòîðó íåçàâèñè-

ìûõ ïðîãíîçîâ, êîòîðûé óäîâëåòâîðÿåò óñëîâèþ ñîãëàñîâàííîñòè

è �èçè÷åñêèì îãðàíè÷åíèÿì. Ïîñêîëüêó òî÷íîñòü íåçàâèñèìûõ

ïðîãíîçîâ äëÿ ðàçëè÷íûõ âðåìåííûõ ðÿäîâ ìîæåò îòëè÷àòüñÿ, òî

ïðåäëàãàåòñÿ ìîäè�èöèðîâàííûé àëãîðèòì òåîðåòèêî-èãðîâîãî

ñîãëàñîâàíèÿ, êîòîðûé â õîäå ïðîöåäóðû ñîãëàñîâàíèÿ â ìåíüøåé

ñòåïåíè êîððåêòèðóåò íàèáîëåå òî÷íûå íåçàâèñèìûå ïðîãíîçû [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-31046.

[1℄ Ñòåíèíà Ì.Ì., Ñòðèæîâ Â.Â. Ñîãëàñîâàíèå ïðîãíîçîâ ïðè ðåøå-

íèè çàäà÷ ïðîãíîçèðîâàíèÿ èåðàðõè÷åñêèõ âðåìåííûõ ðÿäîâ // Èí-

�îðìàòèêà è åå ïðèìåíåíèÿ, 2015. Ò. 9. Âûï. 2. Ñ. 75�87.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Forecasts reconciliation for hierarchical time series
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The forecasts reconciliation problem is investigated. The time series
are integrated into the hierarchical multilevel structure. An indepen-
dent forecasts vector is a vector of forecasts obtained independently
for every time series. A reconciled forecasts vector is a vector of
forecasts satisfying the hierarchical structure. The solution of fore-
casts reconciliation problem is a reconciled forecasts vector satisfying
the physical constraints and providing value of the loss function no
greater than one with independent forecasts.

The game-theoretically optimal reconciliation algorithm is pro-
posed. The forecasts reconciliation problem is seen as Nash equilib-
rium search in the zero-sum game. The player chooses a reconciled
forecasts vector satisfying the physical constraints. And the nature
chooses a vector of real values of time series. It is proved that the
equilibrium strategy of the player satisfies physical constraints and
quality requirements. The game-theoretically optimal reconciliation
algorithm finds the reconciled forecasts vector which is the closest
one to the independent forecasts vector and satisfies physical con-
straints. The independent forecasts for different time series have dif-
ferent accuracy. The modified game-theoretically optimal reconcilia-
tion algorithm is proposed. It less corrects more accurate independent
forecasts [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-31046.

[1] Stenina, M., and Strojov V. 2015. Forecasts reconciliation problem for
hierarchical time series forecasting problem. Informatika i ee Prime-
neniya — Inform. Appl. 9(2):75–87.
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Ïàðàìåòðè÷åñêèé ñèíòåç ðîáàñòíûõ ñèñòåì
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ðàñïîçíàâàíèÿ îáðàçîâ

Òåêëèíà Ëàðèñà �ðèãîðüåâíà⋆ teklina2010�yandex.ru

Êîòåëüíèêîâ Èãîðü Âÿ÷åñëàâîâè÷ neymark�pmk.unn.ru

Íèæíèé Íîâãîðîä, Íèæåãîðîäñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Í.È. Ëîáà÷åâñêîãî

�àáîòà ïîñâÿùåíà ïðîáëåìå ñèíòåçà ñèñòåì óïðàâëåíèÿ â óñëî-

âèÿõ äåéñòâèÿ âíåøíèõ âîçìóùåíèé. �àññìàòðèâàåòñÿ çàäà÷à ïà-

ðàìåòðè÷åñêîãî ñèíòåçà ðîáàñòíûõ ñèñòåì êâàçèèíâàðèàíòíîãî

óïðàâëåíèÿ ñ ðåãóëèðîâàíèåì ïî îøèáêå óïðàâëåíèÿ. Ïîä êâàçè-

èíâàðèàíòíîñòüþ ïîíèìàåòñÿ òðåáóåìàÿ ìàëîñòü îøèáêè óïðàâ-

ëåíèÿ â óñòàíîâèâøåìñÿ ðåæèìå äëÿ ëþáîãî îãðàíè÷åííîãî ïî

âåëè÷èíå âíåøíåãî âîçìóùåíèÿ. Ýòà çàäà÷à íå ÿâëÿåòñÿ ýêñòðå-

ìàëüíîé è îòëè÷àåòñÿ îò òàêîâîé êàê ïî ïîñòàíîâêå, òàê è ïî

ìåòîäàì åå ðåøåíèÿ. Äëÿ ñèíòåçà òàêèõ ñèñòåì ïðåäëàãàåòñÿ èñ-

ïîëüçîâàòü íîâûé ïîäõîä, îñíîâàííûé íà ïîñòàíîâêå è ðåøåíèè

çàäà÷è ñèíòåçà â êà÷åñòâå ïðîáëåìû ðàñïîçíàâàíèÿ îáðàçîâ ñ àê-

òèâíûì ýêñïåðèìåíòîì. Ìåòîäû ðàñïîçíàâàíèÿ ðàáîòàþò â ïðî-

ñòðàíñòâàõ áîëüøîé ðàçìåðíîñòè è ïîçâîëÿþò íàéòè íóæíóþ îá-

ëàñòü èñêîìûõ ïàðàìåòðîâ ñ çàäàííîé ñòåïåíüþ ñòàòèñòè÷åñêîé

äîñòîâåðíîñòè. Ñ ïîìîùüþ ýòîãî ïîäõîäà ìîæíî ñèíòåçèðîâàòü

îäíîâðåìåííî è ðîáàñòíûå, è íåõðóïêèå (èëè ãðóáûå) ñèñòåìû

óïðàâëåíèÿ. Âîçìîæíîñòè è îñîáåííîñòè ïðèìåíåíèÿ íîâîãî ïîä-

õîäà ïðîèëëþñòðèðîâàíû íà ïðèìåðå äâóõ ìàòåìàòè÷åñêèõ ìî-

äåëåé ñèñòåì óïðàâëåíèÿ: óïðàâëåíèå îáúåêòîì ñ ýòàëîííîé ìî-

äåëüþ è ãàøåíèå êîëåáàíèé âûñîòíûõ ñîîðóæåíèé [1℄.

�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà

îáðàçîâàíèÿ è íàóêè �îññèéñêîé Ôåäåðàöèè, ïðîåêò �2000.

[1℄ Òåêëèíà Ë.�., Êîòåëüíèêîâ È.Â. Àíàëèç è ñèíòåç äèíàìè÷åñêèõ

ñèñòåì ìåòîäàìè ðàñïîçíàâàíèÿ îáðàçîâ. � Lap Lambert A
ademi
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The work is devoted to the synthesis of control systems under the
action of external disturbances. The problem of parametric synthesis
for the robust systems of the quasi-invariant control with regulation in
control error is considered. By the quasi-invariance, it is understood
the required little control error in the steady state for any bounded
external disturbance. This task is not extreme and differs from the
same by both the formulation and the methods of its solution. To
solve this problem, it is proposed to use a new approach that is based
on the formulation and solution of the synthesis problem as a problem
of pattern recognition with an active experiment. Methods of pattern
recognition work in spaces of large dimension and allow to find the
desired region of the unknown parameters with the required degree of
statistical reliability. Using this approach, one can synthesize at the
same time both the robust and nonfragile (or rough) control systems.
The possibilities and peculiarities of the new approach are illustrated
by two mathematical models of the control systems: the control object
with standard model and vibration damping of high-rise buildings [1].

This work was financially supported by the Ministry of Education
and Science of the Russian Federation, project No. 2000.

[1] Teklina, L., and Kotel’nikov I. 2015. Analiz i sintez dinamicheskikh sis-
tem metodami raspoznavaniya obrazov [Analysis and synthesis of dy-
namical systems using methods of pattern recognition]. Lap Lambert
Academic Publishing. 136 p.
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èíñòèòóò àâèàöèîííûõ ñèñòåì¿ (Ô�ÓÏ ¾�îñÍÈÈÀÑ¿)

Âïåðâûå îïèñàí ïðèíöèïèàëüíî íîâûé ïîäõîä ê àëãåáðàè÷å-

ñêîìó îïèñàíèþ òåîðèè �îðìû, îñíîâàííûé íà ïîíÿòèÿõ óïðîùÿ-

þùèõ ìîäè�èêàòîðîâ (ÓÌ-�èëüòðîâ) è ε-�îðì. Êëþ÷åâóþ ðîëü

â ïðåäëàãàåìîì ìîð�îëîãè÷åñêîì �îðìàëèçìå èãðàþò äâå îñ-

íîâíûå õàðàêòåðèñòèêè: ñòåïåíü ìîäè�èêàöèè îáðàçà �èëüòðîì

è 
ëîæíîñòü îò�èëüòðîâàííîãî îáðàçà (÷åì ìåíüøå ýòà ñëîæ-

íîñòü, òåì ñèëüíåå óïðîùåíèå îáðàçà �èëüòðîì). Óïðîùàþùè-

ìè ìîäè�èêàòîðàìè ïðåäëîæåíî íàçûâàòü òàêèå �èëüòðû, êîòî-

ðûå óäîâëåòâîðÿþò ñëåäóþùèì äâóì óñëîâèÿì: íåóñëîæíåíèå îò-

�èëüòðîâàííîãî îáðàçà ïî îòíîøåíèþ ê èñõîäíîìó è ìîíîòîííàÿ

çàâèñèìîñòü ñòåïåíè ìîäè�èêàöèè îò ñòåïåíè óïðîùåíèÿ. Êàê

ïîêàçàíî â ðàáîòå, ýòîãî äîñòàòî÷íî äëÿ òîãî, ÷òîáû ðÿä îñíîâ-

íûõ ñâîéñòâ âñåõ èçâåñòíûõ ìîð�îëîãè÷åñêèõ �èëüòðîâ àâòîìà-

òè÷åñêè âûïîëíÿëñÿ äëÿ ñèñòåìû ÓÌ-�èëüòðîâ. Òàêèì îáðàçîì,

ìîð�îëîãèÿ íà îñíîâå ÓÌ-�èëüòðîâ ÿâëÿåòñÿ îáîáùåíèåì âñåõ

ðàíåå èçâåñòíûõ ñõåì ïîñòðîåíèÿ ìàòåìàòè÷åñêèõ ìîð�îëîãèé.

Äàëåå, äëÿ ðàáîòû ñ êëàññàìè èçîáðàæåíèé â ðàìêàõ �îð-

ìàëèçìà ÓÌ-�èëüòðîâ ââîäÿòñÿ ïîíÿòèÿ ε-�èëüòðîâ è ε-�îðì.
Óïðîùÿþùèé ìîäè�èêàòîð ïðåäëîæåíî íàçûâàòü ε-�èëüòðîì,
ñîãëàñîâàííûì ñ �îðìîé çàäàííîãî ýòàëîíà a, åñëè ñòåïåíü ìîäè-
�èêàöèè ýòàëîíà a äàííûì �èëüòðîì íå ïðåâûøàåò íåêîòîðîãî

ε > 0. Ìíîæåñòâî ε-ñòàáèëüíûõ ýëåìåíòîâ äàííîãî �èëüòðà áó-
äåì íàçûâàòü ε-�îðìîé ýòàëîíà a, åñëè îí ÿâëÿåòñÿ ε-�èëüòðîì
äëÿ a. Â ðàáîòå ïîêàçàíî, ÷òî ñâîéñòâà ε-�îðì àíàëîãè÷íû ñâîé-

ñòâàì òðàäèöèîííûõ ìîð�îëîãè÷åñêèõ êëàññîâ (0-�îðì), â ÷àñò-
íîñòè â çàäà÷å ñðàâíåíèÿ �îðì ïî ñëîæíîñòè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00914-à.

[1℄ Âèçèëüòåð Þ.Â. Æåëòîâ Ñ.Þ. Ìàòåìàòè÷åñêèå ìîð�îëîãèè íà

îñíîâå íåóñëîæíÿþùèõ ε-�èëüòðîâ // Èçâ. �ÀÍ. ÒèÑÓ, 2015 (â ïå-

÷àòè).
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The paper describes the new approach to algebraic shape theory de-
scription based on the notions of simplifying modificators (SM-filters)
and ε-shapes. Two main characteristics play the key role in the pro-
posed formalism: modification power of the filter and complexity of
the filtered pattern (the less this complexity, the stronger the sim-

plification power of the pattern by the filter). It is proposed to call
the filter as simplifying modificator if it satisfies the following con-
ditions: nondecreasing of filtered pattern relative to the original one
and monotonous inverse dependence of modification power with re-
spect to simplification power. It is demonstrated that these properties
are enough to reproduce the main properties of all known morpho-
logical filters besides the idempotent one. So, the morphology based
on SM-filters can be considered as a generalization of all known mor-
phological schemes.

For the operation with image classes, the additional notions of
ε-filter and ε-shape are introduced in the framework of SM-filters.
Simplifying modificator is called the ε-filter for the shape of the given
sample image a if the modification power of this filter with regard to a
is not greater than ε > 0. The set of ε-stable elements of some SM-
filter is called an ε-shape of a if this filter is an ε-filter of a. It is
demonstrated that the properties of ε-shapes are analogous to the
properties of traditional morphological classes produced by idempo-
tent filters (0-shapes), in particular, concerning the shape comparison
by complexity [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00914-a.

[1] Vizilter, Yu.V., and Zheltov S.Yu. 2015 (in press). Mathematical mor-
phologies based on nondecreasing ε–filters. Int. J. Comput. Syst. Sci.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015



122 Îáðàáîòêà èçîáðàæåíèé

Áûñòðûå àëãîðèòìû îáðàáîòêè èçîáðàæåíèé

íà îñíîâå íåñòàöèîíàðíîé ãàììà-íîðìàëüíîé

ìîäåëè

�ðà÷åâà Èíåññà Àëåêñàíäðîâíà⋆ gia1509�mail.ru

Êîïûëîâ Àíäðåé Âàëåðèåâè÷ And.Kopylov�gmail.
om

Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Ïðèíÿòûé â äàííîé ðàáîòå áàéåñîâñêèé ïîäõîä ÷àñòî èñïîëüçó-

åòñÿ êàê óíèâåðñàëüíûé ìåòîä äëÿ öåëîãî êëàññà çàäà÷ îáðàáîò-

êè èçîáðàæåíèé. �åçóëüòàò îáðàáîòêè â ýòîì ñëó÷àå ìîæåò áûòü

ïðåäñòàâëåí êàê ïðåîáðàçîâàíèå èñõîäíîãî èçîáðàæåíèÿ, îïðåäå-

ëåííîãî íà äèñêðåòíîì ìíîæåñòâå, âî âòîðè÷íûé ìàññèâ äàííûõ,

êîòîðûé îïðåäåëåí íà òîì æå ìíîæåñòâå àðãóìåíòîâ è ïðèíèìàåò

çíà÷åíèÿ èç íåêîòîðîãî ïîäõîäÿùåãî ìíîæåñòâà â çàâèñèìîñòè îò

ðåøàåìîé çàäà÷è. Àíàëèçèðóåìîå èçîáðàæåíèå è ðåçóëüòàò îáðà-

áîòêè â ðàìêàõ äàííîãî ïîäõîäà ðàññìàòðèâàþòñÿ êàê íàáëþäà-

åìàÿ è ñêðûòàÿ êîìïîíåíòû äâóõêîìïîíåíòíîãî ñëó÷àéíîãî ïîëÿ.

�àììà-íîðìàëüíàÿ ìîäåëü ñêðûòîãî ïîëÿ, ïðåäëîæåííàÿ ðàíåå,

õîðîøî ïîêàçàëà ñåáÿ â çàäà÷å óäàëåíèÿ øóìà íà èçîáðàæåíèè.

Îäíàêî äëÿ òàêèõ çàäà÷, êàê óäàëåíèå òóìàíà íà èçîáðàæåíèè,

ñæàòèå êîíòðàñòà HDR (high dynami
 range) èçîáðàæåíèé, âîñ-

ñòàíîâëåíèå ñòðóêòóðû èçîáðàæåíèÿ, äàííàÿ ïîñòàíîâêà íå ïîä-

õîäèò [1℄.

Ïðè ðåøåíèè çàäà÷ äàííîãî òèïà â êà÷åñòâå íàáëþäàåìîé êîì-

ïîíåíòû âûñòóïàåò íå èñõîäíîå èçîáðàæåíèå, à ïðîìåæóòî÷íûé

ðåçóëüòàò îáðàáîòêè, ñïåöè�è÷íûé äëÿ êàæäîé êîíêðåòíîé çàäà-

÷è. Íàïðèìåð, â çàäà÷å óäàëåíèÿ òóìàíà â ðîëè íàáëþäåíèÿ âû-

ñòóïàåò êàðòà ðàññåèâàíèÿ, â çàäà÷å ñæàòèÿ êîíòðàñòà �� ñëàáî-

êîíòðàñòíîå èçîáðàæåíèå, â çàäà÷å âîññòàíîâëåíèÿ ñòðóêòóðû ��

ãðóáàÿ îöåíêà ãðàíèöû. �åçóëüòèðóþùåå èçîáðàæåíèå ïîëó÷àåò-

ñÿ ïóòåì óòî÷íåíèÿ ýòîãî ïðîìåæóòî÷íîãî èçîáðàæåíèÿ íà îñíî-

âå ïðîöåäóðû �èëüòðàöèè-èíòåðïîëÿöèè ñ ïîìîùüþ îöåíîê ïàðà-

ìåòðîâ ìîäåëè ñêðûòîãî ïîëÿ, íàéäåííûõ ñ ó÷åòîì óïðàâëÿþùå-

ãî èçîáðàæåíèÿ, êîòîðûì ìîæåò áûòü èñõîäíîå èçîáðàæåíèå.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �13-07-00529.

[1℄ �ðà÷åâà È.À. Êîïûëîâ À.Â. Áûñòðûå àëãîðèòìû îáðàáîòêè èçîá-

ðàæåíèé íà îñíîâå íåñòàöèîíàðíîé ãàììà-íîðìàëüíîé ìîäåëè //

Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015. Ò. 1. � 12. Ñ. 1677�1685.

jmlda.org/papers/do
/2015/JMLDA2015no12.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The Bayesian approach accepted in this paper is often used as a uni-
versal framework for a class of image processing problems. The ul-
timate aim of processing can be represented as a transformation of
the original image, defined on a subset of the two-dimensional dis-
crete space, into a secondary array, which would be defined on the
same argument set and take values from a set depending on the
problem. In this approach, the analyzed image and result of pro-
cessing are considered as the observed and hidden components of the
two-component random field. Proposed earlier gamma-normal model
of the hidden field performed well in the image denoising problem.
However, this formulation is not suitable for problems such as image
haze removal, HDR (high dynamic range) image compression, and
structure-transferring of image.

In such problems, the intermediate result of processing, special
for each particular problem, plays the role of observation instead of
original image. For example, in the haze removal problem, a trans-
mission map is taken as the observation; in the HDR compression
problem, observation is a low-contrast image; and in the structure-
transferring problem, it is a rough estimate of edge. The resulting
image is obtained by refining this intermediate image on the basis of
filtration-interpolation procedure using the estimates of parameters
of a hidden field. These estimates can be found by taking into ac-
count the governor image. In the mentioned above tasks, the original
analyzed image can be used as the governor image [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 13-07-00529.

[1] Gracheva, I., and Kopylov A. 2015. Fast image processing algorithms on
the basis of nonstationary gamma-normal model. J. Mach. Learn. Data
Anal. 1(12):1677–1685. jmlda.org/papers/doc/2015/JMLDA2015no12.
pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Êèðîâ, Âÿòñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Öåëü ðàáîòû �� ðàçðàáîòêà ìåòîäà íåëèíåéíîé ìíîãîìåð-

íîé �èëüòðàöèè ìíîãîêîìïîíåíòíûõ èçîáðàæåíèé, ïîçâîëÿþùå-

ãî ïîâûñèòü êà÷åñòâî èçîáðàæåíèé, èñêàæåííûõ áåëûì ãàóññîâ-

ñêèì øóìîì.

Ìíîãîêîìïîíåíòíûå èçîáðàæåíèÿ îáëàäàþò áîëüøîé ñòàòè-

ñòè÷åñêîé èçáûòî÷íîñòüþ, êîòîðóþ öåëåñîîáðàçíî èñïîëüçîâàòü

äëÿ ïîâûøåíèÿ êà÷åñòâà âîññòàíîâëåíèÿ çàøóìëåííûõ èçîáðà-

æåíèé. ×àñòíûì ñëó÷àåì ìíîãîêîìïîíåíòíûõ èçîáðàæåíèé ÿâ-

ëÿþòñÿ öâåòíûå RGB èçîáðàæåíèÿ, êàæäàÿ èç öâåòîâûõ êîìïî-

íåíò êîòîðîãî ïðåäñòàâëÿåò ñîáîé g-ðàçðÿäíîå öè�ðîâîå ïîëóòî-
íîâîå èçîáðàæåíèé (ÖÏÈ). Ó÷èòûâàÿ õàðàêòåð ñòàòèñòè÷åñêîé

ñâÿçè ìåæäó ýëåìåíòàìè âíóòðè ÖÏÈ è ìåæäó ýëåìåíòàìè öâå-

òîâûõ êîìïîíåíò, ïðåäëîæåíî àïïðîêñèìèðîâàòü öâåòíûå èçîá-

ðàæåíèÿ òðåõìåðíîé öåïüþ Ìàðêîâà ñ íåñêîëüêèìè ñîñòîÿíèÿ-

ìè, à ðàçðÿäíûå äâîè÷íûå èçîáðàæåíèÿ öâåòîâûõ êîìïîíåíò �

òðåõìåðíîé öåïüþ Ìàðêîâà ñ äâóìÿ ñîñòîÿíèÿìè.

Ìåòîä îñíîâàí íà àïïðîêñèìàöèè ìíîãîêîìïîíåíòíûõ èçîáðà-

æåíèé òðåõìåðíîé öåïüþ Ìàðêîâà è òåîðèè �èëüòðàöèè óñëîâ-

íûõ ìàðêîâñêèõ ïðîöåññîâ. Äëÿ ïîâûøåíèÿ êà÷åñòâà âîññòàíîâ-

ëåííîãî èçîáðàæåíèÿ èñïîëüçîâàíî ñêîëüçÿùåå îêíî, ïîçâîëÿ-

þùåå òî÷íåå âû÷èñëèòü ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè èçîáðà-

æåíèé äëÿ êàæäîé ëîêàëüíîé îáëàñòè èçîáðàæåíèÿ.

Ïîêàçàíà ý��åêòèâíîñòü ðàçðàáîòàííîãî ìåòîäà. Â äèàïàçîíå

îòíîøåíèé ñèãíàë/øóì ρ2in = −9 . . . − 3 äÁ âûèãðûø â ñðåäíå-

êâàäðàòè÷íîì îòêëîíåíèè òðåõìåðíûì àëãîðèòìîì ïî ñðàâíå-

íèþ ñ ðàíåå ðàçðàáîòàííûì äâóìåðíûì àëãîðèòìîì ñîñòàâëÿåò

îò 30% äî 70% ñîîòâåòñòâåííî [1℄.

[1℄ Ìåäâåäåâà Å.Â. Íåëèíåéíàÿ ìíîãîìåðíàÿ �èëüòðàöèÿ ìíîãîêîì-

ïîíåíòíûõ èçîáðàæåíèé // Ìàøèííîå îáó÷åíèå è àíàëèç äàí-

íûõ, 2015 (â ïå÷àòè). Ò. 1. �. 13. jmlda.org/papers/do
/2015/

JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The goal of this paper is to develop a method of nonlinear multi-
dimensional multicomponent images filtering. The method allows to
improve the quality of image distorted by white Gaussian noise.

Multicomponent images have a greater statistical redundancy.
This redundancy would be appropriate for use to improve the qual-
ity of the restoration of noisy images. Special cases of multicom-
ponent images are RGB image, each color component of which is
a g-bit half-tone digital image (HTDI). The nature of the statistical
relationship between elements within the HTDI and among the el-
ements of color components allows to suggest an approximation for
the three-dimensional (3D) color images with a Markov chain with
several states and for bit binary image of two color components with
a 3D Markov chain with two states.

This approximation makes it possible to apply the theory of filtra-
tion of conditional Markov processes for the development of filtering
method of multicomponent images. The authors propose improving
the accuracy of calculation of the statistical characteristics of each
local region within the image and between the color components to
improve the quality of the reconstructed image. A sliding window is
used to estimate local statistical characteristics of the image.

The results of modeling are presented. The gain in the mean
square error of a 3D nonlinear filtration with use of the sliding win-
dow compared with earlier developed algorithm of a two-dimensional
filtration is from 30% to 70%, respectively, in the range of the sig-
nal/noise relations, ρ2in = −9 . . .− 3 dB [1].

[1] Medvedeva, E. 2015 (in press). Multidimensional nonlinear filtration
of multicomponent images. J. Mach. Learn. Data Anal. 1(13). jmlda.
org/papers/doc/2015/JMLDA2015no13.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Êàëèíèíãðàä, Èíñòèòóò ïðèêëàäíîé ìàòåìàòèêè è èí�îðìàöèîííûõ

òåõíîëîãèé ÁÔÓ èì. È. Êàíòà

Çàäà÷à ìîíèòîðèíãà äèíàìè÷åñêèõ èçîáðàæåíèé ÿâëÿåòñÿ îä-

íîé èç îñíîâíûõ â îáëàñòè îáðàáîòêè ãðà�è÷åñêèõ äàííûõ.

Âñå ñóùåñòâóþùèå íà ñåãîäíÿøíèé äåíü ïîäîáíûå àëãîðèòìû

ñïîñîáíû ðåøàòü ýòó çàäà÷ó òîëüêî â î÷åíü óçêèõ îáëàñòÿõ,

è íåò íåêîåãî óíèâåðñàëüíîãî ïîäõîäà ê åå âûïîëíåíèþ.

Ïðåäëàãàåìûé â äàííîé ñòàòüå ìåòîä ïîçâîëÿåò ïðîèçâî-

äèòü àíàëèç èçîáðàæåíèé è âèäåîäàííûõ ïî øèðîêîìó ñïåêòðó

ïðèçíàêîâ. Îí ïðåäñòàâëåí â âèäå îáùåãî îïèñàíèÿ àëãîðèòìà

è ðåçóëüòàòîâ ýêñïåðèìåíòàëüíîé ïðîâåðêè åãî ý��åêòèâíîñòè

ïðè ðåøåíèè ïîñòàâëåííîé çàäà÷è � áûñòðîé è êà÷åñòâåííîé îá-

ðàáîòêå ãðà�è÷åñêèõ äàííûõ â âèäå äèíàìè÷åñêèõ èçîáðàæåíèé

èëè âèäåîïîòîêîâ. �àññìàòðèâàåìûé ìåòîä ðåàëèçóåò íîâûé ïîä-

õîä ê çàäà÷å ðàñïîçíàâàíèÿ îáðàçîâ è îñíîâûâàåòñÿ íà ïðèìå-

íåíèè êîìáèíàöèè êëàññè÷åñêèõ ìåòîäîâ ïðÿìîãî ïðåîáðàçîâà-

íèÿ �àäîíà ê ìàòðèöå èçîáðàæåíèÿ, îäíîìåðíîãî ïðåîáðàçîâàíèÿ

Ôóðüå ê ïîëó÷åííûì èíòåãðàëüíûì ïðîåêöèÿì è ñòàòèñòè÷åñêîãî

àíàëèçà èíòåãðàëüíûõ êîý��èöèåíòîâ Ôóðüå, ðàññìàòðèâàåìûõ

â êà÷åñòâå îñíîâíûõ äåñêðèïòîðîâ îáúåêòîâ èçîáðàæåíèÿ.

Ïðåäñòàâëåííûé ìåòîä îòëè÷àåò óíèâåðñàëüíîñòü, ò. å. îí ìî-

æåò ïðèìåíÿòüñÿ äëÿ ðåøåíèÿ çàäà÷ ðàñïîçíàâàíèÿ ëþáûõ îáú-

åêòîâ ñ ëþáîé çàðàíåå âûáðàííîé ãëóáèíîé òî÷íîñòè. Â ÷àñò-

íîñòè, ìåòîä ïîçâîëÿåò ñ âûñîêîé òî÷íîñòüþ îòñëåæèâàòü äâèæå-

íèÿ çðà÷êîâ ÷åëîâåêà, ÷òî íàõîäèò ïðèìåíåíèå â êîìïüþòåðíîé

îêóëîãðà�èè [1℄.

[1℄ Íîâèêîâ Å.À., Ïàäàëêî Ì.À. Èñïîëüçîâàíèå �àäîí è Ôóðüå ïðåîá-

ðàçîâàíèé ðàñòðîâûõ èçîáðàæåíèé äëÿ îïèñàíèÿ è îòñëåæèâàíèÿ

çàäàííûõ îáúåêòîâ // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015

(â ïå÷àòè). Ò. 1. �. 13. jmlda.org/papers/do
/2015/JMLDA2015no13.

pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The task of dynamic images monitoring is one of the central ideas
in the field of graphic data processing. All currently existing al-
gorithms are able to solve this task only in very narrow fields;
there is no general method or approach to its solution.

The proposed method allows analysis of images and video over
a wide range of characteristics. This method is presented in the form
of a general algorithm description and results of algorithm effi-
ciency testing in addressing the task — fast and quality processing
of graphical data as dynamic images or video streams. The proposed
method implements a new approach to the task of pattern recog-
nition and is based on a combination of classical methods of direct
Radon conversion of image matrix, one-dimensional Fourier conver-
sion to the corresponding projections, and statistical analysis of in-
tegral Fourier coefficients considered as objects’ features of images.

Another task of data processing, one of the most complex
and at the same time pressing problems, is the pattern recognition
problem. It belongs to the field of machine vision. The proposed
method is versatile, meaning it can be used to solve the problems
of recognition of any objects with any preselected depth accuracy.
In particular, the method allows highly precise human pupil move-
ment tracking that is used in computer oculography.

Taking into account the properties of the data obtained by ap-
plying the method to a particular image, the conclusions have been
drawn about the possible applications of the algorithm and the
prospects for its use [1].

[1] Novikov, E., and Padalko M. 2015 (in press). Using Radon and Fourier
transformations of raster images for description and tracking of spec-
ified objects. J. Mach. Learn. Data Anal. 1(13). jmlda.org/papers/
doc/2015/JMLDA2015no13.pdf

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Òðåáîâàíèå áûñòðåå ïåðåäàâàòü áîëüøîé îáúåì èí�îðìàöèè, êà-

êèìè ÿâëÿþòñÿ ìíîãîðàçðÿäíûå öè�ðîâûå èçîáðàæåíèÿ (ÖÈ),

ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé, òðåáóþùåé ñîâåðøåíñòâîâàíèÿ

ñðåäñòâ ðàäèîñâÿçè. Îäíèì èç ïóòåé ñîêðàùåíèÿ âðåìåíè ïåðå-

äà÷è ÖÈ ÿâëÿåòñÿ ïåðåõîä ê ìíîãî�àçíûì �àçîìîäóëèðîâàííûì

(ÔÌ) ñèãíàëàì, ïðèìåíåíèþ êîòîðûõ ïðåïÿòñòâóþò ïîòåðè ïî-

ìåõîóñòîé÷èâîñòè ïðè êàæäîì äåëåíèè �àçû ïî ñðàâíåíèþ ñ áè-

íàðíûìè ÔÌ ñèãíàëàìè.

Â äàííîé ðàáîòå äëÿ êîìïåíñàöèè ïîòåðü ïîìåõîóñòîé÷èâî-

ñòè ïðè ïåðåäà÷å ÖÈ ìíîãî�àçíûìè ÔÌ ñèãíàëàìè ðàçðàáîòàí

àëãîðèòì âîññòàíîâëåíèÿ ìíîãîðàçðÿäíûõ ÖÈ, èñêàæåííûõ áå-

ëûì ãàóññîâñêèì øóìîì (Á�Ø), çà ñ÷åò ý��åêòèâíîé ðåàëèçà-

öèè ñòàòèñòè÷åñêîé èçáûòî÷íîñòè ÖÈ. Íàïðèìåð, ïî ñðàâíåíèþ

ñ ïåðåäà÷åé ÖÈ áèíàðíûìè ÔÌ ñèãíàëàìè âðåìÿ ïåðåäà÷è ÖÈ

÷åòûðåõ�àçíûìè ÔÌ ñèãíàëàìè ñîêðàòèëîñü â 2 ðàçà áåç ïî-

òåðü ïîìåõîóñòîé÷èâîñòè. Ïðè ïåðåäà÷å ÖÈ âîñüìè�àçíûìè ÔÌ

ñèãíàëàìè âðåìÿ ñîêðàùàåòñÿ â ÷åòûðå ðàçà, ñ áîëüøîé, íî íå

ïîëíîé êîìïåíñàöèåé ïîòåðü ïîìåõîóñòîé÷èâîñòè. Èñïîëüçóÿ âû-

ñîêóþ ý��åêòèâíîñòü ðåàëèçàöèè ñòàòèñòè÷åñêîé èçáûòî÷íîñòè

ÖÈ ðàçðàáîòàííîãî àëãîðèòìà, ïîñòðîåí êîìáèíèðîâàííûé àë-

ãîðèòì, ñîñòîÿùèé èç äâóõ àëãîðèòìîâ: íåëèíåéíîé �èëüòðà-

öèè ÖÈ, èñêàæåííûõ Á�Ø, è ìåäèàííîãî �èëüòðà äëÿ âîññòà-

íîâëåíèÿ ÖÈ, èñêàæåííûõ èìïóëüñíûìè ïîìåõàìè òèïà ¾ïåðåö�

ñîëü¿. Çà ñ÷åò âûäåëåíèÿ èìïóëüñíûõ ïîìåõ èç Á�Ø ìåäèàííûé

�èëüòð ý��åêòèâíî ïîäàâëÿåò èìïóëüñíûå ïîìåõè. �åçóëüòàòû

òàêîãî ñî÷åòàíèÿ ïîçâîëÿþò ñîêðàòèòü âðåìÿ ïåðåäà÷è ìíîãîðàç-

ðÿäíûõ ÖÈ è óñïåøíî áîðîòüñÿ ñ Á�Ø è èìïóëüñíûìè ïîìåõà-

ìè [1℄.

[1℄ Ïåòðîâ Å.Ï., Õàðèíà Í.Ë., �æàíèêîâà Å.Ä. Êîìáèíèðîâàííàÿ

íåëèíåéíàÿ �èëüòðàöèÿ öè�ðîâûõ èçîáðàæåíèé áîëüøîé ðàçðÿä-

íîñòè // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ò. 1. �. 13. jmlda.org/papers/do
/2015/JMLDA2015no13.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The requirement for transfer of a large volume of information, such
as a multibit digital images (DI), more quickly is an actual task and
demands perfecting of radiocommunication means. One of the ways
of a reduction of a DI transfer time is transition to a multiphase fre-
quency modulation (FM) signals. However, their application is lim-
ited because of a noise stability loss at each division of a phase in
comparison with binary FM signals. At the transfer of DI by the
eight-phase FM signals, the time is reduced by four times, but with
partial compensation of a noise stability loss.

In this work, the algorithm of restoration of a multibit DI dis-
torted by white Gaussian noise (WGN) is developed. The statistical
redundance of the DI is efficiently used for compensation of a noise
stability loss at the transfer of a digital images by multiphase FM
signals. For example, the time of the DI transfer by four-phase sig-
nals was reduced twice without a noise stability loss in comparison
with the DI transfer by the binary FM signals. The combined algo-
rithm of a filtration of multidigit DI is constructed. It consists of two
algorithms: a nonlinear filtration of DI distorted by WGN and the
median filter for restoration of DI distorted by salt–pepper impulse
noise. Due to separation of impulse noise and WGN, the impulse noise
is efficiently suppressed by the median filter. The results of such com-
bination allow to reduce transfer time of a multibit DI and to strive
successfully against WGN and impulse noise [1].

[1] Petrov, E. 2015 (in press). Combined nonlinear filtration of digital high
bitness images. J. Mach. Learn. Data Anal. 1(13). jmlda.org/papers/
doc/2015/JMLDA2015no13.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Â íàñòîÿùåå âðåìÿ èñïîëüçîâàíèå öè�ðîâûõ èçîáðàæåíèé (ÖÈ)

â ðàçëè÷íûõ ñ�åðàõ äåÿòåëüíîñòè, òàêèõ êàê ìåäèöèíà, ãåîäåçèÿ,

êàðòîãðà�èÿ, ñèñòåìû ìîíèòîðèíãà è ò. ï., ïðèâåëî ê íåîáõîäèìî-

ñòè èñïîëüçîâàíèÿ ðàçëè÷íûõ õîðîøî èçâåñòíûõ ìåòîäîâ ñæàòèÿ

ÖÈ. Îäíàêî ñóùåñòâóåò ðÿä ïðèëîæåíèé, ãäå èñïîëüçîâàíèå ýòèõ

ìåòîäîâ íå âñåãäà âîçìîæíî èç-çà îãðàíè÷åíèé íà âû÷èñëèòåëü-

íûå è ýíåðãåòè÷åñêèå ðåñóðñû, íàïðèìåð ñèñòåìû äèñòàíöèîííî-

ãî çîíäèðîâàíèÿ Çåìëè. Áîëüøèå êîñìè÷åñêèå àïïàðàòû îáëàäà-

þò ýíåðãåòè÷åñêèìè âîçìîæíîñòÿìè äëÿ îáåñïå÷åíèÿ íåïðåðûâ-

íîãî ðåæèìà ïåðåäà÷è èí�îðìàöèè, òðåáóþùåãî áîëüøèõ âû÷èñ-

ëèòåëüíûõ ðåñóðñîâ íà áîðòó. Ïîÿâèâøèåñÿ â ïîñëåäíåå âðåìÿ ìà-

ëûå ñïóòíèêè íå ìîãóò îáåñïå÷èòü íåïðåðûâíûé ðåæèì ïåðåäà÷è

èí�îðìàöèè èç-çà æåñòêèõ îãðàíè÷åííûõ òðåáîâàíèé ê ý��åê-

òèâíîñòè èñïîëüçîâàíèÿ ýíåðãåòè÷åñêèõ ðåñóðñîâ, ÷òî âûçâàëî

íåîáõîäèìîñòü ðàçðàáîòêè íîâûõ ýíåðãåòè÷åñêè ìàëîçàòðàòíûõ

ìåòîäîâ ñæàòèÿ ÖÈ, íå óñòóïàþùèõ èçâåñòíûì ìåòîäàì ñæàòèÿ

ìíîãîðàçðÿäíûõ ÖÈ [1℄.

Ïðåäëîæåí íîâûé ìåòîä ñæàòèÿ ÖÈ, óäîâëåòâîðÿþùèé ïåðå-

÷èñëåííûì òðåáîâàíèÿì. Àëãîðèòì ñîñòîèò èç ñëåäóþùèõ ïðîöå-

äóð: ðàçäåëåíèå ÖÈ íà ðàçðÿäíûå äâîè÷íûå èçîáðàæåíèÿ (�ÄÈ);

ïðåäñêàçàíèå êàæäîãî ýëåìåíòà �ÄÈ íà îñíîâå òåîðèè óñëîâ-

íûõ ìàðêîâñêèõ ïðîöåññîâ; êîäèðîâàíèå ëþáûì èçâåñòíûì ñïîñî-

áîì. Ïîëó÷åííûå ðåçóëüòàòû èññëåäîâàíèÿ ý��åêòèâíîñòè ïðåä-

ëîæåííîãî ìåòîäà ñæàòèÿ áåç ïîòåðü ïîêàçàëè, ÷òî îí íå óñòóïàåò

àíàëîãàì (PNG è JPEG-LS) ïî áûñòðîäåéñòâèþ, îáëàäàåò áîëü-

øåé ñòåïåíüþ ñæàòèÿ è èìååò ðÿä ïðåèìóùåñòâ:

� âîçìîæíîñòü ïàðàëëåëüíîé îáðàáîòêè �ÄÈ;

� âîçìîæíîñòü îáðàáîòêè ÖÈ ëþáîé ðàçðÿäíîñòè;

� îòñóòñòâèå âû÷èñëèòåëüíûõ îïåðàöèé íà ýòàïå ïðåäñêàçàíèÿ.

[1℄ Ïåòðîâ Å.Ï., Õàðèíà Í.Ë., Ñóõèõ Ï.Í. Ìåòîä áûñòðîãî ñæà-

òèÿ èçîáðàæåíèé áåç ïîòåðü // Ìàøèííîå îáó÷åíèå è àíàëèç äàí-

íûõ, 2015 (â ïå÷àòè). Ò. 1. �. 12. jmlda.org/papers/do
/2015/

JMLDA2015no12.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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At present, the use of digital images (DI) in various fields of activity,
such as medicine, geodesy, cartography, monitoring systems, etc., led
to necessity of various digital image compression methods. However,
there are some applications where these methods cannot be used be-
cause of the computing and energy recourses limitation, for example,
Earth remote sensing systems that form immense volume of digital
data on the board of a space vehicle. Huge space vehicle has energy
opportunities to provide a continuous data transmission that require
ample resources on the board. The latest miniature space watch facil-
ities (small satellites) cannot provide a continuous data transmission
because of the severely constrained requirements for energy resources
usage efficiency that produces the necessity of new energy efficient
low-cost DI compression methods, which would not be inferior to the
known multidigit DI compression methods with high resolution but
surpass them [1].

