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More about last MSU method: http://compression.ru/video/denoising/
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Introduction

B xoge paboTtbl ObinM paccMoOTpeHbl HEKOTOPble M3 Hambonee pacnpoCTpaHEHHbIX
GunbTPOB ANSA WYMONoLaBeHUs, AENCTBYIOLLME KaK B MPOCTpaHCTBEHHOW (spatial),
Tak 1 BO BpeMeHHon (temporal) obnacTtax (Bce dunbTpbl paspaboTaHbl AnsS Npo-
rpammbl VirtualDub). Bbinnv nccnegoBaHbl anroputMbl MX paboTbl U NPOBEOEHO UX
CpaBHEHME MO Ka4yecTBY paboThbl (Ans aToro npumMeHsanack nporpamma LUVMetric).

WTtak, BHayane 0ygyT paccMoTpeHbl criegytowme mnetpel ans VirtualDub (Pe3ynb-
TaTbl NOKa3aHbl Ha BMAeoponuke susi.avi, 194 kagp; Bce puNbTPbl NPOBEPSANMUCH C
HaCTpoMKamMun No YMOSYaHMIO):

[pocmpaHcmeeHHbIe (spatial)
e 2d cleaner filter
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e Spatial Smoother filter
BpemeHHbIe (temporal)

e Chroma Noise Reduction filter
¢ Dynamic Noise Reduction filter

U Opyaue (Kpamko):

o VHS filter

KNRC filter

Smart Smoother 1.1 filter
Smart Smoother 2.11 filter
Static Noise Reduction filter
Area Smoother filter
Temporal Cleaner filter
Video DeNoise filter

3aTeMm ByayT paccMOTpPEHbI fyyllne, No HalweMy MHEHWUIO, UNbTPbI NPY PasfnUYHbIX
NCXOAHbIX NapamMeTpax u ans kaxagoro dunbTpa 6yayT nogobpaHbl nyywmne yHUBep-
canbHble napameTpsbl.

W, HakoHel, ByayT nokasaHbl pe3ynbTatbl 06paboTkn aTuMK punbTpammn npu Han-
OEHHbIX NapameTpax psiaa PunbMoB.

Spatial Filters

OcHOBHble napamMeTpbl AN NPOCTPAHCTBEHHbIX (UNBTPOB — 3TO NOPOr
(threshold) n paguyc (radius).

[Mopoe 3apjaeT MakCUManbHY pasHULY MeXOy UCXOAHbIM MUKCErom U cocen-
HAM C HMM, NPU KOTOPOW 3Ha4YeHMe coceadHero nukcena OyaeT okasbiBaTb BNUsSIHWME
Ha 3HayeHue mcxogHoro. Yem Gonblue Nopor, TeM CUNbHEE NPOUCXOOAUT BUMAMMOE
pa3MbiTe n3obpaxeHus.

Paduyc onpepgensieT obnactb BOKPYr MCXOAHOrO MUKCerna, TOYKU KoTopon 6y-
AyT paccMmaTtpuBaTbCsi NPU onpeaeneHMn HOBOro 3Ha4YeHUsA NCXOL4HOro nukcena. Yem
Gonble paguyc, Tem nydwe yaanseTcs LWymM, HO BMeCTe C TEM 3HaYuUTEernbHO 3a-
MeansaeTcsa CKopocTb paboTbl hunbTpa.

PaccmoTpum nonogpo6Hee ABa NPOCTPaHCTBEHHbLIX hunbTpa.

2D Cleaner Filter by Jim Casaburi

MpuHUMN paboTbl 3TOro ounbTpa OCHOBAH Ha CrneaylLweM: OH 3aMeHsieT 3Ha-
YeHue Kaxxaoro nukcena Ha cpefHee 3HadeHue Tex ero cocefen, 3Ha4eHme KoTopbixX
OTNMYaeTcsl OT OAHHOro Nukcena He Goree YeM Ha 3afaHHyl BenuuuHy (mopor).
Mpun aTOM coceam paccmaTpuBaroTca B ob6nactu, onpegeneHHon paguycom.

