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1. DENOISING PROBLEM 

	  Today	   imaging	  science	  has	  an	   important	  development	  and	  has	  many	  applicaIons	   in	  different	  
fields	  of	  life.	  The	  researched	  object	  of	  imaging	  science	  is	  digital	  image	  that	  can	  be	  created	  by	  many	  
digital	   devices.	   One	   of	   the	   limits	   of	   using	   digital	   devices	   to	   create	   digital	   images	   is	   noise.	   Noise	  
reduces	  the	  image	  quality.	  It	  appears	  in	  almost	  types	  of	  images,	  including	  biomedical	  and	  electronic	  
microscopy	  images.	  The	  type	  of	  noise	  in	  this	  case	  can	  be	  considered	  as	  combinaIon	  of	  Gaussian	  and	  
Poisson	  noises.	  	  

	   In	   this	   paper	  we	  propose	  a	  method	   to	   remove	  noise	  by	  using	   total	   variaIon.	  Our	  method	   is	  
developed	  with	   the	   goal	   to	   combine	   two	   famous	  models:	   ROF	   for	   removing	   Gaussian	   noise	   and	  
modified	  ROF	  for	  removing	  Poisson	  noise.	  As	  a	  result,	  our	  proposed	  method	  can	  be	  also	  applied	  to	  
remove	   Gaussian	   or	   Poisson	   noise	   separately.	   The	   proposed	   method	   can	   be	   applied	   with	  
automaIcally	  evaluated	  parameters	  (unknown	  noise	  for	  real	  images).	  
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1. DENOISING PROBLEM 

§  Gaussian	  noise	  is	  popular	  and	  it	  always	  appears	  in	  digital	  image.	  Poisson	  noise,	  for	  example,	  
is	  a	  result	  of	  X-‐ray	  devices	  in	  medicine.	  

§  Another	  type	  of	  noise	  –	  the	  combinaIon	  of	  Gaussian	  and	  Poisson	  noises	  is	  also	  important.	  
This	   type	   of	   noise	   appears,	   for	   example,	   in	   biomedical	   images	   (electronic	   microscopy	  
images).	  

§  Can	   we	   use	   ROF	   or	   modified	   ROF	   to	   treat	   this	   combinaJon	   of	   noise?	   	   (Yes,	   but	  
ineffecJvely)	  

§  Today,	   we	   design	   a	   new	   model	   to	   treat	   this	   combinaIon	   of	   noises	   more	   effecIvely	   by	  
considering	  	  the	  proporIon	  between	  Gaussian	  and	  Poisson	  noises.	  
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5. IMAGE QUALITY EVALUATION 

24	  



6. LINEAR  COMBINATION  VS  SUPERPOSITION 
	   In	  pracIce,	  the	  mixed	  Poisson-‐Gaussian	  noise	  is	  usually	  their	  superposiIon.	  This	   is	  caused	  

by	  natural	  physical	  processes	  of	   image	   formaIon:	   in	  many	  cases	  Poisson	  noise	   is	  added	   into	  
image	  first	  and	  Gaussian	  noise	  is	  added	  later.	  

	   In	  order	   to	   remove	   the	  mixed	  noise,	  we	  assume	   the	   superposiIon	   is	   equivalent	   to	   some	  
unknown	  linear	  combinaIon	  of	  Poisson	  and	  Gaussian	  noises.	  In	  series	  of	  experiments	  before,	  
we	  showed	  our	  model	  “feels”	  well	  the	  wide	  range	  of	  proporIon	  of	  two	  types	  of	  noises	  in	  linear	  
combinaIon	  including	  Poisson	  and	  Gaussian	  noises	  separately.	  	  Our	  model	  proves	  to	  be	  beeer	  
than	   some	   other	  models	   (Wiener	   and	  median	   filters,	   Beltrami	   regularizaIon,	   ROF,	  modified	  
ROF).	  

	  In	  fact,	  the	  linear	  model	  appears	  to	  be	  the	  good	  basis	  to	  remove	   	  superposiIon	  of	  noises.	  
AddiIonally,	   	  this	  model	  stays	  relevant	  to	  reversed	  superposiIon	  of	  noises	  in	  some	  other	  real	  
situaIons	  of	  light	  radiaIon	  (1),	  since	  it	  doesn’t	  maeer	  what	  superposiIon	  to	  evaluate.	  
-‐-‐-‐-‐-‐-‐	  

(1)	  Klauder,	  J.R.,	  Sudarshan,	  E.C.G.	  2006.	  Fundamentals	  of	  Quantum	  Op1cs	  (Dover	  Books	  on	  Physics).	  Dover	  PublicaJons.	  
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7. COMPARISON WITH PURE-LET METHOD 

	   The	   PURE-‐LET	   method	   is	   designed	   to	   remove	   the	   mixed	   noise	   (superposiIon	   of	  
Poisson	  and	  Gaussian	  noises)	  based	  on	  the	  strong	  theoreIcal	  basis	  by	  Lusier	  F.,	  Blu	  T.,	  
Unser	  M.	  (Image	  Denoising	  in	  Mixed	  Poisson–Gaussian	  Noise//IEEE	  TransacIons	  on	  
image	  processing,	  Vol.	  20,	  No.	  3,	  2011,	  P.	  696-‐708).	  