Here, the new DI compression method, which meets the listed re-
quirements, is proposed. The algorithm consists of the following pro-
cedures, splitting the DI into binary images (BI), predicting of each
element of BI being based on the theory of the conditional Markov
processes with discrete states and coding using any known algorithm.
The obtained research results indicate that the proposed method per-
formance is not worse than of the known algorithms, and that its
compression ratio is higher and it has the following advantages:

— the capability of simultaneous BI processing;
— the capability of DI processing with digit capacity; and
— the lack of computational operations at the stage of prediction.

[1] Petrov, E. P., Kharina N. L., and Sukhikh P.N. 2015 (in press). Fast
lossless image compression method. J. Mach. Learn. Data Anal. 1(12).
jmlda.org/papers/doc/2015/JMLDA2015no12.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ìîñêâà, Ô�ÓÏ ¾�îñóäàðñòâåííûé íàó÷íî-èññëåäîâàòåëüñêèé

èíñòèòóò àâèàöèîííûõ ñèñòåì¿ (Ô�ÓÏ ¾�îñÍÈÈÀÑ¿)

Äëÿ ðåøåíèÿ çàäà÷è ñðàâíåíèÿ èçîáðàæåíèé ïðåäëîæåíû

ìîð�îëîãè÷åñêèå �èëüòðû íà îñíîâå âçàèìíîãî êîíòðàñòèðî-

âàíèÿ (ÂÊ-�èëüòðû) âèäà

ψw
a (f, g) = g

w(x,y)
0 (x, y) + a(f, gw(x,y))(g(x, y)− g

w(x,y)
0 (x, y)),

ãäå a(f, gw(x,y)) � ëîêàëüíûé êîý��èöèåíò âçàèìíîãî ñõîäñòâà

�ðàãìåíòà èçîáðàæåíèÿ gw(x,y)
ñ ýëåìåíòàìè èçîáðàæåíèÿ f ;

o(x, y) = const � ïðîñòåéøåå ïîñòîÿííîå èçîáðàæåíèå. Â êà÷å-

ñòâå âàðèàíòîâ ðåàëèçàöèè a(f, gw(x,y)) ìîãóò ïðèìåíÿòüñÿ: íîð-
ìèðîâàííûé ëèíåéíûé êîý��èöèåíò êîððåëÿöèè, êîý��èöèåíò

ãåîìåòðè÷åñêîé êîððåëÿöèè �îðì, ¾òåïëîâûå¿ ÿäðà âçàèìíîãî

ñõîäñòâà �ðàãìåíòîâ èçîáðàæåíèÿ íà îñíîâå ñðàâíåíèÿ âåêòîðîâ

ëîêàëüíûõ ïðèçíàêîâ è äð.

Äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè ðàçðàáîòàí àëãîðèòì íîðìàëè-

çàöèè �îíà íà îñíîâå âçàèìíîãî êîíòðàñòèðîâàíèÿ ñ èñïîëüçîâà-

íèåì ïèðàìèäû èçîáðàæåíèé. Àëãîðèòì óñïåøíî ïðîòåñòèðîâàí

íà ðåàëüíûõ èçîáðàæåíèÿõ ðàçëè÷íûõ òèïîâ.

Äîñòîèíñòâàìè ïðåäëîæåííûõ ÂÊ-�èëüòðîâ ïî ñðàâíåíèþ

ñ ìîð�îëîãè÷åñêèìè ïðîåêòîðàìè Ïûòüåâà ÿâëÿåòñÿ òî, ÷òî äëÿ

èõ ðàáîòû íå òðåáóåòñÿ ïðåäâàðèòåëüíàÿ ñåãìåíòàöèÿ èçîáðàæå-

íèÿ, à òàêæå òî, ÷òî èçìåíåíèÿ íà èçîáðàæåíèÿõ âûäåëÿþòñÿ ïðè

ñóùåñòâåííîì èçìåíåíèè êàê ÿðêîñòè, òàê è ãåîìåòðèè ñöåíû [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00914-à.

[1℄ �óáèñ À.Þ., Ëåáåäåâ Ì.À., Âèçèëüòåð Þ.Â. Ìîð�îëîãè÷å-

ñêàÿ �èëüòðàöèÿ èçîáðàæåíèé íà îñíîâå âçàèìíîãî êîíòðàñòèðî-

âàíèÿ // Âåñòíèê êîìïüþòåðíûõ è èí�îðìàöèîííûõ òåõíîëîãèé,

2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Regarding the task of image comparison, the paper proposes morpho-
logical filters based on mutual contrast (MC-filters) and described as

ψw
a (f, g) = g

w(x,y)
0 (x, y) + a(f, gw(x,y))(g(x, y)− g

w(x,y)
0 (x, y))

where a(f, gw(x,y)) is the local mutual similarity coefficient of im-
age fragment gw(x,y) and elements of another image f and o(x, y)
= const is the simplest constant image. There are other possible im-
plementations of a(f, gw(x,y)) such as linear correlation coefficient,
geometry correlation coefficients, image similarity measures based on
heat-kernels and diffusion maps, etc.

Related to the practical implementation, the background normal-
ization algorithm based on multiscale mutual contrasting was devel-
oped. The algorithm was successfully tested on different real images.

The main advantage of the proposed MC-filters compared to mor-
phological Pyt’ev projector is that their operation does not require
the prior segmentation of the image and that changes in the images
are distinguished with a significant change in brightness and the scene
geometry [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00914-a.

[1] Rubis, A., Lebedev M., andVizilter Yu. 2015 (in press). Morphological
image filtration based on mutual contrast. Herald of Computer and
Information Technologies.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�àçðàáîòàí ìåòîä ïîâûøåíèÿ ðàçðåøåíèÿ èçîáðàæåíèé, èñ-

ïîëüçóþùèé âåêòîðíóþ èí�îðìàöèþ î ãåîìåòðè÷åñêèõ ñâîéñò-

âàõ îáúåêòîâ, ñîäåðæàùèõñÿ íà èçîáðàæåíèÿõ. Ìåòîä ñî÷åòàåò

ðàçíûå ïîäõîäû ê ïîâûøåíèþ ðàçðåøåíèÿ âáëèçè èçâåñòíûõ êîí-

òðàñòíûõ ãðàíèö è âäàëè îò íèõ, ÷òî ïîçâîëÿåò êîìáèíèðîâàòü

ý��åêòèâíûå àëãîðèòìû äëÿ îïòèìàëüíîãî ïîâûøåíèÿ ðàçðåøå-

íèÿ ñ ñîõðàíåíèåì ÷åòêèõ, ðåçêèõ ãðàíèö òàì, ãäå ýòî íåîáõîäè-

ìî, è ãëàäêèõ, íåïðåðûâíûõ ðåøåíèé â ïðî÷èõ ìåñòàõ. Äëÿ ïî-

âûøåíèÿ ðàçðåøåíèÿ âáëèçè ãðàíèö èñïîëüçîâàí ìåòîä Øåïàðäà

èíòåðïîëÿöèè ïî íåðåãóëÿðíîé ñåòêå, à â óäàëåíèè îò íèõ � ìå-

òîä áèêóáè÷åñêîé èíòåðïîëÿöèè. Êà÷åñòâî ïîâûøåíèÿ ðàçðåøå-

íèÿ èññëåäîâàíî íà êîñìè÷åñêèõ èçîáðàæåíèÿõ Landsat ñ èñïîëü-

çîâàíèåì âåêòîðíîé èí�îðìàöèè â âèäå êàðòû âîäîåìîâ. �åçóëü-

òàòû ÷èñëåííîãî ýêñïåðèìåíòà ïîêàçûâàþò, ÷òî èñïîëüçîâàíèå

âåêòîðíîé èí�îðìàöèè ïîçâîëÿåò óëó÷øèòü ðåçóëüòàò ïî ñðàâ-

íåíèþ ñ áèêóáè÷åñêîé èíòåðïîëÿöèåé. Ïðèâåäåííûå ðåçóëüòàòû

ïîçâîëÿþò ïðèìåíèìîñòü ðàçðàáîòàííîãî ìåòîäà äëÿ ïîâûøåíèÿ

ïðîñòðàíñòâåííîãî ðàçðåøåíèÿ äàííûõ äèñòàíöèîííîãî çîíäèðî-

âàíèÿ Çåìëè [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ïðîåêòû � 14-01-00348 è � 13-05-

12019.

[1℄ Òðåêèí À.Í., Ìàòâååâ È.À., Ìóðûíèí À.Á., Áî÷êàðåâà Â. �. Ìå-

òîä ïîâûøåíèÿ ðàçðåøåíèÿ êîñìè÷åñêèõ èçîáðàæåíèé ñ èñïîëüçî-

âàíèåì àïðèîðíîé èí�îðìàöèè â âåêòîðíîé �îðìå äëÿ ñîõðàíåíèÿ

ãðàíèö // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

T. 1. �. 13. jmlda.org/papers/do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.



Image Pro
essing 135

A method for upsampling of remote sensing images
using vector data for preserving edges
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Murynin Alexander2 amurynin@bk.ru

Bochkareva Valerija1

1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

A new method for upsampling of aerial and space images was devel-
oped. The method uses vector data about geometry of objects con-
tained in image. A priori information about high-contrast boundaries
helps to preserve sharp illuminance change from blurring due to up-
sampling procedure. The developed method was tested over a set of
remote sensing images and vector map of water bodies.

The method uses different approaches to upsampling close to
known boundaries and far from them that allows to combine efficient
algorithms for optimal upsampling preserving sharp edges where it
is necessary while making smooth picture in other regions. In the
vicinity of boundaries, the Shepard interpolation technique is used,
while bicubic interpolation is a method for upsampling of points far
from boundaries. Upsampling quality is assessed using Landsat re-
mote sensing imagery and map of water bodies as vector data. Two
measures are used to test upsampling quality: mean square differ-
ence and index of structural similarity, both showing improvement
compared to bicubic interpolation. The results achieved show that
the developed method can be used for upsampling of remote sensing
images [1].

This research is funded by the Russian Foundation for Fasic Re-
search, grants 14-01-00348 and 13-05-12019.

[1] Trekin, A.N., Matveev I. A., Murynin A.B., and Bochkareva V.G. 2015
(in press). A method for upsampling of remote sensing images using
vector data for preserving edges. J. Mach. Learn. Data Anal. 1(13).
jmlda.org/papers/doc/2015/JMLDA2015no13.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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1
Ïåíçà, Ïåíçåíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

2
Ïåíçà, Ïåíçåíñêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé óíèâåðñèòåò

Ïðåäëîæåí íîâûé ïîäõîä ê ðàñïîçíàâàíèþ òðåõìåðíûõ èçîá-

ðàæåíèé, îñíîâàííûé íà ñîâðåìåííûõ ìåòîäàõ ñòîõàñòè÷åñêîé

ãåîìåòðèè è �óíêöèîíàëüíîãî àíàëèçà. Äàííûé ìåòîä îáëàäàåò

ðÿäîì ïðåèìóùåñòâ, â ÷àñòíîñòè ïîçâîëÿåò îïèñûâàòü ìåòðè÷å-

ñêèå ñâîéñòâà òðåõìåðíûõ îáúåêòîâ. Áëàãîäàðÿ ïîñòðîåíèþ ñòðî-

ãîé ìàòåìàòè÷åñêîé ìîäåëè, àíàëèòèê ìîæåò ñòðîèòü ïðèçíàêè

àíàëèòè÷åñêè, îïèñûâàÿ �îðìó îáúåêòîâ è èõ îñîáåííîñòè (íà-

ïðèìåð, êîíñòðóèðîâàíèå ãåîìåòðè÷åñêèõ ïðèçíàêîâ).

�èïåðòðåéñ-ïðåîáðàçîâàíèå ïîçâîëÿåò ñîçäàâàòü èíâàðèàíò-

íîå îïèñàíèå ïðîñòðàíñòâåííîãî îáúåêòà, êîòîðîå ÿâëÿåòñÿ áîëåå

óñòîé÷èâûì ê èñêàæåíèÿì è êîîðäèíàòíûì øóìàì, ÷åì îïèñà-

íèå, ïîëó÷àåìîå â ðåçóëüòàòå ïðîöåäóðû íîðìàëèçàöèè îáúåê-

òà. Äîñòîâåðíîñòü è ý��åêòèâíîñòü ïðåäëàãàåìîãî ìåòîäà ïîä-

òâåðæäàåòñÿ êàê àäåêâàòíî ïîñòðîåííîé ìàòåìàòè÷åñêîé ìîäå-

ëüþ ñ ïðèìåíåíèåì ñîâðåìåííûõ ïîäõîäîâ àíàëèçà è ðàñïîçíàâà-

íèÿ òðåõìåðûõ èçîáðàæåíèé, òàê è ðåçóëüòàòàìè ïðàêòè÷åñêèõ

ýêñïåðèìåíòîâ.

Äàíî îïèñàíèå òåõíèêè ñêàíèðîâàíèÿ ãèïåðòðåéñ-ïðåîáðàçî-

âàíèÿ è åãî ìàòåìàòè÷åñêîé ìîäåëè. Ïðåäëîæåíà ñîáñòâåííàÿ ìå-

òîäèêà ìèíèìèçàöèè ïðèçíàêîâîãî ïðîñòðàíñòâà è ñîîòâåòñòâó-

þùàÿ åé ðåøàþùàÿ ïðîöåäóðà. Ïðèâåäåíû ðåçóëüòàòû ïðàêòè-

÷åñêîãî ýêñïåðèìåíòà ñðàâíåíèÿ ñòîõàñòè÷åñêîãî è äåòåðìèíèðî-

âàííîãî ñïîñîáîâ ñêàíèðîâàíèÿ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-04484.

[1℄ Ôåäîòîâ Í.�., Ñ¼ìîâ À.À., Ìîèñååâ À.Â.. Ìèíèìèçàöèÿ ïðèçíà-

êîâîãî ïðîñòðàíñòâà ðàñïîçíàâàíèÿ òðåõìåðíîãî èçîáðàæåíèÿ íà

îñíîâå ñòîõàñòè÷åñêîé ãåîìåòðèè è �óíêöèîíàëüíîãî àíàëèçà //

Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 13.

jmlda.org/papers/do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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A new approach to the three-dimensional (3D) objects’ recognition
based on modern methods of stochastic geometry and functional anal-
ysis is suggested. This method has many advantages; in particular, it
allows to describe 3D objects metric properties. Thus, due to building
a rigorous mathematical model, the analyst can construct analytical
and not intuitive features, describing object form and their charac-
teristics (in particular, constructing geometric features).

Hypertrace transform allows to create invariant description of spa-
tial object which is more resistant to distortion and coordinate noise
than the description obtained as a result of the object normaliza-
tion procedure. The proposed method reliability and efficiency are
confirmed both an adequate constructed mathematical model by us-
ing modern approaches of 3D images analysis and recognition and
the practical experiments results and, also, the developed software
package registration.

In the article, detailed description of hypertrace transform scan
technique and its mathematical model is provided. The main ap-
proaches to construct and distinguish informative features are ana-
lyzed. Own method to minimize the feature space and its appropriate
decision procedure are proposed. The practical experiment results of
comparing for stochastic and deterministic scan methods are pre-
sented [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-04484.

[1] Fedotov, N.G., Syemov A.A., and Moiseev A.V. 2015 (in press). Fea-
ture space minimization of three-dimensional image recognition based
on stochastic geometry and functional analysis. J. Mach. Learn. Data
Anal. 1(13). jmlda.org/papers/doc/2015/JMLDA2015no13.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Âåðè�èêàöèÿ ìîäåëè êâàçèîïòèìàëüíîé

ñåãìåíòàöèè íà ïðèìåðå ñîñòàâíîãî èçîáðàæåíèÿ

Õàðèíîâ Ìèõàèë Âÿ÷åñëàâîâè÷⋆ khar�iias.spb.su

Ñàíêò-Ïåòåðáóðã, Ñàíêò-Ïåòåðáóðãñêèé èíñòèòóò èí�îðìàòèêè

è àâòîìàòèçàöèè �ÀÍ

Â ìîäåëè êâàçèîïòèìàëüíîé ñåãìåíòàöèè [1℄ ðåøàåòñÿ çàäà÷à

ïîëó÷åíèÿ èåðàðõè÷åñêîé ïîñëåäîâàòåëüíîñòè ðàçáèåíèé ìíîæå-

ñòâà ïèêñåëåé íà êàæäîå ÷èñëî êëàñòåðîâ îò 1 äî N , ãäå N � ÷èñ-

ëî ïèêñåëåé â èçîáðàæåíèè. Êâàçèîïòèìàëüíûe èåðàðõè÷åñêèå

ïðèáëèæåíèÿ îãðàíè÷åíû ïî ÷èñëó ñåãìåíòîâ, áëèçêè ê èçîáðà-

æåíèþ ïî ñóììàðíîé êâàäðàòè÷íîé îøèáêå E è, â çàâèñèìîñòè

îò ÷èñëà êëàñòåðîâ, îïèñûâàþòñÿ âûïóêëîé ïîñëåäîâàòåëüíîñòüþ

çíà÷åíèé E. Òàê êàê ïîñëåäîâàòåëüíîñòü îïòèìàëüíûõ ïðèáëè-

æåíèé íå èåðàðõè÷åñêàÿ, èõ àïïðîêñèìàöèÿ êâàçèîïòèìàëüíûìè

ïðèáëèæåíèÿìè íå îäíîçíà÷íà. Óïðàâëÿþùèì ïàðàìåòðîì â ìî-

äåëè ÿâëÿåòñÿ ÷èñëî ñóïåðïèêñåëåé.

Âûõîäíàÿ ïîñëåäîâàòåëüíîñòü ïðèáëèæåíèé ïîëó÷àåòñÿ â òðè

ýòàïà. Íà ïåðâîì ýòàïå ïîïàðíûì ñëèÿíèåì ñìåæíûõ ñåãìåíòîâ

â ìîäåëè Ìàì�îðäà�Øàõà âû÷èñëÿåòñÿ ïðèáëèæåíèå èçîáðàæå-

íèÿ ñ çàäàííûì ÷èñëîì ñåãìåíòîâ, äëÿ êîòîðûõ ïîääåðæèâàåòñÿ

îïåðàöèÿ äåëåíèÿ íàäâîå. Çàòåì ïðè çàäàííîì ÷èñëå ñåãìåíòîâ

ìèíèìèçèðóåòñÿ îøèáêà E è �îðìèðóþòñÿ ñóïåðïèêñåëè çà ñ÷åò

ïåðåðàñïðåäåëåíèÿ ïèêñåëåé ìåæäó ñåãìåíòàìè, à òàêæå èòåðà-

òèâíîãî ðàçäåëåíèÿ ñåãìåíòà íàäâîå â îäíîì ìåñòå èçîáðàæåíèÿ

ïðè ñëèÿíèè ñåãìåíòîâ â äðóãîì. Íà òðåòüåì ýòàïå âûïîëíÿåòñÿ

èåðàðõè÷åñêàÿ êëàñòåðèçàöèÿ ñóïåðïèêñåëåé ìåòîäîì Óîðäà.

Âåðè�èêàöèÿ ìîäåëè ïðîâîäèòñÿ íà ñòåðåîñíèìêàõ ñöåíû,

ñíÿòûõ â ðàçëè÷íîì ðàêóðñå è ñêîìïîíîâàííûõ â åäèíîå èçîáðà-

æåíèå. Ìèíèìèçàöèÿ E îáåñïå÷èâàåò çðèòåëüíîå óëó÷øåíèå ñåã-

ìåíòàöèè è åäèíîîáðàçèå âûäåëåíèÿ îáúåêòîâ.

Ìåòîä ìèíèìèçàöèè E è ñïîñîá âåðè�èêàöèè ïðèìåíèìû äëÿ

óëó÷øåíèÿ ñåãìåíòàöèè ïî ðàçëè÷íûì àëãîðèòìàì.

[1℄ Õàðèíîâ Ì.Â. Óëó÷øåíèå êà÷åñòâà ïðèáëèæåíèÿ öè�ðîâîãî èçîá-

ðàæåíèÿ íà îñíîâå èåðàðõè÷åñêîé ñåãìåíòàöèè // Âåñòíèê Áóðÿò-

ñêîãî ãîñ. óí-òà. � Óëàí-Óäý: Èçä-âî Á�Ó, 2014. Ñ. 54�57.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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In the model of quasi-optimal segmentation [1], obtaining of a hier-
archical sequence of partitions of N image pixels into each number
of clusters from 1 to N is treated. Quasi-optimal hierarchical approx-
imations consist of a limited segment number, closely simulate an im-
age in the total squared error E, and correspond to a convex sequence
of E values depending on the number of clusters. Since the sequence
of optimal approximations in general is nonhierarchical, then the se-
quence of quasi-optimal approximations is not uniquely determined.
To tune the target approximations, the number of superpixels in the
form of connected segments is used as a control parameter.

The output sequence of approximations is obtained in three
stages. In the first stage, the initial image approximation is calcu-
lated by pairwise merging of adjacent segments, as in Mumford–Shah
model. This approximation contains the specified number of segments
reversibly generated as divisible into two. Then, for a given number of
segments, the error E minimization and formation of the superpixels
are carried out. The superpixels are obtained by the redistribution of
pixels between the segments and also by iterative division of segment
into two ones in one place of the image when merging the pair of ad-
jacent segments in the other place. In the third stage, the hierarchical
clustering of superpixels by Ward’s method is performed.

The model is verified by examples of the scene snapshots obtained
from different angles and then united into a single image. Minimiza-
tion of E provides a visual segmentation improvement along with
consistent object detection. Combined globally-local segmentation
improvement and the technique of segmentation verification are ap-
plicable to improve the results of various segmentation algorithms.

[1] Kharinov, M. 2014. Improving the quality of digital image approxi-
mation based on hierarchical segmentation. Bulletin of Buryat State
University. Ulan-Ude: BSU. 54–57.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îöåíèâàíèå ñëîæíîñòè èçîáðàæåíèé äâóìåðíûìè

âàðèàöèÿìè

×î÷èà Ïàâåë Àíòîíîâè÷⋆ 
ho
hial�iitp.ru

Ìîñêâà, Èíñòèòóò ïðîáëåì ïåðåäà÷è èí�îðìàöèè �ÀÍ

Â ðåàëüíûõ çàäà÷àõ ÷àñòî òðåáóåòñÿ îöåíêà èçîáðàæåíèÿ. Åñ-

ëè íåèñêàæåííûé ñèãíàë íåäîñòóïåí, êðèòåðèåì ìîæåò ÿâëÿòü-

ñÿ îöåíêà ñëîæíîñòè ðåçóëüòàòà. Äëÿ ñèãíàëîâ, �óíêöèé è ïîòî-

êà ñîîáùåíèé ñëîæíîñòü îïðåäåëÿåòñÿ ïî-ðàçíîìó, íî èñïîëüçó-

åìûå ïðè ýòîì îöåíêè íå ïðèìåíèìû ê èçîáðàæåíèþ (íàïðèìåð,

îíè íå ÿâëÿþòñÿ ìåòðè÷åñêèìè è íå çàâèñÿò îò àìïëèòóäû). Äëÿ

èçîáðàæåíèÿ ñëîæíîñòü æåëàòåëüíî èíòåðïðåòèðîâàòü êàê îöåí-

êó, îòðàæàþùóþ ÷èñëî, ðàçìåðû è êîíòðàñò èìåþùèõñÿ äåòàëåé.

Ñ óâåëè÷åíèåì ÷èñëà è êîíòðàñòà äåòàëåé ñëîæíîñòü äîëæíà âîç-

ðàñòàòü, à ñ óâåëè÷åíèåì èõ ðàçìåðîâ � óìåíüøàòüñÿ.

�àñïðîñòðàíåííîé õàðàêòåðèñòèêîé ñëîæíîñòè îäíîìåðíîé

�óíêöèè ÿâëÿåòñÿ âàðèàöèÿ. Èçâåñòíû ðàçíûå åå îáîáùåíèÿ íà

�óíêöèè ìíîãèõ ïåðåìåííûõ. Ïî÷òè âñå îíè ñâîäÿòñÿ ê íàõîæäå-

íèþ îäíîãî �óíêöèîíàëà, â îñíîâå êîòîðîãî òàê èëè èíà÷å ëåæèò

çíà÷åíèå ìîäóëÿ ãðàäèåíòà �óíêöèè â òî÷êå, ïîýòîìó âåëè÷èíû

è ïîâåäåíèå òàêèõ ìíîãîìåðíûõ âàðèàöèé áëèçêè ìåæäó ñîáîé.

Èõ èçó÷åíèå ïðèâåëî ê âûâîäó, ÷òî �óíêöèÿ ìíîãèõ ïåðåìåííûõ

äîëæíà õàðàêòåðèçîâàòüñÿ íåñêîëüêèìè íåçàâèñèìûìè �óíêöèî-

íàëàìè. Äëÿ äâóìåðíîé �óíêöèè òàêèå �óíêöèîíàëû áûëè ïðåä-

ëîæåíû À.Ñ. Êðîíðîäîì íà îñíîâå ïîíÿòèÿ ìíîæåñòâ óðîâíÿ.

�åäóêöèåé ê äèñêðåòíûì �óíêöèÿì è ìîäè�èêàöèåé �óíê-

öèîíàëîâ óäàåòñÿ ïîñòðîèòü äâå íåçàâèñèìûå õàðàêòåðèñòèêè �

ïîêàçàòåëè ÷èñëà è ðàçìåðîâ îáúåêòîâ èçîáðàæåíèÿ [1℄. Ïðîâåäåí

àíàëèç îöåíîê ïðè óâåëè÷åíèè øóìà è ñãëàæèâàíèè. Ïðåäëîæåí-

íàÿ êîìáèíàöèÿ õàðàêòåðèñòèê îòðàæàåò ñòðóêòóðó èçîáðàæåíèÿ

è ìîæåò ñëóæèòü îöåíêîé åãî ñëîæíîñòè. �àññìàòðèâàåòñÿ ïðè-

âåäåíèå íåñêîëüêèõ âàðèàöèé ê îáîáùåííîìó �óíêöèîíàëó äëÿ

èñïîëüçîâàíèÿ â îïòèìèçàöèîííûõ ñõåìàõ.

�àáîòà ïîääåðæàíà ãðàíòîì �îññèéñêîãî íàó÷íîãî �îíäà,

ïðîåêò �14-50-00150.

[1℄ ×î÷èà Ï.À. Äâóìåðíûå âàðèàöèè êàê ñðåäñòâî îöåíèâàíèÿ ñëîæ-

íîñòè èçîáðàæåíèé // Ìàøèííîå îáó÷åíèå è àíàëèç äàí-

íûõ, 2015. Ò. 1. �12. Ñ. 1660�1676. jmlda.org/papers/do
/2015/

JMLDA2015no12.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Image complexity assessment
by two-dimensional variations

Chochia Pavel⋆ chochia@iitp.ru

Moscow, Institute for Information Transmission Problems

of the Russian Academy of Sciences

The questions of image complexity assessment by using two-
dimensional (2D) variations are studied. The image complexity is
interpreted as an attribute which is specified by the quantity, the
sizes, and the visibility of image details. It is desirable that the image
complexity to be increased with the growing of the number and the
contrast of image details and to be reduced with the growth of sizes
of details.

Different methods were proposed for generalizing one-dimensional
variation to estimate functions of several variables. Almost all of them
result in unique functional which is commonly constructed on the base
of the modulus of function gradient in a point. Therefore, their behav-
iors are similar. It was asserted by A. S. Kronrod that a function of
two variables must be characterized by two independent functionals,
and corresponding method was put forward by him.

With the reduction of proposed method to digital images, the
modified functional which is adequate to image contents is con-
structed [1]. The image complexity assessment is proposed which con-
sists of two indeperdent terms: the component quantity index and the
component size index.

The change of variations under different image transformations is
analyzed. Theoretical conclusions have been confirmed by the experi-
mental explorations. The proposed combination of 2D variations was
demonstrated to reflect morphological structure of an image and to
assess its complexity.

This research is funded by the Russian Science Foundation, grant
14-50-00150.

[1] Chochia, P.A. 2015. Two-dimensional variation as an image complexity
assessment. J. Mach. Learn. Data Anal. 1(12):1660–1676. jmlda.org/
papers/doc/2015/JMLDA2015no12.pdf

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ñåãìåíòàöèÿ è îáíàðóæåíèå êîíòðàñòíûõ

îáúåêòîâ è èõ ïðèìåíåíèå â íàâèãàöèè ðîáîòîâ

Êèé Êîíñòàíòèí Èâàíîâè÷⋆ konst.i.kiy�gmail.
om

Ìîñêâà, Èíñòèòóò ïðèêëàäíîé ìàòåìàòèêè èì. Ì. Â. Êåëäûøà �ÀÍ

Äàíî îïèñàíèå íîâîé òåõíèêè äëÿ ñåãìåíòàöèè è îïèñàíèÿ

èçîáðàæåíèé, ðàçðàáîòàííîé àâòîðîì. Äëÿ ðåøåíèÿ ïðàêòè÷å-

ñêèõ çàäà÷, âîçíèêàþùèõ â ðîáîòîòåõíèêå, íåîáõîäèìû ñðåäñòâà

äëÿ àâòîìàòè÷åñêîãî ïîíèìàíèÿ èçîáðàæåíèé. Áóäåò íåäîñòàòî÷-

íî ïðàâèëüíî ðàçáèòü ìíîæåñòâî ïèêñåëîâ öâåòíîãî èçîáðàæåíèÿ

íà êîìïîíåíòû, ñîîòâåòñòâóþùèå ÷àñòÿì ðåàëüíûõ îáúåêòîâ íà

íåì. Íóæíî õîðîøî îïèñàòü îòíîøåíèå ñîñåäñòâà äëÿ âûäåëåí-

íûõ êîìïîíåíò, �îðìó èõ ãðàíèö è öâåòîâûå (ÿðêîñòíûå) ïàðà-

ìåòðû. Äëÿ ýòèõ öåëåé äëÿ êàæäîãî öâåòíîãî èçîáðàæåíèÿ ñòðî-

ÿòñÿ ñòðóêòóðíûé ãðà� öâåòîâûõ ñãóñòêîâ STG è äâóäîëüíûé

ãðà� LRG ëåâûõ è ïðàâûõ êîíòðàñòíûõ êðèâûõ èëè ðîñòêîâ êîí-

òðàñòíûõ îáúåêòîâ íà ýòîì ñòðóêòóðíîì ãðà�å (LRG � left and

right germs of 
ontrast obje
ts).

Pàçðàáîòàíû ñòàòèñòè÷åñêèå ìåòîäû îöåíêè �îðìû ãðàíè-

öû ðîñòêîâ êîíòðàñòíûõ îáúåêòîâ. Êàæäûé ðîñòîê åñòü öåïî÷-

êà îêðàøåííûõ èíòåðâàëîâ â ñîñåäíèõ ïîëîñàõ. Ôîðìà ðîñòêà

îïèñûâàåòñÿ äèñêðåòíîé öåïî÷êîé êîíöîâ åãî èíòåðâàëîâ. Äëÿ åå

îöåíêè â ðàáîòå èñïîëüçîâàíû ãèñòîãðàììíûå ìåòîäû âûÿâëåíèÿ

çàêîíîìåðíîñòåé â íàïðàâëåíèÿõ îòðåçêîâ, ñâÿçûâàþùèõ òî÷êè

êîíöîâ èíòåðâàëîâ äàííîãî ðîñòêà. Ïîñêîëüêó ðîñòîê ìîæåò ñî-

äåðæàòü íåáîëüøîå ÷èñëî òî÷åê è äîïóñêàåòñÿ âîçìîæíîñòü îøè-

áîê ñåãìåíòàöèè, ðàçðàáîòàííûå ìåòîäû ÿâëÿþòñÿ áîëåå ïðåäïî-

÷òèòåëüíûìè ÷åì àíàëèòè÷åñêèå ìåòîäû òèïà ìåòîäà íàèìåíü-

øèõ êâàäðàòîâ.

Â ðàáîòå ïðèâîäÿòñÿ ïðèëîæåíèÿ ðàçâèòîé òåõíèêè ê àíàëè-

çó åñòåñòâåííûõ îðèåíòèðîâ, âîçíèêàþùèõ ïðè äâèæåíèè ðîáî-

òà â ïîìåùåíèÿõ. Òàêæå îïèñàíû ïðèìåíåíèÿ äàííîé òåõíèêè

äëÿ àâòîìàòè÷åñêîãî àíàëèçà äîðîæíûõ ñöåí [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �13-08-01118 è 13-07-

00988.

[1℄ Kiy K. I. Segmentation and dete
tion of ñontrast obje
ts and their

appli
ation in robot navigation // Pattern Re
ognition Image Analysis,

2015. No. 2. P. 338�346.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Segmentation and detection of contrast objects
and their application in robot navigation

Kiy Konstantin⋆ konst.i.kiy@gmail.com

Moscow, Keldysh Institute of Applied Mathematics of the Russian
Academy of Sciences

A new technique for image segmentation and description, developed
by the author, is described. To solve practical problems arising in
robotics, the facilities for automatic image understanding are re-
quired. It is not sufficient to divide correctly the set of pixels of a color
image into the components corresponding to the parts of real objects
in it. It is required to describe appropriately the adjacency relations
for the selected components, the shape of their boundaries, and their
color and intensity parameters. For these purposes, for each color
image, the structural graph of color bunches STG and the bipartite
graph LRG of left and right contrast curves or germs of contrast
objects are constructed.

Methods for evaluating the shape of germs of a contrast object
are developed. Each germ is a chain of colored intervals in adjacent
strips. Its shape is described by a discrete sequence of ends of its
intervals. To evaluate the shape of germs, histogram methods for
revealing regularities in directions of segments, connecting the points
of ends of intervals of a given germ, are developed. Since the germ
may contain a small number of intervals and it is possible that there
are segmentation errors, the developed methods are more preferable
than analytical methods, like the least-squares method.

In this paper, applications of the developed technique to the anal-
ysis of natural landmarks arising in indoor robot motion are pre-
sented. Applications of this technique to automatic analysis of road
scenes are also described [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 13-08-01118 and 13-07-00988.

[1] Kiy, K. 2015. Segmentation and detection of contrast objects and their
application in robot navigation. Pattern Recognition and Image Anal.
2:338–346.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Âûäåëåíèå îòëè÷èé íà ìîçàè÷íûõ èçîáðàæåíèÿõ

íà îñíîâå ðå�åðåíòíûõ �èëüòðîâ

Ëåáåäåâ Ìàêñèì Àëåêñååâè÷⋆ MLebedev�gosniias.ru

�óáèñ Àëåêñåé Þðüåâè÷ ar
elt�mail.ru

�îðáàöåâè÷ Âëàäèìèð Ñåðãååâè÷ gvs�gosniias.ru

Âèçèëüòåð Þðèé Âàëåíòèíîâè÷ viz�gosniias.ru

Ìîñêâà, Ô�ÓÏ ¾�îñóäàðñòâåííûé íàó÷íî-èññëåäîâàòåëüñêèé

èíñòèòóò àâèàöèîííûõ ñèñòåì¿ (Ô�ÓÏ ¾�îñÍÈÈÀÑ¿)

Ñòàòüÿ ïîñâÿùåíà îáîñíîâàíèþ è ðàçâèòèþ íîâîé òåõíèêè ïî-

ñòðîåíèÿ êîìïàðàòèâíûõ äè��óçíûõ ìîð�îëîãèé. �àññìàòðèâà-

þòñÿ äâå àëüòåðíàòèâíûå òðàêòîâêè ìîð�îëîãè÷åñêîãî ïðîåêòî-

ðà Ïûòüåâà, âåäóùèå ê äâóì ðàçíûì ñïîñîáàì ïîíèìàíèÿ �îð-

ìû �� ¾àáñîëþòíîìó¿ è ¾îòíîñèòåëüíîìó¿. Ââîäèòñÿ äè��óçíàÿ

ìîð�îëîãèÿ íà îñíîâå ñóïåðïîçèöèè äâóõ ïûòüåâñêèõ ïðîåêòî-

ðîâ íà ìîçàè÷íûå �îðìû. Â êà÷åñòâå îáîáùåíèÿ äàííîãî ïðè-

åìà ïðåäëîæåíà äè��óçíàÿ ìîð�îëîãèÿ íà îñíîâå ðå�åðåíòíûõ

�èëüòðîâ.

Äëÿ ðåøåíèÿ çàäà÷è âûäåëåíèÿ îòëè÷èé â ñöåíå íàáëþäå-

íèÿ íà èçîáðàæåíèè g ïî îòíîøåíèþ ê èçîáðàæåíèþ f â ñëó-

÷àå íåáîëüøèõ ñäâèãîâ êàìåðû ïðåäëàãàåòñÿ èñïîëüçîâàòü â ñõå-

ìå íîðìàëèçàöèè �îíà âìåñòî ïðîåêòîðà PF ðå�åðåíòíûé äè�-

�óçíûé �èëüòð íà îñíîâå ñóïåðïîçèöèè äâóõ ìîð�îëîãè÷åñêèõ

ïðîåêòîðîâ PGF = PGPF . Äëÿ ñëó÷àåâ ñ áîëåå ñóùåñòâåííûì

èçìåíåíèåì ãåîìåòðèè ñöåíû ïðåäëàãàåòñÿ èñïîëüçîâàòü âìåñòî

ðå�åðåíòíîãî �èëüòðà íà îñíîâå ñóïåðïîçèöèè ïðîåêòîðîâ ðå-

�åðåíòíûé �èëüòð íà îñíîâå ñóïåðïîçèöèè âçàèìíûõ äè��óç-

íûõ ìîçàè÷íûõ �èëüòðîâ, êîòîðûé ïðè ñîîòâåòñòâóþùåì âûáî-

ðå ïðèçíàêîâ ìîæåò îáåñïå÷èòü îïðåäåëåííóþ óñòîé÷èâîñòü ïðî-

öåäóðû âûäåëåíèÿ èçìåíåíèé íà íîðìàëèçîâàííîì èçîáðàæåíèè

ê èçìåíåíèþ íå òîëüêî ÿðêîñòè, íî è ãåîìåòðèè èçîáðàæåíèé, ÷òî

ïîêàçàíî íà ïðèìåðå îáðàáîòêè ìîäåëüíûõ èçîáðàæåíèé [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00914-à.

[1℄ Ëåáåäåâ Ì.À., �óáèñ À.Þ., �îðáàöåâè÷ Â.Ñ., Âèçèëüòåð Þ.Â.

Âûäåëåíèå îòëè÷èé íà ìîçàè÷íûõ èçîáðàæåíèÿõ íà îñíîâå ðå�å-

ðåíòíûõ �èëüòðîâ // Âåñòíèê êîìïüþòåðíûõ è èí�îðìàöèîííûõ

òåõíîëîãèé, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Detecting differences on mosaic images
based on reference filters

Lebedev Maksim⋆ MLebedev@gosniias.ru

Rubis Aleksey arcelt@mail.ru

Gorbatsevich Vladimir gvs@gosniias.ru

Vizilter Yuri viz@gosniias.ru

Moscow, The Federal State Unitary Enterprise “State Research Institute

of Aviation Systems” (FGUP “GosNIIAS”)

The article is devoted to verification and development of new tech-
niques for constructing comparative diffuse morphologies. Two al-
ternative interpretations of morphological Pyt’ev projector, leading
to two different ways of understanding the form — “absolute” and
“relative,” have been considered. A diffuse morphology based on the
superposition of the two Pyt’ev projectors on mosaic form has been
introduced. As a generalization of this technique, a diffuse morphol-
ogy is proposed based on the reference filters.

To solve the problem of detecting differences in scene through
image g related to image f in case of small camera movement, it is
suggested to use reference diffusion filter based on superposition of

two morphological projectors PGF = PGPF instead of projector PF .
In case of more substantial changes in the geometry of the scene, it
is proposed to use reference filter based on superposition of relative

diffuse mosaic filters instead of reference filter based on projectors
superposition. The suggested solution can provide robustness of dif-
ferences detection on a normalized image not only to brightness vari-
ances but also to changes in geometry of the image in case of proper
feature selection. This is shown on examples of simulated images pro-
cessing [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00914-a.

[1] Lebedev, M., Rubis A., Gorbatsevich V., and Vizilter Yu. 2015 (in
press). Detecting differences on mosaic images based on reference fil-
ters. Herald of Computer and Information Technologies.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îáíàðóæåíèå �ðàãìåíòîâ èçîáðàæåíèé çåìíîé

ïîâåðõíîñòè íà îñíîâå ñóáïîëîñíîãî àíàëèçà

Ëèõîøåðñòíûé Àëåêñåé Þðüåâè÷⋆ likhosherstny�bsu.edu.ru

Æèëÿêîâ Åâãåíèé �åîðãèåâè÷ zhilyakov�bsu.edu.ru

Áåëãîðîä, ÍÈÓ Áåë�Ó

�àññìàòðèâàåòñÿ ñëåäóþùàÿ îñíîâíàÿ ïîñòàíîâêà çàäà÷è àíà-

ëèçà èçîáðàæåíèé çåìíîé ïîâåðõíîñòè (ÈÇÏ): íåîáõîäèìî âûäå-

ëèòü îáúåêòû îäíîãî è òîãî æå êëàññà, êîòîðûå â îáùåì ñëó÷àå

ìîãóò áûòü ðàñïîëîæåíû â ðàçëè÷íûõ ÷àñòÿõ èçîáðàæåíèÿ. Ïðè

ýòîì â êà÷åñòâå èçíà÷àëüíîãî îáðàçà óêàçûâàåòñÿ ñîîòâåòñòâó-

þùèé �ðàãìåíò èçîáðàæåíèÿ, òîãäà êàê îñòàëüíûå èäåíòè÷íûå

ñ íèì �ðàãìåíòû äîëæíû áûòü íàéäåíû â àâòîìàòè÷åñêîì ðå-

æèìå.