Bnarogapsi 3TOMy HM3KOYPOBHEBbLIV LUYM pa3mbIBaeTCs, a pe3kue geTtanu oc-
TalTCA HETPOHYTHIMMN.
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AnropuTtm:
for (each pixel of the current video frame)
{
GetRGB (source pixel, r, g, b);
tot red = tot green = tot blue = 0;
count _red = count green = count_blue = 0;
for (each pixel in the specified radius)
{
GetRGB (neighbour pixel, rl, gl, bl);
if (abs(rl-r) < Threshold)
tot red += rl; count red ++;
if (abs(gl-g) < Threshold)
tot green += gl; count green ++;
if (abs(bl-b) < Threshold)
tot blue += bl; count blue ++;
}
destination pixel = RGB (tot red / count red,
tot _green / count green ,
tot blue / count blue );
}
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PesynbTaTt paboThbli:

Picture 1. Source image (susi.avi;  Picture 2. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %Feparth2d cleaner.brap

MSE: 0,839 MESE: 0,023 Max Diff RGE: 7.1
SHA: 15,352 FSHR: 40,761 kax Diff LY 4.2
Black: 32.8% Green: BB Red: 1%

Picture 3. Comparison of the source and processed images using LUV Met-
ric

Spatial Smoother by loura Batugowski

O6wun npuHuun ero paboTebl Takom Xxe, kak n 'y unbtpa 2d cleaner 3a Heko-
TOopbIMU OoTNnYMsIMK: ecnim B 2d cleaner okpyxarowme nukcenbl BAUSAIOT Ha LEH-
TpanbHbI OANHAKOBO — HE3ABUCUMO OT TOrO, HA KAKOM PacCTOSIHUM OHU OT HEro Ha-
xogaTcs, To B Spatial Smoother yem ganblie nukcen oT LeHTpanbHOro, TeM MeHbLUE
OH OKa3blBaeT Ha Hero BnMsiHMe. OTO AocTuraeTcss bnarogapsa MCNonNb30BaHUIO crie-
uManbHon Tabnuubl, KOTopas 3agaeTcst cnegyowmm o6pasom:

A

for (i=0; i<=511; ++1i) square tab[i] = (i-255) 2;

Tak xe, ecnn B 2d cleaner yunTbiBaeTca OGNmM30CTb 3HAYEHUIN OKPY>KAMOLLUX

NMUKCEnen K LEHTParibHOMY MO KaXKAoW LiIBETOBOM KOMMOHEHTE OTAENbLHO, TO B Spatial
Smoother nukcernbl cpaBHMBaOTCA NO BCEM KOMMOHEHTaM cpaay.
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Anroputm:

for (each pixel of the current video frame)

GetRGB (source pixel, r, g, b);

tot red = tot green = tot blue = 0;
count = 0;

r tab = square tab[255 - r];

g tab = square tab[255 - g];

b tab = square tab[255 - Db];

for (each pixel in the specified radius)

{

GetRGB (neighbour pixel, rl, gl, bl);

Strength;
if (square error > 16) square error =16;
square error = 16 - square _error ;
tot red += rl* square error;
tot green += gl* square error;
tot blue += bl* square error;
count += sqguare error;

square error = (r tab[rl] + g tabl[gl] + b _tab[bl])

>>

destination pixel = RGB (tot red/count, tot green / count ,
tot_blue / count) ;
HTTP://WWW.COMPRESSION.RU/VIDEO/ 5
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PesynbTaTt paboTbi:

MOSCOW, 05 APR 2003

Picture 4. Source image (susi.avi;  Picture 5. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %Feparthzpartial zmaoother. brp

MSE: 0,363 MESE: 0012 Max Diff RGE: 4.5
SMR: 18,981 FSHR: 44 389 ks Diff LY 3.4
Black: B0.1% Green: 49.7% Red: 01%

Picture 6. Comparison of the source and processed images using LUV Met-

ric

Temporal Filters

Ecnu npocTpaHCcTBEHHbIE OUNBTPLI 06pabaTbiBaOT KaXdbl Kaap HE3aBUCUMO
OT OCTanbHbIX, TO BpeMeHHble 06pabaTbiBalOT KaXablii Kagp Ha OCHOBE OLHOrO UMK

HECKOJNbKNX npeabiayunx Kagpos.