	  We	  compare	  denoising	  results	  for	  two	  cases:	  the	  linear	  combinaIon	  of	  Poisson	  and	  
Gaussian	  noises	  and	  the	  superposiIon	  of	  noises.	  The	  tests	  will	  be	  applied	  for	  arIficial	  
images	  and	  real	  images	  with	  arIficial	  noises.	  
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Figure	  1.	  Denoising	  of	  the	  arJficial	  image	  for	  linear	  
combinaJon	  of	  noises:	  	  

a)	  original	  image,	  b)	  zoomed	  in	  part	  of	  original	  image,	  	  
c)	  with	  Poisson	  noise,	  d)	  with	  Gaussian	  noise,	  e)	  with	  mixed	  

noise,	  f)	  image	  a[er	  denoising	  
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Figure	  2.	  Denoising	  of	  the	  arJficial	  image	  for	  superposiJon	  
of	  noises:	  	  

a)	  original	  image,	  b)	  zoomed	  in	  part	  of	  original	  image,	  	  
c)	  with	  Poisson	  noise,	  d)	  with	  superposiJon	  of	  Gaussian	  
noise,	  e)	  a[er	  denoising,	  f)	  zoomed	  in	  part	  of	  denoised	  

image	  
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PURE-LET for PURE-LET for 

Artificial Image Artificial Image 
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Figure	  3.	  Denoising	  of	  the	  real	  image	  for	  linear	  combinaJon	  of	  
noises:	  	  

a)	  original	  image,	  b)	  zoomed	  in	  part	  of	  original	  image,	  	  
c)	  with	  Poisson	  noise,	  d)	  with	  Gaussian	  noise,	  e)	  with	  mixed	  

noise,	  f)	  image	  a[er	  denoising	  
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Figure	  4.	  Denoising	  of	  the	  real	  image	  for	  superposiJon	  of	  noises:	  	  
a)	  original	  image,	  b)	  zoomed	  in	  part	  of	  original	  image,	  c)	  with	  

Poisson	  noise,	  d)	  with	  mixed	  noise,	  e)	  a[er	  denoising,	  f)	  zoomed	  
in	  part	  of	  denoised	  image	  
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PURE-LET for PURE-LET for 

Real Image Real Image 



REAL NOISE DATA (ALBERTA UNIVERSITY, CANADA) 

   Original No Reference Image                                 Denoised Image (BRISQUE)  
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REAL NOISE DATA (ALBERTA UNIVERSITY, CANADA) 

   Original No Reference Image                                 Denoised Image (BRISQUE)  



RGB-IMAGE (MATLAB DB) 

        Original                                   Noised  by P-G superposition                             Denoised 



RGB-IMAGE (MATLAB DB) 

        Original                                   Noised  by P-G superposition                             Denoised 



CONCLUSION 

	  In	  this	  report,	  we	  proposed	  a	  novel	  method	  that	  can	  effecJvely	  remove	  the	  mixed	  Poisson-‐Gaussian	  
noise.	   Furthermore,	   our	   proposed	   method	   can	   be	   also	   used	   to	   remove	   Gaussian	   or	   Poisson	   noises	  
separately.	  	  This	  method	  is	  based	  on	  variaJonal	  approach.	  

	  The	  denoising	  result	  depends	  on	  values	  of	  coefficients	  of	  linear	  combinaJon	  λ1	  and	  λ2.	  These	  values	  
can	   be	   set	  manually	   or	   can	   be	   defined	   automaJcally.	  When	   processing	   real	   images,	  we	   can	   use	   the	  
proposed	  method	  with	  automaJcally	  defined	  parameters.	   The	  proposed	  model	   “feels”	  well	   the	  wide	  
range	  of	  proporJon	  of	  two	  noises.	  

	   In	   fact,	   the	   linear	   model	   appears	   to	   be	   the	   good	   basis	   to	   remove	   	   superposiJon	   of	   noises.	  
AddiJonally,	  	  this	  model	  stays	  relevant	  to	  reversed	  superposiJon	  of	  noises	  in	  some	  other	  real	  situaJons	  
of	  light	  radiaJon,	  since	  it	  doesn’t	  mader	  what	  superposiJon	  to	  evaluate.	  We	  consider	  the	  superposiJon	  
of	  noises	  is	  equivalent	  to	  some	  unknown	  linear	  combinaJon.	  	  

	  Our	  simple	  low-‐parametric	  model	  gives	  beder	  results	  than	  PURE-‐LET	  in	  many	  real	  cases,	  because	  the	  
strong	  theoreJcally	  based	  PURE-‐LET	   is	  the	  mulJple-‐parametric	  model,	  depending	  on	  the	  quality	  of	   its	  
parameters	  evaluaJng.	  	  	  AddiJonally,	  PURE-‐LET	  isn’t	  relevant	  to	  reversed	  case	  of	  superposiJon. 	  	  
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