Îáùèé ïðèíöèï ðåøåíèÿ çàäà÷è çàêëþ÷àåòñÿ â �îðìèðîâà-

íèè ðåøàþùåé �óíêöèè, ïðåäñòàâëÿþùåé ñîáîé ìåðó áëèçîñòè

ñðàâíèâàåìûõ �ðàãìåíòîâ, ïîïàäàíèå çíà÷åíèé êîòîðîé â êðèòè-

÷åñêóþ îáëàñòü âîñïðèíèìàåòñÿ, êàê îñíîâàíèå îòâåðãíóòü ãèïî-

òåçó îá èõ èäåíòè÷íîñòè íà íåêîòîðîì óðîâíå çíà÷èìîñòè. ßñíî,

÷òî â ðàññìàòðèâàåìûõ óñëîâèÿõ íåïîñðåäñòâåííî ïî àíàëèçèðó-

åìîìó ÈÇÏ ìîãóò áûòü ïîëó÷åíû òîëüêî îöåíêè âåðîÿòíîñòåé

îøèáîê ïåðâîãî è âòîðîãî ðîäîâ.

Â ðàìêàõ äàííîé ðàáîòû èñïîëüçóåòñÿ ñóáïîëîñíûé àíàëèç,

êîãäà ñâîéñòâà �ðàãìåíòîâ (îáúåêòîâ) îïèñûâàþòñÿ ñ ïîçèöèé

ðàçáèåíèÿ îáëàñòè ïðîñòðàíñòâåííûõ ÷àñòîò (Ï×) íà íåêîòîðûå

ïîäîáëàñòè, íåïðåðûâíûå îòðåçêè òðàíñ�îðìàíò Ôóðüå, â êîòî-

ðûõ èñïîëüçóþòñÿ äëÿ �îðìèðîâàíèÿ ìåðû èõ èäåíòè÷íîñòè. Òà-

êîé ïîäõîä ïîçâîëÿåò îòðàçèòü ñâîéñòâî êîíöåíòðàöèè ýíåðãèè

�ðàãìåíòà â íàáîðå ïîäîáëàñòåé Ï×, ñîâîêóïíàÿ ïëîùàäü êîòî-

ðûõ ñîñòàâëÿåò ìàëóþ äîëþ ÷àñòîòíîé ïëîñêîñòè. Â ÷àñòíîñòè,

òàêèì îáðàçîì îêàçûâàåòñÿ âîçìîæíûì óìåíüøèòü âëèÿíèå ìà-

ëîýíåðãåòè÷åñêèõ ÷àñòîòíûõ êîìïîíåíò, íàïðèìåð ïîðîæäàåìûõ

øèðîêîïîëîñíûìè øóìàìè [1℄.

�àáîòà âûïîëíåíà â ðàìêàõ �îñóäàðñòâåííîãî çàäàíèÿ ÍÈÓ

Áåë�Ó �358.

[1℄ Ëèõîøåðñòíûé À.Þ. Îáíàðóæåíèå �ðàãìåíòîâ èçîáðàæåíèé çåì-

íîé ïîâåðõíîñòè íà îñíîâå ñóáïîëîñíîãî àíàëèçà // Ìàøèííîå

îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.



Image Analysis 147

The discovery of fragments of images of the Earth
based on surface subband analysis

Likhosherstny Aleksey⋆ likhosherstny@bsu.edu.ru

Zhilyakov Evgeniy zhilyakov@bsu.edu.ru

Belgorod, Belgorod State University

The paper deals with the following basic formulation of the problem
of image analysis of the Earth surface: necessary to select objects of
the same class which generally can be located in different parts of
the image. In this case, the corresponding image section is indicated
as the original image, while the remaining fragments identical with
it are to be found in the automatic mode.

The general principle of solving the problem is to form a decision
function which is a measure of proximity of the compared fragments,
which values entering the critical region are perceived as a reason to
reject hypothesis about their identity at a level of significance. It is
clear that under these conditions, directly analyzed images can only
be obtained by probability assessment of errors of the first and second
kinds.

As part of this work, subband analysis is used when the properties
of fragments (objects) are described from the point of partition the
field of spatial frequency on some subdomains, continuous segments
of Fourier transform which are used to generate a measure of their
identity. Such an approach allows to reflect the property of energy
concentration of fragment in the set of subdomains drive, which total
area is a small fraction of the frequency plane. In particular, thus it
is possible to reduce the influence of machine low-energy frequency
components, such as generated broadband noise [1].

This research is funded by Belgorod State University, grant 358.

[1] Likhosherstny, A. 2015 (in press). The discovery of fragments of images
of the Earth based on surface subband analysis. J. Mach. Learn. Data
Anal.
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Îäíèì èç âèäîâ èññëåäîâàíèé äëÿ äàòèðîâêè ïðîèçâåäåíèÿ

ñòàíêîâîé ìàñëÿíîé æèâîïèñè ÿâëÿåòñÿ âûÿâëåíèå îñîáåííî-

ñòåé ñòðóêòóðû ãðóíòà ïî èçîáðàæåíèÿì ìèêðîñðåçîâ êðàñî÷íî-

ãî ñëîÿ. Èçîáðàæåíèÿ ìèêðîñðåçîâ èìåþò äîñòàòî÷íî ñëîæíóþ

ñòðóêòóðó: íåñêîëüêî ñëîåâ ãðóíòà è êðàñêè, ÷àñòèöû ïèãìåíòîâ

ðàçíûõ ðàçìåðîâ è �îðìû, �ðàãìåíòû îñíîâû, áëèêè, òåêñòóð-

íûå îáëàñòè è îáúåêòû, îáóñëîâëåííûå îñîáåííîñòÿìè òåõíîëî-

ãèè ïðèãîòîâëåíèÿ ïðåïàðàòà. Âàæíîé èí�îðìàöèåé äëÿ îïèñà-

íèÿ ãðóíòà ÿâëÿþòñÿ ãåîìåòðè÷åñêèå è öâåòîâûå õàðàêòåðèñòèêè

ñëîåâ è âêðàïëåíèé. Äëÿ ïîëó÷åíèÿ òàêîé èí�îðìàöèè íåîáõî-

äèìà äîñòàòî÷íî òî÷íàÿ ñåãìåíòàöèÿ èçîáðàæåíèÿ ìèêðîñðåçà.

Ïðåäëîæåíû àâòîìàòèçèðîâàííûå àëãîðèòìû ñåãìåíòàöèè íà

îñíîâå àëãîðèòìà êëàñòåðèçàöèè k-ñðåäíèõ è àëãîðèòìà ñóïåð-

ïèêñåëüíîé ñåãìåíòàöèè SLIC (Simple Linear Iterative Clustering)

â ðàçëè÷íûõ öâåòîâûõ ïðîñòðàíñòâàõ. �àçðàáîòàíà ïðîöåäó-

ðà ïîñòîáðàáîòêè äëÿ îáúåäèíåíèÿ ñåãìåíòèðîâàííûõ îáëàñòåé.

Ñîçäàííûå àëãîðèòìû òåñòèðîâàëèñü íà èçîáðàæåíèÿõ èç èçâåñò-

íûõ áàç òåñòîâûõ èçîáðàæåíèé, à òàêæå íà èçîáðàæåíèÿõ ðåàëü-

íûõ îáðàçöîâ êðàñî÷íîãî ñëîÿ êàðòèí. �åçóëüòàòû òåñòîâ ïîêà-

çàëè, ÷òî îáåñïå÷èâàåòñÿ òðåáóåìàÿ òî÷íîñòü ñåãìåíòàöèè. �àç-

ðàáîòàííûå àëãîðèòìû ìîãóò òàêæå ïðèìåíÿòüñÿ äëÿ âûäåëåíèÿ

õàðàêòåðíûõ îáúåêòîâ ïðè ñîâìåùåíèè èçîáðàæåíèé, ïîëó÷åí-

íûõ â ðàçíûõ ñïåêòðàëüíûõ äèàïàçîíàõ [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �15-07-09324 è �15-07-

07516.

[1℄ Ìóðàøîâ Ä.Ì., Áåðåçèí À.Â., Èâàíîâà Å.Þ. Ñðàâíåíèå èçîáðàæå-

íèé êàðòèí ïî èí�îðìàòèâíûì �ðàãìåíòàì // Ìàøèííîå îáó÷å-

íèå è àíàëèç äàííûõ, 2014. � 8. Ñ. 941�948. jmlda.org/papers/do
/

2014/JMLDA2014no8.pdf.
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One of the problems of fine-art paintings dating is detection of pecu-
liarities in ground structure using information acquired from micro-
scopic images of paint layer cross sections. Images of cross sections
have a complex structure including several ground and paint lay-
ers, pigment particles of various form and size, fragments of support,
flares, textural regions, and objects conditioned by the specificity
of specimen preparation technology. The ground is characterized by
geometrical and color features of layers and particles. For extracting
these features, an exact segmentation of cross-section images is re-
quired.

In this work, automated segmentation techniques based on
k-means clustering and superpixel segmentation SLIC (Simple Linear
Iterative Clustering) algorithms in different color spaces are proposed.
A postprocessing procedure for segmented regions merging is deve-
loped. The proposed techniques were tested on images taken from test
image databases and on photographs of cross sections taken from real
fine-art paintings. The results of tests show that the developed algo-
rithms provide required precision of segmentation. The techniques
can also be used for detecting specific objects for registering images
acquired in different spectral bands [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-07-09324 and 15-07-07516.

[1] Murashov, D., Berezin A., and Ivanova Y. 2014. Comparing images of
paintings using informative fragments. J. Mach. Learn. Data Anal.
8:941–948. jmlda.org/papers/doc/2014/JMLDA2014no8.pdf.
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¾Âûñøàÿ øêîëà ýêîíîìèêè¿

Â [1℄ èññëåäóåòñÿ ïðîáëåìà íåäîñòàòî÷íîé òî÷íîñòè è âû÷èñ-

ëèòåëüíîé ý��åêòèâíîñòè ñèñòåì ðàñïîçíàâàíèÿ èçîáðàæåíèé

ïðè íàëè÷èè áîëüøîãî ÷èñëà êëàññîâ è ìàëîãî êîëè÷åñòâà ýòà-

ëîíîâ äëÿ êàæäîãî êëàññà. Ñîãëàñíî ïðåäëîæåííîé ìåòîäîëîãèè

ïîñåãìåíòíîãî àíàëèçà îäíîðîäíîñòè äëÿ ïîñòóïàþùåãî íà âõîä

îáúåêòà îñóùåñòâëÿåòñÿ åãî ïðåäâàðèòåëüíàÿ îáðàáîòêà è ñåã-

ìåíòàöèÿ. Äëÿ êàæäîãî âûäåëåííîãî ñåãìåíòà âûïîëíÿåòñÿ èç-

âëå÷åíèå ïðèìèòèâíûõ ïðèçíàêîâ, òàêèõ êàê HOG (histogram of

oriented gradients). �àññìàòðèâàÿ ïîñëåäîâàòåëüíîñòü ïðèçíàêîâ

êàê ïðîñòóþ âûáîðêó, îïðåäåëÿåòñÿ ìåðà áëèçîñòè ñ ïîñåãìåíò-

íûì àíàëèçîì îäíîðîäíîñòè è âûðàâíèâàíèåì ñåãìåíòîâ â íåêî-

òîðîé îêðåñòíîñòè. Äëÿ ïîâûøåíèÿ âû÷èñëèòåëüíîé ý��åêòèâ-

íîñòè ïðèìåíÿåòñÿ ìåòîä ìàêñèìàëüíî ïðàâäîïîäîáíîãî íàïðàâ-

ëåííîãî ïåðåáîðà. Åñëè ïîëó÷åííîå ðåøåíèå îêàçûâàåòñÿ íåäî-

ñòàòî÷íî íàäåæíûì (â ñìûñëå ïðàâèëà ×îó), ñòåïåíü äåòàëèçà-

öèè îïèñàíèÿ âõîäíîãî îáúåêòà ïîâûøàåòñÿ, ïîñëå ÷åãî ïðîöåäó-

ðà êëàññè�èêàöèè ïîâòîðÿåòñÿ. Åñëè íàäåæíîå ðåøåíèå íå áû-

ëî íàéäåíî, èòîãîâîå ðåøåíèå âûáèðàåòñÿ ïî ïðèíöèïó ìàêñè-

ìóìà àïîñòåðèîðíîé âåðîÿòíîñòè. Êàê ïîêàçàëè ðåçóëüòàòû ýêñ-

ïåðèìåíòîâ, ïðåäëîæåííûé ïîäõîä ïîçâîëÿåò íà 1%�10% ïîâû-

ñèòü òî÷íîñòü ïî ñðàâíåíèþ ñ òðàäèöèîííûìè êëàññè�èêàòîðà-

ìè. Ñðåäíåå âðåìÿ êëàññè�èêàöèè îêàçûâàåòñÿ â 2�3 ðàçà íèæå

ïî ñðàâíåíèþ ñ ìåòîäîì Pyramid HOG (PHOG). Òàêèì îáðàçîì,

îïèñàííàÿ ìåòîäîëîãèÿ ïîçâîëÿåò äîñòè÷ü âûñîêîé òî÷íîñòè â ñî-

÷åòàíèè ñ ïðèåìëåìîé ïðîèçâîäèòåëüíîñòüþ äëÿ çàäà÷ ðàñïîçíà-

âàíèÿ â óñëîâèÿõ ìàëûõ âûáîðîê è áîëüøîãî ÷èñëà êëàññîâ.

�àáîòà ïîääåðæàíà ãðàíòîì �ÍÔ �14-41-00039.

[1℄ Ñàâ÷åíêî À.Â. Ñòàòèñòè÷åñêîå ðàñïîçíàâàíèå îáðàçîâ íà îñíîâå

ïîñåãìåíòíîãî àíàëèçà îäíîðîäíîñòè // Ìàøèííîå îáó÷åíèå è àíà-

ëèç äàííûõ, 2015. T. 1. �11. C. 1500�1516. jmlda.org/papers/do
/

2015/no11/Sav
henko2015Homogeneity.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The focus of the paper is on the small-sample size problem in im-
age classification. If the training set contains small number of mod-
els per each class, practically all recognition methods are a special
case of k-NN (k-nearest neighbor) classifier. In [1], an approach to
design classifiers of complex objects by testing of segment homogene-
ity has been introduced. This approach is based on the probabilistic
model of composite object represented by a sequence of indepen-
dent identically distributed segments. The asymptotic properties of
proposed criterion allow to implement sequential hierarchical classi-
fication with approximate search of the nearest neighbor to speed up
the decision process. At first, the query object is preprocessed and its
segmentation is performed. The primitive features, e. g., the HOGs
(histograms of oriented gradients), are extracted for each segment.
Next, the homogeneity of each segment of the query object and ev-
ery model is tested. The maximum likelihood directed enumeration
method is used to speed up classification by looking for an approx-
imate nearest neighbor. If the decision is unreliable in terms of the
Chow’s rule, the description of the query object is refined by decreas-
ing the size of each segment and the classification is repeated. In
case of unreliable decisions at all levels, the final class is chosen by
the maximum posterior probability principle. Experimental study in
constrained face recognition shows that the proposed approach allows
to increase accuracy in 1%–10% in comparison with conventional im-
age recognition techniques. It is 2–3 times faster than the pyramid
HOG (PHOG) hierarchical classifier. Thus, described methodology
allows to achieve high accuracy with sufficient performance in case of
small-sample-size problem and medium-sized number of classes.

This research is funded by the Russian Science Foundation, grant
14-41-00039.
[1] Savchenko, A. 2015. Statistical pattern recognition based on segment

homogeneity testing. J. Mach. Learn. Data Anal. 1(11):1500–1516.
jmlda.org/papers/doc/2015/no11/Savchenko2015Homogeneity.pdf.
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Ïðåäëàãàåòñÿ ý��åêòèâíîå ðåøåíèå çàäà÷è âû÷èñëåíèÿ ïà-

ðàìåòðîâ ïðåîáðàçîâàíèÿ ïàðû ïîñëåäîâàòåëüíûõ êàäðîâ ïîñëå-

äîâàòåëüíîñòè èçîáðàæåíèé ïðèìåíèòåëüíî ê çàäà÷àì ñòàáèëè-

çàöèè èëè ñøèâêè èçîáðàæåíèé. �àçðàáîòàííûé àëãîðèòì îñíî-

âàí íà ïîèñêå è ñîïîñòàâëåíèè îñîáûõ òî÷åê. Íàéäåííûå ïàðû

òî÷åê èñïîëüçóþòñÿ äëÿ îïðåäåëåíèÿ ìàòðèöû à��èííîãî èëè

ïðîåêòèâíîãî ïðåîáðàçîâàíèÿ ñòàðîãî êàäðà â íîâûé. Íà ïåðâîì

ýòàïå àëãîðèòìà ïðåäëàãàåòñÿ ìîäè�èêàöèÿ àëãîðèòìà ðàçíîñòè

ãàóññèàí, â êîòîðîì óñòîé÷èâûå ê èçìåíåíèþ ìàñøòàáà îñîáûå

òî÷êè èùóòñÿ ïðè ðàçëè÷íûõ çíà÷åíèÿõ äèñïåðñèè ñìåñè ãàóññè-

àí. Îñîáûìè òî÷êàìè ÿâëÿþòñÿ ëîêàëüíûå ìàêñèìóìû �óíêöèè

îòêëèêà (ìîäóëü ðàçíîñòè äâóõ ñâåðòîê). Äëÿ áûñòðîãî ðàñ÷åòà

ñâåðòêè èñïîëüçóþòñÿ ðåêóððåíòíûå �èëüòðû. Êîý��èöèåíòû

�èëüòðà ïîäáèðàþòñÿ ýìïèðè÷åñêè òàêèì îáðàçîì, ÷òîáû ìèíè-

ìèçèðîâàòü êâàäðàò ðàçíîñòè çíà÷åíèé èìïóëüñíîé ïåðåõîäíîé

�óíêöèè ðåêóððåíòíîãî �èëüòðà è àïïðîêñèìèðóåìîé �óíêöèè

�àóññà. Íà âòîðîì øàãå âû÷èñëÿþòñÿ ëîêàëüíûå áèíàðíûå ïàò-

òåðíû (LBP � lo
al binary patterns) ñ ðàçëè÷íûìè ðàäèóñàìè.

Äëÿ ñðàâíåíèÿ îñîáûõ òî÷åê èñïîëüçóåòñÿ êîìáèíàöèÿ ðàññòîÿ-

íèÿ Õýììèíãà ìåæäó LBP è ðàçíîñòè �óíêöèé îòêëèêà äåòåê-

òîðà îñîáûõ òî÷åê. Íà ïîñëåäíåì øàãå îïðåäåëÿþòñÿ ïàðàìåòðû

à��èííîãî ïðåîáðàçîâàíèÿ ñòàðîãî êàäðà â íîâûé ñ èñïîëüçîâà-

íèåì ìîäè�èöèðîâàííîãî àëãîðèòìà RANSAC (RANdom SAmple

Consensus). Îïèñàííûé ïîäõîä ìîæåò áûòü ïðèìåíåí â ñëîæíûõ

óñëîâèÿõ ñúåìêè ïðè ïðîèçâîëüíîì äâèæåíèè êàìåðû [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-09362 A.

[1℄ Vishnyakov B.V., Gorbatsevi
h V. S., Sidyakin S.V. Fast interframe

transformation with lo
al binary patterns // Pro
eedings of SPIE /

Eds. J. Beyerer, F. Puento Le�on. � SPIE, 2015. Vol. 9530. 7 p.
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The solution of the problem of transformation evaluation of the two
consecutive frames taken from an image sequence is proposed. The
described approach is applicable both to the image stabilization prob-
lem in surveillance systems and to the image stitching problem in the
field of aerial photography. The main requirement for the image stabi-
lization algorithm in surveillance systems is speed. Linear camera mo-
tion model is often unacceptable when perspective distortions arise;
so, it is necessary to consider affine or projective transformations for
both stabilization and stitching tasks. The proposed algorithm be-
longs to a group of algorithms based on search and comparison of the
feature points. The authors use the found feature point pairs for cal-
culation of an affine or projective transformation matrix of the first
image to the second one. A modified version of Difference of Gaussians
(DoG) algorithm is suggested to find feature points that are stable
to scale changes. Recurrent filters for fast image convolution calcula-
tion are applied. Local binary patterns (LBP) descriptors with var-
ious radii (to make LBP less sensitive to affine transformations) are
calculated. A combination of the Hamming distance and the differ-
ence between the DoG feature point responses for the feature points
matching is proposed. Then, the affine transformation parameters are
determined using modified RANSAC (RANdom Sample Consensus)
algorithm. The described approach is computationally efficient (over
150 fps) and can be used in difficult conditions (camera noise and low
visibility) and for arbitrary camera movement (jitter, shift, rotation,
and scale change) [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-09362 A.

[1] Vishnyakov, B., Gorbatsevich V., and Sidyakin S. 2015. Fast interframe
transformation with local binary patterns. Proceedings of SPIE. Eds.
Eds. J. Beyerer, and F. Puento, León. SPIE. Vol. 9530. 7 p.
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Éîøêàð-Îëà, Ïîâîëæñêèé ãîñóäàðñòâåííûé òåõíîëîãè÷åñêèé

óíèâåðñèòåò

Èçîáðàæåíèÿ äèíàìè÷åñêè èçìåíÿþùèõñÿ ñöåí (ÄÈÑ) âñòðå-

÷àþòñÿ ïðè àíàëèçå èçìåíåíèé îáúåêòîâ, ñîïðîâîæäåíèè öåëåé

è îáíàðóæåíèè èçìåíåíèé. Òàê, ïîä ÄÈÑ áóäåì ïîíèìàòü èçîá-

ðàæåíèÿ â �èêñèðîâàííîé ïðîñòðàíñòâåííîé îáëàñòè, íà êîòîðîé

îáúåêòû ìîãóò èçìåíÿòü ïîëîæåíèå, �îðìó, òåêñòóðó è äðóãèå

àòðèáóòû.

Öåëü èññëåäîâàíèÿ çàêëþ÷àåòñÿ â ñîçäàíèè ý��åêòèâíîãî

ïîäõîäà äëÿ àíàëèçà ÄÈÑ. Äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ ïî-

êàçàòåëåé òî÷íîñòè ïðèíÿòèÿ ðåøåíèé áûëî ïðîâåäåí ñòàòèñòè-

÷åñêèé àíàëèç òèïîâûõ èçîáðàæåíèé íà ïðèìåðå ñåðèè èçîáðàæå-

íèé äèíàìèêè ðîñòà ðàñòåíèé. Îïðåäåëåíî îïòèìàëüíîå êîëîðè-

ìåòðè÷åñêîå ïðîñòðàíñòâî, îáëàäàþùåå íàèëó÷øèìè èíòåãðàëü-

íûìè õàðàêòåðèñòèêàìè êëàññè�èêàöèè �îí/îáúåêò.

Ñèíòåçèðîâàííûé àëãîðèòì ñåãìåíòàöèè, îïòèìàëüíûé ïî

êðèòåðèþ ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ, ñâîäèòñÿ ê ñëåäóþùèì

äåéñòâèÿì: âû÷èñëåíèþ ïðîåêöèè öâåòà òåêóùåé òî÷êè íà âû-

áðàííóþ ïëîñêîñòü öâåòîâîãî ïðîñòðàíñòâà è âû÷èñëåíèþ äëÿ

íåå âåëè÷èíû îòíîøåíèÿ ïðàâäîïîäîáèÿ; íîðìèðîâêå ïîëÿ îòíî-

øåíèé ïðàâäîïîäîáèÿ ê çàäàííîìó óðîâíþ ãðàäàöèè è ïîñëåäó-

þùåé ïîðîãîâîé îáðàáîòêå.

Äëÿ îöåíêè ý��åêòèâíîñòè �óíêöèîíèðîâàíèÿ ïðîãðàììíîé

ðåàëèçàöèè ïîëó÷åííîãî àëãîðèòìà ïðîâåäåíà ñåðèÿ ýêñïåðèìåí-

òîâ, ãäå ñðåäíÿÿ îøèáêà ïåðâîãî ðîäà 0,02, à âòîðîãî � 0,1. Ñî-

çäàííûé àëãîðèòì íå óñòóïàåò ïî òî÷íîñòè ïðèíÿòèÿ ðåøåíèé

èçâåñòíûì ìåòîäîì ñåãìåíòàöèè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì Ïðåçèäåíòà �Ô ÌÊ-7290.2015.9.

[1℄ Èïàòîâ Þ.À. Ëîêàëèçàöèÿ îáúåêòîâ äèíàìè÷åñêè èçìåíÿþùèõñÿ

ñöåí öâåòíûõ èçîáðàæåíèé íà ñëîæíîì �îíå // Âåñòíèê Ï�ÒÓ,

2015. Ò. 27. � 3. Ñ. 15�26.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Images of dynamically changing scenes (DCS) can be found for analy-
sis in various fields of scientific and technological activities. Dynamics
of objects, target tracking, and detection of changes are some exam-
ples of problems faced by the researcher. So, under the DCS, the
image in a fixed spatial region in which the objects can change the
position, shape, texture, and other attributes is understood.

The main purpose of the study is to provide an effective approach
to image analysis for DCS. The task is the synthesis of segmentation
algorithm based on supervised learning. To achieve the performance
accuracy of decision-making, a statistical analysis of the types of im-
ages was made on the example of image series for the dynamics of
plant growth. Analysis of color models representation of DCS showed
that RGB space has the best integral characteristics classification
background/object.

Synthesized optimal segmentation algorithm maximum likelihood
confined to the following steps: calculation of color projection for the
current point to the selected color space plane and the calculation
of the likelihood ratio for it; and normalization of field likelihood
ratios for a given level of grayscale for visualization and subsequent
thresholding.

To evaluate the efficiency of the software implementation of this
algorithm, a series of experiments was fulfilled, where the average false
positives were 0.03 and false negatives 0.1. Comparative analysis with
known algorithms and synthesized segmentation algorithm for the
test-class image showed its effectiveness for precision performance [1].

The work was supported by the grant of President RF MK-
7290.2015.9.
[1] Ipatov, Y.A. 2015. Lokalizatsiya ob”ektov dinamicheski iz-

menyayushchikhsya stsen tsvetnykh izobrazheniy na slozhnom
fone [Localization of objects of dynamically changing scenes of color
images on a complex background]. PGTU Bulletin 27(3):15–26.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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èíñòèòóò àâèàöèîííûõ ñèñòåì¿ (Ô�ÓÏ ¾�îñÍÈÈÀÑ¿)

Ïðîáëåìå ðàñïîçíàâàíèÿ ýìîöèé ÷åëîâåêà íà îñíîâå àíàëèçà

âèäåîïîñëåäîâàòåëüíîñòåé â íàñòîÿùåå âðåìÿ óäåëÿåòñÿ áîëüøîå

âíèìàíèå. Ñëîæíîñòü ïðèðîäû ýìîöèé ÷åëîâåêà îáóñëîâëèâàåò

òðóäíîñòü èõ êëàññè�èêàöèè è èäåíòè�èêàöèè. Â ìóçûêàëüíîé

ïñèõîëîãèè áûëè ðàçðàáîòàíû ðàçíîîáðàçíûå ìåòîäû �îðìàëü-

íîé êëàññè�èêàöèè ýìîöèé.

Äàííàÿ ðàáîòà ïîñâÿùåíà ðàñïîçíàâàíèþ ÷åëîâå÷åñêèõ ýìî-

öèé, âûçûâàåìûõ ìóçûêîé, íà îñíîâå àíàëèçà îïòè÷åñêîãî ïîòîêà

èçîáðàæåíèé ÷åëîâå÷åñêîãî ëèöà.

Ïðåäëîæåí ìåòîä èäåíòè�èêàöèè ýìîöèé, âûçûâàåìûõ ìóçû-

êîé, íà îñíîâå îöåíêè âåêòîðà ýìîöèîíàëüíîãî ñîñòîÿíèÿ. Äëÿ

�îðìàëüíîãî ïðåäñòàâëåíèÿ ÷åëîâå÷åñêèõ ýìîöèé èñïîëüçóåòñÿ

äâóìåðíîå âåêòîðíîå ïðîñòðàíñòâî ðåàêöèÿ�ñòåïåíü (��Ñ), â êî-

òîðîì ðåàêöèÿ ïðåäñòàâëÿåò ïîëîæèòåëüíîå èëè îòðèöàòåëüíîå

îòíîøåíèå ê ñîáûòèþ, âûçâàâøåìó ýìîöèþ, à ñòåïåíü îïðåäåëÿåò

èíòåíñèâíîñòü ýìîöèè. ×åòûðå õàðàêòåðíûå òî÷êè ëèöà èç ñòàí-

äàðòà MPEG-4 èñïîëüçóþòñÿ äëÿ îïèñàíèÿ âûðàæåíèÿ ýìîöèè íà

ëèöå ÷åëîâåêà.

Ïðåäñòàâëåí ðàçðàáîòàííûé àëãîðèòì ïðîñëåæèâàíèÿ õàðàê-

òåðíûõ òî÷åê ëèöà. Òî÷íûå îòíîñèòåëüíûå ñêîðîñòè õàðàêòåðíûõ

òî÷åê ëèöà îöåíèâàþòñÿ íà îñíîâå àíàëèçà îïòè÷åñêîãî ïîòîêà

è ðàññìàòðèâàþòñÿ â êà÷åñòâå âûõîäíîãî âåêòîðà ýìîöèè. Àëãî-

ðèòì áûë ïðîòåñòèðîâàí ñ èñïîëüçîâàíèåì îðèãèíàëüíîãî ïðî-

ãðàììíîãî îáåñïå÷åíèÿ è íàáîðà âèäåîïîñëåäîâàòåëüíîñòåé ëèö

âîëîíòåðîâ [1℄.

[1℄ Kniaz V., Smirnova Z. Musi
-eli
ited emotion identi�
ation using

opti
al �ow analysis of human fa
e // Int. Ar
h. Photogramm.

Remote Sens. Spatial Inform. S
i., 2015. Vol. XL-5/W6. P. 27�32.

doi:10.5194/isprsar
hives-XL-5-W6-27-2015. http://\linebreakwww.

int-ar
h-photogramm-remote-sens-spatial-inf-s
i.net/

XL-5-W6/index.html.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Human emotion identification from image sequences is highly de-
manded nowadays. The highly perceptual nature of human emotions
leads to the complexity of their classification and identification. The
main question arises from the subjective quality of emotional classi-
fication of events that elicit human emotions. A variety of methods
for formal classification of emotions were developed in musical psy-
chology. This work is focused on identification of human emotions
evoked by musical pieces using human face tracking and optical flow
analysis.

A technique for identification of music-elicited emotion is pro-
posed. The technique is based on emotion vector estimation using
a number of facial features extracted from an optical flow. Two-
dimensional valence–arousal (V–A) emotion vector space is used for
formal representation of human emotions. In this space, valence rep-
resents the positive or negative quality of an emotion and arousal
represents an intensity of an emotion. The original 4 facial features
from MPEG-4 Face and Body Animation International Standard are
used to describe a facial emotion.

Facial feature tracking algorithm used for facial feature speed and
position estimation is presented. Accurate relative speeds of facial
features were estimated using optical flow analysis. Obtained relative
positions and speeds were used as the output facial emotion vector.
The algorithm was implemented in original software. The accuracy of
the algorithm was tested using video sequences of volunteers listening
to music [1].

[1] Kniaz, V., and Smirnova Z. 2015. Music-elicited emotion
identification using optical flow analysis of human face.
Int. Arch. Photogramm. Remote Sens. Spatial Inform. Sci.
XL-5/W6:27–32. doi:10.5194/isprsarchives-XL-5-W6-27-2015.
http://www.int-arch-photogramm-remote-sens-spatial-inf-sci.

net/XL-5-W6/index.html.
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Ìåòîäû ðàñïîçíàâàíèÿ è îòñëåæèâàíèÿ ìåòîê

â ñèñòåìå çàõâàòà äâèæåíèÿ
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Ïðåäñòàâëåíû ðåçóëüòàòû ðàçðàáîòêè è ïðèìåíåíèÿ îðèãè-

íàëüíîé ñèñòåìû òðåõìåðíîãî (3D) çàõâàòà äâèæåíèÿ íà îñíî-

âå òåõíè÷åñêîãî çðåíèÿ. Ñèñòåìà îñíîâàíà íà �îòîãðàììåòðè-

÷åñêèõ ïðèíöèïàõ 3D-èçìåðåíèé è îáåñïå÷èâàåò âûñîêóþ ñêî-

ðîñòü ïîëó÷åíèÿ èçîáðàæåíèé, âûñîêóþ òî÷íîñòü 3D-èçìåðåíèé

è âûñîêèé óðîâåíü àâòîìàòèçàöèè îáðàáîòêè ïîëó÷àåìûõ äàí-

íûõ. Äëÿ äîñòèæåíèÿ âûñîêîé òî÷íîñòè 3D-èçìåðåíèé èñïîëü-

çóåòñÿ îðèãèíàëüíàÿ ïðîöåäóðà êàëèáðîâêè, èìåþùàÿ âûñîêóþ

àâòîìàòèçàöèè áëàãîäàðÿ ïðèìåíåíèþ îðèãèíàëüíûõ êîäèðîâàí-

íûõ ìåòîê äëÿ ðàñïîçíàâàíèÿ è èçìåðåíèÿ êîîðäèíàò îïîðíûõ

òî÷åê íà èçîáðàæåíèè. Äëÿ �îòîãðàììåòðè÷åñêîé ñèñòåìû çàõâà-

òà äâèæåíèÿ âàæíûìè õàðàêòåðèñòèêàìè, îïðåäåëÿþùèìè êà÷å-

ñòâî ñèñòåìû, ÿâëÿþòñÿ àâòîìàòèçàöèÿ, íàäåæíîñòü è óäîáñòâî

äëÿ ïîëüçîâàòåëÿ. Äëÿ ðåøåíèÿ çàäà÷ ðàñïîçíàâàíèÿ è ïðîñëå-

æèâàíèÿ çàäàííûõ òî÷åê îáúåêòà ðàçðàáîòàíû îðèãèíàëüíûå ìå-

òîäû ðàñïîçíàâàíèÿ ìåòîê è èõ ïðîñëåæèâàíèÿ ïî âèäåîïîñëå-

äîâàòåëüíîñòè â äâóõìåðíîì (èçîáðàæåíèå) è 3D ïðîñòðàíñòâå.

Ïðåäëîæåíà îðèãèíàëüíàÿ ìåòîäèêà îáíàðóæåíèÿ è èäåíòè�è-

êàöèè ìåòîê íà îñíîâå àíàëèçà ñõîæåñòè ìåòîê è ýïèïîëÿðíîé

ãåîìåòðèè.

Ñòàòüÿ ïðåäñòàâëÿåò îïèñàíèå êîí�èãóðàöèè è òåõíè÷åñêèõ

õàðàêòåðèñòèê ðàçðàáîòàííîé ñèñòåìû çàõâàòà äâèæåíèÿ, ìåòî-

äû, èñïîëüçóåìûå äëÿ êàëèáðîâêè ñèñòåìû. Ïðèâåäåíû àëãîðèò-

ìû, ðàçðàáîòàííûå äëÿ ðàñïîçíàâàíèÿ ìåòîê è èõ ïðîñëåæèâàíèÿ

â âèäåîïîñëåäîâàòåëüíîñòè. Ïðåäñòàâëåíû ðåçóëüòàòû èñïîëüçî-

âàíèÿ ðàçðàáîòàííîé ñèñòåìû â ðàçëè÷íûõ îáëàñòÿõ ïðèìåíå-

íèÿ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-08-99580a.

[1℄ Knyaz V.A. S
alable photogrammetri
 motion 
apture system

�Mos
a:� Development and appli
ation // Int. Ar
h. Photogramm.

Remote Sens. Spatial Inform. S
i., 2015. Vol. XL-5/W6.

P. 43�49. doi:10.5194/isprsar
hives-XL-5-W6-43-2015. http:

//www.int-ar
h-photogramm-remote-sens-spatial-inf-s
i.

net/XL-5-W6/index.html.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Methods for recognizing and tracing targets
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Wide variety of applications (from industrial to entertainment) has
a need for reliable and accurate three-dimensional (3D) information
about object motion. The great potential for obtaining high accu-
racy and high degree of automation has vision-based system due to
progress in image processing and analysis. Paper presents the re-
sults of development, evaluation, and application of original scalable
vision-based 3D motion capture system. It is based on photogram-
metric techniques of 3D measurements and provides high-speed im-
age acquisition, high accuracy of 3D measurements, and high level
of automation of captured data. The original camera calibration and
external orientation procedure is used to reach high accuracy of 3D
measurements. The calibration procedure is highly automated due to
applying original coded targets for identifying and measuring image
coordinates of reference points. For a vision-based photogrammetric
motion capture system, a reliability and a convenience for user are
the key features defining the quality of a system. Some techniques are
developed for required object point detection and tracking through
video sequences in two-dimensional (2D) image space and 3D object
space. The original technique for the targets detection and identi-
fication is proposed based on similarity analysis of the targets and
epipolar based points correspondence determination. The paper de-
scribes the outline and technical characteristics of the developed pho-
togrammetric system and techniques used for the system calibration.
The original algorithms developed for object point recognizing and
tracking in 2D and 3D spaces are presented. Some results of using
of the developed photogrammetric motion capture system in various
fields of applications are presented [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-08-99580a.
[1] Knyaz, V.A. 2015. Scalable photogrammetric motion cap-

ture system “Mosca:” Development and application. Int.
Arch. Photogramm. Remote Sens. Spatial Inform. Sci. XL-
5/W6:43–49. doi:10.5194/isprsarchives-XL-5-W6-43-2015. http:
//www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/
XL-5-W6/index.html.
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Åêàòåðèíáóðã, Èíñòèòóò ìàòåìàòèêè è ìåõàíèêè

èì. Í.Í. Êðàñîâñêîãî ÓðÎ �ÀÍ

�àññìàòðèâàåòñÿ âëèÿíèå ðàññèíõðîíèçàöèè âõîäíûõ èçîáðà-

æåíèé íà êà÷åñòâî ðàáîòû àëãîðèòìîâ ïîèñêà ñòðóêòóðíûõ ðàç-

ëè÷èé, ïîä êîòîðûìè ïîíèìàþòñÿ ïîÿâèâøèåñÿ èëè èñ÷åçíóâ-

øèå îáúåêòû ìåñòíîñòè, äëÿ ðàçíîâðåìåííûõ êîñìè÷åñêèõ ñíèì-

êîâ çåìíîé ïîâåðõíîñòè. �àáîòà àëãîðèòìîâ îöåíèâàåòñÿ íà ïà-

ðå èçîáðàæåíèé, ïðåäñòàâëÿþùèõ ñîáîé ñìåùåííûå îòíîñèòåëü-

íî äðóã äðóãà êîïèè îäíîãî è òîãî æå ñíèìêà, ÷òî ïîçâîëÿåò âû-

ÿñíèòü ñòåïåíü óñòîé÷èâîñòè ìåòîäîâ ê ãåîìåòðè÷åñêîìó íåñîîò-

âåòñòâèþ âõîäíûõ äàííûõ ñ èñêëþ÷åíèåì âëèÿíèÿ ñòðóêòóðíûõ

ðàçëè÷èé èëè ñëó÷àéíîãî øóìà. Ïðèâîäèòñÿ îïèñàíèå íîâîãî ìå-

òîäà ñðàâíåíèÿ ñòðóêòóð èçîáðàæåíèé, èñïîëüçîâàíèå êîòîðîãî

ñîâìåñòíî ñ àëãîðèòìàìè ïîèñêà ñòðóêòóðíûõ ðàçëè÷èé ïîçâîëÿ-

åò óìåíüøèòü êîëè÷åñòâî ëîæíûõ òðåâîã ïðè ðàññèíõðîíèçàöèè

âõîäíûõ èçîáðàæåíèé. Ýêñïåðèìåíòû íà äàííûõ, ïîäãîòîâëåí-

íûõ ïóòåì âçàèìíîãî ñäâèãà ïàðû èçíà÷àëüíî ãåîìåòðè÷åñêè âû-

ðîâíåííûõ êîñìîñíèìêîâ, ïîêàçûâàþò, ÷òî ïðåäëîæåííàÿ ìîäè-

�èêàöèÿ àëãîðèòìîâ ïîäõîäèò äëÿ ïðèêëàäíîãî ïðèìåíåíèÿ [1℄.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé �èíàíñîâîé ïîääåðæêå ãîñ-

áþäæåòíîé òåìû ¾Ýêñòðåìàëüíûå çàäà÷è è àëãîðèòìû òåîðèè

ïðèáëèæåíèÿ �óíêöèé ñ ïðèëîæåíèåì ê ïðîáëåìàì íàâèãàöèè

ïî ãåî�èçè÷åñêèì ïîëÿì è óïðàâëåíèÿ àíòåííûìè ñèñòåìàìè¿

(�� �01201367475).

[1℄ Êîðíèëîâ Ô.À. Èññëåäîâàíèå âëèÿíèÿ ðàññèíõðîíèçàöèè âõîäíûõ

èçîáðàæåíèé íà êà÷åñòâî ðàáîòû àëãîðèòìîâ ïîèñêà ñòðóêòóðíûõ

ðàçëè÷èé // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015. Ò. 1. � 12.