Chroma Noise Reduction by Gilles Mouchard

10T hunbTp paboTtaeT B LBeTOBOM NpocTpaHcTBe YUV M n3aMeHsieT TONbko
LBETHOCTHbIE KOMMOHeHTbI Nukcenen (U n V), He Tporas spkocTHyto (Y). eno B Tom,
4YTO NPV nepefadye aHanoroBoro BMAeOCUrHana AuanasoH 4acToT, MCMofb3yembln
ANA nepefayn LBETHOCTU, MEHbLLE, YEM UCMONb3yeMbl ANA nepeaayn ApKocTu, no-
CKOIbKY YenoBeYveckuii rna3 MeHee BOCMPUUMYMB K LIBETHOCTU, YEM K SpKocTu. Kak
cnepacTBue, LUBETHOCTb Bornee BocnpuMMymBa K WymMmy. Takum o6pasoM, 3aTOT punbTp
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YMEeHbLUAET YPOBEHb LLyMa Ha LIBETHOCTHOM KOMMOHEHTE, Npeanonarasi, YTo SspKocT-
Hasi KOMMOHEHTa 3aBeOMO MMEET XOPOLLEE KaYecTBO.
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Bbi6op napameTpoB paboTbl hunbTpa:

filter: chroma noige reduction

—Lumal¥]—————— Chromal (U= [~ ChromaZ [¥/]
75.00 % 100.00 %

—r—

1598 % 2098 % 2098 %

Kaxxgasa kpuBas nokasblBaeT, Kak KOMOMHMPOBATb NpeablayLimi Kagp C Teky-
MM B 3aBMCMMOCTW OT Pasnuymm B SPKOCTHOM U LIBETHOCTHbLIX KOMMOHEHTaXx.

Ha ocn X ykasbiBaeTcsa MakcuMmanbHasi pasHuua (OTAenbHO ANS KaXOoW M3
Y,U,V KOMMNOHEHT) Mexay NuKcenem TeKywlero Kkagpa u COOTBETCTBYHLLMM MUKCe-
nem npegbioywero kagpa, npyu KOTOpon 3Ha4YeHne nNuKcensa M3 npeablayliero kagpa
OKasblBaeT BNMsiHME Ha 3HayeHune nukcena ma tekywero (d()). Mo ocu Y ykasbiBaetcs
dB npoueHTax CTeneHb 3TOro BMMSAHWUSA, B 3aBUCUMOCTU OT TOrO, Kak Grm3ku 3Hade-
H1A aTux nukcenos (q()).

HoBble 3HayeHnss U 1 V KOMMNOHEHT MuKcena BbIYMCASAKTCS NO crnegywum gopmy-
nam:

U(new frame) = q(Y) * q(U) * U(previous frame) + (1 -q(Y)) * (1 - q(U)) * U(current
frame)

V(new frame) = q(Y) * q(V) * V(previous frame) + (1 - q(Y)) * (1 - q(V)) * V(current
frame)
AnropuTtm:

BHavyane no 3agaHHbIM Bbllwe KpUBbIM (POPMUPYIOTCA COOTBETCTBYOLWME Tabnuupl
Ons kaxaooun u3 komnoHeHT (U_tab, V_tab are defined in a similar way)

0, 1 < -Y ymax, 1 > Y ymax
Y xmax/2* (l1+cos (pi*i/Y ymax)), -Y ymax < i < -Y ymax

Y tab[i] = {

for (each pixel of the current video frame)