Ñ. 1686�1695. jmlda.org/papers/do
/2015/JMLDA2015no12.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Investigation of the impact of misregistration of input
images on the accuracy of change detection

Kornilov Fedor⋆ fakornilov@mail.ru

Ekaterinburg, Krasovsky Institute of Mathematics and Mechanics

of the Ural Branch of the Russian Academy of Sciences

The article is devoted to the impact of misregistration input images
on accuracy of algorithms structural differences detection for mul-
titemporal Earth’s satellite images. Here, structural changes mean
appeared or disappeared ground’s objects. The results of algorithm
work evaluate at pair images prepared with the aid of shift relative
to each other copies of the same image that allow to explore degree of
stability methods to misregistration input data with excluding influ-
ence structural changes or random noise. The usage of new method
of comparison image structures with the algorithms of structural dif-
ferences detection allows to reduce the number of false alarms when
input images misregistered. The experiments with real data demon-
strated that the proposed modification of algorithms is good enough
for applications [1].

The work was partially supported by the state budget theme “Ex-
treme problems and algorithms of approximation theory with applica-
tion to the problems of navigation on geophysical fields and antenna
control systems” (GR No. 1201367475).

[1] Kornilov, F. A. 2015. Investigation of the impact of misregistration of
input images on the accuracy of change detection. J. Mach. Learn. Data
Anal. 1(12):1686–1695. jmlda.org/papers/doc/2015/JMLDA2015no12.
pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Ìåòîä îáíàðóæåíèÿ äâèæóùèõñÿ îáúåêòîâ

â âèäåîïîòîêå íà îñíîâå îöåíêè èõ ãðàíèö

Ìåäâåäåâà Åëåíà Âèêòîðîâíà emedv�mail.ru

Êàðëóøèí Êîíñòàíòèí Àëåêñàíäðîâè÷

konstantin.karlushin�gmail.
om

Êóðáàòîâà Åêàòåðèíà Åâãåíüåâíà⋆ kurbatovae�gmail.
om

Êèðîâ, Âÿòñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Öåëü ðàáîòû� ðàçðàáîòêà ìåòîäà âûäåëåíèÿ äâèæóùèõñÿ

îáúåêòîâ â âèäåîïîòîêå íà ñðàâíèòåëüíî íåïîäâèæíîì �îíå

íà îñíîâå îöåíêè èõ ãðàíèö, ðåàëèçàöèÿ êîòîðîãî äîñòèãàåòñÿ

ìåíüøèìè âû÷èñëèòåëüíûìè ðåñóðñàìè, ÷åì èçâåñòíûìè ìåòî-

äàìè.

Ìåòîä îñíîâàí íà àïïðîêñèìàöèè ïîñëåäîâàòåëüíîñòè öè�ðî-

âûõ ïîëóòîíîâûõ èçîáðàæåíèé (ÖÏÈ) òðåõìåðíîé öåïüþ Ìàð-

êîâà ñ íåñêîëüêèìè ñîñòîÿíèÿìè è ïðåäñòàâëåíèè ÖÏÈ íàáîðîì

èç g ðàçðÿäíûõ äâîè÷íûõ èçîáðàæåíèé (�ÄÈ). Äëÿ âûäåëåíèÿ

êîíòóðîâ âû÷èñëÿåòñÿ êîëè÷åñòâî èí�îðìàöèè â êàæäîì ýëå-

ìåíòå �ÄÈ â ñîîòâåòñòâèè ñ ðàçëè÷íûìè ñî÷åòàíèÿìè ýëåìåíòîâ

îêðåñòíîñòè è ñðàâíèâàåòñÿ ñ ïîðîãîì.

Âûèãðûø âî âðåìåíè îáðàáîòêè ðàçðàáîòàííûì ìåòîäîì âû-

äåëåíèÿ êîíòóðîâ ïî ñðàâíåíèþ ñ èçâåñòíûìè ìåòîäàìè (Êàííè,

Ïðåâèòòà, �îáåðòñà, Ñîáåëà) ñîñòàâëÿåò 2�5,6 ðàç.
Äëÿ ðåøåíèÿ çàäà÷è âûäåëåíèÿ îáúåêòà èíòåðåñà ïî ïîëó÷åí-

íûì êîíòóðíûì òî÷êàì èñïîëüçîâàí ïëîòíîñòíûé àëãîðèòì êëàñ-

òåðèçàöèè DBSCAN (density-based spatial 
lustering of appli
ations

with noise).

Âûèãðûø â ñðåäíåêâàäðàòè÷íîé îøèáêå òî÷íîñòè îïðåäåëå-

íèÿ êîîðäèíàò äëÿ ðàçðàáîòàííîãî ìåòîäà ïî ñðàâíåíèþ ñ èç-

âåñòíûì ðàçíîñòíûì ìåòîäîì ñîñòàâëÿåò 1,5�2,5 ðàç.
Ìåòîä ìîæåò áûòü ïðèìåíåí ïðè îáðàáîòêå äàííûõ â ðåàëü-

íîì ìàñøòàáå âðåìåíè. Äèàïàçîí âàðüèðîâàíèÿ ðàçìåðîâ îáúåê-

òîâ èíòåðåñà â âèäåîïîñëåäîâàòåëüíîñòè ìîæåò áûòü áîëüøèì,

à êîëè÷åñòâî äâèæóùèõñÿ îáúåêòîâ� àïðèîðíî íåèçâåñòíûì [1℄.

[1℄ Ìåäâåäåâà Å.Â., Êàðëóøèí Ê.À., Êóðáàòîâà Å.Å. Ìåòîä îáíàðó-

æåíèÿ äâèæóùèõñÿ îáúåêòîâ â âèäåîïîòîêå íà îñíîâå îöåíêè èõ

ãðàíèö // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015. Ò. 1. � 12.

Ñ. 1696�1705. jmlda.org/papers/do
/2015/JMLDA2015no12.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Method of detection of moving objects in video
stream on the basis of object boundaries estimation

Medvedeva Elena emedv@mail.ru

Karlushin Konstantin konstantin.karlushin@gmail.com

Kurbatova Ekaterina⋆ kurbatovae@gmail.com

Kirov, Vyatka State University

The purpose of the research is to develop a new method of detection
of moving objects in the frame sequence using practically stationary
background. The method is based on the estimation of moving object
boundaries by calculation of the value of information quantity. It
requires less computational resources than the existing well-known
methods.

The method uses approximation of the digital halftone im-
ages (DHI) sequence by a three-dimensional Markov chain with sev-
eral states and representation of the DHI by g-digit binary im-
ages (DBI). To find contors, the value of information quantity in each
DBI element is calculated in accordance with various combinations
of neighborhood elements and is compared with a threshold.

The developed method is faster in comparison with the known
methods (Canny, Prewitt, Roberts, Sobel) in 2–5,6 times.

To define an object of interest by obtained contour points,
DBSCAN (density-based spatial clustering of applications with noise)
algorithm is used.

The gain in root mean-squared error of coordinates determina-
tion accuracy for developed method in comparison with the known
subtraction method is 1.5–2.5.

The developed method requires small computational resources;
thus, it can be applied in real-time data processing. Range of variation
of object dimensions in video sequence can be wide and the number
of moving objects can be priori unknown [1].

[1] Medvedeva, E.V., Karlushin K.A., and Kurbatova E.E. 2015. Method
of detection of moving objects in video stream on the basis of object
boundaries estimation. J. Mach. Learn. Data Anal. 1(12):1696–1705.
jmlda.org/papers/doc/2015/JMLDA2015no12.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Êîìïîçèöèè ïðèçíàêîâ äëÿ âèäåîòðåêèíãà

ïðè ïîìîùè �èëüòðà ÷àñòèö

Íèæèáèöêèé Åâãåíèé Àëåêñååâè÷⋆ nizhibitsky�
s.msu.ru

Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì. Â. Ëîìîíîñîâà, Ôàêóëüòåò ÂÌÊ

�àññìîòðåíû ìîäåëè ïðàâäîïîäîáèÿ, îñíîâàííûå íà êîìïîçè-

öèè ìåð ñõîäñòâà èçâëåêàåìûõ èç èçîáðàæåíèé ïðèçíàêîâ, êîòî-

ðûå øèðîêî èñïîëüçóþòñÿ äëÿ çàäà÷è îòñëåæèâàíèÿ îáúåêòîâ íà

âèäåî ïðè ïîìîùè �èëüòðà ÷àñòèö.

Ïðåäëîæåíû íîâûå ñïîñîáû îïòèìàëüíîãî ìíîãîêðàòíîãî

èçâëå÷åíèÿ ïðèçíàêîâ èç ðàçëè÷íûõ ðåãèîíîâ îäíîãî è òîãî

æå èçîáðàæåíèÿ. Îïòèìèçàöèÿ ïðè ýòîì âûïîëíÿåòñÿ çà ñ÷åò

ïîñòðîåíèÿ èíòåãðàëüíûõ èçîáðàæåíèé, âïåðâûå ïðèìåíåííûõ

â êîìïüþòåðíîì çðåíèè äëÿ ïðèçíàêîâ Õààðà â àëãîðèòìå Âèî-

ëû�Äæîíñà, äëÿ äðóãèõ èññëåäóåìûõ ïðèçíàêîâ � öâåòîâûõ ãèñ-

òîãðàìì, ãèñòîãðàìì íàïðàâëåííûõ ãðàäèåíòîâ è ãèñòîãðàìì íà

îñíîâå ëîêàëüíûõ áèíàðíûõ øàáëîíîâ.

Íà ïðèìåðå äàòàñåòà Bonn Ben
hmark on Tra
king ýêñïåðèìåí-

òàëüíî ïîêàçàíà âîçìîæíîñòü ý��åêòèâíîãî èñïîëüçîâàíèÿ êîì-

ïîçèöèé ãðóïï ïðèçíàêîâ ïðè íåý��åêòèâíîñòè èñïîëüçîâàíèÿ

êàæäîé ãðóïïû â îòäåëüíîñòè.

Ñ ïîìîùüþ ðàññìîòðåííûõ êîìïîçèöèé ïðèçíàêîâ äîñòèãíóòî

êà÷åñòâî òðåêèíãà, ñðàâíèìîå ñ áîëåå ñëîæíûìè ïî ñâîåé ñòðóê-

òóðå ìåòîäàìè, îñíîâàííûìè íà ïîñòðîåíèè àíñàìáëåé êëàññè�è-

êàòîðîâ ñ ïîìîùüþ áóñòèíãà, è ïðåâûøàþùåå ðåçóëüòàòû ñõîæåé

ðàáîòû ñ èñïîëüçîâàíèåì ìåòîäà êàñêàäîâ.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00965.

[1℄ Íèæèáèöêèé Å.À. Êîìïîçèöèè ïðèçíàêîâ äëÿ âèäåîòðåêèíãà ïðè

ïîìîùè �èëüòðà ÷àñòèö // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ,

2015. Ò. 1. � 11. Ñ. 1517�1528. jmlda.org/papers/do
/2015/no11/

Nizhibitsky2015Composition.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Feature composition in video tracking using particle
filters

Nizhibitsky Evgeny⋆ nizhibitsky@cs.msu.ru

Moscow, Lomonosov Moscow State University, Faculty of Computational

Mathematics and Cybernetics

This work aims at analysis of probability models based on similarity
measures of features extracted from images which are widely used in
the field of video tracking using particle filters.

New computationally optimal methods for multiple feature ex-
traction from several regions of the same image are proposed. The
optimization is performed by using integral images, first prominently
used in computer vision within Viola–Jones object detection frame-
work for Haar rectangles, for other studied features — color his-
tograms, histograms of oriented gradients, and histograms based on
local binary patterns.

It is experimentally demonstrated that feature compositions can
be used even in the tasks where each of them are useless by itself that
was illustrated by Bonn Benchmark on Tracking tests.

The performance achieved using proposed compositions is greater
than one in the similar study based on cascade technique and com-
parable to the performance of more complicated models based on
ensemble boosting.

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00965.

[1] Nizhibitsky, E. 2015. Feature composition in video tracking using par-
ticle filters. J. Mach. Learn. Data Anal. 1(11):1517–1528. jmlda.org/
papers/doc/2015/no11/Nizhibitsky2015Composition.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Îïòèìèçàöèÿ ìåòîäà êîìïüþòåðíîé îêóëîãðà�èè

äëÿ èññëåäîâàíèé öåíòðàëüíîé íåðâíîé ñèñòåìû

íà îñíîâå ïàññèâíîãî àíàëèçà âèäåîèçîáðàæåíèÿ

Íîâèêîâ Åâãåíèé Àíàòîëüåâè÷

1
⋆ eugen�novikov.de

Âàêîëþê Èðèíà Àíàòîëüåâíà

2
i.vakoliuk�iris-
he
k.
om

1
Êàëèíèíãðàä, Èíñòèòóò ïðèêëàäíîé ìàòåìàòèêè è èí�îðìàöèîííûõ

òåõíîëîãèé ÁÔÓ èì. È. Êàíòà

2
Êàëèíèíãðàä, Õèìèêî-áèîëîãè÷åñêèé èíñòèòóò ÁÔÓ èì. È. Êàíòà

Ïðîöåññ ðåãèñòðàöèè è ïîñëåäóþùåãî àíàëèçà ïðîèçâîëüíûõ

è ñïðîâîöèðîâàííûõ äâèæåíèé ãëàç â îáùåì ñëó÷àå íàçûâàåò-

ñÿ îêóëîãðà�èåé. Áîëüøèíñòâî ñóùåñòâóþùèõ ñèñòåì êîìïüþ-

òåðíîé îêóëîãðà�èè îïèðàþòñÿ íà àêòèâíîå ñêàíèðîâàíèå ãëàç,

÷òî îçíà÷àåò, êàê ïðàâèëî, î÷åíü äîðîãîñòîÿùåå ðåøåíèå. Ïðåä-

ëàãàåìûé ìåòîä èñïîëüçîâàíèÿ ñòàíäàðòíîé öè�ðîâîé îïòèêè

ìîæåò áûòü ïðèìåíåí äëÿ òî÷íîé è íàäåæíîé ëîêàëèçàöèè öåí-

òðîâ çðà÷êîâ ñ ïîìîùüþ ãðàäèåíòîâ èçîáðàæåíèÿ, ïîëó÷åííûõ

ñ ÷àñòîòîé íå ìåíåå 30 êàäð/ñ. Àíàëèç ãðà�è÷åñêîãî îòîáðàæå-

íèÿ èçìåíåíèÿ ïîëîæåíèÿ öåíòðà çðà÷êà âî âðåìåíè � îêóëî-

ãðàììû � ïîçâîëÿåò ñóäèòü î �óíêöèîíàëüíîì ñîñòîÿíèè îòäå-

ëîâ ãîëîâíîãî ìîçãà, âîâëå÷åííûõ â ïðîöåññ ïðîãðàììèðîâàíèÿ

è ðåãóëÿöèè äâèæåíèé ãëàç, â ÷àñòíîñòè ýêñòðàïèðàìèäíîé ñèñòå-

ìû. Â îòëè÷èå îò ìíîãèõ äðóãèõ ïðåäëàãàåìûé ìåòîä êîìïüþòåð-

íîé îêóëîãðà�èè ÿâëÿåòñÿ áåñêîíòàêòíûì, ÷òî îñîáåííî âàæíî

ïðè ðàáîòå ñ äåòüìè è ïàöèåíòàìè ñ íåâðîëîãè÷åñêèìè è ïñèõè-

÷åñêèìè ðàññòðîéñòâàìè, äèñòàíòíûì, äîñòóïíûì è íå òðåáóåò

ñïåöèàëüíîé ïîäãîòîâêè îò ìåäèöèíñêîãî ïåðñîíàëà èëè èññëå-

äîâàòåëÿ.

[1℄ Íîâèêîâ Å.À., Âàêîëþê È.À., Àõàïêèí �.Ä., Âàð÷àê È.À., Øàëà-

ãèíîâà È. �., Øâàéêî Ä.À., Áóäåíêîâà Å.À. Îïòèìèçàöèÿ ìåòîäà

êîìïüþòåðíîé îêóëîãðà�èè äëÿ èññëåäîâàíèé öåíòðàëüíîé íåðâ-

íîé ñèñòåìû íà îñíîâå ïàññèâíîãî àíàëèçà âèäåîèçîáðàæåíèÿ //

Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 12.

jmlda.org/papers/do
/2015/JMLDA2015no12.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Optimization method of computer oculography
for research of the central nervous system
based on passive video analysis

Novikov Evgeny1
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Vakoliuk Irina2 i.vakoliuk@iris-check.com
1Kaliningrad, Immanuel Kant Baltic Federal University, Institute
of Applied Mathematics and Information Technologies

2Kaliningrad, Immanuel Kant Baltic Federal University, Institute

of Chemistry and Biology

Some current investigations in physiology and medicine are focused
on human analysis of visual information. The process of record-
ing and subsequent analysis of arbitrary and caused eye movements
in general is called oculography. Most of the existing computer ocu-
lography systems rely on active eye scanning, which is usually a very
expensive solution. The presented method of using standard digital
optics can be employed for accurate and reliable localization of eye
centers using vector field of image gradients, obtained with frequency
of not less than 30 frame/s. Analysis of visualization of changing
pupil center position in time (oculogram) allows one to define func-
tional condition of the brain divisions involved in the programming
process and regulation of eye movements, in particular, the extrapyra-
midal system. Unlike many others, the proposed method of computer
oculografphy is noncontact, which is especially important when deal-
ing with children and patients with neurological and psychiatric dis-
orders, distant, affordable, and does not require special training of
medical staff or researcher.

[1] Novikov, E., Vakoliuk I., Akhapkin R., Varchak I., Shalanginova I.,
Shvaiko D., and Budenkova E. 2015 (in press). Optimization method
of computer oculography for research of the central nervous system
based on passive video analysis. J. Mach. Learn. Data Anal. 1(12).
jmlda.org/papers/doc/2015/JMLDA2015no12.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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òðàåêòîðèé ëþäåé íà âèäåî ñ êàìåð íàáëþäåíèÿ

Öûìáàë Äìèòðèé Àëåêñàíäðîâè÷

1
⋆

dmitry.tsymbal�antaressoftware.ru

×àéêèí Àëåêñåé Âèòàëüåâè÷

1,2
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om

1
Âåëèêèé Íîâãîðîä, ASGVisum

2
Íèæíèé Íîâãîðîä, ASGVisum

Çàäà÷à îáíàðóæåíèÿ è îòñëåæèâàíèÿ ëþäåé íà âèäåî ñ êàìåð

íàáëþäåíèÿ ÷ðåçâû÷àéíî àêòóàëüíà è èìååò ìíîæåñòâî ïðèìåíå-

íèé â îáëàñòè áåçîïàñíîñòè è ìàðêåòèíãà.

Ñóùåñòâóåò ìíîãî ìåòîäîâ ðåøåíèÿ äàííîé ïðîáëåìû. Íàèáî-

ëåå ÷àñòî âñòðå÷àþòñÿ ïîäõîäû, îñíîâàííûå íà ¾âû÷èòàíèè �î-

íà¿ ñ ïîñëåäóþùèì ñåãìåíòèðîâàíèåì îòëè÷àþùèõñÿ îáëàñòåé

è îòñëåæèâàíèåì èõ ïîëîæåíèÿ ïóòåì îáíàðóæåíèÿ ãåîìåòðè÷å-

ñêèõ ïåðåñå÷åíèé íà ñîñåäíèõ êàäðàõ. Ñðåäè íåäîñòàòêîâ äàííî-

ãî ìåòîäà ñëåäóåò âûäåëèòü íåîáõîäèìîñòü óñòàíîâêè îòäåëüíûõ

âåðòèêàëüíî ðàñïîëîæåííûõ êàìåð, íåîáõîäèìîñòü êàëèáðàöèè,

÷óâñòâèòåëüíîñòü ê èçìåíåíèþ óñëîâèé îñâåùåíèÿ, îáëàêàì, òå-

íÿì, áëèêàì, êîëûøóùåéñÿ ëèñòâå äåðåâüåâ è, ÷òî îñîáåííî âàæ-

íî, ê ïåðåêðûòèþ îáúåêòîâ.

Â äàííîé ðàáîòå ïðåäëàãàåòñÿ àëüòåðíàòèâíûé ñòàíäàðòíî-

ìó àëãîðèòì îáíàðóæåíèÿ è îòñëåæèâàíèÿ ëþäåé, îñíîâàííûé

íà îáúåäèíåíèè èí�îðìàöèè î âîçìîæíûõ ïîëîæåíèÿõ ëþäåé èç

ðàçíûõ èñòî÷íèêîâ (äåòåêòîð ñèëóýòà, âûäåëåíèå îáëàñòåé �îíà)

â äâóìåðíûå ìàññèâû � êàðòû âåðîÿòíîñòè.

Ïðåäëîæåííûé ìåòîä íå òðåáóåò êàëèáðàöèè, áîëåå óñòîé÷èâ

ê èçìåíåíèÿì óñëîâèé îñâåùåíèÿ, òåíÿì, êîëûùóùèìñÿ âåòâÿì

è ëèñòâå äåðåâüåâ è íå òðåáóåò óñòàíîâêè îòäåëüíûõ, âåðòèêàëüíî

íàïðàâëåííûõ êàìåð, ïîçâîëÿÿ èñïîëüçîâàòü ñòàíäàðòíûå êàìå-

ðû ñèñòåì áåçîïàñíîñòè. Ïðîâåäåííûé àâòîðàìè ñðàâíèòåëüíûé

ýêñïåðèìåíò, ïîêàçûâàåò ïðåèìóùåñòâà äàííîãî ïîäõîäà ïåðåä

ñòàíäàðòíûì íà ñöåíàõ ðàçëè÷íîé ñòåïåíè çàãðóæåííîñòè.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Probabilistic approach to people tracking
in surveillance video

Tsymbal Dmitry1
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Chaykin Alexey1,2 alexey@asgvisum.com
1Veliky Novgorod, ASGVisum
2Nizhny Novgorod, ASGVisum

Stable and accurate people tracking on surveillance videos is one of
the most challenging computer vision problems that has many appli-
cations in security and marketing.

The majority of existing people trackers use foreground extrac-
tion with consequent segmentation and overlap based tracking, which
results in sensitivity to lighting conditions changes, shadows, reflec-
tions, and — most importantly — to overlapping objects (people
standing close to each other, etc.).

The authors present a probabilistic approach to people tracking
that uses HOG based cascade of boosted classifiers in addition to
foreground extraction. By combining the information from FG and
HOG to the maps of probable person locations, it is possible to correct
both detection and foreground errors and fill in gaps where the results
are missed.

The conducted experiment demonstrates the ability of the pro-
posed method to handle overlapping people and tolerate shadows,
reflections, and other lighting conditions changes.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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äëÿ ñîçäàíèÿ áèîìåòðè÷åñêèõ øàáëîíîâ

â çàäà÷å ðàñïîçíàâàíèÿ ëèö

�îðáàöåâè÷ Âëàäèìèð Ñåðãååâè÷⋆ gvs�gosniias.ru

Âèçèëüòåð Þðèé Âàëåíòèíîâè÷ viz�gosniias.ru

Âîðîòíèêîâ Àíäðåé Âàëåðüåâè÷ andronzord�gmail.
om

Ìîñêâà, Ô�ÓÏ ¾�îñóäàðñòâåííûé íàó÷íî-èññëåäîâàòåëüñêèé

èíñòèòóò àâèàöèîííûõ ñèñòåì¿ (Ô�ÓÏ ¾�îñÍÈÈÀÑ¿)

Â ðàáîòå [1℄ ðàññìàòðèâàåòñÿ ïðîáëåìà ïîñòðîåíèÿ áèîìåòðè-

÷åñêèõ øàáëîíîâ â çàäà÷å ðàñïîçíàâàíèÿ ëèö. Ïîä áèîìåòðè÷å-

ñêèì øàáëîíîì ïîäðàçóìåâàåòñÿ íåêîòîðîå êîìïàêòíîå îïèñàíèå

öè�ðîâîãî èçîáðàæåíèÿ ëèöà. Ïðåäïîëàãàåòñÿ ñòðîèòü áèîìåòðè-

÷åñêèå øàáëîíû êàê áèíàðíûå âåêòîðà (òàê íàçûâàåìûå ¾õåøè¿),

à äëÿ èõ ñðàâíåíèÿ èñïîëüçîâàòü ðàññòîÿíèå Õýììèíãà, ò. å. â îá-

ùåì ñëó÷àå çàäà÷ó ïîñòðîåíèÿ òàêèõ øàáëîíîâ ìîæíî ïðåäñòà-

âèòü êàê çàäà÷ó õåøèðîâàíèÿ ñ îáó÷åíèåì ïî âûáîðêå. Êëþ÷åâàÿ

èäåÿ ïðåäëàãàåìîãî ïîäõîäà çàêëþ÷àåòñÿ â òîì, ÷òîáû ïîñëåäî-

âàòåëüíî ¾âûðàùèâàòü¿ õåø-êîä, äîáàâëÿÿ íà êàæäîé èòåðàöèè

ê èìåþùåìóñÿ óæå k-áèòîâîìó õåøó åùå îäèí ýëåìåíòàðíûé õåø
òàêèì îáðàçîì, ÷òîáû öåëåâîé êðèòåðèé êîäèðîâàíèÿ ïðè ýòîì

ìîíîòîííî óëó÷øàëñÿ. Äëÿ îáó÷åíèÿ è òåñòèðîâàíèÿ èñïîëüçó-

åòñÿ ðàçìå÷åííàÿ ¾ó÷èòåëåì¿ áàçà ïðèìåðîâ. Â êà÷åñòâå ýëåìåí-

òàðíûõ êîäåðîâ (êîäèðóþùèõ îäèí áèò) èñïîëüçóþòñÿ ëèíåéíûå

êëàññè�èêàòîðû â ïðîñòðàíñòâå ïðèçíàêîâ. Äëÿ îáó÷åíèÿ ýëå-

ìåíòàðíûõ êîäåðîâ èñïîëüçóåòñÿ îðèãèíàëüíàÿ ìîäè�èêàöèÿ àë-

ãîðèòìà RANSAC (random sample 
onsensus). Ïðåäñòàâëåííûå ðå-

çóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ ïîêàçûâàþò äîñòèæåíèå âû-

ñîêîãî êà÷åñòâà èäåíòè�èêàöèè ëèö ïðè ñèëüíûõ îãðàíè÷åíèÿõ

íà ðàçìåð áèîìåòðè÷åñêîãî êëþ÷à.

[1℄ �îðáàöåâè÷ Â.Ñ., Âîðîòíèêîâ À.Â., Âèçèëüòåð Þ.Â. Àëãîðèòì

ïîñëåäîâàòåëüíîé æàäíîé îïòèìèçàöèè öåëåâîé �óíêöèè êîäèðî-

âàíèÿ äëÿ ñîçäàíèÿ áèîìåòðè÷åñêèõ øàáëîíîâ â çàäà÷å ðàñïîçíàâà-

íèÿ ëèö // Âåñòíèê êîìïüþòåðíûõ è èí�îðìàöèîííûõ òåõíîëîãèé,

2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The problem of biometric templates generation for face recognition is
discussed in [1]. Biometric template is a compact description of face
image. It is assumed that biometric templates would be built like bi-
nary vectors (“hashes”) and in order to compare them, a Hamming
distance would be used. In other words, the problem of building of
such templates can be generally presented as hashing problem with
selective training. The main idea of this approach is that it is possi-
ble to “grow” a hash-code consequently, adding one 1-bit elementary
hash to existing k-bit hash with each new iteration in such a way
that coding objective criterion would be developed steadily. Labeled
by the “teacher” training set is used for training and testing. Lin-
ear classifiers are used in feature space as elementary coders (which
code just 1 bit). An original modification of RANSAC (random sam-
ple consensus) algorithm is used for elementary coders training. The
results of numerical experiments presented in the paper show the
achievement of high quality of facial identification in case of great
restrictions of the biometrical key size.

[1] Gorbatsevich, V., Vizilter Yu., and Vorotnikov A. 2015 (in press).
Algoritm posledovatel’noy zhadnoy optimizatsii tselevoy funktsii
kodirovaniya dlya sozdaniya biometricheskikh shablonov v zadache
raspoznavaniya lits [Sequential greedy optimization of coding func-
tion for binary templates construction in face recognition]. Vestnik
komp’yuternykh i informatsionnykh tekhnologiy [Herald of Computer
and Information Technologies].

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Àâòîìàòè÷åñêàÿ îöåíêà âîçðàñòà ÷åëîâåêà ïî �îòîãðà�èè ëè-

öà ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé â íàñòîÿùåå âðåìÿ. Åå ðåøåíèå

ïîìîæåò óëó÷øèòü âçàèìîäåéñòâèå ìåæäó ÷åëîâåêîì è êîìïüþ-

òåðîì, ðåàëèçîâàòü êîíòðîëü äîñòóïà, îñíîâàííûé íà îïðåäåëå-

íèè âîçðàñòà è ò. ä.

Ýòà çàäà÷à ÿâëÿåòñÿ êëàññè÷åñêèì ïðèìåðîì ðàñïîçíàâàíèÿ

îáðàçîâ. Îäíèì èç ñîâðåìåííûõ ïîäõîäîâ ê ðåøåíèþ çàäà÷ òàêî-

ãî ðîäà ÿâëÿåòñÿ èñïîëüçîâàíèå àëãîðèòìîâ ãëóáîêîãî îáó÷åíèÿ.

Êëþ÷åâîé îñîáåííîñòüþ ýòèõ àëãîðèòìîâ ÿâëÿåòñÿ îáó÷åíèå ïðè-

çíàêîâîãî îïèñàíèÿ îáúåêòîâ, êîòîðîå ëó÷øå ïîäõîäèò äëÿ ðåøå-

íèÿ êîíêðåòíîé çàäà÷è. Â äàííîé ñòàòüå ïðåäëàãàåòñÿ èñïîëü-

çîâàòü àëãîðèòì ãëóáîêîãî îáó÷åíèÿ ñ ó÷èòåëåì äëÿ óëó÷øåíèÿ

òî÷íîñòè ñóùåñòâóþùèõ ïîäõîäîâ äëÿ îöåíêè âîçðàñòà. Â êà÷å-

ñòâå áàçîâûõ ïîäõîäîâ áûëè âûáðàíû àêòèâíûå ìîäåëè âíåøíåãî

âèäà è áèîëîãè÷åñêè îáóñëîâëåííûå ïðèçíàêè, òàê êàê îñíîâàí-

íûå íà íèõ àëãîðèòìû ïîêàçàëè ñàìóþ âûñîêóþ òî÷íîñòü. Äëÿ

ðåøåíèÿ çàäà÷è êëàññè�èêàöèè èñïîëüçîâàëñÿ êàñêàä áèíàðíûõ

ìàøèí îïîðíûõ âåêòîðîâ ñ ãàóññîâûì ÿäðîì.

Â ðàìêàõ äàííîé ðàáîòû áûëè ðåàëèçîâàíû áàçîâûå ïîäõîäû

è ïðîâåäåíû ýêñïåðèìåíòû. Äëÿ ñðàâíåíèÿ êà÷åñòâà ðàáîòû àëãî-

ðèòìîâ èñïîëüçîâàëàñü ïîïóëÿðíàÿ ñðåäè èññëåäîâàòåëåé äàííîé

òåìû áàçà ëèö FG-NET. Ýêñïåðèìåíòû ïîêàçàëè, ÷òî äîáàâëåíèå

ïðèçíàêîâ, ïîëó÷åííûõ ñ ïîìîùüþ ãëóáîêîãî îáó÷åíèÿ ñ ó÷èòå-

ëåì, ê ïðèçíàêàì ñóùåñòâóþùèõ ïîäõîäîâ ìîæåò óëó÷øèòü òî÷-

íîñòü ðàñïîçíàâàíèÿ. Íàïðèìåð, äëÿ àêòèâíûõ ìîäåëåé âíåøíåãî

âèäà óëó÷øåíèå òî÷íîñòè ñîñòàâèëî 4%.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Automatic age estimation from facial images is a challenging prob-
lem upcoming in recent years. The solution can improve a human–
computer interaction, age-specific access control, etc.

This task is a classic example of pattern recognition task. One of
the state-of-the-art approaches in this field is a deep learning. The
key idea is learning the best feature representation to solve a certain
problem. In this paper, it is proposed to use supervised deep learning
features to improve accuracy of existing age estimation algorithms.
The active appearance model and the bio-inspired features were cho-
sen to be the basic approaches, because they have shown the best
accuracy. A cascade of binary support vector machines with gaussian
kernel was used as the classifier.

In this work, two basic approaches were implemented. Popular
Face and Gesture Recognition Research Network (FG-NET) database
was used to estimate an accuracy. The experiments have shown that
adding supervised deep learning features may improve an accuracy
for some basic models. For example, adding the features to the active
appearance model gave the 4 percent gain.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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h.edu
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as.ru

1
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2
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Äëÿ ïîèñêà âíåøíåé è âíóòðåííåé ãðàíèö ðàäóæêè, ïðåäñòàâ-

ëåííûõ êàê îêðóæíoñòè, èñïîëüçóåòñÿ ìîäè�èêàöèÿ ìåòîäîëîãèè

Õà�à � ìåòîä ïàðíûõ ãðàäèåíòîâ [1℄. Ïîñëå îáðàáîòêè èçîáðà-

æåíèÿ �èëüòðîì Êýííè èç ïèêñåëåé ïîëó÷èâøèõñÿ ãðàíèö âûáè-

ðàþòñÿ ïàðû, ñ âûñîêîé âåðîÿòíîñòüþ ëåæàùèå íà îäíîé îêðóæ-

íîñòè. Ââîäÿòñÿ óñëîâèÿ âûáîðà è âåðîÿòíîñòíûå êîý��èöèåíòû

êà÷åñòâà ïàðû äëÿ ñîêðàùåíèÿ ïåðåáîðà. Â ïðåîáðàçîâàíèè Õà�à

èñïîëüçóþòñÿ äâà àêêóìóëÿòîðà: äâóìåðíûé, èçîìîð�íûé èñõîä-

íîìó èçîáðàæåíèþ, ãîëîñîâàíèå â êîòîðîì ïðîèçâîäèòñÿ öåíòðà-

ìè îòðåçêîâ, çàäàâàåìûõ ïàðàìè, è îäíîìåðíàÿ ãèñòîãðàììà äèà-

ìåòðîâ, â êîòîðîé îòêëàäûâàþòñÿ äëèíû ýòèõ îòðåçêîâ. Ïðîâåäåí

âû÷èñëèòåëüíûé ýêñïåðèìåíò, ïðîâåðÿþùèé ðàáîòîñïîñîáíîñòü

àëãîðèòìà íà äàííûõ èç îòêðûòûõ áàç èçîáðàæåíèé ðàäóæêè.

Îïðåäåëåíû íåäîñòàòêè àëãîðèòìà, âûçûâàþùèå íåêîððåêòíóþ

îáðàáîòêó íåêîòîðûõ âõîäíûõ èçîáðàæåíèé. Òðåáóåòñÿ äàëüíåé-

øèé àíàëèç ïðåäëàãàåìîãî àëãîðèòìà è ïîâûøåíèå åãî óñòîé÷è-

âîñòè.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �13-01-00866.

[1℄ Å�èìîâ Þ.Ñ. Ïîèñê âíåøíåé è âíóòðåííåé ãðàíèö ðàäóæíîé îáî-

ëî÷êè íà èçîáðàæåíèè ãëàçà ìåòîäîì ïàðíûõ ãðàäèåíòîâ // Ìà-

øèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 14.

jmlda.org/papers/do
/2015/JMLDA2015no14.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Locating external and internal borders of the iris
in eye image by paired gradients method

Efimov Yury1
⋆ yuri.efimov@phystech.edu

Matveev Ivan2 matveev@ccas.ru
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

To search for circular representations of inner and outer boundaries
of the iris, a method of paired gradients is used, which is a modifica-
tion of the Hough methodology [1]. Image is processed with Canny
filter and from the resulting boundaries, pairs of pixels are selected
which have high probability to belong to one circle. Selection criteria
and probability coefficients are introduced for reduction of number
of these pairs. The Hough transform uses two accumulators: the two-
dimensional isomorphic to the original image in which voting is done
by centers of segments defined by pixel pairs and one-dimensional
histogram of the diameters where lengths of these segments are col-
lected. Computational experiment is performed to check the efficiency
of the algorithm on data from the public iris image databases. Draw-
backs of the algorithm that may cause incorrect handling of some
of the input images are identified. Further analysis of the proposed
algorithm and increasing its stability are required.

This research is funded by the Russian Foundation for Basic Re-
search, grant 13-01-00866.

[1] Efimov, Y. 2015 (in press). Locating external and internal borders of
the iris in eye image by paired gradients method. J. Mach. Learn. Data
Anal. 1(14). jmlda.org/papers/doc/2015/JMLDA2015no14.pdf.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Êîìáèíèðîâàíèå îäíîêëàññîâîé öâåòîâîé

ñåãìåíòàöèè è ñêåëåòèçàöèè áèíàðíûõ

èçîáðàæåíèé äëÿ äåòåêòèðîâàíèÿ êèñòè ðóêè
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Ñåðåäèí Îëåã Ñåðãååâè÷
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Ëàðèí Àëåêñàíäð Îëåãîâè÷
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ekzebox�gmail.
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Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
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Ìîñêâà, Ìîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò (�Ó)

Â áîëüøîì êîëè÷åñòâå ðàáîò, ïîñâÿùåííûõ ðàñïîçíàâàíèþ

æåñòîâ è óïðàâëåíèþ ñ èõ ïîìîùüþ ðàçëè÷íûìè îáúåêòàìè, âî-

ïðîñ äåòåêòèðîâàíèÿ êèñòè ðóêè ÷åëîâåêà â âèäåîïîòîêå îñòàåòñÿ

çà ïðåäåëàìè èññëåäîâàíèé, ïîñêîëüêó ñåãìåíòèðîâàíèå êèñòè ÿâ-

ëÿåòñÿ äîñòàòî÷íî òðóäíîé ñàìîñòîÿòåëüíîé çàäà÷åé. Ñëîæíîñòü

åå ðåøåíèÿ çàêëþ÷àåòñÿ â òîì, ÷òî ðóêè ðàçëè÷àþòñÿ ïî �îðìå,

à êèñòü ÷åëîâåêà èìååò áîëüøîå êîëè÷åñòâî ñòåïåíåé ñâîáîäû.

Ñóùåñòâóþùèå ñòàíäàðòíûå ìåòîäû ðåøåíèÿ, èñïîëüçóþùèå

âû÷èòàíèå �îíà èëè ñåãìåíòàöèþ êîæè ïî óðîâíþ â öâåòîâîì

ïðîñòðàíñòâå HSV, õîðîøî ðàáîòàþò â óñëîâèÿõ îäíîðîäíîãî

íåèçìåíÿþùåãîñÿ �îíà. Îäíàêî ïî ìåðå åãî óñëîæíåíèÿ âûïîë-

íèòü ñåãìåíòàöèþ ñòàíîâèòñÿ ïðîáëåìàòè÷íî.

Â õîäå èññëåäîâàíèé áûë ïðåäëîæåí ìåòîä ðåøåíèÿ çàäà÷è

ñåãìåíòàöèè ñ èñïîëüçîâàíèåì îäíîêëàññîâîãî ïèêñåëüíîãî êëàñ-

ñè�èêàòîðà, ðàáîòàþùåãî â öâåòîâîì ïðîñòðàíñòâå RGB [1℄, ÷òî

ïîçâîëÿåò íàéòè îáëàñòè, â êîòîðûõ ïîòåíöèàëüíî ìîæåò íàõî-

äèòüñÿ êèñòü ðóêè. Äëÿ îïðåäåëåíèÿ òîãî, â êàêèõ èìåííî îáëà-

ñòÿõ íàõîäèòñÿ êèñòü, à êàêèå ñîäåðæàò øóì, èñïîëüçóåòñÿ ñî-

ïîñòàâëåíèå ñ îáðàçöîì íà îñíîâå ñêåëåòíûõ ãðà�îâ áèíàðíûõ

ðàñòðîâûõ èçîáðàæåíèé.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-00527-à è 14-07-

31271-ìîë_à.

[1℄ Larin A., Seredin O., Kopylov A., Kuo S.Y., Huang S.-C., Chen B.H.
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Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Combining of one-class color segmentation
and binary images skeletonization for hand detecting
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1Tula, Tula State University
2Moscow, Moscow Institute of Physics and Technology (State University)

There are a lot of works devoted to gesture recognition and control of
different objects with their help. However, the task of detecting the
human’s hand in the video stream remains beyond the research, be-
cause segmenting of the palm is a quite difficult independent scientific
issue. The complexity of its solution is based on a large number of
freedom degrees a human’s hand, its shape, and color differences. Ad-
ditional problems arise from the heterogeneity, varying backgrounds.

Existing standard methods use background subtraction or skin
segmentation by the level in the HSV color space. Most of them work
well in a homogeneous constant background. However, it becomes
difficult to perform its segmentation at the increasing complexity.

During the research, a method of resolving problem of segmenta-
tion via one-class pixel classifier that works in RGB color space has
been suggested [1].

Segmentation allows to find area in which the hand can be located
potentially. To determine which specific areas contain a palm and
which contain the noise, pattern matching based on the skeletal graph
of binary raster images has been used.

This research is funded by the Russian Foundation for Basic Re-
search, grants 14-07-00527 and 14-07-31271.

[1] Larin, A., Seredin O., Kopylov A., Kuo S.Y., Huang S.-C., and
Chen B.H. 2014. Parametric representation of objects in color space
using one-class classifiers. Machine learning and data mining in pat-
tern recognition. Ed. P. Perner. Lecture notes in computer science ser.
Switzerland: Springer International Publishing. 8556:300–314. http:

//link.springer.com/chapter/10.1007/978-3-319-08979-9_23.
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Îáñóæäàþòñÿ ðåçóëüòàòû ïîñòðîåíèÿ ãðàíèö ëåâîãî æåëóäî÷-

êà ñåðäöà íà ýõîãðà�è÷åñêîì èçîáðàæåíèè àïèêàëüíîé ÷åòûðåõ-

êàìåðíîé ïðîåêöèè ñåðäöà ÷åëîâåêà áåç ïàòîëîãèé ñåðäå÷íîé

ìûøöû ñ ïîìîùüþ àâòîìàòè÷åñêîãî àëãîðèòìà îêîíòóðèâàíèÿ.

�àáîòîñïîñîáíîñòü èññëåäîâàííîãî àëãîðèòìà ïîäòâåðæäåíà ýêñ-

ïåðòíûìè îöåíêàìè. Ïðåäëîæåí êðèòåðèé, ïîçâîëÿþùèé àâòîìà-

òè÷åñêè èäåíòè�èöèðîâàòü êîíòóðû ïðàâèëüíîé è íåïðàâèëüíîé

�îðìû. Îïðåäåëåíû íàïðàâëåíèÿ äàëüíåéøèõ èññëåäîâàíèé äëÿ

óëó÷øåíèÿ êà÷åñòâà îêîíòóðèâàíèÿ [1℄.

�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå Ô�ÁÓ ¾Ôîíä

ñîäåéñòâèÿ ðàçâèòèþ ìàëûõ �îðì ïðåäïðèÿòèé â íàó÷íî-òåõíè-

÷åñêîé ñ�åðå¿ â ðàìêàõ ãîñêîíòðàêòà �11475ð/20975.

[1℄ Çþçèí Â.Â., Ïîðøíåâ Ñ.Â., Áîáêîâà À.Î., Ìóõòàðîâ À.À, Áîá-

êîâ Â.Â. Àíàëèç ðåçóëüòàòîâ îêîíòóðèâàíèÿ ëåâîãî æåëóäî÷êà

ñåðäöà íà ýõîãðà�è÷åñêèõ èçîáðàæåíèÿõ ó çäîðîâûõ ïàöèåíòîâ

ñ ïîìîùüþ àâòîìàòè÷åñêîãî àëãîðèòìà // Ìàøèííîå îáó÷åíèå

è àíàëèç äàííûõ, 2015. T. 1. � 11. Ñ. 1529�1538. jmlda.org/papers/

do
/2015/no11/Zyuzin2015Contouring.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The analysis of results of the left ventricle contouring
using automatic algorithm on ultrasound images
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The features of automatic contouring of the left ventricle (LV) on
echographic sequences are discussed. The automatic algorithm con-
touring of the LV of the heart on frames, which contain the image of
the apical four-chamber projection of the human heart, is proposed.
The quality assessment of automatic contouring is obtained with com-
parison of expert contours and automatically generated contours. It is
shown that using parameters such as precision and recall traditionally
used in assessing the quality of information search, when comparing
expert and automatically generated contours, cannot obtain, ade-
quate from the physical point of view, assessments of the quality of
the automated algorithm. The study results in the kinematics of the
mass center of the LV region of the heart, which allowed to propose
a criterion for the automatic evaluation of the proper construction
of an LV contour on separate frames of the video sequence. Identi-
fied areas for further research are aimed at improving the quality of
contouring [1].

The work was carried out with financial support of Federal State-
Financed Establishment The Fund of Advancement of Small Enter-
prises in Scientific and Technical Sphere within the framework of state
contract 11475p/20975.

[1] Zyuzin, V., Porshnev S., Bobkova A., Mukhtarov A, and Bobkov V.
2015. The analysis of results of the left ventricle contour-
ing using automatic algorithm on ultrasound images. J. Mach.

Learn. Data Anal. 1(11):1529–1538. jmlda.org/papers/doc/2015/

no11/Zyuzin2015Contouring.pdf.
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Òóëà, Òóëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Çàäà÷à îïðåäåëåíèÿ ñèììåòðèè è íàõîæäåíèÿ ìåðû ñèììåò-

ðèè íà öâåòíûõ è ÿðêîñòíûõ èçîáðàæåíèÿõ õîðîøî èçâåñòíà

è îáû÷íî ðåøàåòñÿ íà îñíîâå îïðåäåëåíèÿ ñèììåòðèè îñîáûõ òî-

÷åê. Â òî æå âðåìÿ àíàëîãè÷íàÿ çàäà÷à äëÿ áèíàðíûõ èçîáðàæå-

íèé íå ñòàâèòñÿ, õîòÿ àíàëèç �îðì èçîáðàæåíèé ïîêàçûâàåò, ÷òî

ðÿäó îáúåêòîâ ïðèñóùà çåðêàëüíàÿ ñèììåòðèÿ. Íàïðèìåð, â áèî-

ëîãèè òàêàÿ ñèììåòðèÿ íàçûâàåòñÿ áèëàòåðàëüíîé, à çåðêàëüíî-

ñèììåòðè÷íûå âèäû, íàïðèìåð, áàáî÷êè, � áèëàòåðàëàìè. Áîëåå

òîãî, ñèììåòðèÿ ïîíèìàåòñÿ êàê ïîêàçàòåëü çäîðîâüÿ âèäîâ. Íà-

ïðèìåð, ÿðêî âûðàæåííîå îòñóòñòâèå ñèììåòðèè áèëàòåðàëüíûõ

ëèñòüåâ ðàñòåíèé ÿâëÿåòñÿ èíäèêàòîðîì îòêëîíåíèÿ óñëîâèé ïðî-

èçðàñòàíèÿ îò íîðìû. Ñëåäîâàòåëüíî, ñóùåñòâóþò ïðèëîæåíèÿ

äëÿ îïðåäåëåíèÿ ñèììåòðèè �îðì.

Ìåòîä ñðàâíåíèÿ áèíàðíûõ èçîáðàæåíèé íà îñíîâå öåïî÷åê

ñêåëåòíûõ ïðèìèòèâîâ, ïðåäëîæåííûé â [1℄, ïðèìåíèì íå òîëüêî

äëÿ âû÷èñëåíèÿ ìåðû ðàçëè÷èÿ �èãóð, íî è äëÿ îïðåäåëåíèÿ ñèì-

ìåòðèè �îðìû è ìåðû ñèììåòðè÷íîñòè. Cêåëåò ñèììåòðè÷íûõ

(èëè êâàçèñèììåòðè÷íûõ) �îðì òàêæå ñèììåòðè÷åí, ò. å. ñîñòî-

èò èç ñèììåòðè÷íûõ ¾ïðàâîé¿ è ¾ëåâîé¿ ÷àñòåé. Åñëè ïîñòðîèòü

äëÿ ýòèõ ÷àñòåé öåïî÷êè ïðèìèòèâîâ, îáîéäÿ ëåâóþ ïðîòèâ ÷àñî-

âîé ñòðåëêè, à ïðàâóþ �� ïî ÷àñîâîé, òî ïîëó÷èì îäèíàêîâûå èëè

ïî÷òè îäèíàêîâûå ëåâóþ è ïðàâóþ ïîäöåïî÷êè, ìåðó ñèììåòðè÷-

íîñòè êîòîðûõ ìîæíî îïðåäåëèòü ïðè ïîìîùè ðàíåå ïðåäëîæåí-

íîé �óíêöèè ñðàâíåíèÿ öåïî÷åê íà îñíîâå ïàðíîãî âûðàâíèâà-

íèÿ. Ñëåäîâàòåëüíî, ðåøàåòñÿ ïðîáëåìà îïðåäåëåíèÿ íà÷àëüíîé

è êîíå÷íîé âåðøèí îáõîäà ïðàâîé è ëåâîé ÷àñòåé ñêåëåòà, êîòî-

ðûå áóäóò òî÷êàìè èñêîìîé îñè ñèììåòðèè.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ ��14-07-31271-ìîë_à

è 14-07-00527-À.
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The problem of symmetry extraction and symmetry measure calcula-
tion for gray-scale and color images is well-known. It is usually solved
using information about characteristic points of the image. Neverthe-
less, the same task for the binary images is not formulated despite
the fact that the range of shapes of real-world objects has the prop-
erty of reflectional symmetry. For example, this property is essential
for many plant leaves or butterfly species. Such species are known as
Bilateria in biology. Moreover, bilateral symmetry in biology is con-
sidered as the feature of healthy state. If the shape of bilateral leaves
deviates from the symmetry, it means that the environment condi-
tions differ a lot from the optimum. Above-mentioned facts prove that
there is a range of applications for the shape symmetry extraction and
measuring techniques.

The method for binary images comparison based on primitive
chains proposed in [1] can be applied not only to the shape matching
but also to the shape symmetry extraction and symmetry measure
calculation. The skeleton of symmetric (or almost symmetric) shape
also has symmetric property, that is, it can be divided into symmetric
“left” and “right” parts. Two chains of primitives can be found for
them by traversing right skeleton part clockwise and left part ––
anticlockwise. These chains are equal or one is very similar to another,
they can be compared using pairwise alignment procedure proposed
in [1]. Thus, the start and the end skeleton vertices for the “left” and
“right” traversing have to be evaluated. These vertices are the points
on the symmetry axis, and the measure of “left” and “right” chain
parts matching is considered as the symmetry measure of the shape.

This research is funded by the Russian Foundation for Basic Re-
search, grants 14-07-31271 and 14-07-00527.
[1] Kushnir O., Seredin O. 2015 (in press). Shape matching based on skele-

tonization and alignment of primitive chains. 4th Conference (Interna-
tional) on Analysis of Images, Social Networks, and Tests Proceedings.
Springer.
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Ìåñòåöêèé Ëåîíèä Ìîèñååâè÷

1
⋆ mestlm�mail.ru

Òèðàñ Õàðëàìïèé Ïàíòåëååâè÷
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tiras1950�yandex.ru

1
Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì.Â. Ëîìîíîñîâà, Ôàêóëüòåò ÂÌÊ

2
Ïóùèíî, Ïóùèíñêèé åñòåñòâåííî-íàó÷íûé èíñòèòóò

�åñíè÷íûå ïëîñêèå ÷åðâè ïëàíàðèè îáëàäàþò âûäàþùèìèñÿ

ñïîñîáíîñòÿìè ê ðåãåíåðàöèè � îòðàñòàíèþ óòðà÷åííûõ ÷àñòåé

òåëà ïîñëå ïîïåðå÷íîé ïåðåðåçêè. Íàáëþäåíèå çà ïðîöåññîì ðå-

ãåíåðàöèè îñóùåñòâëÿåòñÿ ïóòåì âèäåîðåãèñòðàöèè äâèæóùåéñÿ

ïëàíàðèè â ïîëå çðåíèÿ ìèêðîñêîïà. Äëÿ èçìåðåíèÿ ñòåïåíè ðåãå-

íåðàöèè [1℄ âîçíèêàåò íåîáõîäèìîñòü â íîðìàëèçàöèè èçîáðàæå-

íèé � âèðòóàëüíîì ïðèâåäåíèè òåëà ÷åðâÿ â ¾ðàñïðÿìëåííîå¿

ïîëîæåíèå. Ïðåäëàãàåìûé ìåòîä, îñíîâàííûé íà ïîñòðîåíèè ìî-

äåëè òåëà ïëàíàðèè â âèäå æèðíîé ëèíèè [2℄, âêëþ÷àåò â ñåáÿ

ñëåäóþùèå øàãè:

� ñåãìåíòàöèÿ � âûäåëåíèå òåëà ïëàíàðèè íà èçîáðàæåíèè;

� ïîëó÷åíèå ìåäèàëüíîãî ïðåäñòàâëåíèÿ �îðìû ïëàíàðèè â âè-

äå íåïðåðûâíîãî ñêåëåòà è ðàäèàëüíîé �óíêöèè;

� àïïðîêñèìàöèÿ ìåäèàëüíîãî ïðåäñòàâëåíèÿ ïëàíàðèè æèðíîé

êðèâîé Áåçüå;

� ïàðàìåòðèçàöèÿ ãðàíèöû îáúåêòà � îïðåäåëåíèå ëîêàëüíûõ

êîîðäèíàò ãðàíèöû îòíîñèòåëüíî æèðíîé êðèâîé;

� ðàñïðÿìëåíèå îñè è ñîîòâåòñòâóþùåå ïðåîáðàçîâàíèå ãðàíèöû

îáúåêòà.

Íà îñíîâå íîðìàëèçàöèè èçîáðàæåíèÿ ïëàíàðèè îöåíèâàþòñÿ âå-

ëè÷èíà è ñêîðîñòü ðåãåíåðàöèè. Êîððåêòíîñòü è ý��åêòèâíîñòü

ìåòîäà ïîäòâåðæäàþòñÿ ðåçóëüòàòàìè âû÷èñëèòåëüíûõ ýêñïåðè-

ìåíòîâ íà áîëüøîé áàçå èçîáðàæåíèé.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ �14-01-00716 è �15-

29-01135 è �îñçàäàíèÿ Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè �Ô,

�2912.

[1℄ Òèðàñ Õ.Ï., Ïåòðîâà Î.Í., Ìÿêèøåâà Ñ.Í., Äååâ À.À., Àñëà-

íèäè Ê.Á. Ìèíèìèçàöèÿ ïîãðåøíîñòåé ìîð�îìåòðèè ðåãåíåðèðó-

þùèõ ïëàíàðèé // Ôóíäàìåíòàëüíûå èññëåäîâàíèÿ, 2015. �2. ×. 7.

Ñ. 1412�1416.

[2℄ Mestetskii L.M. Fat 
urves and representation of planar �gures //

Comput. Graphi
s, 2000. Vol. 24. No. 1. P. 9�21.
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Ciliated planarians flatworms possess outstanding ability to regener-
ate — regrowth of lost body parts after cross-sectioning. Monitor-
ing the process of regeneration [1] is accomplished by moving video
recording planarians under the microscope. The normalization of im-
ages is necessary for measuring the level of regeneration. The normal-
ization is a virtual “straightening” of the worm’s body.

The proposed method is based on constructing a model of a pla-
naria body as a fat curve [2]. The fat curve is a family of circles
centered on a segment of a continuous smooth curve and radii of
circles are described by a smooth function of the curve point.

Solution of the problem involves the following steps:

— segmentation — extraction of the planarian body in the image;
— obtaining the medial representation of planarian shape as a con-

tinuous skeleton and radial function;
— approximation of the medial representation of planarian shape by

fat Bezier curve;
— parameterization of the object’s border — defining the local co-

ordinates of the boundaries with respect to the fat curve; and
— straightening the main axis of the skeleton and the corresponding

transformation of the object’s border.

The method of evaluation of the size and speed of planarian re-
generation is proposed for a normalized planarian image. Correctness
and efficiency of the proposed method are confirmed by the results
of computational experiments with a large database of images.

This research is funded by the Russian Foundation for Basic Re-
search, grants 14-01-00716 and 15-29-01135 and by the Ministry of
Education and Science of the Russian Federation, grant 2912.
[1] Tiras, H.P., O.N. Petrova, S.N. Myakisheva, A.A. Deev, and

K.B. Aslanidi. 2015. Minimizing of morphometric errors in planarian
regeneration. Fundamental Research 2(7):1412–1416.

[2] Mestetskii, L. 2000. Fat curves and representation of planar figures.
Comput. Graphics 24(1):9–21.
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Ìîñêâà, Âû÷èñëèòåëüíûé öåíòð èì. À.À. Äîðîäíèöûíà �ÀÍ

�àñïîçíàâàíèå ÷åëîâåêà ïî èçîáðàæåíèþ ðàäóæíîé îáîëî÷-

êè � àêòóàëüíàÿ çàäà÷à â áèîìåòðè÷åñêèõ ñèñòåìàõ. Ïîìèìî

âûäåëåíèÿ ðàäóæêè êàê êîëüöåâîé îáëàñòè äëÿ ïîâûøåíèÿ òî÷-

íîñòè ðàñïîçíàâàíèÿ îïðåäåëÿþò îáëàñòè çàòåíåíèÿ (áëèêè, âå-

êè, ðåñíèöû è äð.). Çàäà÷à âûäåëåíèÿ çàòåíåíèé ðàäóæêè ìîæåò

áûòü ïîñòàâëåíà êàê êëàññè�èêàöèÿ ïèêñåëåé êîëüöåâîé îáëàñòè

íà äâà êëàññà: ¾ðàäóæêà¿ è ¾çàòåíåíèå¿. Â êîëüöåâîé îáëàñòè

îïðåäåëÿåòñÿ ñåãìåíò S ñ ìèíèìàëüíîé äèñïåðñèåé ÿðêîñòè, êî-

òîðûé, êàê ïðàâèëî, íå ñîäåðæèò çàòåíåíèé (â äàííîé ðàáîòå

ýòîò ñåãìåíò ðàññìàòðèâàåòñÿ êàê ÷àñòü âõîäíûõ äàííûõ). Îáó÷à-

þùàÿ âûáîðêà êëàññà ¾ðàäóæêà¿ çàäàåòñÿ ïî ïèêñåëÿì ýòîãî ñåã-

ìåíòà. Èñïîëüçîâàíèå ñåêòîðà S äëÿ îáó÷åíèÿ ïîçâîëÿåò èçáå-

æàòü èñïîëüçîâàíèÿ îáó÷àþùåé âûáîðêè, ðàçìå÷åííîé âðó÷íóþ,

ò. å. ïîñòðîèòü ïîëíîñòüþ àâòîìàòè÷åñêèé ìåòîä [1℄.

Â ðàáîòå èñïîëüçóåòñÿ êëàññè�èêàòîð íà îñíîâå ìíîãîìåðíîãî

ãàóññèàíà, à â êà÷åñòâå ïðèçíàêîâ èñïîëüçîâàíû ÿðêîñòü â òî÷êå,

ñðåäíÿÿ ÿðêîñòü â îêðåñòíîñòè, ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå

ÿðêîñòè â îêðåñòíîñòè è ïÿòü êîìïîíåíò äèñêðåòíîãî êîñèíóñ-

íîãî ïðåîáðàçîâàíèÿ. Ïàðàìåòðû ìåòîäà îïòèìèçèðîâàíû ñ ïî-

ìîùüþ ãåíåòè÷åñêîãî àëãîðèòìà. �åçóëüòàò ðàáîòû êëàññè�èêà-

òîðà ïîäâåðãàåòñÿ ìîð�îëîãè÷åñêîé ïîñòîáðàáîòêå, ÷òî ïîçâîëÿ-

åò èçáàâèòüñÿ îò øóìà è ñëîæíîñòåé ñ îáðàáîòêîé ó÷àñòêîâ âåêà,

âíåøíå ñõîæèõ ñ ðàäóæêîé. Â êà÷åñòâå �óíêöèè îøèáêè èñïîëü-

çîâàëàñü ñóììà îòíîñèòåëüíûõ îøèáîê ïåðâîãî è âòîðîãî ðîäà.

Ìåòîä ðåàëèçîâàí â ñèñòåìå Matlab. Ñðåäíåå çíà÷åíèå �óíêöèè

îøèáêè íà èçîáðàæåíèÿõ èç áàçû CASIA ñîñòàâèëî 0,286.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-01-05552.

[1℄ Ñîëîìàòèí È.À., Ìàòâååâ È.À. Îïðåäåëåíèå âèäèìîé îáëàñòè

ðàäóæêè êëàññè�èêàòîðîì ëîêàëüíûõ òåêñòóðíûõ ïðèçíàêîâ //

Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 14.

jmlda.org/papers/do
/2015/JMLDA2015no14.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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A person recognition by the image of the iris is an actual problem.
To increase the accuracy of recognition, usually areas of occlusion
are detected in addition to locating of the iris as an annular region.
The problem of occlusion detection can be set as the classification of
pixels from annular region into two classes: “iris” and “occlusion.”
In the annular region, the segment S with minimum dispersion of
brightness is selected, which usually contains no occlusion (in this
article, this segment is not calculated and supposed to be a part of
the input data). The training set of class “iris” is set by local textural
features of the pixels from this segment. Using sector S as training
set lets to avoid using hand-marked training set and it means that
the method is automatic [1].

A classifier based on a multidimensional Gaussian is used and
the features are brightness, average brightness in the neighborhood,
the standard deviation of the brightness in the neighborhood, and
five components of the discrete cosine transform. Parameters of the
algorithm are optimized by a genetic algorithm. The morphological
postprocessing of the output of the classifier eliminates the noise and
helps to classify areas of the eyelid which are similar to the iris. Sum
of the relative errors of the first and second type is used as an error
function. The method was implemented in Matlab. The average value
of the error function at the images from the CASIA database was
0.286.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-01-05552.

[1] Solomatin, I., and Matveev I. 2015 (in press). Detecting visible areas
of iris by qualifier of local textural features // J. Mach. Learn. Data
Anal. 1(14). jmlda.org/papers/doc/2015/JMLDA2015no14.pdf.
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Ìàòåìàòè÷åñêèå àñïåêòû öè�ðîâîãî ìîäåëèðîâàíèÿ ðåëüå�à

âêëþ÷àþò èíòåðïîëÿöèþ öè�ðîâûõ ìîäåëåé âûñîò (ÖÌÂ), ãåíå-

ðàëèçàöèþ è ïîäàâëåíèå øóìà â ÖÌÂ, à òàêæå ðàñ÷åò ìîð�î-

ìåòðè÷åñêèõ õàðàêòåðèñòèê íà îñíîâå âû÷èñëåíèÿ ÷àñòíûõ ïðî-

èçâîäíûõ âûñîòû. Ýòè ïðîöåäóðû òðàäèöèîííî îñíîâàíû íà ÷èñ-

ëåííîé îáðàáîòêå ÖÌÂ � äèñêðåòíûõ �óíêöèé äâóõ ïåðåìåííûõ.

Àâòîðàìè ðàçðàáîòàí ñïåêòðàëüíî-àíàëèòè÷åñêèé ìåòîä è àë-

ãîðèòì íà îñíîâå îðòîãîíàëüíûõ ðàçëîæåíèé âûñîêîãî ïîðÿäêà

ñ èñïîëüçîâàíèåì ìíîãî÷ëåíîâ ×åáûø¼âà I ðîäà ñ ïîñëåäóþùèì

ñóììèðîâàíèåì Ôåéåðà. Ìåòîä è àëãîðèòì ïðåäíàçíà÷åíû äëÿ

àíàëèòè÷åñêîé îáðàáîòêè ÖÌÂ, âêëþ÷àÿ ãëîáàëüíóþ àïïðîêñè-

ìàöèþ ÖÌÂ, ãåíåðàëèçàöèþ è ïîäàâëåíèå øóìà â ÖÌÂ, à òàêæå

ðàñ÷åò ìîð�îìåòðè÷åñêèõ õàðàêòåðèñòèê íà îñíîâå àíàëèòè÷å-

ñêîãî âû÷èñëåíèÿ ÷àñòíûõ ïðîèçâîäíûõ [1℄.

Äëÿ òåñòèðîâàíèÿ ìåòîäà è àëãîðèòìà èñïîëüçîâàëàñü ÖÌÂ

Ñåâåðíûõ Àíä, âêëþ÷àþùàÿ 230 880 òî÷åê (ìàòðèöà âûñîò

480×481). Öè�ðîâûå ìîäåëè âûñîò áûëè âîññòàíîâëåíû ñ èñïîëü-

çîâàíèåì 480, 240, 120, 60 è 30 êîý��èöèåíòîâ ðàçëîæåíèÿ. Ïåð-

âûå è âòîðûå ÷àñòíûå ïðîèçâîäíûå âûñîòû áûëè àíàëèòè÷åñêè

ðàññ÷èòàíû ïî âîññòàíîâëåííûì ÖÌÂ. Ïðîèçâîäíûå áûëè èñ-

ïîëüçîâàíû äëÿ ðàñ÷åòà ìîäåëåé ãîðèçîíòàëüíîé êðèâèçíû (kh).
Ñåðèÿ êàðò âûñîòû è kh, ïîëó÷åííûõ äëÿ ðàçëè÷íîãî ÷èñëà êî-

ý��èöèåíòîâ ðàçëîæåíèÿ, õîðîøî èëëþñòðèðóåò ãåíåðàëèçàöèþ

äàííûõ, ïîäàâëåíèå øóìà è óäàëåíèå àðòå�àêòîâ, ïðèñóòñòâóþ-

ùèõ â èñõîäíîé ÖÌÂ. �åçóëüòàòû òåñòèðîâàíèÿ ïîêàçàëè âûñî-

êóþ ðàáîòîñïîñîáíîñòü ïðåäëàãàåìîãî ìåòîäà è àëãîðèòìà. Îíè

ìîãóò ïðèìåíÿòüñÿ êàê óíèâåðñàëüíîå ñðåäñòâî äëÿ àíàëèòè÷å-

ñêîé îáðàáîòêè äàííûõ â öè�ðîâîì ìîäåëèðîâàíèè ðåëüå�à.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-02484.

[1℄ Florinsky I.V., Pankratov A.N. Digital terrain modeling with

orthogonal polynomials // J. Ma
h. Learn. Data Anal., 2015.

Vol. 1. No. 12. P. 1647�1659. jmlda.org/papers/do
/2015/no12/

Florinsky2015Terrain.pdf.
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Mathematical problems of digital terrain analysis includes interpo-
lation of digital elevation models (DEMs), DEM generalization and
denoising, and computation of morphometric variables by calculation
of partial derivatives of elevation. Traditionally, these procedures are
based on numerical treatments of two-variable discrete functions of
elevation.

The authors developed a spectral analytical method and algo-
rithm based on high-order orthogonal expansions using the Cheby-
shev polynomials of the first kind with the subsequent Fejer sum-
mation. The method and algorithm are intended for DEM analytical
treatment, such as DEM global approximation, generalization and
denoising as well as computation of morphometric variables by ana-
lytical calculation of partial derivatives [1].

To test the method and algorithm, a DEM of the Northern Andes
including 230,880 points (the elevation matrix 480×481) has been
used. Digital elevation models were reconstructed with 480, 240, 120,
60, and 30 expansion coefficients. The first and second partial deriva-
tives of elevation were analytically calculated from the reconstructed
DEMs. The models of horizontal curvature (kh) were then computed
with the derivatives. A set of elevation and kh maps related to differ-
ent number of expansion coefficients illustrates well the data gener-
alization effects, denoising, and removal of artifacts contained in the
original DEM.

The test results demonstrated a good performance of the devel-
oped method and algorithm. They can be utilized as a universal tool
for analytical treatment in digital terrain modeling.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-02484.
[1] Florinsky, I. V., and Pankratov A.N. 2015. Digital terrain modeling

with orthogonal polynomials. J. Mach. Learn. Data Anal. 1(12):1647–
1659. jmlda.org/papers/doc/2015/no12/Florinsky2015Terrain.

pdf.
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Èñïîëüçîâàíèå òåêñòóðíîãî èçîáðàæåíèÿ âíåøíåé

ñòîðîíû ïàëüöåâ â êëèåíò-ñåðâåðíîé ñèñòåìå

áèîìåòðè÷åñêîé èäåíòè�èêàöèè

×åðíûøîâ Âèêòîð �åííàäüåâè÷⋆ web
reator18�gmail.
om

Ìåñòåöêèé Ëåîíèä Ìîèñååâè÷ mestlm�mail.ru

Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì. Ì. Â. Ëîìîíîñîâà, Ôàêóëüòåò ÂÌÊ

Ïîâñåìåñòíîå ðàñïðîñòðàíåíèå ïëàíøåòîâ è ñìàðò�îíîâ åñòå-

ñòâåííûì îáðàçîì ñòèìóëèðóåò ðàçðàáîòêó íîâûõ ñèñòåì áèî-

ìåòðè÷åñêîé èäåíòè�èêàöèè íà èõ îñíîâå. Íàðÿäó ñ îòïå÷àòêà-

ìè ïàëüöåâ è ðàäóæíîé îáîëî÷êîé ãëàçà ïðèìåíåíèå ëàäîíè äëÿ

ðàñïîçíàâàíèÿ ëè÷íîñòè ÷åëîâåêà �� ïåðñïåêòèâíîå íàïðàâëåíèå

â ñîâðåìåííûõ ïðèêëàäíûõ çàäà÷àõ. Õàðàêòåðèñòèêè ìîáèëüíûõ

óñòðîéñòâ (âû÷èñëèòåëüíàÿ ìîùíîñòü, êà÷åñòâî êàìåðû, âûñîêî-

ñêîðîñòíûå ïðîòîêîëû ñâÿçè) ïîçâîëÿþò ðåàëèçîâàòü ðàçëè÷íûå

âàðèàíòû àðõèòåêòóðû ïðèëîæåíèÿ äëÿ èäåíòè�èêàöèè ïî ëàäî-

íè. Âûáðàííàÿ ãèáðèäíàÿ ñõåìà (ðàñ÷åòû êàê íà óñòðîéñòâå, òàê

è íà ñåðâåðå) äàåò ñâîáîäó â ðàçìåùåíèè ïðîãðàììíûõ ìîäóëåé

è îáåñïå÷èâàåò âûñîêèé óðîâåíü èíòåðàêòèâíîñòè ïî îòíîøåíèþ

ê ïîëüçîâàòåëþ. Äàííàÿ ðàáîòà ïîñâÿùåíà èçâëå÷åíèþ òåêñòóð-

íûõ îñîáåííîñòåé âíåøíåé ñòîðîíû ëàäîíè â îáëàñòè êîñòÿøåê

ïàëüöåâ è èõ èñïîëüçîâàíèþ äëÿ ïîâûøåíèÿ êà÷åñòâà èäåíòè�è-

êàöèè (ðàíåå â ïóáëèêàöèÿõ ðàñïîçíàâàíèå îïèðàëîñü íà ïðèçíà-

êîâîå îïèñàíèå, èçâëåêàåìîå èñêëþ÷èòåëüíî ïî �îðìå ëàäîíè).

Ôîðìèðîâàíèå ïðèçíàêîâ îñíîâàíî íà äâóìåðíîì �èëüòðå �àáî-

ðà, âîëíîâàÿ ñòðóêòóðà êîòîðîãî õîðîøî ñîãëàñóåòñÿ ñ êîæíûìè

ñêëàäêàìè êîñòÿøåê. Îòëè÷èòåëüíàÿ ÷åðòà ïðåäëàãàåìîãî ìåòî-

äà � ðàáîòîñïîñîáíîñòü â ðåàëüíûõ óñëîâèÿõ ýêñïëóàòàöèè: àíà-

ëèçèðóåòñÿ âèäåîïîòîê ñ êàìåðû ìîáèëüíîãî óñòðîéñòâà, âîçìîæ-

íà ñúåìêà ¾ñ ðóêè¿ (áåç èñïîëüçîâàíèÿ øòàòèâà), ïîñòóïàþùèå

êàäðû îáðàáàòûâàþòñÿ çà äîëè ñåêóíäû. Âû÷èñëèòåëüíûé ýêñïå-

ðèìåíò íà ìàññèâíîé áàçå ñíèìêîâ ïîäòâåðæäàåò ïðåâîñõîäñòâî

ïðåäëàãàåìîãî áèìîäàëüíîãî ìåòîäà íàä èñïîëüçîâàâøèìñÿ ðàíåå

óíèìîäàëüíûì [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ � 14-01-00716

[1℄ Chernyshov V. E�
ient hand dete
tion in 
lient-server re
ognition

system // International Conferen
e on Computer Vision Theory and

Appli
ations (VISAPP 2015) Pro
eedings. Portugal: SCITEPRESS,

2015. Vol. 2. P. 461�468.
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Using finger knuckle prints in client-server biometric
system

Chernyshov Victor⋆ webcreator18@gmail.com

Mestetskiy Leonid mestlm@mail.ru

Moscow, Lomonosov Moscow State University, Faculty of Computational

Mathematics and Cybernetics

The growing market of tablets and smartphones naturally leads to
developing new biometric systems based on mobile devices. Together
with fingerprints and iris, utilizing hands in modern applications of
identity recognition is a promising and challenging task. The charac-
teristics of mobile devices (computational power, camera quality, and
high-speed communication protocols) make it possible to implement
different architecture schemes for a hand-based recognition applica-
tion. Selected hybrid theme (calculations are done both on device
and server) provides a flexibility in arrangement of routines and also
gives a high level of interactivity for an end-up user. This work covers
the problem of features extraction from finger knuckle print regions
and using this description to improve identification quality (in the au-
thors’ earlier studies, only shape-based features have been employed).
The backbone of the proposed method is a two-dimensional Gabor
filter chosen because of similarity between its wave-like structure and
skin folds in knuckle regions. The key feature of the method is an
efficiency in real-life conditions: video sequence from a mobile cam-
era is analyzed, capturing may be done “from hand” (without using
tripod), and captured frames are processed for a fraction of a second.
The superiority of introduced bimodal method over the previous uni-
modal is proved by numerical experiment on a massive hand image
dataset [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-01-00716

[1] Chernyshov, V. 2015. Efficient hand detection in client-server recogni-
tion system. International Conference on Computer Vision Theory and
Applications (VISAPP 2015) Proceedings. Portugal: SCITEPRESS.
2:461–468.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015



190 Àíàëèç ñèãíàëîâ

Îöåíèâàíèå õàðàêòåðà ïîñëåäåéñòâèÿ ñëó÷àéíûõ

òî÷å÷íûõ ïðîöåññîâ ìåòîäàìè ìíîãîìàñøòàáíîãî

êîððåëÿöèîííîãî àíàëèçà

Àíöèïåðîâ Âÿ÷åñëàâ Åâãåíüåâè÷⋆ ant
iperov�
plire.ru

Ìîñêâà, Èíñòèòóò ðàäèîòåõíèêè è ýëåêòðîíèêè

èì. Â. À. Êîòåëüíèêîâà �ÀÍ

Îáñóæäàåòñÿ ïðèìåíåíèå ìåòîäîâ ìíîãîìàñøòàáíîãî êîððå-

ëÿöèîííîãî àíàëèçà ê ïðîáëåìå îöåíèâàíèÿ õàðàêòåðèñòèê øè-

ðîêîïîëîñíûõ èìïóëüñíûõ ïðîöåññîâ ñ íåçàâèñèìûìè èíòåðâà-

ëàìè ìåæäó èìïóëüñàìè (òî÷å÷íûõ ïðîöåññîâ ñ îãðàíè÷åííûì

ïîñëåäåéñòâèåì) [1℄. Ïîêàçàíî, ÷òî äëÿ óñðåäíåííûõ ìíîãîìàñ-

øòàáíûõ (êîíóñíûõ) ïðåäñòàâëåíèé óäàåòñÿ, åñëè èñïîëüçîâàòü

òåõíèêó àíàëèòè÷åñêèõ ñïåêòðîâ è, ñîîòâåòñòâåííî, ìåòîäû òåî-

ðèè �óíêöèé êîìïëåêñíîãî ïåðåìåííîãî, ñóùåñòâåííî óïðîñòèòü

èõ âèä. Ýòî îáñòîÿòåëüñòâî ñóùåñòâåííî îáëåã÷àåò àíàëèç çàâè-

ñèìîñòè õàðàêòåðíûõ îñîáåííîñòåé ïðåäñòàâëåíèé îò ïàðàìåòðîâ

ïîòîêà èìïóëüñîâ. Ê ïîñëåäíèì îòíîñÿòñÿ, íàïðèìåð, ñðåäíÿÿ èí-

òåíñèâíîñòü, åå âàðèàáåëüíîñòü, õàðàêòåð ïîñëåäåéñòâèÿ è äð.

Íà îñíîâå âûÿâëåííûõ àíàëèòè÷åñêèõ çàâèñèìîñòåé ïðåäëî-

æåíî ïîñòðîåíèå ñîîòâåòñòâóþùèõ îöåíîê ïî âûáîðî÷íûì äàí-

íûì � ðåàëèçàöèÿì èìïóëüñíûõ ïðîöåññîâ. Ñðåäè ñëó÷àåâ, â êî-

òîðûõ óäàåòñÿ ïðîâåñòè àíàëèòè÷åñêèå âû÷èñëåíèÿ äî êâàäðàòóð,

ðàññìàòðèâàþòñÿ ñëó÷àé ñòàöèîíàðíîãî ïîòîêà è ñëó÷àé ðåçêîãî

èçìåíåíèÿ ñòàöèîíàðíîñòè. Ýòè ñëó÷àè ìîäåëèðóþò äâå êðàéíèå

ñèòóàöèè � êâàçèñòàöèîíàðíîãî ïîâåäåíèÿ ïðîöåññà è ïåðåõîä-

íîé ðåæèì.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-04378-à.

[1℄ Àíöèïåðîâ Â.Å. Îöåíèâàíèå õàðàêòåðà ïîñëåäåéñòâèÿ ñëó÷àéíûõ

òî÷å÷íûõ ïðîöåññîâ ìåòîäàìè ìíîãîìàñøòàáíîãî êîððåëÿöèîííîãî

àíàëèçà //Æóðíàë ðàäèîýëåêòðîíèêè: ýëåêòðîííûé æóðíàë, 2015.

� 6. http://jre.
plire.ru/jre/jun15/8/text.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.



Signal Analysis 191

Estimation of renewal point process aftereffect
characteristics on the bases of multiscale correlation
analysis methods.

Antsiperov Viacheslav⋆ antciperov@cplire.ru

Moscow, Kotel’nikov Institute of Radioengineering and Electronics

of the Russian Academy of Sciences

The application of multiscale correlation analysis to the problem of
evaluating the characteristics of wideband pulse processes with inde-
pendent intervals (point processes with limited aftereffects — renewal
processes) is discussed [1]. It is shown that for the averaged multi-
scale (cone kernel) representations, it is possible, using the technique
of analytic spectra and, accordingly, the methods of the theory of
functions of a complex variable, to simplify significantly their appear-
ance. The latter greatly facilitates the dependence of representation
characteristics on the process parameters such as average intensity,
its variability, character of aftereffects, etc.

Basing on the analytical dependences found, the paper suggests
a construction of the corresponding estimates formed by sampled
data — pulse processes realizations. Among the cases in which it is
possible to carry out the analytical calculation to the final quadra-
ture, the case of a stationary flow and the case of sudden stationarity
changes are considered.

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-07-04378-a.

[1] Antsiperov, V. 2015. Estimation of renewal point process aftereffect
characteristics on the bases of multiscale correlation analysis methods.
J. Radio Electronics 6. http://jre.cplire.ru/jre/jun15/8/text.

pdf.
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klio2003�list.ru

Êàïëóí Äìèòðèé Èëüè÷

3
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1
Êàëèíèíãðàä, Áàëòèéñêàÿ ãîñóäàðñòâåííàÿ àêàäåìèÿ

ðûáîïðîìûñëîâîãî �ëîòà
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Êàëèíèíãðàä, Áàëòèéñêèé Ôåäåðàëüíûé óíèâåðñèòåò èì. È. Êàíòà

3
Ñàíêò-Ïåòåðáóðã, Ñàíêò-Ïåòåðáóðãñêèé ãîñóäàðñòâåííûé

ýëåêòðîòåõíè÷åñêèé óíèâåðñèòåò ¾ËÝÒÈ¿

Íàñòîÿùàÿ ñòàòüÿ íàïðàâëåíà íà ðåøåíèå çàäà÷è îöåíêè ïàðà-

ìåòðîâ äâóõ íåîðòîãîíàëüíûõ ðàäèîèìïóëüñîâ (ïåðåêðûòèå ñïåê-

òðîâ êîòîðûõ íå óäîâëåòâîðÿåò êðèòåðèþ �ýëåÿ). Ïîëó÷åíèå ðå-

øåíèÿ ìåòîäîì ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ â äàííûõ óñëî-

âèÿõ çàòðóäíèòåëüíî, ïîñêîëüêó â îáëàñòè íåîðòîãîíàëüíîñòè

ëîãàðè�ì �óíêöèè ïðàâäîïîäîáèÿ èìååò ñëîæíóþ ñòðóêòóðó

(ìíîæåñòâî ëîêàëüíûõ ìèíèìóìîâ) è ðåçóëüòàò åãî ìèíèìèçà-

öèè íåîäíîçíà÷åí. Â ðàáîòå ïîêàçàíî, ÷òî âîçìîæíà ìîäåðíè-

çàöèÿ ìåòîäà ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ çà ñ÷åò ïðåîáðàçî-

âàíèÿ �óíêöèîíàëà ïðàâäîïîäîáèÿ ñ ó÷åòîì ñèñòåìû óðàâíåíèé

ïðàâäîïîäîáèÿ, ïðè ýòîì ðåøåíèå ïîëó÷àåòñÿ åäèíñòâåííûì. Ìî-

äåëüíûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî âîçìîæíî ðàçðåøåíèå äâóõ

íåîðòîãîíàëüíûõ ðàäèîèìïóëüñîâ è îöåíêà èõ ïàðàìåòðîâ äî çíà-

÷åíèÿ êîý��èöèåíòà êîððåëÿöèè 0,9. Ïðè ýòîì äëÿ ñîõðàíåíèÿ

äèñïåðñèè îöåíîê ïàðàìåòðîâ íà ïðåæíåì óðîâíå òðåáóåòñÿ ïîâû-

ñèòü îòíîøåíèå ñèãíàë/øóì íà 7 äÁ. Â ðàáîòå ïðèâîäèòñÿ îáîñíî-

âàíèå âîçìîæíîñòè îöåíêè äèñïåðñèè øóìà íåïîñðåäñòâåííî ïî

âûáîðêå äàííûõ. Îíà ñîâïàäàåò ñî çíà÷åíèåì ïðåîáðàçîâàííîãî

�óíêöèîíàëà ïðàâäîïîäîáèÿ â òî÷êå ãëîáàëüíîãî ìèíèìóìà [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-37-50902 è êîíòðàê-

òîì �02.G25.31.0058 îò 12.02.2013 (Ìèíîáðíàóêè �îññèè).

[1℄ Âëàñîâà K.Â., Ïàõîòèí Â.À., Êëèîíñêèé Ä.Ì., Êàïëóí Ä.È. Îöå-

íèâàíèå ïàðàìåòðîâ ðàäèîèìïóëüñîâ ìåòîäîì ìàêñèìàëüíîãî ïðàâ-

äîïîäîáèÿ // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè).

Ò. 1. �. 14. jmlda.org/papers/do
/2015/JMLDA2015no14.pdf.
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Estimation of radio impulse parameters
using the maximum likelihood method
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1Kaliningrad, Baltic Fishing Fleet State Academy
2Kaliningrad, Immanuel Kant Baltic Federal University
3Saint Petersburg, Saint Petersburg Electrotechnical University “LETI”

The present paper discusses the solution of a parameter estimation
problem for two nonorthogonal radio impulses (radio impulses are re-
ceived simultaneously and their nonorthogonality is established in the
frequency domain). Radio impulses are considered to be nonorthog-
onal if their spectral overlap does not satisfy the Rayleigh criterion.
Application of spectral analysis and the maximum likelihood method
do not allow to obtain a solution since the logarithm of the likeli-
hood function has a complex structure (many local minima) in the
nonorthogonality area and its minimization is ambiguous. It is shown
that it is possible to update the maximum likelihood method due to
the transform of the likelihood functional using likelihood equations.
As a result, a unique solution can be obtained and it is shown that
parameter estimate variances depend on the correlation coefficient
between signals and signal-to-noise ratio. Model investigations have
shown that it is possible to provide time resolution of two nonorthog-
onal radio impulses and to estimate their parameters if the correlation
coefficient does not exceed 0.9. To preserve parameter estimate vari-
ances, it is necessary to increase the signal-to-noise ratio by 7 dB.
Also, noise variance estimation was obtained using the given data
set [1].

The paper is supported by the Russian Foundation for Basic Re-
search (grant 15-37-50902) and by the Russian Ministry of Education
and Science (contract 02.G25.31.0058 dated 12.02.2013).

[1] Vlasova, K.V., Pachotin V.A., Klionskiy D.M., and Kaplun D. I. 2015
(in press). Estimation of radio impulse parameters using the maxi-
mum likelihood method. J. Mach. Learn. Data Anal. 1(14). jmlda.

org/papers/doc/2015/JMLDA2015no14.pdf.
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Ïåðñïåêòèâû èñïîëüçîâàíèÿ ìàòåìàòè÷åñêèõ

ìåòîäîâ ðàñïîçíàâàíèÿ îáðàçîâ â òåõíîëîãèÿõ

âñòðàèâàíèÿ öè�ðîâûõ âîäÿíûõ çíàêîâ

â àóäèîñèãíàë

Æàðêèõ Àëåêñàíäð Àëåêñàíäðîâè÷⋆ zharkikh090107�mail.ru

Ìóðìàíñê, Ô�ÁÎÓ ÂÏÎ Ì�ÒÓ

Öåëü äàííîãî ñîîáùåíèÿ �� ïðåçåíòàöèÿ ìîíîãðà�èè [1℄. Â äî-

êëàäå áóäóò ïðåäñòàâëåíû àëãîðèòìû âñòðàèâàíèÿ öè�ðîâûõ âî-

äÿíûõ çíàêîâ (ÖÂÇ) â àóäèîñèãíàë ñ óêàçàíèåì èõ ñâÿçè ñ êëàñ-

ñè÷åñêèìè ìåòîäàìè ìàòåìàòèêè è ìàòåìàòè÷åñêîé òåîðèåé ðàñ-

ïîçíàâàíèÿ îáðàçîâ.

Àâòîðû [1℄ ïðåäïðèíÿëè ïîïûòêó ñèñòåìàòè÷åñêîãî èçëîæå-

íèÿ ðàçëè÷íûõ àñïåêòîâ òåõíîëîãèé âñòðàèâàíèÿ ÖÂÇ â àóäèî-

ñèãíàë. Â íåñêîëüêèõ ðàçäåëàõ àâòîðû îïèñûâàþò îáùèå ïðèíöè-

ïû ñòåãàíîãðà�èè, âûäåëÿþò âñòðàèâàíèå ÖÂÇ êàê îäèí èç ìå-

òîäîâ ñòåãàíîãðà�èè, àíàëèçèðóþò îáëàñòè ïðèìåíèìîñòè ÖÂÇ.

Ïðåäñòàâëåíû �èçè÷åñêèå è ïñèõî�èçèîëîãè÷åñêèå àñïåêòû âû-

áîðà àóäèîñèãíàëà â êà÷åñòâå êîíòåéíåðà è îáîñíîâàí âûáîð

àóäèî�îðìàòà wav. Àâòîðû ïðåäëàãàþò òðè ãðóïïû ìåòîäîâ

âñòðàèâàíèÿ ÖÂÇ, êàæäàÿ èç êîòîðûõ îáëàäàåò ñâîèìè ïðåèìó-

ùåñòâàìè è íåäîñòàòêàìè. Îòðàæåíû âçãëÿäû àâòîðîâ íà ïåð-

ñïåêòèâû ðàçâèòèÿ.

Îòìåòèì ñëåäóþùèå íàïðàâëåíèÿ ïåðñïåêòèâíîãî ðàçâèòèÿ

òåõíîëîãèé âñòðàèâàíèÿ ÖÂÇ â àóäèîñèãíàëû: ðàçâèòèå ëèíåé-

íûõ, íåëèíåéíûõ è ïîìåõîóñòîé÷èâûõ ìåòîäîâ, èññëåäîâàííûõ

â ìîíîãðà�èè [1℄; ðàçâèòèå ìåòîäîâ âñòðàèâàíèÿ ÖÂÇ â ðå÷åâîé

ñèãíàë ïóòåì âàðèàöèè ïðîñîäè÷åñêèõ ïàðàìåòðîâ ðå÷è; ðàçâèòèå

ñòåãîàíàëèçà, îñíîâàííîãî íà ìåòîäàõ òåîðèè âåðîÿòíîñòè è ìà-

òåìàòè÷åñêîé ñòàòèñòèêè.

Îòìå÷åííûå ïåðñïåêòèâíûå çàäà÷è ìîãóò áûòü êà÷åñòâåííî

ðåøåíû ëèøü ñ èñïîëüçîâàíèåì àëãåáðàè÷åñêîé è ñòàòèñòè÷åñêîé

òåîðèè ðàñïîçíàâàíèÿ îáðàçîâ.

[1℄ �óðèí À.Â., Æàðêèõ À.À., Ïëà
òóíîâ Â.Þ. Òåõíîëîãèè âñòðàè-

âàíèÿ öè�ðîâûõ âîäÿíûõ çíàêîâ â àóäèîñèãíàë / Ïîä îáù. ðåä.

À.À. Æàðêèõ. � Ì.: �îðÿ÷àÿ ëèíèÿ Òåëåêîì, 2015. 116 ñ. http:

//www.te
hbook.ru/book.php?id_book=778.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Perspectives of uses of mathematical methods of
image identification in technologies of embedding of
digital water marks in an audio signal
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Murmansk, FSEI HPE MSTU

The purpose of this message is to present the monograph [1]. In the
report, algorithms of embedding of the digital water marks (DWM)
will be provided to an audio signal with specifying their connection
with classical methods of mathematics and mathematical theory of
image identification.

The authors of [1] made an attempt of systematic presentation of
different aspects of technologies of embedding of DWM in an audio
signal. In several sections, the authors describe the general principles
of a steganography, select embedding of DWM as one of steganogra-
phy methods, and analyze the areas of applicability of DWM. Phys-
ical and psychophysiological aspects of a choice of an audio signal as
the container are provided and wav audio format choice is shown to
be reasonable. The authors of [1] suggest three groups of DWM em-
bedding methods, each with the advantages and shortcomings. The
book reflects the authors’ understanding of development perspectives.

Let mark the following perspective directions of development tech-
nologies of embedding DWM in audio signals: development of the
linear, nonlinear, and noiseproof methods researched in the mono-
graph [1]; development of methods of embedding DWM in a voice
signal by a variation of prosodic parameters of the speech; and de-
velopment of the stegoanalyse based on the methods of probability
theory and mathematical statistics.

The outlined perspective tasks can be solved qualitatively only
with use of the algebraic and statistical theory of image identification.

[1] Gurin, A.V., Zharkikh A.A., and Plastunov V.U. 2015. Technologies
of embedding digital watermarks in audo signal. Ed. A.A. Zharkikh.
Moscow: Telecom. 116 p. http://www.techbook.ru/book.php?id_

book=778.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Àíàëèç âîçìîæíîñòåé èñïîëüçîâàíèÿ òåõíîëîãèé

data mining äëÿ èçó÷åíèÿ ñëîæíûõ ñèãíàëîâ

è ñèñòåì

Æàðêèõ Àëåêñàíäð Àëåêñàíäðîâè÷ zharkikh090107�mail.ru

Ñëàùåâ Àëåêñåé Àëåêñàíäðîâè÷⋆ 
hronoexplosion�gmail.
om

Ìóðìàíñê, Ô�ÁÎÓ ÂÏÎ Ì�ÒÓ

Ïðåäñòàâëåíû áàçîâûå ýëåìåíòû òåõíîëîãèè data mining,

îñíîâíîå íàçíà÷åíèå êîòîðîé �� èçâëå÷åíèå íîâûõ çíàíèé èç

íåêîòîðîãî îáúåìà äàííûõ. Òàêæå ðàññìîòðåíû òðàäèöèîííûå

ïîíÿòèÿ ñëîæíîãî ñèãíàëà è ñëîæíîé ñèñòåìû. Â êà÷åñòâå îñíîâ-

íîãî ïàðàìåòðà ñëîæíîãî ñèãíàëà ïðåäëàãàåòñÿ èñïîëüçîâàòü áà-

çû ñèãíàëà. Îñíîâíûì ïîêàçàòåëåì ñëîæíîé ñèñòåìû ÿâëÿåòñÿ

íàëè÷èå â íåé ñëåäóþùèõ ýëåìåíòîâ: áëîêîâ ââîäà è âûâîäà

èí�îðìàöèè, óïðàâëåíèÿ èí�îðìàöèåé è áëîêà ïàìÿòè, à òàê-

æå ñîâîêóïíîñòè áëîêîâ âû÷èñëåíèÿ è ïðåîáðàçîâàíèÿ ñèãíà-

ëîâ. Â êà÷åñòâå âîçìîæíûõ îáëàñòåé ïðèìåíåíèÿ òåõíîëîãèé data

mining ðàññìàòðèâàþòñÿ çàäà÷è îöåíèâàíèÿ �îðìû è ïàðàìåòðîâ

ñëîæíûõ ñèãíàëîâ, à òàêæå çàäà÷è îïðåäåëåíèÿ âèäà íåëèíåéíîé

�óíêöèè â áëîêàõ âû÷èñëåíèÿ è ïðåîáðàçîâàíèÿ ñèñòåìû.

Òåõíîëîãèè data mining ìîãóò áûòü èñïîëüçîâàíû äëÿ èçó÷å-

íèÿ è ïðîåêòèðîâàíèÿ ðàäèîýëåêòðîííûõ ñèñòåì ñ ðàñøèðåíèåì

ñïåêòðà ñèãíàëîâ, àâòîìàòè÷åñêèõ ñèñòåì àíàëèçà è ñèíòåçà ðå-

÷è, êîìïüþòåðíûõ êîìïîçèòîðîâ è ðàçëè÷íûõ îáúåêòîâ èç äðó-

ãèõ ïðåäìåòíûõ îáëàñòåé. Äëÿ èõ èñïîëüçîâàíèÿ íåîáõîäèìî ïðî-

âåñòè òàêîå êîëè÷åñòâî ïðåäâàðèòåëüíûõ ýêñïåðèìåíòîâ, êîòîðîå

ïîçâîëèò ñîçäàòü îáó÷àþùóþ âûáîðêó, à òàêæå ðàçâèòèå ìàòåìà-

òè÷åñêèõ ìîäåëåé, àëãîðèòìîâ, ìåòîäîâ è ïðîãðàììíûõ ñðåäñòâ

äëÿ èçó÷åíèÿ è ïðîåêòèðîâàíèÿ ñîîòâåòñòâóþùèõ îáúåêòîâ.

Â ÷àñòíîñòè, èñïîëüçîâàíèå data mining äëÿ èçó÷åíèÿ ñâîéñòâ

ñèãíàëîâ è ñèñòåì òðåáóåò ñîçäàíèå áàçû äàííûõ î ïàðàìåòðàõ

ýòèõ ñèãíàëîâ è ñèñòåì. Òàêæå íåîáõîäèìî ðàçâèòèå ëèíåéíûõ

è íåëèíåéíûõ ìîäåëåé ìàòåìàòèêè è ñîîòâåòñòâóþùèõ ïðîãðàì-

ìíûõ ñðåäñòâ.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Analysis of possibilities in using data mining
technologies to study complex signals and systems
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Basic elements of the data mining technology are provided. The basic
purpose of these technologies is an extraction of new knowledge from
some data volume. Traditional concepts of a complex signal and com-
plex system are also considered. Use of basis of a signal is suggested
as the key parameter of a complex signal. The main index of a com-
plex system is determined by the following elements in it: information
input and output units, information control unit, memory unit, and
a set of signal computation and conversion units. Applications of the
data mining technologies tasks for estimation of the form and param-
eters of complex signals and also the tasks for type determination of
nonlinear function in the system conversion unit are considered.

The data mining technologies can be used for study and design
of radioelectronic systems with extension of a range of signals, auto-
matic systems of speech analysis and synthesis, computer composers
and different objects from other data fields. To use them, at first,
it is necessary to carry out such amount of preliminary experiments
which will allow to create the learning selection. The second prelim-
inary requirement consists in development of mathematical models,
algorithms, methods, and software for study and design of the appro-
priate objects.

In particular, the use of data mining for signal properties and
systems studies requires creation of a database containing param-
eters of these signals and systems. Also, development of the linear
and nonlinear mathematics models and the appropriate software are
necessary.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�àçðàáîòêà è èññëåäîâàíèå ñâîéñòâ ñèñòåìû
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Îïèñàíû ðåçóëüòàòû èññëåäîâàíèé ïî ñîçäàíèþ ñèñòåìû ïðî-

ãíîçèðîâàíèÿ, íàïðàâëåííîé íà ïîâûøåíèå êà÷åñòâà óïðàâëåíèÿ

ãðóçîâûìè æåëåçíîäîðîæíûìè ïåðåâîçêàìè. Çàäà÷à ïðîãíîçèðî-

âàíèÿ îáúåìîâ ñïðîñà íà ãðóçîâûå ïåðåâîçêè áûëà ïîñòàâëåíà äëÿ

îïåðàòèâíîãî ïëàíèðîâàíèÿ ïåðåâîçîê ïî èñòîðè÷åñêèì äàííûì.

Äàííûå ñîäåðæàò èí�îðìàöèþ î äàòå ïîãðóçêè, ñòàíöèè îòïðàâ-

ëåíèÿ, ñòàíöèè íàçíà÷åíèÿ, êîëè÷åñòâå âàãîíîâ, êîòîðûå ïðîøëè

ïî ìàðøðóòó, êîä ãðóçà, ðîä âàãîíîâ, ñóììàðíûé âåñ ãðóçà â òîí-

íàõ è ïðèçíàê ìàðøðóòíîé îòïðàâêè. Ìîäåëü ïðîãíîçèðîâàíèÿ

äîëæíà �îðìèðîâàòü ïðîãíîç ñïðîñà íà îòïðàâëåíèå/ïîãðóçêó

ãðóçîâ ñ ðàçëîæåíèåì ïî ãðóïïàì ãðóçîâ, ðîäàì âàãîíîâ è ñòàí-

öèÿì îòïðàâëåíèÿ/íàçà÷åíèÿ.

Äëÿ ðåøåíèÿ äàííîé çàäà÷è áûë ïîñòàâëåí è ðåøåí ðÿä ïîä-

çàäà÷, ñâÿçàííûõ ñî ñïåöè�èêîé ïðèêëàäíîé îáëàñòè:

� ïðåäëîæåí àëãîðèòì íåïàðàìåòðè÷åñêîãî ïðîãíîçèðîâàíèÿ;

ïðîãíîçû âûïîëíÿþòñÿ ïî ïàðàì ñòàíöèé, ñ ó÷åòîì òîïîëî-

ãèè ñåòè [1℄;

� ïîñòàâëåíà çàäà÷à âûÿâëåíèÿ è èññëåäîâàíèÿ ýêçîãåííûõ �àê-

òîðîâ è õàðàêòåðà èõ âëèÿíèÿ íà îáúåìû ãðóçîâûõ æåëåçíî-

äîðîæíûõ ïåðåâîçîê;

� ïðåäëîæåí ñïîñîá ñîãëàñîâàíèÿ íåçàâèñèìûõ ïðîãíîçîâ îáú-

åìîâ ãðóçîïåðåâîçîê.

�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå Ìèíèñòåð-

ñòâà îáðàçîâàíèÿ è íàóêè �îññèéñêîé Ôåäåðàöèè (ñîãëàøåíèå

�RFMEFI60414X0041)

[1℄ �àçèçóëëèíà �. Ê., Ñòåíèíà Ì. Ì., Ñòðèæîâ Â. Â. Ïðîãíîçèðîâà-

íèå îáúåìîâ æåëåçíîäîðîæíûõ ãðóçîïåðåâîçîê ïî ïàðàì âåòîê //

Ñèñòåìû è ñðåäñòâà èí�îðìàòèêè, 2015. T. 25. Âûï. 1. Ñ. 142�154.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Design and analysis of a forecasting system
for rail freight transportation demand
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1Moscow, Dorodnicyn Computing Centre of the Russian Academy
of Sciences

2Moscow, RZD Innovative Development Centre

The results of research aimed to create a forecasting system are re-
ported. The goal is to increase the quality of railway freight trans-
portation management. The forecasting problem has been formulated
for operative (short-term) transportation planning. The system out-
puts daily, weekly, or monthly forecasts in various ranges up to one
year. Historical data contain information on shipping date, origin and
destination stations, number of shipped wagons, freight type, wagon
type, total weight of shipped freight, and a transfer number. The sys-
tem must output forecasts with specification of freight type, wagon
type, and origin/destination stations.

To achieve this goal, the authors considered a number of subprob-
lems, associated with particularities of the application:

— a nonparametric forecasting algorithm has been proposed. The
forecasts are obtained for pairs of stations with respect to the rail
network topology [1];

— to further increase forecasting quality, possible exogenous factors,
which influence transportation demand, have been investigated.
This includes defining most influential factors and the way they
influence forecasted tom series; and

— a method of reconciling independent forecasts with different spec-
ifications of freight type, wagon type, and origin/destination sta-
tions has been proposed.

The research was supported by the Ministry of Education and
Science of the Russian Federation, RFMEFI60414X0041.

[1] Gazizullina, R.K., Medvednikova M.M., and Strijov V.V. Capacity
of railway cargo transportation forecasting. 2015. Sistemy i Sredstva
Informatiki — Systems and Means of Informatics 25(1):142–154.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�àáîòà ïîñâÿùåíà àêòóàëüíîé ïðîáëåìå àâòîìàòè÷åñêîãî âîñ-

ñòàíîâëåíèÿ ïðîïóùåííûõ äàííûõ ïðè óëüòðàçâóêîâîì êîíòðîëå

ðåëüñîâîãî ïóòè, ïðåïÿòñòâóþùèõ ñâîåâðåìåííîìó îáíàðóæåíèþ

äå�åêòîâ ðåëüñîâ. Çàäà÷à âîññòàíîâëåíèÿ ïðîïóùåííûõ äàííûõ

�îðìóëèðóåòñÿ â äàííîé ðàáîòå êàê çàäà÷à ïîèñêà ñîîòâåòñòâó-

þùåé îáëàñòè íà óëüòðàçâóêîâîé äå�åêòîãðàììå ïðåäûäóùåãî

ïðîõîäà ïî òîìó æå ó÷àñòêó. Àâòîðû óñîâåðøåíñòâóþò ïðåäëî-

æåííûé èìè ðàíåå ìåòîä, äåëàÿ åãî áîëåå òî÷íûì è ñóùåñòâåííî

áîëåå áûñòðûì. Ýòî äîñòèãàåòñÿ çà ñ÷åò äâóõ îñíîâíûõ íîâîââå-

äåíèé: âî-ïåðâûõ, ïðèìåíåíèÿ ñïåöèàëüíîé òðåõîêîííîé ìîäåëè

äëÿ áûñòðîé ïðèìåðíîé ëîêàëèçàöèè îïîðíûõ çîí áîëòîâîãî ñî-

åäèíåíèÿ è, âî-âòîðûõ, ïðèìåíåíèÿ ñïåöèàëüíîé ëîêàëüíî-ãëî-

áàëüíîé ïðîöåäóðû ïàðíîãî âûðàâíèâàíèÿ �ðàãìåíòîâ äå�åêòî-

ãðàìì äëÿ óòî÷íåíèÿ èõ ïîëîæåíèÿ. Ïðåäëàãàåìûé ïîäõîä ïîçâî-

ëÿåò îïðåäåëèòü íà äå�åêòîãðàììå ïðåäûäóùåãî ïðîõîäà ïîëî-

æåíèå îáëàñòè, ñîîòâåòñòâóþùåé ïðîïóñêó íà òåêóùåì ïðîõîäå,

ñ òî÷íîñòüþ îêîëî 3,5 ñì, ÷òî îáåñïå÷èâàåò âîçìîæíîñòü óñïåø-

íîãî âîññòàíîâëåíèÿ ïî íåé ïðîïóùåííûõ äàííûõ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-37-50751.

[1℄ ×åïðàñîâ Ä.Í., Ìàëåíè÷åâ À.À., Ñóëèìîâà Â.Â., Êðàñîòêè-

íà Î.Â., Ìîòòëü Â.Â., Ìàðêîâ À.À. Âîññòàíîâëåíèå ïðîïó-

ùåííûõ äàííûõ íà óëüòðàçâóêîâûõ äå�åêòîãðàììàõ ðåëüñîâîãî

ïóòè íà îñíîâå ëîêàëüíî-ãëîáàëüíîãî âûðàâíèâàíèÿ // Ìàøèí-

íîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå÷àòè). Ò. 1. �. 12.

jmlda.org/papers/do
/2015/JMLDA2015no12.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The damages on rails are exceptionally dangerous for the operation
of rail traffic. In this connection, during the last years, mobile ultra-
sonic defectoscopes are actively introduced to inspect rail tracks for
damages. These devices register reflected ultrasonic signals at defec-
tograms.

One of the actual problems of ultrasonic railway inspection is
presence of missing data, i. e., uncontrolled regions, taking place due
to a bad acoustic contact.

The paper deals with the problem of automatic recovering such
missing data on defectograms. Here, the problem of missing data
recovery is formulated as the problem of finding the respective region
at the defectogram from the previous ultrasonic inspection.

In this work, the present authors update their previous method,
making it more accurate and appreciably more fast one. It is possi-
ble due to applying two main innovations: (i) introducing 3-windows
model for fast approximate detection of positions of support bolt-on
joint areas and (ii) applying special semiglobal warping procedure
for defectograms. The proposed approach allows to detect the area of
interest at the previous defectogram accurate within 3.5 cm and, so,
it provides the possibility to successful automatic data recovery from
the previous ultrasonic defectogram [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 15-37-50751.
[1] Cheprasov, D., Malenichev A., Sulimova V., Krasotkina O., Mottl V.,

Markov A. 2015 (in press). Recovering missing data on ultrasonic rail
defectograms via semiglobal warping. J. Mach. Learn. Data Anal. 1(12).
jmlda.org/papers/doc/2015/JMLDA2015no12.pdf.
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1
Ìîñêâà, Èíñòèòóò ïðîáëåì óïðàâëåíèÿ �ÀÍ

2
Ìîñêâà, ÍÈÖ ÈÍÕ ÌÇ
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Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

Ñòàòüÿ ïîñâÿùåíà ðàçðàáîòêå èíòåëëåêòóàëüíîé èí�îðìàöèîí-

íîé ïîäñèñòåìû ìàðøðóòèçàöèè, ïðåäíàçíà÷åííîé äëÿ óïðàâëå-

íèÿ ïîòîêàìè ïàöèåíòîâ ïðè îêàçàíèè ëå÷åáíî-äèàãíîñòè÷åñêèõ

óñëóã â ìåäèöèíñêîì ó÷ðåæäåíèè. Ýòà ïîäñèñòåìà � îäèí èç

âàæíûõ áëîêîâ ïàöèåíò-îðèåíòèðîâàííîé èíòåëëåêòóàëüíîé ñèñ-

òåìû óïðàâëåíèÿ ëå÷åáíî-äèàãíîñòè÷åñêèìè ïðîöåññàìè â ìåäè-

öèíñêîì ó÷ðåæäåíèè (íà ïðèìåðå êëèíèêè íåéðîõèðóðãè÷åñêî-

ãî ïðî�èëÿ). Ïî ðåçóëüòàòàì ïðîâåäåííîé êîëëåêòèâíîé ìíîãî-

âàðèàíòíîé ýêñïåðòèçû, ðåçóëüòàòàì èíòåëëåêòóàëüíîé îáðàáîò-

êè ýêñïåðòíûõ îöåíîê è èñïîëüçóÿ èìåþùèéñÿ çàðóáåæíûé îïûò

â ýòîì íàïðàâëåíèè, áûëè ñ�îðìóëèðîâàíû îñíîâíûå ïîëîæåíèÿ

êîíöåïöèè àäàïòèâíîé èíòåëëåêòóàëüíîé èí�îðìàöèîííîé ïîä-

ñèñòåìû ìàðøðóòèçàöèè [1℄.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé �èíàíñîâîé ïîääåðæêå

�ÔÔÈ, ãðàíòû ��13-07-12201, 13-07-00992, 14-07-00463 è 15-07-

06713.

[1℄ Äîðî�åþê À.À., Ïîòàïîâ À.À., ×åðíÿâñêèé À.Ë., Øè�ðèí Ì.À.

Ñîçäàíèå ïàöèåíò-îðèåíòèðîâàííîé èíòåëëåêòóàëüíîé ñèñòåìû

óïðàâëåíèÿ ëå÷åáíî-äèàãíîñòè÷åñêèìè ïðîöåññàìè â êðóïíîì ìå-

äèöèíñêîì ó÷ðåæäåíèè // Óïðàâëåíèå ðàçâèòèåì êðóïíîìàñøòàá-

íûõ ñèñòåì (MLSD'2013): Ìàò-ëû 7-é ìåæäóíàð. êîí�. Ì: ÈÏÓ

�ÀÍ, 2013. Òîì 2. Ñ. 402�405.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Paper is devoted to the development of intelligent information routing
subsystem designed to manage the flow of patients in the provision
of medical diagnostic services in a medical facility. This subsystem is
one of the important blocks of a patient-oriented intelligent control
of diagnostic and treatment processes systems in a medical facility
(on the example of the neurosurgical clinic). According to the results
of collective multivariate examination, the results of data mining ex-
pert assessments, and using the foreign experience in this direction,
the basic provisions of the adaptive intelligent information routing
subsystem concept have been formulated [1].

The research is performed under partial financial support of the
Russian Foundation for Basic Research, grants 13-07-12201, 13-07-
00992, 14-07-00463, and 15-07-06713.

[1] Dorofeyuk, A., Potapov A., Chernyavsky A., and Shifrin M. 2013. The
creation of patient-oriented intelligent control systems diagnostic and
treatment processes in a medical institution. Managing the Develop-
ment of Large-Scale Systems (MLSD’2013): 7th International Confer-
ence Proceedings. Moscow: ICS RAS. 2:17–22.
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Ëîêàëèçàöèÿ èñòî÷íèêîâ áèîìàãíèòíîé

àêòèâíîñòè ìîçãà

Ìàõîðòûõ Ñåðãåé Àëåêñàíäðîâè÷⋆ makh�impb.ru

Ëûæêî Åêàòåðèíà Âèêòîðîâíà lyzko�yandex.ru

Ïóùèíî, Èíñòèòóò ìàòåìàòè÷åñêèõ ïðîáëåì áèîëîãèè �ÀÍ

Ïðåäëàãàåòñÿ ìåòîä êëàññè�èêàöèè òèïîâ àêòèâíîñòè ãîëîâ-

íîãî ìîçãà äëÿ äàííûõ ìàãíèòîýíöå�àëîãðà�èè (ÌÝ�). Èñòî÷-

íèêè àíîìàëüíîé àêòèâíîñòè êîðû ìîçãà ëîêàëèçóþòñÿ íà îñíî-

âå ïðèìåíåíèÿ îáîáùåííîãî ñïåêòðàëüíîãî àíàëèçà â ïðîñòðàí-

ñòâå êîý��èöèåíòîâ Ôóðüå ðàçëîæåíèé ïîëó÷åííûõ ñèãíàëîâ ïî

íàñòðàèâàåìûì îðòîãîíàëüíûì áàçèñàì. Îáñóæäàþòñÿ îñíîâíûå

ïðèíöèïû ìåòîäà è ðåçóëüòàòû åãî ïðèìåíåíèÿ ê ðåàëüíûì çàïè-

ñÿì ÌÝ�. �åçóëüòàòû èñïîëüçóþòñÿ òàêæå äëÿ �óíêöèîíàëüíîãî

êàðòèðîâàíèÿ ìîçãà â íîðìàëüíûõ è ïàòîëîãè÷åñêèõ ñîñòîÿíèÿõ.

Èíòåðâàëû àíîìàëüíîé è íîðìàëüíîé àêòèâíîñòè ìîãóò áûòü

ëåãêî èäåíòè�èöèðîâàíû âèçóàëüíî, åñëè îíè îòëè÷àþòñÿ ïî

ñðåäíåé àìïëèòóäå ñèãíàëà. Â ïðîòèâíîì ñëó÷àå âèçóàëüíûé àíà-

ëèç íå ÿâëÿåòñÿ íàäåæíûì äëÿ èäåíòè�èêàöèè èíòåðâàëîâ, ñî-

îòâåòñòâóþùèõ ðàçëè÷íûì ðåæèìàì äåÿòåëüíîñòè. Â ýòîì ñëó-

÷àå òèï àêòèâíîñòè îïðåäåëÿåòñÿ ñ ïîìîùüþ àíàëèçà ïðîñòðàí-

ñòâåííîé ñòðóêòóðû ïîëÿ, êîòîðàÿ ñèëüíî êîððåëèðóåò ñ êîëè-

÷åñòâîì, ìåñòîïîëîæåíèåì è îðèåíòàöèåé òîêîâûõ èñòî÷íèêîâ,

îòâåòñòâåííûõ çà ãåíåðàöèþ ìàãíèòíîãî ïîëÿ.

Ïðåäëîæåííûé ïîäõîä áûë ïðîòåñòèðîâàí íà äàííûõ, ïîëó-

÷åííûõ íà êîíòðîëüíîé ãðóïïå çäîðîâûõ èñïûòóåìûõ è ãðóïïå

ïàöèåíòîâ, ñòðàäàþùèõ áîëåçíüþ Ïàðêèíñîíà.

Ïðåäâàðèòåëüíàÿ îáðàáîòêà äàííûõ ñ ïîìîùüþ îáîáùåííîãî

ñïåêòðàëüíîãî ìåòîäà (Äåäóñ, Ìàõîðòûõ è äð.,) ïîçâîëÿåò óäà-

ëÿòü øóì, âûäåëÿòü íåîáõîäèìûé ñèãíàë, è âî ìíîãèõ ñëó÷àÿõ

îïðåäåëÿåò óñïåõ ðåøåíèÿ çàäà÷è êëàññè�èêàöèè è ëîêàëèçàöèè

èñòî÷íèêîâ àêòèâíîñòè ìîçãà [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-00419 è 13-01-

00340.

[1℄ Makhortykh S.A. Sour
es lo
alization for brain biomagneti
 a
tivity //

Rev. Appl. Phys., 2014. Vol. 3. P. 25�28. http://www.seipub.org/rap/

paperInfo.aspx?ID=17562.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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A method for classifying the types of brain activity in magnetoen-
cephalographic (MEG) signals is proposed. The sources of abnor-
mal cortical activity are localized by performing a generalized spec-
tral analysis in the space of Fourier coefficients of the expansions of
recorded signals in adaptive orthogonal bases. The basic principles of
the method are discussed and the results of its application to actual
MEG records are presented for functional brain mapping in normal
and pathological states.

Intervals of abnormal and normal activity can be easily identified
visually when they differ by the mean amplitude of the signal. Other-
wise, the dominant type of activity can be determined by analyzing
the spatial field pattern which correlates with the number, location,
and orientation of the current sources responsible for magnetic field
generation.

The proposed approach was validated against data derived from
a reference group of healthy individuals and a group of patients suf-
fering from Parkinson’s syndrome.

Data preprocessing by means of generalized spectral method (De-
dus, Makhortykh, et al.) allows to remove noise, highlight the desired
signal, and, in many cases, determines the success of the solution.
It uses a set of orthogonal bases so that spectral description can be
scaled down to fit a particular class of signals. In many cases, correct
source localization and model parameters estimates can be obtained
only after projection of the signal on the proper basic function. Also,
expansion coefficients can be used as features for the system control
and signal type recognition [1].

This research is funded by the Russian Foundation for Basic Re-
searh, grants 14-07-00419 and 13-01-00340.

[1] Makhortykh, S. 2014. Sources localization for brain biomagnetic
activity. Rev. Appl. Phys. 3:25–28. http://www.seipub.org/rap/

paperInfo.aspx?ID=17562.
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ýëåêòðîòåõíè÷åñêèé óíèâåðñèòåò ¾ËÝÒÈ¿

Äëÿ êîíòðîëÿ ãëóáèíû àíåñòåçèè ïðè õèðóðãè÷åñêîé îïåðàöèè

ïî ýëåêòðîýíöå�àëîãðàììå (ÝÝ�) ðàçðàáîòàí àëãîðèòì, îñíîâàí-

íûé íà ñîâìåñòíîì èñïîëüçîâàíèè àíàëèçà õàîòè÷íîñòè ñèãíàëà,

àíàëèçà ÷àñòîòíûõ õàðàêòåðèñòèê ñèãíàëà è àíàëèçà ñïåöè�è÷å-

ñêèõ èçìåíåíèé ÝÝ�, âîçíèêàþùèõ â ñîñòîÿíèè àíåñòåçèè.

Èññëåäîâàíèå îñóùåñòâëÿëîñü ñ èñïîëüçîâàíèåì íàáîðà ðå-

àëüíûõ çàïèñåé ÝÝ�, ñíÿòûõ â õîäå ïðîâåäåíèÿ õèðóðãè÷åñêèõ

îïåðàöèé. Äëÿ àíàëèçà õàîòè÷íîñòè ñèãíàëà ïðåäëîæåíî èñïîëü-

çîâàòü àïïðîêñèìèðîâàííóþ ýíòðîïèþ, ïîçâîëÿþùóþ ïîëó÷èòü

äîñòîâåðíûå îöåíêè ïî îòíîñèòåëüíî êîðîòêèì âûáîðêàì.

Îïðåäåëåíû îïòèìàëüíûå ïàðàìåòðû ïðîöåäóðû âû÷èñëåíèÿ

àïïðîêñèìèðîâàííîé ýíòðîïèè ñ òî÷êè çðåíèÿ äè��åðåíöèàöèè

ðàçëè÷íûõ ñîñòîÿíèé àíåñòåçèè. Óñòàíîâëåíî, ÷òî íàèáîëåå èí-

�îðìàòèâíûì ÷àñòîòíûì ïàðàìåòðîì ÿâëÿåòñÿ îòíîñèòåëüíîå ñî-

äåðæàíèå íèçêî÷àñòîòíûõ ñîñòàâëÿþùèõ ñèãíàëà â äèàïàçîíå

äåëüòà-ðèòìà ÝÝ�. Ïðåäëîæåí êîëè÷åñòâåííûé ïîêàçàòåëü ý�-

�åêòà ¾âñïëåñê�ïîäàâëåíèå¿, õàðàêòåðíîãî äëÿ ñîñòîÿíèÿ ãëóáî-

êîé àíåñòåçèè.

�àçðàáîòàíû íåëèíåéíûå øêàëû è ðåøàþùèå ïðàâèëà, ïîçâî-

ëÿþùèå ïîëó÷èòü èíòåãðàëüíóþ îöåíêó ãëóáèíû àíåñòåçèè, êà÷å-

ñòâî êîòîðîé íå óñòóïàåò ëó÷øèì ìèðîâûì ðåçóëüòàòàì, ÷òî ïîç-

âîëÿåò ðàññìàòðèâàòü ïðåäëîæåííûé ìåòîä êàê îñíîâó äëÿ ñîçäà-

íèÿ ïðàêòè÷åñêîãî àëãîðèòìà àíàëèçà ÝÝ� â ìîíèòîðàõ ãëóáèíû

àíåñòåçèè [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ ��15-07-01790, 13-01-

00540 è 13-07-00721.

[1℄ Kalini
henko A.N., Manilo L.A., Nemirko A.P. Analysis of anesthesia

stages based on the EEG entropy estimation // Pattern Re
ogn. Image

Anal., 2015. Vol. 25. No. 4.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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For the control of anesthesia depth in the course of surgical operations
using electroencephalography (EEG), an algorithm based upon joint
use of signal randomness analysis of approximate entropy, analysis
of the signal spectrum, and analysis of EEG signal changes that are
specific to the condition of deep anesthesia has been developed.

A data set containing one-channel EEG records obtained in the
course of surgical operations was used for the examination. Over-
all duration of the EEG records was above 140 h. The approximate
entropy was suggested as an estimate of the EEG signal random-
ness taking into account the possibility of consistent estimates ob-
tained from the comparatively short data fragments. Optimal values
of the approximate entropy calculation procedure parameters were
determined from the point of view of various anesthesia stages differ-
entiation. It was established that relative part of the low-frequency
components belonging to the delta rhythm range represents the most
indicative frequency parameter. Quantitative estimation of the so-
called “burst–suppression” phenomenon that is specific for the state
of deep anesthesia was suggested.

Nonlinear scales and decision-making rules were developed to pro-
vide an integral index characterizing patients’ anesthesia depth. Com-
parison of the obtained results with the indications of commercially
manufactured anesthesia depth monitor BIS A-2000XP (Aspect Med-
ical) shows high degree of correlation that means that the suggested
method can be used as a basement for the development of new EEG
analysis algorithm for the anesthesia depth assessment devices [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 15-07-01790, 13-01-00540, and 13-07-00721.

[1] Kalinichenko, A.N., Manilo L.A., and Nemirko A.P. 2015. Analysis
of anesthesia stages based on the EEG entropy estimation. Pattern
Recogn. Image Anal. 25(4).
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2
Ïóùèíî, Èíñòèòóò áåëêà �ÀÍ

Â íàñòîÿùåé ðàáîòå ðåøàåòñÿ çàäà÷à ðàñïîçíàâàíèÿ ñòðóêòóð-

íûõ ìîòèâîâ áåëêîâ íà ïðèìåðå α�α-óãîëêîâ íà îñíîâå àíàëèòè-
÷åñêîãî îïèñàíèÿ îñíîâíîé öåïè áåëêîâîé ãëîáóëû è ñïåêòðàëü-

íîãî ìåòîäà ðàñïîçíàâàíèÿ ïîâòîðîâ.

Äëÿ íàáîðà ñòðóêòóð áûëè ïîëó÷åíû òðàåêòîðèè ìîëåêóëÿð-

íîé äèíàìèêè äëÿ èçó÷åíèÿ ñòðóêòóðíîé óñòîé÷èâîñòè. Ïðîâå-

äåí àíàëèç íàéäåííûõ ñòðóêòóð ïî êîí�îðìàöèîííîìó øàáëîíó,

îõàðàêòåðèçîâàííîìó ïðåäåëüíûìè çíà÷åíèÿìè óãëîâ íà êàðòå

�àìà÷àíäðàíà. Êîí�îðìàöèîííûé àíàëèç ïîäòâåðäèë óñòîé÷è-

âîñòü ñòðóêòóð; ïîçâîëèë ðàçäåëèòü êëàññ ñòðóêòóð ñ êîðîòêîé

ïåðåòÿæêîé è áîëåå îáùèé ñëó÷àé; ïîêàçàë, ÷òî ÷àñòè äëèííûõ

α-ñïèðàëåé, âûõîäÿùèõ çà ïðåäåëû ãèäðî�îáíîãî ÿäðà, ìåíåå

óñòîé÷èâû ïî ñðàâíåíèþ ñ ÷àñòÿìè, âõîäÿùèìè â ãèäðî�îáíîå

ÿäðî óãîëêà, ÷òî ïðîÿâëÿëîñü â ÷àñòè÷íîì ðàñïëåòàíèè è ñàìî-

ñáîðêå ñïèðàëåé ïðè ñîõðàíåíèè îáùåé êîí�îðìàöèè óãîëêà; ïîç-

âîëèë îïðåäåëèòü îáëàñòè âîçìîæíûõ �ëóêòóàöèé êîí�îðìàöèè

ñòðóêòóðû è ñòàòèñòè÷åñêè îáîñíîâàòü âûáîð ãðàíèö îáëàñòåé

ïàðàìåòðîâ ìåòîäà ðàñïîçíàâàíèÿ [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ïðîåêòû ��13-01-00340, 13-04-

00150, 14-07-31196, 14-07-00924, 15-29-07063.

[1℄ �óäíåâ Â.�., Ïàíêðàòîâ À.Í., Êóëèêîâà Ë.È., Äåäóñ Ô.Ô., Òèõî-

íîâ Ä.À., Å�èìîâ À.Â. Êîí�îðìàöèîííûé àíàëèç ñòðóêòóðíûõ

ìîòèâîâ òèïà α�α-óãîëîê â âû÷èñëèòåëüíîì ýêñïåðèìåíòå ìîëåêó-

ëÿðíîé äèíàìèêè // Ìàòåìàòè÷åñêàÿ áèîëîãèÿ è áèîèí�îðìàòèêà,

2014. Ò. 9. �2. Ñ. 575�584. www.matbio.org/2014/Rudnev_9_575.pdf

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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In this paper, the authors solve the problem of recognition of struc-
tural motifs of proteins on the example of α–α-corners based on the
analytical description of the main chain of the protein globule and
spectral recognition method.

For a set of structures, there were obtained trajectories of molecu-
lar dynamics to study structural stability. The analysis of the found
structures is performed by the conformational pattern, which is cha-
racterized by the limited values on the angles on the Ramachandran
plot. Conformational analysis confirmed the stability of the structure;
allowed to split a class of structures with a short constriction and the
more general case; showed that long helices beyond the hydrophobic
core are less stable compared with the ones included in the hydropho-
bic core of corner that manifested itself in the partial unwinding of
the spirals and self-assembly while maintaining the common confor-
mation of corner; and allowed to determine the range of possible fluc-
tuations in the conformation of the structure and statistically justify
the choice of the boundaries of parameters of recognition method [1].

This research is funded by Russian Foundation for Basic Re-
search, grants 13-01-00340, 13-04-00150, 14-07-31196, 14-07-00924,
15-29-07063.

[1] Rudnev, V., Pankratov A., Kulikova L., Dedus F., Tikhonov D., and
Efimov A. 2014. Conformational analysis of structural motifs of α–α-
corner in the computational experiment of molecular dynamics. Math.
Biol. Bioinf. 9(2):575–584. www.matbio.org/2014/Rudnev_9_575.pdf
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Îïèñûâàåòñÿ íàáîð ìåòîäîâ êëàññè�èêàöèè è ðàñïîçíàâàíèÿ

îáðàçîâ, ïðåäíàçíà÷åííûé äëÿ àíàëèçà êâàçèïåðèîäè÷åñêèõ áèî-

ñèãíàëîâ ïðè ðåøåíèè çàäà÷ ìåäèöèíñêîé äèàãíîñòèêè, êîòîðûé

áûë ðåàëèçîâàí êàê àïïàðàòíî-ïðîãðàììíûé êîìïëåêñ, îáåñïå-

÷èâàþùèé ñúåì, êîäèðîâàíèå, çàïèñü â áàçó äàííûõ, âèçóàëèçà-

öèþ è èíòåëëåêòóàëüíûé àíàëèç ìíîãîïàðàìåòðè÷åñêèõ õàðàê-

òåðèñòèê êâàçèïåðèîäè÷åñêîãî áèîñèãíàëà â ðåæèìå ðåàëüíîãî

âðåìåíè. �àññìîòðåíèå âåäåòñÿ íà ïðèìåðå îáðàáîòêè ïóëüñîâî-

ãî ñèãíàëà ëó÷åâîé àðòåðèè. Àïïàðàòíî-ïðîãðàììíûé êîìïëåêñ

âêëþ÷àåò â ñåáÿ: äàò÷èê ñèãíàëà, óñòðîéñòâî îöè�ðîâêè àíàëîãî-

âîãî ñèãíàëà è ïðîãðàììíîå îáåñïå÷åíèå, ðàçðàáîòàííîå àâòîðà-

ìè íà áàçå CodeGear RAD Studio. Àïïàðàòíî-ïðîãðàììíûé êîì-

ïëåêñ ïîêàçàë ñâîþ âûñîêóþ ý��åêòèâíîñòü ïðè ðåøåíèè ïðè-

êëàäíûõ çàäà÷ ìåäèöèíñêîé äèàãíîñòèêè, â òîì ÷èñëå íà áàçå

ðåçóëüòàòîâ àíàëèçà ðèòìè÷åñêîé ñòðóêòóðû è �îðìû ïóëüñîâî-

ãî ñèãíàëà ëó÷åâîé àðòåðèè áûëà ðåøåíà çàäà÷à ðàííåé äèàãíî-

ñòèêè àðòåðèàëüíîé ãèïåðòåíçèè ó äåòåé è ïîäðîñòêîâ [1℄.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé �èíàíñîâîé ïîääåðæêå

�ÔÔÈ, ãðàíòû ��13-07-00229, 13-07-00992, 13-07-12201 è 14-07-

00463.

[1℄ �ó÷óê Â.Â., Äåñîâà À.À., Äîðî�åþê À.À., Êèñåëåâà Í.Å. Àïïàðàò-

íî-ïðîãðàììíîå îáåñïå÷åíèå ìåòîäîâ àíàëèçà êâàçèïåðèîäè÷åñêèõ

áèîñèãíàëîâ (íà ïðèìåðå ïóëüñîâîãî ñèãíàëà ëó÷åâîé àðòåðèè) //

Äàò÷èêè è ñèñòåìû, 2014. � 8. Ñ. 17�22.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The methods of classification and pattern recognition for the analysis
of quasi-periodic biosignals in medical diagnostics are described. It
was implemented as a hardware-software complex (HSC), producing,
encoding, recording in the database, visualizing, and mining in real-
time of the biosignal multivariate quasi-periodic characteristics. The
consideration is carried out on an example of the radial artery pulse
signal processing. The complex includes: a sensor signal, device dig-
itizing the analog signal, and the software developed by the authors
on the basis of CodeGear RAD Studio. The HSC has shown its high
efficiency in solving applied problems in medical diagnostics, in par-
ticular, based on the results of the analysis of rhythmic structure and
form of radial artery, the problem of early diagnosis of hypertension
in children and adolescents has been solved [1].

The research is performed under partial financial support of the
Russian Foundation for Basic Research, grants 13-07-00229, 13-07-
00992, 13-07-12201, and 14-07-00463.

[1] Guchuk, V., Desova A., Dorofeyuk A., and Kiseleva N. 2014. Hardware
and software methods for the quasi-periodic biosignals analysis (the
radial artery pulse signal, as an example). Sensors Syst. 8:17–22.
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Ïðåäëîæåí ìåòîä âûäåëåíèÿ ïàðöèàëüíûõ ñïåêòðîâ àêòèâ-

íîñòè ãîëîâíîãî ìîçãà ÷åëîâåêà ïî äàííûì ðåêîíñòðóêöèè �óíê-

öèîíàëüíîé ñòðóêòóðû ìîçãà ÷åëîâåêà íà îñíîâå ìàãíèòîýíöå�à-

ëîãðà�è÷åñêèõ èçìåðåíèé. Ïîä ïàðöèàëüíûì ñïåêòðîì â äàííîé

ðàáîòå ïîíèìàåòñÿ ìíîãîêàíàëüíûé ñïåêòð Ôóðüå, ïîðîæäàåìûé

èñòî÷íèêàìè, ðàñïîëîæåííûìè â îïðåäåëåííîé îáëàñòè ìîçãà.

Òåõíîëîãèÿ âêëþ÷àåò â ñåáÿ ñëåäóþùèå ýòàïû: ïîñòðîåíèå �óíê-

öèîíàëüíîé òîìîãðàììû ïî äàííûì ìàãíèòíîé ýíöå�àëîãðà�èè;

ñåãìåíòàöèÿ ìàãíèòîðåçîíàíñíîé òîìîãðàììû ãîëîâû êîíêðåòíî-

ãî ñóáúåêòà; ñîçäàíèå ìàñîê íà îñíîâå ñåãìåíòàöèè è èõ íàëîæå-

íèå íà �óíêöèîíàëüíóþ òîìîãðàììó. �åçóëüòàòîì ïðèìåíåíèÿ

äàííîé òåõíîëîãèè ÿâëÿþòñÿ ïàðöèàëüíûå ñïåêòðû àêòèâíîñòè

ãîëîâíîãî ìîçãà ÷åëîâåêà, ñîîòâåòñòâóþùèå îïðåäåëåííûì àíà-

òîìè÷åñêèì ñòðóêòóðàì. Áûëè ïîëó÷åíû ïàðöèàëüíûå ñïåêòðû

òàëàìóñà, ìîçæå÷êà è çàòûëî÷íîé äîëè ìîçãà äëÿ 20 íàáîðîâ

ýêñïåðèìåíòàëüíûõ äàííûõ. Ïðîñòðàíñòâåííîå ðàçðåøåíèå ïîëó-

÷åííûõ àòëàñîâ � íå ìåíåå 3 ìì, ÷àñòîòíîå �� íå ìåíåå 1/300 �ö.

Ïðåäëàãàåìàÿ òåõíîëîãèÿ ïîçâîëèò äåëàòü âûâîäû î ïðîèñ-

õîæäåíèè òåõ èëè èíûõ äåòàëåé ñïåêòðà, à òàêæå âîññòàíàâëè-

âàòü âðåìåííîé ðÿä ýíöå�àëîãðàììû èçó÷àåìîé îáëàñòè ìîç-

ãà [1℄.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå �ÔÔÈ, ïðîåêòû

14-07-31309, 14-07-00636, 13-07-00162 è 13-07-12183, à òàêæå ïðè

ïîääåðæêå Ïðîãðàììû �óíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçè-

äèóìà �ÀÍ 43Ï.

[1℄ Llin�as R.R., Ustinin M.N., Rykunov S.D., Boyko A. I., Sy
hev V.V.,

Walton K., Rabello G., Gar
ia J. Re
onstru
tion of human brain

spontaneous a
tivity based on frequen
y-pattern analysis of

magnetoen
ephalography data // Front. Human Neuros
i., 2015

(in press).
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The method for the extraction of partial spectra of human brain ac-
tivity, based on functional structure reconstruction from magnetic
encephalography (MEG) measurements, is proposed. In this stufy,
the term “partial spectrum” refers to multichannel Fourier spectrum,
produced by field sources, which are located in the particular com-
partment of the brain. Technology consists of the following steps:
computation of functional tomogram, based on MEG measurements;
subject’s brain segmentation; and generation of segment’s masks and
their overlapping with functional tomogram. The results of this tech-
nology implementation are the partial spectra of brain activity, cor-
responding to the brain anatomical structures. Partial spectra of tha-
lamus, cerebellum, and occipital lobe were calculated for 20 exper-
imental data sets. Spatial resolution of these atlases is 3 mm and
frequency resolution is 1/300 Hz.

The proposed technology will allow to draw conclusions about
origin of some spectral details. Furthermore, it will allow one to re-
store time series of encephalograms for particular compartment of the
brain [1].

The study was partly supported by the Russian Foundation for
Basic Research (grants 14-07-31309, 14-07-00636, 13-07-00162, and
13-07-12183) and by the Program 43 for Fundamental Research of
the Russian Academy of Sciences.

[1] Llinás, R.R., Ustinin M.N., Rykunov S.D., Boyko A. I., Sychev V.V.,
Walton K., Rabello G., and Garcia J. 2015 (in press). Reconstruction of
human brain spontaneous activity based on frequency-pattern analysis
of magnetoencephalography data. Front. Human Neurosci.
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Îïèñàí íîâûé ìåòîä àíàëèçà ÷àñòîòíî-âðåìåííîé äèíàìèêè

�îíîâîé ýëåêòðè÷åñêîé àêòèâíîñòè ìîçãà, ñ ïîìîùüþ êîòîðî-

ãî îáíàðóæåíû, ïî ìåíüøåé ìåðå, òðè îñíîâíûõ ïðèçíàêà áî-

ëåçíè Ïàðêèíñîíà (ÁÏ) â ðàííåé ñòàäèè: (1) ìåæïîëóøàðíàÿ

àñèììåòðèÿ ÷àñòîòíî-âðåìåííûõ õàðàêòåðèñòèê ýëåêòðîýíöå�à-

ëîãðàììû (ÝÝ�) â öåíòðàëüíûõ îòâåäåíèÿõ ìîòîðíîé çîíû êîðû

ãîëîâíîãî ìîçãà; (2) âîçíèêíîâåíèå ðèòìà ÝÝ� â ýòèõ îòâåäåíèÿõ

â ÷àñòîòíîì äèàïàçîíå 4�6 �ö è åãî ñâÿçàííîñòü ñ ýëåêòðîìèî-

ãðàììàìè è ìåõàíè÷åñêèì òðåìîðîì êîíòðàëàòåðàëüíûõ êîíå÷-

íîñòåé ïðè äðîæàòåëüíîé �îðìå ÁÏ; (3) äåçîðãàíèçàöèÿ äîìèíè-

ðóþùåãî ðèòìà, ñîîòâåòñòâóþùàÿ îáùèì ïðåäñòàâëåíèÿì î äåç-

îðãàíèçàöèè ðàçëè÷íûõ ñèñòåì ïðè ÁÏ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �15-07-07846-À è Ïðî-

ãðàììîé Ïðåçèäèóìà �ÀÍ ¾Ôóíäàìåíòàëüíûå íàóêè �� ìåäè-

öèíå¿.

[1℄ Ñóøêîâà Î.Ñ., �àáîâà À.Â., Êàðàáàíîâ À.Â., Êåðøíåð È.À., Îáó-

õîâ Ê.Þ., Îáóõîâ Þ.Â. Ìåòîä ÷àñòîòíî-âðåìåííîãî àíàëèçà ñîâ-

ìåñòíûõ èçìåðåíèé ÝÝ�, ÝÌ� è ìåõàíè÷åñêîãî òðåìîðà ïðè áî-

ëåçíè Ïàðêèíñîíà // Íåëèíåéíûé ìèð, 2015. � 2. Ò. 13. Ñ. 49�51.

http://www.radiote
.ru/
atalog.php?
at=jr11&art=16023.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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A method of time-frequency analysis of joint
electroencephalogram, electromyogram,
and mechanical tremor signals in Parkinson’s disease
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Karabanov Alexey3 doctor.karabanov@mail.ru

Kershner Ivan4 ivan.kershner@gmail.com

Obukhov Konstantin4 ko.arsenalfc@gmail.com

Obukhov Yurii1 yuvobukhov@mail.ru
1Moscow, Kotel’nikov Institute of Radioengineering and Electronics
of the Russian Academy of Sciences

2Moscow, Institute of Higher Nervous Activity and Neurophysiology
of the Russian Academy of Sciences

3Moscow, Scientific Centre of Neurology of the Russian Academy
of Medical Science

4Moscow, Moscow Institute of Physics and Technology (State University)

A new method of analyzing time-frequency dynamics of background
electrical activity of the brain is described by means of which at least
three main features of Parkinson’s disease (PD) in the early stage
are detected: (i) interhemispheric asymmetry of the time-frequency
characteristics at electroencephalograms (EEG) in the central leads
of the motor area of the cerebral cortex; (ii) the emergence of EEG
rhythm in these leads in the frequency range of 4–6 Hz and its re-
latedness to the electromyograms and mechanical tremor of the con-
tralateral limbs in the tremor form of PD; and (iii) disorganization
of the dominant rhythm corresponding to the general ideas about the
disorganization of the various systems in Parkinson’s disease [1].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-07846-A and by the Program of the Presidi-
um of the Russian Academy of Sciences “Fundamental sciences to
medicine.”

[1] Sushkova O., Gabova A., Karabanov A., Kershner I., Obukhov K., and
Obukhov Y. 2015. A method of time-frequency analysis of joint EEG,
EMG, mechanical tremor signals in Parkinson’s disease. Nelineinyi Mir
[Nonlinear World] 13(2):49–51. http://www.radiotec.ru/catalog.

php?cat=jr11&art=16023.
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Ïðåäëîæåí íîâûé ìåòîä àíàëèçà è ëîêàëèçàöèè àêòèâíîñòè

ãîëîâíîãî ìîçãà íà îñíîâå ìíîãîêàíàëüíûõ ìàãíèòîýíöå�àëî-

ãðàìì. Âûïîëíÿåòñÿ ïðåîáðàçîâàíèå Ôóðüå ñ èñïîëüçîâàíèåì

âðåìåííûõ ðÿäîâ çà âåñü ïåðèîä ðåãèñòðàöèè, ÷òî ïðèâîäèò ê äå-

òàëüíûì ìíîãîêàíàëüíûì ñïåêòðàì. Äàëüíåéøèé àíàëèç ïîçâî-

ëÿåò ïîëó÷èòü ðàçëîæåíèå ÷àñòîòíûõ êîìïîíåíò íà �óíêöèî-

íàëüíî èíâàðèàíòíûå ñóùíîñòè. Ìåòîä, ïîëó÷èâøèé íàçâàíèå

¾�óíêöèîíàëüíàÿ òîìîãðà�èÿ¿, ïîçâîëÿåò íàéòè ïðîñòðàíñòâåí-

íîå ðàñïðåäåëåíèå èñòî÷íèêîâ ìàãíèòíîãî ïîëÿ. Òðè îäíîâðå-

ìåííî àêòèâèðîâàííûõ �èçè÷åñêèõ äèïîëÿ ëîêàëèçóþòñÿ ñ ìèë-

ëèìåòðîâîé òî÷íîñòüþ. Ïðè èçó÷åíèè ìàãíèòîýíöå�àëîãðà�è÷å-

ñêèõ äàííûõ äåñÿòè êîíòðîëüíûõ ñóáúåêòîâ áûëî ïîëó÷åíî ïðî-

ñòðàíñòâåííîå ðàñïðåäåëåíèå àëü�à-ðèòìà ñ ðàçðåøåíèåì 3 ìì.

�åçóëüòàòàìè ïðèìåíåíèÿ ìåòîäà �óíêöèîíàëüíîé òîìîãðà�èè

ÿâëÿþòñÿ êàê îáùèé âèä ýëåêòðè÷åñêîé àêòèâíîñòè ìîçãà, òàê

è äåòàëüíîå ñïåêòðàëüíîå îïèñàíèå èñòî÷íèêîâ. Ïðè ñîâìåñò-

íîì èñïîëüçîâàíèè ñ ìàãíèòîðåçîíàíñíîé òîìîãðà�èåé ýòè ðå-

çóëüòàòû îáåñïå÷èâàþò ëîêàëèçàöèþ èñòî÷íèêîâ â àíàòîìè÷å-

ñêîé ñòðóêòóðå ìîçãà [1℄.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå �ÔÔÈ, ïðîåê-

òû 14-07-31309, 14-07-00636, 13-07-00162, 13-07-12183, à òàêæå ïðè

ïîääåðæêå Ïðîãðàììû �óíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçè-

äèóìà �ÀÍ 43Ï.

[1℄ Llin�as R.R., Ustinin M.N., Rykunov S.D., Boyko A. I., Sy
hev V.V.,

Walton K., Rabello G., Gar
ia J. Re
onstru
tion of human brain

spontaneous a
tivity based on frequen
y-pattern analysis of magne-

toen
ephalography data // Front. Human Neuros
i., 2015 (in press).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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based on frequency–pattern analysis
of magnetoencephalography data
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Sychev Vyacheslav sychyov@yahoo.com

Pushchino, Institute of Mathematical Problems of Biology of the Russian

Academy of Sciences

A new method for the analysis and localization of brain activity
has been developed based on multichannel magnetic field recordings.
A high-resolution Fourier transform is obtained over the entire record-
ing period, leading to a detailed multifrequency spectrum. Further
analysis implements a total decomposition of the frequency compo-
nents into functionally invariant entities, each having an invariant
field pattern. The method, called “functional tomography,” makes it
possible to find the distribution of magnetic field sources in space.
Concerning the dipole phantom, the method is able to localize three
simultaneously activated current dipoles with 1-millimeter precision.
Spatial resolution 3 mm was attained when localizing spontaneous al-
pha rhythm activity in ten healthy adults, where the alpha frequency
was specified for each subject individually. The method successfully
provides an overall view of brain electrical activity, a detailed spec-
tral description, and, combined with magnetic resonance imaging, the
localization of sources in anatomical brain space [1].

The study was partly supported by the Russian Foundation for
Basic Research (grants 13-07-00162, 13-07-12183, 14-07-00636, and
14-07-31309) and by the Program 43 for Fundamental Research of
the Russian Academy of Sciences.

[1] Llinás, R.R., Ustinin M.N., Rykunov S.D., Boyko A. I., Sychev V.V.,
Walton K., Rabello G., and Garcia J. 2015 (in press). Reconstruction of
human brain spontaneous activity based on frequency-pattern analysis
of magnetoencephalography data. Front. Human Neurosci.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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2
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3
Ìîñêâà, Ìåäèöèíñêèé ó÷åáíî-íàó÷íûé êëèíè÷åñêèé öåíòð

èì. Ï.Â. Ìàíäðûêà

Òåõíîëîãèÿ èí�îðìàöèîííîãî àíàëèçà ýëåêòðîêàðäèîñèãíà-

ëîâ, ïðåäëîæåííàÿ Â.Ì. Óñïåíñêèì äëÿ äèàãíîñòèêè çàáîëåâà-

íèé âíóòðåííèõ îðãàíîâ ïî ýëåêòðîêàðäèîãðàììå (ÝÊ�), îñíîâà-

íà íà êîäèðîâàíèè çíàêîâ ïðèðàùåíèé èíòåðâàëîâ è àìïëèòóä

R-ïèêîâ ÝÊ� â ñèìâîëüíóþ ïîñëåäîâàòåëüíîñòü (êîäîãðàììó).

Â êà÷åñòâå ïðèçíàêîâ äëÿ ðàñïîçíàâàíèÿ çàáîëåâàíèé èñïîëüçó-

þòñÿ ÷àñòîòû êîðîòêèõ �ðàãìåíòîâ êîäîãðàììû. Ïðåäøåñòâó-

þùèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî äëÿ êàæäîãî çàáîëåâàíèÿ ñïå-

öè�è÷åí ñâîé íàáîð ÷àñòî âñòðå÷àþùèõñÿ �ðàãìåíòîâ. Öåëüþ

äàííîé ðàáîòû ÿâëÿåòñÿ ïîâûøåíèå êà÷åñòâà äèàãíîñòèêè ïóòåì

ïîäáîðà ñïîñîáîâ êîäèðîâàíèÿ è îïòèìèçàöèè ìîäåëåé êëàññè-

�èêàöèè. Ïðåäëàãàåìûå ìåòîäû ñðàâíèâàþòñÿ ñ àíàëèçîì âàðè-

àáåëüíîñòè ñåðäå÷íîãî ðèòìà (ÂÑ�), èñïîëüçóþùèì òîëüêî àãðå-

ãèðîâàííûå äàííûå îá RR-èíòåðâàëàõ. Ïðåäëîæåíû ý��åêòèâ-

íûå ìåòîäû îòáîðà ïðèçíàêîâ çà âðåìÿ, ëèíåéíîå ïî äëèíå âû-

áîðêè è ÷èñëó ïðèçíàêîâ. Ýêñïåðèìåíòû ïðîâîäèëèñü íà âûáîðêå

èç 7541 îáñëåäîâàíèé ñ äèàãíîçàìè ïî 19 çàáîëåâàíèÿì. Ñîâìåñò-

íûé ó÷åò âàðèàáåëüíîñòè èíòåðâàëîâ è àìïëèòóä ïîâûøàåò AUC

íà òåñòîâûõ äàííûõ â ñðåäíåì íà 4%�5% ïî ñðàâíåíèþ ñ 18 ñòàí-

äàðòíûìè ïàðàìåòðàìè ÂÑ�-àíàëèçà. Äëÿ îòäåëüíûõ áîëåçíåé

òî÷íîñòü äèàãíîñòèêè äîñòèãàåò 98% ïî êðèòåðèþ AUC íà òåñòî-

âîé âûáîðêå [1℄.

�àáîòà ïîääåðæàíà ãðàíòàìè �ÔÔÈ 14-07-31163 è 14-07-00908.

[1℄ Óñïåíñêèé Â.Ì., Âîðîíöîâ Ê.Â., Öåëûõ Â.�., Áóíàêîâ Â.À., Èø-

êèíà Ø.Õ. Òåõíîëîãèÿ èí�îðìàöèîííîãî àíàëèçà ýëåêòðîêàðäèî-

ñèãíàëîâ: ñòàòèñòè÷åñêàÿ ýêñïåðòèçà è ïóòè ñîâåðøåíñòâîâàíèÿ //

Êëèíè÷åñêàÿ ìåäèöèíà, 2015 (â ïå÷àòè).

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.



Appli
ations: Medi
ine and Biology 219

The comparison of the information analysis
of ECG-signals and the heart rate variability analysis
as techniques for the diagnostics of internal diseases

Tselykh Vlada1
⋆ celyh@phystech.edu

Vorontsov Konstantin1,2 voron@forecsys.ru

Uspenskiy Vyacheslav3 medddik@yandex.ru
1Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Dorodnicyn Computing Centre of the Russian Academy
of Sciences

3Moscow, Mandryk Medical Educational and Scientific Clinical Center

The information analysis of the ECG signals is a machine learning
technique proposed by V. M. Uspenskiy to diagnose internal diseases.
It is based on the encoding of the sequence of RR-intervals and R-peak
amplitudes into a character string called a codegram. The frequen-
cies of n-character fragments (called n-grams or codewords) are used
as feature vector representation of each ECG-record. Previous expe-
riments show that each disease manifests itself by a high frequency
of specific codewords. Each frequent codeword describes a pattern
of heart rate variability specific for the disease. The purpose of the
present work is to improve the diagnostics accuracy by optimization
of encoding techniques and classification models. The diagnostic al-
gorithms are compared with the state-of-the art heart rate variability
(HRV) analysis based on the descriptive statistics of the RR-intervals
variability. Note that usual HRV-analysis uses only the RR-intervals
and never uses the amplitudes of R-peaks. The authors propose com-
putationally effective feature selection algorithm that finds diagnostic
patterns of variability with linear time complexity both in the sample
size and the number of features. For the experimental study, a dataset
of 7541 ECG records with known diagnoses of 19 diseases has been
used. The optimal classification model uses bigrams and a 6-character
encoding. It gives the average increase of cross-validated AUC by 4%–
5% if compared with HRV-analysis based on 18 standard parameters.
For certain diseases, the cross-validated AUC reaches 98% [1].

The work is supported by the Russian Foundatio for Basic Re-
search, grants 14-07-31163 and 14-07-00908.
[1] Uspenskiy, V., Vorontsov K., Tselykh V., Bunakov V., and Ishkina Sh.

2015 (in press). Informational analysis of ECG signals: Statistical ver-
ification and ways of improvement. Klinicheskaya Meditsina.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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Íîâîñèáèðñê, Èíñòèòóò ìàòåìàòèêè èì. Ñ. Ë. Ñîáîëåâà ÑÎ �ÀÍ

Äðåâíåðóññêèå öåðêîâíûå ïåñíîïåíèÿ XII�XVII ââ. ïðåäñòàâ-

ëåíû â çíàìåííîé �îðìå çàïèñè. Ïðîáëåìà ïåðåâîäà èõ â íîòî-

ëèíåéíóþ �îðìó íîñèò äåøè�ðîâî÷íûé õàðàêòåð è â îáùåì ñëó-

÷àå (ïðè îòñóòñòâèè ó çíàìåí ïîìåò, ïîÿñíÿþùèõ èõ ïåâ÷åñêîå

çíà÷åíèå) îñòàåòñÿ îòêðûòîé. Êîëè÷åñòâî íåïðî÷èòàííûõ ïåâ÷å-

ñêèõ êíèã èñ÷èñëÿåòñÿ ñîòíÿìè. Òðóäíîñòè äåøè�ðîâêè ñâÿçàíû

ñ ìíîãîçíà÷íîñòüþ ñîîòâåòñòâèÿ ¾çíàìÿ � íîòà¿.

Àâòîðû ðàçâèâàþò íîâûé ïîäõîä ê ðåøåíèþ ýòîé ïðîáëåìû,

îñíîâàííûé íà èñïîëüçîâàíèè äâîçíàìåííèêîâ �� ïåâ÷åñêèõ êíèã

êîíöà XVII�íà÷àëà XVIII ââ., çàïèñàííûõ â âèäå òðåõ ïàðàë-

ëåëüíûõ (ñèíõðîíèçîâàííûõ ìåæäó ñîáîé) òåêñòîâ: çíàìåííîãî,

íîòîëèíåéíîãî è ñòèõîòâîðíîãî (ñòàðîñëÿâÿíñêîãî). Àêöåíò äåëà-

åòñÿ íà âûÿâëåíèå â òåêñòàõ äâîçíàìåííèêîâ ïîâòîðÿþùèõñÿ öå-

ïî÷åê çíàìåí, èíòåðïðåòèðóåìûõ îäíîçíà÷íî (èíâàðèàíòû) èëè

¾ïî÷òè îäíîçíà÷íî¿ (êâàçèèíâàðèàíòû).

Íà îáó÷àþùåì ìàòåðèàëå ïîñòðîåíû ýëåêòðîííûå ñëîâàðè èí-

âàðèàíòîâ è êâàçèèíâàðèàíòîâ. �àçðàáîòàí àëãîðèòì äåøè�ðîâ-

êè ïåñíîïåíèé ñ èñïîëüçîâàíèåì ýòèõ ñëîâàðåé. Ýêñïåðèìåíòû

íà êîíòðîëüíîì ìàòåðèàëå ïîêàçàëè, ÷òî äàæå áåç àïåëëÿöèè

ê ñòðóêòóðíîé îðãàíèçàöèè çíàìåííîãî ðàñïåâà óäàåòñÿ ïðàâèëü-

íî äåøè�ðîâàòü ïîðÿäêà 60%�70% çíàìåííîãî òåêñòà.

Îñîáåííîñòÿìè ïîäõîäà ÿâëÿþòñÿ: îïîðà íà ìíîãîæàíðîâûå

äâîçíàìåííèêè ïåðèîäà íàèâûñøåãî ðàñöâåòà çíàìåííîãî ïåíèÿ

è îðèåíòàöèÿ íà îáùèé ñëó÷àé áåñïîìåòíîé íîòàöèè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �13-07-00400.

[1℄ Áàõìóòîâà È.Â., �óñåâ Â.Ä., Ìèðîøíè÷åíêî Ë.À., Òèòêîâà Ò.Í.

Ïàðàëëåëüíûå òåêñòû â çàäà÷å äåøè�ðîâêè äðåâíåðóññêèõ çíàìåí-

íûõ ïåñíîïåíèé // Ìàøèííîå îáó÷åíèå è àíàëèç äàííûõ, 2015 (â ïå-

÷àòè). Ò. 1. �. 13. jmlda.org/papers/do
/2015/JMLDA2015no13.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The ancient Russian chants of the XII–XVII centuries are presented
in the neume writing form. The problem of chant translation into note
writing is of deciphering character and, in the general case (chants
without marks that explain their singing value), is not yet solved.
The number of “unreadable” ancient hymnals runs into the hundreds.
The difficulties of deciphering are connected with the polysemy of the
correspondence “neume–note.” The known examples of deciphering
are few in number, made manually, and refer to the certain hymn.

The authors develop a new approach to the solution of this prob-
lem using the dvoyeznamenniks of the XVII—XVIII centuries where
the chants are written in three (synchronized with each other) parallel
texts: in neumes, in notes, and in old Slavonic verses. The emphasis
is made on revealing in texts of dvoyeznamenniks repeating chains
of neumes that are interpreted either unambiguously (invariants) or
with admissible deviations (quasi-invariants)

On the basis of learning material, the electronic dictionaries of in-
variants and quasi-invariants have been constructed. The algorithm
of deciphering of neumatic notation using these dictionaries was de-
veloped. The experiments on the control material have shown that
these dictionaries provide the deciphering of 60%–70% of text.

The main features of the present approach are: use of dvoyezna-
menniks in different genres and orientation, in general, toward the
chants without special marks from the XVI–XVII centuries [1].

This research is funded by Russian Foundation for Basic Research,
grant 13-07-00400.
[1] Bakhmutova, I. V., Gusev V.D., Miroshnichenko L.A., Titkova T.N.

2015. Parallel texts in the problem of deciphering of ancient Russian
Chant. J. Mach. Learn. Data Anal. 1(13). jmlda.org/papers/doc/

2015/JMLDA2015no13.pdf.
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Ìîñêâà, Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

èì.Ì.Â. Ëîìîíîñîâà

Àääèòèâíàÿ ðåãóëÿðèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé (ARTM)

ïîçâîëÿåò âûÿâëÿòü ëàòåíòíóþ òåìàòèêó êîëëåêöèé òåêñòîâûõ

äîêóìåíòîâ, ðåøàÿ íåêîððåêòíî ïîñòàâëåííóþ çàäà÷ó ñòîõàñòè-

÷åñêîãî ìàòðè÷íîãî ðàçëîæåíèÿ. Â áèáëèîòåêå BigARTM, äîñòóï-

íîé ïî àäðåñó bigartm.org, ðåàëèçîâàí îäíîïðîõîäíûé ïàðàë-

ëåëüíûé ÅÌ-àëãîðèòì, ïðåâîñõîäÿùèé äðóãèå áèáëèîòåêè ïî âðå-

ìåíè âûïîëíåíèÿ è ïî ãèáêîñòè êîíñòðóèðîâàíèÿ òåìàòè÷åñêèõ

ìîäåëåé. BigARTM ïîçâîëÿåò, êîìáèíèðóÿ ðåãóëÿðèçàòîðû, ïî-

ëó÷àòü òåìàòè÷åñêèå ìîäåëè ñ çàäàííûìè ñâîéñòâàìè.

�àññìàòðèâàþòñÿ ðåãóëÿðèçàòîðû äëÿ ïîâûøåíèÿ èíòåðïðå-

òèðóåìîñòè òåì ïóòåì ðàçðåæèâàíèÿ, ñãëàæèâàíèÿ è äåêîððåëè-

ðîâàíèÿ; óñòðàíåíèÿ äóáëèðóþùèõ è ëèíåéíî çàâèñèìûõ òåì; ïî-

ñòðîåíèÿ ìóëüòèìîäàëüíûõ ìîäåëåé ïî ìåòàäàííûì î âðåìåíè,

àâòîðàõ, ïîëüçîâàòåëÿõ, ññûëêàõ è äðóãèõ ñâÿçàííûõ ñ äîêóìåí-

òàìè îáúåêòàõ; ïîñòðîåíèÿ ìóëüòèÿçû÷íûõ òåìàòè÷åñêèõ ìîäå-

ëåé äëÿ êðîññ-ÿçû÷íîãî ïîèñêà; ðàçäåëåíèÿ òåì íà ñîáûòèéíûå

è ïåðìàíåíòíûå; âûÿâëåíèÿ èåðàðõè÷åñêèõ ñâÿçåé ìåæäó òåìà-

ìè; âûäåëåíèÿ òåìàòè÷åñêèõ êëþ÷åâûõ �ðàç; òåìàòè÷åñêîé ñåã-

ìåíòàöèè òåêñòà. �àññìàòðèâàåòñÿ îáîáùåííàÿ ãèïåðãðà�îâàÿ òå-

ìàòè÷åñêàÿ ìîäåëü äëÿ îïèñàíèÿ ñîöèàëüíûõ ñåòåé, ðåêëàìíûõ

ñåòåé è ðåêîìåíäàòåëüíûõ ñèñòåì. �àññìàòðèâàþòñÿ ïðèëîæåíèÿ

òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíòû ��14-07-00847, 14-07-

00908 è 14-07-31176.

[1℄ Âîðîíöîâ Ê.Â., Ôðåé À.È., Àïèøåâ Ì.À. è äð. BigARTM: áèáëèî-

òåêà ñ îòêðûòûì êîäîì äëÿ òåìàòè÷åñêîãî ìîäåëèðîâàíèÿ áîëüøèõ

òåêñòîâûõ êîëëåêöèé // DAMDID, 2015.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Additive Regularization of Topic Models (ARTM) reveals a hidden
thematic structure of a text collection by solving an ill-posed problem
of stochastic matrix factorization. The online parallel EM-algorithm
for ARTM was implemented in the open source library BigARTM
available at bigartm.org. BigARTM outperforms concurrent topic
modeling tools by both running time and flexibility of model con-
struction. BigARTM allows to produce topic models with the desired
properties by combining regularizers.

The authors consider regularizers for topic sparsing, smoothing,
and decorrelation that augments the interpretability of topics; topic
selection that eliminates duplicate and linearly dependent topics;
multimodal likelihood maximization that takes into account docu-
ment metadata such as time, authors, users, links, etc.; multilin-
gual topic modeling for cross-lingual information search; temporal
modeling that separates event topics and permanent topics; hierar-
chical modeling that induces relationships between topics and their
subtopics; and segmentation modeling that identifies thematically ho-
mogeneous fragments in a coherent text. Then, the authors consider
a hypergraph generalization of ARTM for joint modeling of text and
transactional data in social media, advertising networks and recom-
mender systems. Finally, experimental results are reported on several
applications of ARTM [1].

The work was supported by the Russian Foundation for Basic
Research, grants 14-07-00847, 14-07-00908, and 14-07-31176.

[1] Vorontsov, K., Frei O., Apishev M., et al. 2015. BigARTM: Open source
library for topic modeling of large text collections. DAMDID.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�åøàåòñÿ ïðîáëåìà ïîñòðîåíèÿ è âåðè�èêàöèè èåðàðõè÷åñ-

êèõ òåìàòè÷åñêèõ ìîäåëåé êðóïíûõ êîí�åðåíöèé. Ïðåäïîëàãà-

åòñÿ, ÷òî òåìàòè÷åñêàÿ ìîäåëü êîí�åðåíöèè èçìåíÿåòñÿ èç ãîäà

â ãîä íåçíà÷èòåëüíî, ÷òî ïîçâîëÿåò �èêñèðîâàòü åå èåðàðõè÷åñ-

êóþ ñòðóêòóðó è êëàññè�èöèðîâàòü íîâûå àííîòàöèè äîêëàäîâ.

Äëÿ êëàññè�èêàöèè íîâûõ àííîòàöèé ââîäèòñÿ îïåðàòîð ðå-

ëåâàíòíîñòè, ðàíæèðóþùèé êëàñòåðû íèæíåãî óðîâíÿ òåìàòè-

÷åñêîé ìîäåëè â ïîðÿäêå óáûâàíèÿ ñõîäñòâà. Ñóùåñòâóþùèå ìå-

òîäû îöåíêè ñõîäñòâà ìåæäó äîêóìåíòîì è êëàñòåðîì íèæíåãî

óðîâíÿ èåðàðõèè íå ÿâëÿþòñÿ óñòîé÷èâûìè â ñèëó íåáîëüøîãî

ðàçìåðà êëàñòåðîâ. Äîáàâëåíèå íîâîãî äîêóìåíòà â êëàñòåð ïðè-

âîäèò ê çíà÷èòåëüíîìó èçìåíåíèþ åãî òåðìèíîëîãè÷åñêîãî ñîñòà-

âà è, êàê ñëåäñòâèå, ñõîäñòâà ìåæäó äàííûì êëàñòåðîì è óæå

íàõîäÿùèìèñÿ â íåì äîêóìåíòàìè. Ïðåäëàãàåòñÿ èñïîëüçîâàòü

èåðàðõè÷åñêóþ âçâåøåííóþ �óíêöèþ ñõîäñòâà äîêóìåíòà è êëàñ-

òåðà, ó÷èòûâàþùóþ ñõîäñòâî äîêóìåíòà ñî âñåìè åãî ðîäèòåëü-

ñêèìè êëàñòåðàìè. Âåñàìè â äàííîé �óíêöèè ñõîäñòâà ÿâëÿþòñÿ

çíà÷åíèÿ âàæíîñòè òåðìèíîâ èç ñëîâàðÿ êîëëåêöèè, êîòîðûå âû-

ðàæàþòñÿ ÷åðåç èõ ýíòðîïèþ îòíîñèòåëüíî ýêñïåðòíîé êëàñòåðè-

çàöèè íà çàäàííîì óðîâíå èåðàðõèè [1℄.

Äëÿ îöåíêè ðåçóëüòàòîâ ââîäÿòñÿ äâà êðèòåðèÿ êà÷åñòâà îïå-

ðàòîðà ðåëåâàíòíîñòè. Äëÿ ïðîâåðêè ïðåäëàãàåìûõ àëãîðèòìîâ

ñòðîèòñÿ òåìàòè÷åñêàÿ ìîäåëü êîí�åðåíöèè EURO 2010 ïî ýêñ-

ïåðòíûì ìîäåëÿì êîí�åðåíöèé EURO 2012 è EURO 2013.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-31264.

[1℄ Êóçüìèí À.À., Àäóåíêî À.À., Ñòðèæîâ ÀÀ. Òåìàòè÷åñêàÿ êëàñ-

ñè�èêàöèÿ òåçèñîâ êðóïíîé êîí�åðåíöèè ñ èñïîëüçîâàíèåì ýêñ-

ïåðòíîé ìîäåëè // Èí�îðìàöèîííûå òåõíîëîãèè, 2014. Ò. 6. Ñ. 22�

26.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The aim of this study is to construct and verify a hierarchical the-
matic model of a major conference. Only a few themes of the confer-
ence change from one year to another. Here, previous conferences hier-
archical structures have been used to classify new abstracts of the up-
coming conference.

A relevance operator is suggested to classify new unmarked ab-
stracts (documents). It sorts the clusters of the lowest level of hierar-
chy according to similarity with the new document in the descending
order. There are several ways to calculate a similarity of a docu-
ment and a cluster of the lowest level of hierarchy using the term
frequencies of the document and the cluster. But adding a new do-
cument to such a cluster changes its term frequencies significantly. It
leads to significant changes of similarity values of this cluster and its
documents. A weighted hierarchical similarity function is proposed
to avoid this problem. It considers similarities of document and all
parent clusters of the lowest level cluster. Weights in this function
are the importance values of the terms from the collection dictionary.
Entropy-based approach is used to estimate these weights [1].

The proposed relevance operator is compared with its baseline
pseudorandom version using two proposed quality criterions. The sug-
gested method constructs a thematic model for the EURO 2010 con-
ference using the expert models for the conferences EURO 2012 and
EURO 2013.

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-31264.

[1] Kuzmin, A., Aduenko A., and Strijov V. 2014. Thematic classification
using expert model for major conference abstracts . Informational Tech-
nologies 6:22–26.
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Âåëèêèé Íîâãîðîä, Íîâãîðîäñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

�àçðàáîòêà îòêðûòûõ òåñòîâ ïðåäïîëàãàåò íàêîïëåíèå è ñèñ-

òåìàòèçàöèþ ýêñïåðòíûõ çíàíèé, èñõîäíî ïðåäñòàâëÿåìûõ òåê-

ñòàìè åñòåñòâåííîãî ÿçûêà (Åß). Èñòî÷íèêîì çíàíèé çäåñü áóäóò

ïóáëèêàöèè îòå÷åñòâåííûõ è çàðóáåæíûõ íàó÷íûõ øêîë â âèäå

ìîíîãðà�èé, îáçîðíûõ ñòàòåé, òðóäîâ êîí�åðåíöèé è ò. ï. Â ðà-

áîòå ïðåäëîæåí ìåòîä ïîèñêà â òåêñòîâîì êîðïóñå �ðàç, ìàêñè-

ìàëüíî áëèçêèõ èñõîäíîé ïî îïèñûâàåìîìó �ðàãìåíòó çíàíèÿ

è �îðìàì åãî âûðàæåíèÿ â çàäàííîì Åß. Â îñíîâå ìåòîäà ëå-

æèò ðàçáèåíèå ñëîâ èñõîäíîé �ðàçû íà êëàññû ïî çíà÷åíèþ ìåðû

TF-IDF (term frequen
y � inverse do
ument frquen
y) îòíîñèòåëüíî

äîêóìåíòîâ êîðïóñà äëÿ âûäåëåíèÿ îáùåé ëåêñèêè, îáåñïå÷èâàþ-

ùåé ñèíîíèìè÷åñêèå ïåðè�ðàçû, à òàêæå ñëîâ-òåðìèíîâ. Êîíå÷-

íîé öåëüþ ÿâëÿåòñÿ ïîèñê íàèáîëåå ðàöèîíàëüíîãî ïëàíà ïåðåäà-

÷è ñìûñëà ñðåäñòâàìè çàäàííîãî Åß ìåæäó ýêñïåðòàìè è îáó÷à-

åìûìè. Îäíèì èç áàçîâûõ çäåñü ñëóæèò ïðåäïîëîæåíèå î òîì,

÷òî ïðè íàëè÷èè ïåðè�ðàç çàäàþùàÿ èõ îáùàÿ ëåêñèêà èìååò

çíà÷åíèÿ TF è IDF, áëèçêèå ñðåäíèì ïî èñõîäíîé �ðàçå. Ñîð-

òèðóÿ ïî óáûâàíèþ TF-IDF, íàèáîëåå çíà÷èìûìè âûäåëÿþò òðè

êëàññà ñëîâ: áëèçêèõ ìàêñèìàëüíîìó, ìèíèìàëüíîìó è ñðåäíåìó

çíà÷åíèÿì óêàçàííîé ìåðû. Ïî ðåçóëüòàòàì êëàñòåðèçàöèè ñëîâ

èñõîäíîé �ðàçû îòáèðàþòñÿ äîêóìåíòû êîðïóñà, îòíîñèòåëüíî

êîòîðûõ íàéäåíî êàê ìîæíî áîëüøå êëàñòåðîâ ïðè ìèíèìóìå

ðàçíîñòè íàèáîëüøåãî è íàèìåíüøåãî äèàìåòðîâ è ìàêñèìàëüíî

âîçìîæíîì ÷èñëå ñëîâ êëàñòåðà. �åçóëüòèðóþùèå �ðàçû èç âû-

äåëåííûõ äîêóìåíòîâ âûáèðàþòñÿ ïî ìàêñèìóìó ñëîâ â òðåõ íàè-

áîëåå çíà÷èìûõ êëàññàõ ïî TF-IDF [1℄.

�àáîòà ïîääåðæàíà �ÔÔÈ (ïðîåêò �13-01-00055) è Ìèíîáð-

íàóêè �Ô (áàçîâàÿ ÷àñòü ãîñçàäàíèÿ).

[1℄ Ìèõàéëîâ Ä.Â., Êîçëîâ À.Ï., Åìåëüÿíîâ �.Ì. Âûäåëåíèå çíàíèé

è ÿçûêîâûõ �îðì èõ âûðàæåíèÿ íà ìíîæåñòâå òåìàòè÷åñêèõ òåê-

ñòîâ: ïîäõîä íà îñíîâå ìåðû TF-IDF // Êîìïüþòåðíàÿ îïòèêà,

2015, Ò. 39, �3, Ñ. 429-438. www.
omputeropti
s.smr.ru/KO/PDF/

KO39-3/390319.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Emelyanov Gennady Gennady.Emelyanov@novsu.ru

Veliky Novgorod, Yaroslav-the-Wise Novgorod State University

Development of open form test assignments requires the accumulat-
ing and ordering an expert knowledge initially represented by natural-
language (NL) texts. The most natural knowledge source here will be
the scientific papers of highest rank scholars in appropriated topical
area. In this paper, the method to select in text corpora the phrases
closest to initial concerning the described fragment of reality or ex-
pressional forms for expert knowledge in given NL is suggested. This
method is based on clustering the vocabulary of initial phrase by TF-
IDF (term frequency – inverse document frequency) metrics relatively
to corpora documents with division between terms and general vocab-
ulary by means of which synonymic paraphrases can be formed. The
main practical goal here is to find the most rational plan to transfer
the meaning between experts and testees using the given NL. One
of the base assumptions here is that when paraphrases are present,
the general vocabulary which specifies them has the values of both
TF and IDF closest to average for initial phrase. Sorting the words
by descending values of TF-IDF, as the most significant three word
classes are selected: closest to maximal, minimal, and average value
of the given measure. The results of word clustering are the basis of se-
lection the corpora documents relatively to which the largest num-
ber of clusters were found at minimal difference between the largest
and the least values of cluster width and maximum of words in each
cluster. The resultant phrases from selected documents are chosen
according to the criteria of maximum of words related to three most
significant clusters by TF-IDF [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 13-01-00055, and the Ministry of Education and Science
of Russia (the basic part of the state task).
[1] Mikhaylov, D., Kozlov A., and Emelyanov G. 2015. An approach based

on TF-IDF metrics to extract the knowledge and relevant linguistic
means on subject-oriented text sets. Comput. Opt. 39(3):429–438. www.
computeroptics.smr.ru/KO/PDF/KO39-3/390319.pdf.
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Â çàäà÷àõ ìàøèííîãî îáó÷åíèÿ âàæíûì ýòàïîì ðåøåíèÿ ÿâëÿ-

åòñÿ îïðåäåëåíèå ñòðóêòóðíîãî ïàðàìåòðà ìîäåëè. Äëÿ ðåãðåññèè

è êëàññè�èêàöèè � ýòî ÷èñëî èñïîëüçóåìûõ ïðèçíàêîâ, äëÿ êëàñ-

òåðèçàöèè � ÷èñëî êëàñòåðîâ½ äëÿ ìàòðè÷íîãî ðàçëîæåíèÿ �

ïðîìåæóòî÷íàÿ ðàçìåðíîñòü ìàòðèö èëè ÷èñëî ãëàâíûõ êîìïî-

íåíò. Â âåðîÿòíîñòíîì òåìàòè÷åñêîì ìîäåëèðîâàíèè êîëëåêöèé

òåêñòîâûõ äîêóìåíòîâ ñòðóêòóðíûì ïàðàìåòðîì ÿâëÿåòñÿ ÷èñëî

òåì. Îò åãî âûáîðà çàâèñÿò òàêèå õàðàêòåðèñòèêè êà÷åñòâà òåì,

êàê èíòåðïðåòèðóåìîñòü, ñîãëàñîâàííîñòü, ðàçëè÷íîñòü.

Ïðåäëàãàåòñÿ ýíòðîïèéíûé ðåãóëÿðèçàòîð, êîòîðûé óäàëÿåò

íàèìåíåå çíà÷èìûå òåìû ïîñòåïåííî â õîäå èòåðàöèé. Îí ïîçâî-

ëÿåò âåðíî îïðåäåëÿòü çàðàíåå èçâåñòíîå ÷èñëî òåì äëÿ ñèíòå-

òè÷åñêèõ êîëëåêöèé. Îäíàêî íà ðåàëüíûõ äàííûõ ÷åòêî îïðåäå-

ëèòü ÷èñëî òåì, êàê ïðàâèëî, íå óäàåòñÿ. Ñòàíäàðòíîé ìîäåëüþ

äëÿ îïðåäåëåíèÿ ÷èñëà òåì ñ÷èòàåòñÿ èåðàðõè÷åñêèé ïðîöåññ

Äèðèõëå. Ýêñïåðèìåíòû ïîêàçûâàþò, ÷òî â îáåèõ ìîäåëÿõ ðåçóëü-

òàò çàâèñèò îò ïðîèçâîëüíî âûáèðàåìîãî çíà÷åíèÿ ãèïåðïàðàìåò-

ðà. Òåì íå ìåíåå, ýíòðîïèéíûé ðåãóëÿðèçàòîð èìååò ðÿä ïðåèìó-

ùåñòâ: îí â äåñÿòêè ðàç áûñòðåå, ñâîáîäíî ñî÷åòàåòñÿ ñ äðóãè-

ìè ðåãóëÿðèçàòîðàìè è îïðåäåëÿåò ÷èñëî òåì áîëåå óñòîé÷èâî

êàê â îäíîì çàïóñêå, òàê è ïðè íåñêîëüêèõ çàïóñêàõ èç ðàçëè÷-

íûõ íà÷àëüíûõ ïðèáëèæåíèé. Êðîìå òîãî, îí î÷èùàåò ìîäåëü

îò ëèíåéíî çàâèñèìûõ òåì è äóáëèðóþùèõ âëîæåííûõ ïîäòåì,

÷òî ñïîñîáñòâóåò ïîâûøåíèþ èíòåðïðåòèðóåìîñòè ìîäåëè [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00908.

[1℄ Vorontsov K.V., Potapenko A.A., Plavin A.V. Additive regularization
of topic models for topic selection and sparse factorization // Statisti-
cal learning and data sciences / Eds. A. Gammerman, V. Vovle, H. Pa-
padopoulos. — Lecture notes in artificial intelligence ser. — Switzer-
land: Springer International Publishing, 2015. Vol. 9047. P. 193–202.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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Determining the model structure is an important problem in ma-
chine learning tasks. In regression and classification, the structural
parameter stands for the number of selected features; in matrix fac-
torization, it corresponds to the inner dimension or the number of
principal components. In this work, the probabilistic topic models of
text collections, where the number of topics is the parameter to be
chosen, are considered. This is an open problem essential for obtain-
ing well interpretable, coherent, and diverse topics.

The authors propose the entropy regularization criteria that re-
moves less significant topics at each iteration for additively regular-
ized topic model (ARTM). It is shown that the proposed approach
determines the correct number of topics for synthetic data. For real
data with unknown true number of topics, the entropy regularizer is
compared with the state-of-the-art Hierarchical Dirichlet Processes
(HDP) topic model. It is shown that the resulting number of topics
depends on an arbitrarily assigned hyperparameter in both methods.
Nevertheless, the present approach has several advantages: it is much
faster, it can be freely combined with other regularization criteria,
and it gives a more stable estimate for the number of topics both
from run to run and within one run. Furthermore, it is shown theo-
retically and experimentally that the entropy regularizer eliminates
excessive topics: linear combinations of other topics, duplicate topics,
and nested suptopics. Thus, the topic selection based on the entropy
regularization increases the interpretability of the topic model [1].

The work was supported by the Russian Foundation for Basic
Research, grant 14-07-00908.
[1] Vorontsov, K.V., Potapenko A.A., and Plavin A.V. 2015. Additive

regularization of topic models for topic selection and sparse factor-
ization. Statistical learning and data sciences. Eds. A. Gammerman,
V. Vovle, and H. Papadopoulos. Lecture notes in artificial intelligence
ser. Switzerland: Springer International Publishing. 9047:193–202.
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Âåðîÿòíîñòíàÿ òåìàòè÷åñêàÿ ìîäåëü òåêñòîâîé êîëëåêöèè

îïèñûâàåò êàæäûé äîêóìåíò äèñêðåòíûì ðàñïðåäåëåíèåì íà

ìíîæåñòâå òåì, à êàæäóþ òåìó � äèñêðåòíûì ðàñïðåäåëåíèåì

íà ìíîæåñòâå òåðìèíîâ (ñëîâ èëè �ðàç). Èåðàðõè÷åñêàÿ òåìàòè-

÷åñêàÿ ìîäåëü � ýòî ìíîãîäîëüíûé îðèåíòèðîâàííûé ãðà� òåì,

â êîòîðîì êàæäàÿ äî÷åðíÿÿ òåìà ÿâëÿåòñÿ ñïåöèàëèçàöèåé ðîäè-

òåëüñêîé òåìû. Òåìàòè÷åñêèå èåðàðõèè èñïîëüçóþòñÿ äëÿ êàòå-

ãîðèçàöèè òåêñòîâ, ñèñòåìàòèçàöèè è âèçóàëèçàöèè áîëüøèõ êîë-

ëåêöèé. Çàäà÷à àâòîìàòè÷åñêîãî ïîñòðîåíèÿ è îöåíèâàíèÿ òåìà-

òè÷åñêèõ èåðàðõèé ñ÷èòàåòñÿ îòêðûòîé íàó÷íîé ïðîáëåìîé.

Â äàííîé ðàáîòå ïðåäëàãàåòñÿ íèñõîäÿùèé ìåòîä ïîñòðîåíèÿ

èåðàðõèè, îñíîâàííûé íà àääèòèâíîé ðåãóëÿðèçàöèè òåìàòè÷å-

ñêîé ìîäåëè (À�ÒÌ). Ïðåäëàãàåòñÿ íåñêîëüêî âàðèàíòîâ èåðàð-

õè÷åñêîãî ðåãóëÿðèçàòîðà, ñâÿçûâàþùåãî ðîäèòåëüñêèå è äî÷åð-

íèå òåìû ìåæäó óðîâíÿìè è äîïóñêàþùèé ìíîæåñòâåííîå íà-

ñëåäîâàíèå òåì. Äîïîëíèòåëüíûå ðåãóëÿðèçàòîðû ðàçðåæèâàíèÿ,

ñãëàæèâàíèÿ è äåêîððåëèðîâàíèÿ óëó÷øàþò èíòåðïðåòèðóåìîñòü

òåì è ïîçâîëÿþò âûäåëÿòü îáùóþ ëåêñèêó êàæäîé âíóòðåííåé

âåðøèíû èåðàðõèè. Èåðàðõèÿ ñòðîèòñÿ àâòîìàòè÷åñêè, óðîâåíü

çà óðîâíåì. Ýêñïåðò çàäàåò ÷èñëî óðîâíåé, ñòàðòîâîå ÷èñëî òåì

íà êàæäîì óðîâíå è êîý��èöèåíòû ðåãóëÿðèçàöèè.

Ýêñïåðèìåíòû íà êîëëåêöèè 850 ñòàòåé íàó÷íûõ êîí�åðåí-

öèé ÌÌ�Î è ÈÎÈ çà ïîñëåäíèå 6 ëåò ïîêàçàëè, ÷òî èíòåðïðåòè-

ðóåìîñòü èåðàðõèè ñóùåñòâåííî óëó÷øàåòñÿ ïðè èñïîëüçîâàíèè

ìóëüòèãðàììíûõ òåðìèíîâ. Âåá-èíòåð�åéñ èåðàðõè÷åñêîé ìîäå-

ëè äîñòóïåí ïî àäðåñó http://explore-mmro.ru.

�àáîòà ïîääåðæàíà �ÔÔÈ, ãðàíò �14-07-31176.

[1℄ ×èðêîâà Í.À.Èåðàðõè÷åñêàÿ àääèòèâíî ðåãóëÿðèçîâàííàÿ òåìàòè-

÷åñêàÿ ìîäåëü êîëëåêöèè íàó÷íûõ òåêñòîâ // Ìàøèííîå îáó÷åíèå

è àíàëèç äàííûõ, 2015 (â ïå÷àòè).
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Probabilistic topic model describes a text collection by document-
wise probability distributions over topics and topic-wise probability
distributions over terms (words or key phrases). Hierarchical topic
model organizes topics as an oriented multipartite graph where each
child topic describes a specialized part of the parent topic termino-
logy. Topic hierarchy is used for categorization of texts, navigation,
visualization, and exploratory search. Fully automatic construction
and evaluation of topic hierarchies of large text collections are consi-
dered to be an open question.

In this work, the authors propose a top-down approach to build-
ing topic hierarchies, based on additive regularization of topic models

(ARTM). Hierarchy is built level by level. Several variants of a hierar-
chical regularizer are proposed to connect topics between levels and
to determine the number of topics at each level. This hierarchical
regularizer supports multiple parents per topic. Sparsing, smooth-
ing, and decorrelation regularizers improve topic interpretability and
separate a background parent topic terminology from a more spe-
cific child topic terminology for each inner node of the hierarchy.
The hierarchy is built automatically; an expert specifies only number
of levels, starting number of topics on each level, and regularization
coefficients [1].

Experiments on 850 papers collection of MMPR and IIP pro-
ceedings from 2007 to 2013 show that the hierarchy interpretability
significantly improves when multigram terms are used. The MMRO–
IIP hierarchy is available at http://explore-mmro.ru.

The work was supported by the Russian Foundation for Basic
Research, grant 14-07-31176.
[1] Chirkova, N. 2015 (in press). Hierarchical additively regularized topic

model of scientific document collection. J. Mach. Learn. Data Anal.
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Ïî ìåðå ðîñòà ïîïóëÿðíîñòè ñàéòîâ îáúÿâëåíèé ñëåäèòü çà êà-

÷åñòâîì èõ êîíòåíòà ñòàíîâèòñÿ âñå ñëîæíåå. ×åì áîëüøå ïîêó-

ïàòåëåé, òåì ïðèâëåêàòåëüíåå ñòàíîâèòñÿ ðåñóðñ äëÿ çëîóìûø-

ëåííèêîâ, æåëàþùèõ ðàçìåñòèòü çàïðåùåííûé êîíòåíò, è äëÿ

ïðîäàâöîâ, ñòðåìÿùèõñÿ ïðîäâèíóòü ñâîé òîâàð ïóòåì ñîçäàíèÿ

ìíîãî÷èñëåííûõ êîïèé, îïèñàíèå êîòîðûõ ðàçëè÷àåòñÿ ïî íàïè-

ñàíèþ, íî èìååò îäèíàêîâûé ñìûñë. Â îïðåäåëåííûé ìîìåíò ïðî-

äàâöû íà÷èíàþò ïèñàòü ñîáñòâåííûõ ðîáîòîâ, êîòîðûå ðàçìåùà-

þò äóáëèêàòû èëè çàïðåùåííûå òîâàðû àâòîìàòè÷åñêè, èñïîëü-

çóÿ òåõíèêè ìîð�èíãà òåêñòîâ è ïîäêëþ÷àÿ ðàçëè÷íûå êðàóäñîð-

ñèíãîâûå ïëàò�îðìû äëÿ îáõîäà ëþáîé êàï÷è. Ïðîñìàòðèâàòü

âåñü ñîçäàâàåìûé êîíòåíò ñ ïîìîùüþ íàðàùèâàíèÿ êîìàíäû ìî-

äåðàòîðîâ ñòàíîâèòñÿ íåðåàëèñòè÷íûì, è òðåáóþòñÿ ïðèíöèïè-

àëüíî íîâûå ïîäõîäû äëÿ ðåøåíèÿ ýòîé çàäà÷è. �àññìàòðèâàåòñÿ

êîìïëåêñíûé ïîäõîä, îñíîâàííûé íà ìåòîäàõ ìàøèííîãî îáó÷å-

íèÿ, â êîòîðîì àëãîðèòìû ïîñëåäîâàòåëüíî îáó÷àþòñÿ íà äåé-

ñòâèÿõ ýêñïåðòîâ, à òàêæå ïðàêòè÷åñêèé ïîäõîä ê âíåäðåíèþ ýòèõ

àëãîðèòìîâ. Èçíà÷àëüíî ðåøåíèÿ àëãîðèòìîâ âûäàþòñÿ ëþäÿì

â âèäå ðåêîìåíäàöèé ñ íåêîòîðîé ñòåïåíüþ óâåðåííîñòè, ÷òî ïîç-

âîëÿåò îöåíèòü èõ êà÷åñòâî è ïîëó÷èòü îáðàòíóþ ñâÿçü. Çàòåì,

ïî ìåðå ïîäòâåðæäåíèÿ êîððåêòíîñòè, ðåøåíèÿ àëãîðèòìîâ, â êî-

òîðûõ îíè äîñòàòî÷íî ñèëüíî óâåðåíû, íà÷èíàþò èñïîëíÿòüñÿ àâ-

òîìàòè÷åñêè áåç ó÷àñòèÿ ëþäåé. Òàêèì îáðàçîì ïðîèñõîäèò ïðî-

öåññ ýâîëþöèè âñåé ñèñòåìû [1℄.

[1℄ �óç È.Ñ., Ëåêñèí Â.À., Òðî�èìîâ Ì.È., Ôåíñòåð À.Ì. Ýâîëþ-

öèÿ ïîäõîäîâ ê ìîäåðàöèè êîíòåíòà äëÿ ñàéòà îáúÿâëåíèé: îò ðåêî-

ìåíäàöèé äî àâòîìàòèçàöèè // CrowdML � ICML'15 Workshop on

Crowdsour
ing and Ma
hine Learning, 2015. 
rowdml.

/i
ml2015/

papers/CrowdML-Paper5.pdf.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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As online classified advertising platforms become more and more pop-
ular, it becomes harder to ensure quality of the available content. The
more buyers they attract, the more attractive site becomes also for
swindlers to upload prohibited content and for sellers who are tying
to promote their ads by creating multiple copies of each ad. Those
duplicate ads have different descriptions and might have different im-
ages but their meaning is the same. At certain time, sellers start to
create automated tools for massive uploading and generation of ad
duplicates. Text morphing algorithms are used to change visual ad
description and anticapcha crowdsourcing platforms are used to by-
pass any captcha. Validating all that inflow by scaling moderation
team is becoming unrealistic and new approaches are required to
address this challenge. Here, complex approach is proposed that is
based on machine learning methods. In this approach, the algorithms
are trained on actions of humans. At the beginning, the algorithms
only provide certain recommendations with corresponding confidence
levels which allows to estimate and get feedback on their accuracy.
When their predictive accuracy becomes verified, the algorithms are
allowed to start taking actions on their own in situations when their
confidence is high. At the end, human moderation focuses only on the
most complex verification cases while the majority of general cases
are moderated automatically. This is how this human computation
system evolves over time [1].

[1] Guz, i., Leksin V., Trofimov M., and Fenster A. 2015. Evolution of
content moderation approaches for online classifieds: From action rec-
ommendations to automation. CrowdML — ICML’15 Workshop on
Crowdsourcing and Machine Learning. crowdml.cc/icml2015/papers/
CrowdML-Paper5.pdf.
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Ìîñêâà, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ

øêîëà ýêîíîìèêè¿

�àññìîòðåíû îñîáåííîñòè ðåàëèçàöèè è ïðàêòè÷åñêîãî ïðè-

ìåíåíèÿ ìåòîäîâ è àëãîðèòìîâ ñòðóêòóðíî-êëàññè�èêàöèîííîãî

àíàëèçà äàííûõ ïðè àíàëèçå è ñèíòåçå ñëàáî �îðìàëèçîâàííûõ

ñèñòåì óïðàâëåíèÿ, â òîì ÷èñëå ðàññìîòðåíû ìåòîäû: ñòðóêòó-

ðèçàöèè ïàðàìåòðîâ; êëàññè�èêàöèè (êëàñòåðèçàöèè) îáúåêòîâ;

äèíàìè÷åñêîãî ñòðóêòóðíî-êëàññè�èêàöèîííîãî àíàëèçà âðåìåí-

íûõ ðÿäîâ; êóñî÷íîé àïïðîêñèìàöèè ñëîæíûõ, íåëèíåéíûõ äè-

íàìè÷åñêèõ ìîäåëåé èññëåäóåìîãî îáúåêòà. Ýòè îñîáåííîñòè èñ-

ïîëüçîâàëèñü ïðè ñîçäàíèè ïðîãðàììíî-àëãîðèòìè÷åñêîãî êîì-

ïëåêñà (ÏÀÊ) ñ èíòåëëåêòóàëüíûì èíòåð�åéñîì, îðèåíòèðîâàí-

íîãî íà ïîëüçîâàòåëÿ-ïðåäìåòíèêà [1℄. Ïðè ðàçðàáîòêå ýòîãî êîì-

ïëåêñà îñîáîå âíèìàíèå óäåëÿëîñü çàäà÷àì, â êîòîðûõ èññëåäó-

åìûå îáúåêòû èìåþò ÿâíî âûðàæåííóþ òåððèòîðèàëüíóþ ñòðóê-

òóðó. �àçðàáîòàííûé ÏÀÊ èñïîëüçîâàëñÿ ïðè ðåøåíèè øèðîêîãî

êëàññà ïðèêëàäíûõ çàäà÷, â òîì ÷èñëå ïðè èññëåäîâàíèè ìåäèêî-

áèîëîãè÷åñêèõ, ñîöèàëüíî-ýêîíîìè÷åñêèõ è �èíàíñîâûõ ñèñòåì,

â çàäà÷àõ óïðàâëåíèÿ ðåãèîíàëüíûì çäðàâîîõðàíåíèåì è îòäåëü-

íûìè ìåäèöèíñêèìè ó÷ðåæäåíèÿìè, ðåãèîíàëüíûìè ïàññàæèð-

ñêèìè àâòîïåðåâîçêàìè è äð.

�àáîòà âûïîëíåíà ïðè ÷àñòè÷íîé �èíàíñîâîé ïîääåðæêå

�ÔÔÈ, ãðàíòû ��15-07-06713, 14-07-00463, 13-07-00992 è 13-07-

12201.

[1℄ Êèñåëåâà Í.Å., Äîðî�åþê À.À., Äîðî�åþê Þ.À., Ïîêðîâñêàÿ È.Â.

Ïðîãðàììíî-àëãîðèòìè÷åñêèé êîìïëåêñ èíòåëëåêòóàëüíîãî àíàëè-

çà ñëàáî �îðìàëèçîâàííûõ äàííûõ // Äàò÷èêè è ñèñòåìû, 2014.

� 6. Ñ. 48�53.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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The paper discusses the features of the structural classification data
analysis methods and algorithms implementation and practical ap-
plication for the analysis and synthesis of weakly formalized man-
agement systems including the methods: of structuring parameters;
of the objects classification (clustering); of the time series dynamic
structural classification analysis; and of the complex nonlinear dy-
namic object models piecewise approximation. These features were
used to create software-algorithmic complex (SAC) with smart inter-
face, user-centered of a subject [1]. In developing this complex, spe-
cial attention was paid to problems in which the studied objects have
a pronounced territorial structure. Developed SAC was used to solve
a wide class of applied problems, including the study of biomedical,
social, economic and financial systems, in the management problems
of the regional health-care systems and specific medical institutions,
regional passenger transport, etc.

The research is performed under partial financial support of the
Russian Foundation for Basic Research, grants: 15-07-06713, 14-07-
00463, 13-07-00992, and 13-07-12201.

[1] Kiseleva, N., Dorofeyuk A., Dorofeyuk Y., and Pokrovskaya I. 2014.
Software-algorithmic complex for mining weakly formalized data. Sen-
sors Syst. 6:48–53.

Mathematical Methods for Pattern Recognition, Svetlogorsk, 2015
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�àçâèòèå è ñîâåðøåíñòâîâàíèå ýëåêòðîýíåðãåòè÷åñêèõ ñèñ-

òåì (ÝÝÑ) è ïîÿâëåíèå àëüòåðíàòèâíûõ èñòî÷íèêîâ ýíåðãèè,

â ïåðâóþ î÷åðåäü âåòðîýíåðãåòè÷åñêèõ óñòàíîâîê (ÂÝÓ) è ñîë-

íå÷íûõ ñòàíöèé, ñóùåñòâåííî óñëîæíÿþò çàäà÷ó ìîíèòîðèíãà ñî-

ñòîÿíèÿ ýíåðãîñèñòåì äëÿ ïðåäóïðåæäåíèÿ àâàðèéíûõ ñèòóàöèé.

Ïîÿâëåíèå öè�ðîâîãî îáîðóäîâàíèÿ äàåò âîçìîæíîñòü â ðåàëü-

íîì âðåìåíè ïîëó÷àòü òåêóùèå çíà÷åíèÿ ïàðàìåòðîâ ýíåðãîñè-

ñòåì, îäíàêî îáðàáîòêà òàêèõ îáúåìîâ äàííûõ êðàéíå òðóäîåìêà.

Â ñâÿçè ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü â ïðèìåíåíèè ñîâðåìåí-

íûõ ìåòîäîâ àíàëèçà äàííûõ.

Â äàííîé ðàáîòå ðàññìàòðèâàþòñÿ âîïðîñû ïðèìåíåíèÿ ìî-

äåëåé, îñíîâàííûõ íà ñëó÷àéíûõ ëåñàõ äëÿ îòáîðà ïðèçíàêîâ

è ïðåäñêàçàíèÿ ñîñòîÿíèé ÝÝÑ äëÿ ðåøåíèÿ çàäà÷è ìîíèòîðèíãà

òåêóùåãî ðåæèìà.

Òàêæå â ðàáîòå ïðåäëàãàåòñÿ íîâûé ïîäõîä, èñïîëüçóþùèé

ñòàòè÷åñêèå è äèíàìè÷åñêèå ìîäåëè íà îñíîâå ñëó÷àéíûõ ëåñîâ

äëÿ ðåøåíèÿ äâóõ ïðàêòè÷åñêèõ çàäà÷ � ïðåäñêàçàíèå ïîðûâîâ

âåòðà â ÝÝÑ, ñîäåðæàùèõ ÂÝÓ, è ðàñïîçíàâàíèå ïðåäàâàðèéíûõ

ñîñòîÿíèé â ÝÝÑ. Ïðèâîäÿòñÿ ðåçóëüòàòû òåñòèðîâàíèÿ ïîëó÷åí-

íûõ ìîäåëåé íà ìîäåëüíûõ è ðåàëüíûõ äàííûõ [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÍÔ �14-19-00054.

[1℄ Tomin N., Zhukov A., Sidorov D., Kurbatsky V., Panasetsky D.,

Spiryaev V. Random forest based model for preventing large-s
ale

emergen
ies in power systems // Int. J. Arti�
ial Intelligen
e, 2015.

Vol. 13. No. 1. P. 211�228.

Ìàòåìàòè÷åñêèå ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ, ã. Ñâåòëîãîðñê, 2015 ã.
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In recent years, rapid growth of power systems and wide development
of renewable energy sources make the problem of power system state
monitoring especially relevant. Introduction of new digital equipment
allows to obtain many power system parameters in real time. How-
ever, processing of such amount of data is difficult and requires intel-
lectual approach to data analysis.

This paper deals with the application of models based on random
forests for feature selection, prediction, and classification problems
in the multidimensional time series to detect alarm states in electric
power systems.

Also, the authors propose a new approach using static and dy-
namic models based on random forests to solve two practical prob-
lems — the prediction of wind ramps in wind power system and
detection of preemergency states in electric power systems. The pro-
posed models were tested on artificial and real datasets [1].

This research is funded by the Russian Science Foundation, grant
14-19-00054.

[1] Tomin, N., Zhukov A., Sidorov D., Kurbatsky V., Panasetsky D., and

Spiryaev V. 2015. Random forest based model for preventing large-scale
emergencies in power systems. Int. J. Artificial Intelligence 13(1):211–
228.
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Èññëåäîâàíèÿ, ïîñâÿùåííûå ðàñïîçíàâàíèþ ðå÷è, ëèöà, ïîëî-

æåíèÿ ÷åëîâåêà â îêðóæàþùåì ïðîñòðàíñòâå, âåäóòñÿ óæå áîëåå

ïîëóâåêà. Ìíîãîìîäàëüíûå ìåòîäû ðàñïîçíàâàíèÿ ðå÷è îáðàáà-

òûâàþò äàííûå, ïîëó÷åííûå èç äâóõ è áîëåå êàíàëîâ ââîäà èí-

�îðìàöèè, íàïðèìåð, êàê ðå÷ü è äâèæåíèÿ ãóá.

Ñîçäàííàÿ àâòîðàìè ñèñòåìà ðàññìàòðèâàåò äâóõìîäàëüíûé

(ðå÷ü è ãóáû) ìåòîä ðàñïîçíàâàíèÿ. Ïî ïåðâîìó êàíàëó ïîñòóïàåò

ðå÷åâîé ñèãíàë îò ìèêðî�îíà, à èç âòîðîãî êàíàëà ïîñòóïàåò ñèã-

íàë îò âèäåî êàìåðû Êine
t, îïèñûâàþùèé äâèæåíèå ãóá. �àçðà-

áîòàííàÿ ìíîãîìîäàëüíàÿ ñèñòåìà, ïîëó÷àÿ èí�îðìàöèþ èç äâóõ

êàíàëîâ, ñîâìåñòíî îáðàáàòûâàÿ èõ, ïîçâîëÿåò áîëåå êà÷åñòâåííî

ðàñïîçíàâàòü ðå÷ü. Â ðåçóëüòàòå óñòàíîâëåíî, ÷òî êà÷åñòâî ðàñ-

ïîçíàâàíèÿ ðå÷è íà îñíîâå äâóõìîäàëüíîãî ïîäõîäà âûøå, ÷åì

êà÷åñòâî, ïîëó÷åííîå îò îòäåëüíî âçÿòîé ðå÷è, ó÷èòûâàþùåéñÿ

â ñèñòåìàõ [1℄.

Â äàííîé ðàáîòå èññëåäóåòñÿ ìåòîä äâóõìîäàëüíîãî ðàñïîçíà-

âàíèÿ ðå÷è, îñíîâàííûé íà àíàëèçå ðå÷åâîãî ñèãíàëà è èçîáðà-

æåíèÿ ëèöà ãîâîðÿùåãî. Ïî ðåçóëüòàòàì òåîðåòè÷åñêèõ îöåíîê

è ïðîâåäåííûõ ýêñïåðèìåíòîâ óñòàíîâëåíî, ÷òî êà÷åñòâî ðàñïî-

çíàâàíèÿ ðå÷è â êîìáèíàöèè ñ ìåíåå òî÷íûì ìåòîäîì ðàñïîçíàâà-

íèÿ, òàêèì êàê ðàñïîçíàâàíèå ïî èçîáðàæåíèþ ëèöà ãîâîðÿùåãî,

ïîâûøàåòñÿ.

[1℄ Kalimoldayev M.N., Mamyrbayev O. J., Mussabayev R.R.,

Orazbekov J.N. Segmentation and spee
h signal pro
essing algorithm

using the average frequen
y level 
rossing // Prob. Inform., 2014.

Vol. 1. No. 22. P. 73�82.
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For more than half a century, the researches on recognition of speech,
face, and human position in the surrounding area have been con-
ducted. Multimodal methods of speech recognition process data ob-
tained from two or more input channels, for instance, voice and lip
movement.

The developed system studies bimodal (speech and lip) recogni-
tion method. Speech signal from the microphone comes through the
first channel and the second channel provides signal received from the
video camera Kinect, which describes the movement of the lips. This
multimodal system provides higher quality of speech recognition by
receiving information from two channels and processing it together.
As a result, it was found that the quality of speech recognition based
on the bimodal approach is higher than the one obtained from a single
speech, shown in systems [1].

The method of bimodal speech recognition, which is based on
the analysis of the speech signal and facial image of the speaker,
is investigated. Recognition by the speech signal has relatively high,
but insufficient level of recognition accuracy. The results of theoretical
estimates and experiments revealed that speech recognition combined
with a less accurate method of recognition, like the facial recognition,
can improve the accuracy of the speech recognition.

[1] Kalimoldayev, M.N., Mamyrbayev O. J., Mussabayev R.R., and
Orazbekov J. N. 2014. Segmentation and speech signal processing al-
gorithm using the average frequency level crossing. Prob. Inform.
1(22):73–82.
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�àññìàòðèâàåòñÿ çàäà÷à âû÷èñëåíèÿ ïëîòíîñòè òðàíñïîðòíûõ

ïîòîêîâ ñ èñïîëüçîâàíèåì äàííûõ èç ðàçíîðîäíûõ èñòî÷íèêîâ:

òðàíñïîðòíûå äåòåêòîðû è GPS-òðåêåðû. Ñòðîèòñÿ èìèòàöèîí-

íàÿ ìîäåëü, ïîçâîëÿþùàÿ èçó÷èòü ñïîñîáû è îïðåäåëèòü ãðàíè-

öû äàííûõ è êà÷åñòâà äàííûõ, íåîáõîäèìûõ äëÿ âîññòàíîâëåíèÿ

õàðàêòåðèñòèê òðàíñïîðòíîãî ïîòîêà, è ïðåäëàãàåòñÿ ñõåìà ýêñ-

ïåðèìåíòà âîçìîæíîñòè êîìïëåêñèðîâàíèÿ äàííûõ. Êëþ÷åâóþ

ðîëü èãðàþò ìîäåëè âîññòàíîâëåíèÿ ïëîòíîñòè òðàíñïîðòíîãî ïî-

òîêà ïî åãî ñêîðîñòè: ìîäåëè Òàíàêà, �ðèíäøèëäñà è �ðèíáåðãà.

Íà îñíîâå âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ ïîëó÷åíû ãðàíèöû

äîëè òðàíñïîðòíûõ ñðåäñòâ è òî÷íîñòè îïðåäåëåíèÿ ìåñòîïîëî-

æåíèÿ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ òðàíñïîðòíîãî ïîòîêà. Êà÷å-

ñòâî îïðåäåëåíèÿ ïëîòíîñòè òðàíñïîðòíîãî ïîòîêà ïðàêòè÷åñêè

íå èçìåíÿåòñÿ ïðè äîëå àâòîìîáèëåé ñ îáîðóäîâàíèåì áîëüøå 7%.

Ïðè òî÷íîñòè GPS ïðèáîðîâ äî 100 ì îòíîñèòåëüíàÿ îøèáêà âû-

÷èñëåíèÿ ïëîòíîñòè ïîòîêà óìåíüøàåòñÿ íà 2% [1℄.

�àáîòà ïîääåðæàíà ãðàíòîì �ÔÔÈ �14-07-00685.

[1℄ Ïåòðîâ �. Å., ×åõîâè÷ Þ.Â. Èäåíòè�èêàöèÿ èìèòàöèîííûõ ìîäå-

ëåé òðàíñïîðòíûõ ïîòîêîâ ñ ïîìîùüþ ðàçíîðîäíûõ èñòî÷íèêîâ

ïðåöåäåíòíîé èí�îðìàöèè // Ìàøèííîå îáó÷åíèå è àíàëèç äàí-

íûõ, 2015, �11. Ñ. 1539�1544. jmlda.org/papers/do
/2015/no11/

Petrov2015Identifi
ation.pdf.
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In the last few years, automobilization has grown rapidly. One of
the most important problems is to collect information about traffic
flows. Unfortunately, there do not exist absolutely full and reliable
sources of this information. There are some approaches such as using
traffic detectors, GPS technology, photocapture and video recording
but they all have disadvantages. For example, traffic detectors de-
termine traffic flow parameters in a limited part of road networks,
GPS technology has low spatial accuracy and penetration rate, and
photocapture and video recording depend on daylight and weather
conditions.

In this paper, traffic flow simulation is used to understand bounds
of data quality and data size needed to determine traffic flow parame-
ters such as density and method of conducting the experiment. Single
lane encircling highway is considered with installed traffic detectors
and running vehicles. Many experiments are carried out with different
values of GPS penetration rate and spatial accuracy. Traffic flow den-
sity is computed from vehicle speed by using Tanaka’s, Greenshield’s,
and Greenberg’s models.

According to experimental results, there is a clear bound of 7%
of vehicles carrying the traffic monitoring equipment when the qual-
ity of determining traffic flow parameters such as density cannot be
improved significantly with more penetration rate. In addition, GPS
samples spatial accuracy of 100 m leads to 2 percent measurements
relative error [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 14-07-00685.

[1] Petrov, G., and Chehovich Y. 2015. Identification of traffic flow
simulation using dissimilar information sources J. Mach. Learn.

Data Anal. 1(11):1539–1554. jmlda.org/papers/doc/2015/no11/

Petrov2015Identification.pdf.
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