{
(RGB) -> (YUV)
Y diff = Y - Y prev;
U diff = U - U _prev;
V diff = V - V _prev;
U new = (Y tabl[Y diff] * U tab[U diff] * U prev + (1 -
Y tab[Y diff]) * (1 - U _tab[U diff]) * U);
V new = (Y tab[Y diff] * V tab[V diff] * V prev + (1 -
Y tab[Y diff]) * (1 - V_tab[Vv diff]) * V);
(YUV) -> (RGB)
/

HTTP://WWW.COMPRESSION.RU/VIDEO/ 8




DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

PesynbTaTt paboTbi:

Picture 7. Source image (susi.avi;  Picture 8. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %FeparthCHE . brp

MSE: 0,029 MESE: 0,001 Max Diff RGE: 0.8
SMR: 29,834 FSHR: 65 242 b aw Dniff LN 3
Black: 44,7% Green: 37.1% Red: 18%

Picture 9. Comparison of the source and processed images using LUV Met-
ric

Dynamic Noise Reduction

MpuHUMN paboTbl TOT Xe, YTO U Y NpeablayLlero anroputmMa — ycpegHeHue Te-
Kyllero kagpa no npegsiayLiemy, Tonbko Tabnuua dopmupyetcsa no-gpyromy m ob-
paboTtka Begetcsa yxe He B YUV-npoctpaHcTBe, a B RGB. EaMHCTBEHHBIM NapameT-
poM aToro punbTpa SABNSAETCH MakcumarnbHasi pasHuua mMexagy COOTBETCTBYHOLLMMU
nukcensiMm AByx cocegHux kagpos (Level).

HTTP://WWW.COMPRESSION.RU/VIDEO/ 9
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AnropuTtm:

for (int index = 0; index < 766; index++)
divTable [index] = index/3;

for (each pixel of the current video frame)
{

GetRGB (source pixel, r, g, b);

r diff = abs(r - r prev);

g diff abs(g - g prev);

b diff = abs(b - b _prev);

if (r diff < Level)

if (r diff > (Level >> 1)) «r = divTable [2*r + r prev];

else r = r _prev;
(the same for each color component)
destination pixel = RGB (r, g, b);

}

Pe3ynbTaTt pabotbi:

Picture 10. Source image (susi.avi; Picture 11. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = \Repart\DHNE. brap

MSE: 0,564 MESE: 0013 Maw Diff RGE: &
SHA: 17074 FSHR: 42,483 kax Diff LY 4.3
Black: 46,2% Green: 52.4% Red: 1.2%

Picture 12. Comparison of the source and processed images using LUV Met-
ric

HTTP://WWW.COMPRESSION.RU/VIDEO/ 10
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OencTtBue cpunbTpa Npu pasnUyHbIX NapamMeTpax:

1-st image: DY orkA\Sus_input.bmp
2-nd image: [:¥workhSusi_ DMR(5) brap

MSE: 0,09  NMSE: D Maw Diff RGE: 2
SNR: 32436 PSNR: 49605 MawDiff LUV: 1.8
Black: 31% Green: 8,9% Red: 0%
Picture 13. Processed image Picture 15. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 14. threshold=5

Cnuwkom crnabo ybupaeT wym.

1-zt image: D:Ywork\Susi_input.brp

2-nd image: D:wWorkA\Susi DME[12].bmp

MSE: 0,623 MNMSE: 0,003 bz Diff RGE: 5
SMA: 24839  PSMRA: 42,008 ax Diff LU 4.5
Black: 48.4% Green: B0,8% Red: 0.6%

Picture 16. Processed image Picture 18. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 17. threshold=12

Haunnyywwuii napameTp, XopoLLo youpaeT WyM, He TporaeT rpaHuLbl.

HTTP://WWW.COMPRESSION.RU/VIDEO/ 1




DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

1-zt image: D:MwiarkASusi input.brnp

2-nd image: D:\work\Susi_DMNR[25].brnp

MSE: 1,448 MNMSE: 0,007 b2 Diff RGE: 8
SKR: 21,222 PSMR: 38391 bt aw Oniff LLIY: 6.3
Black: 435%  Green 49.1% Red: 7.2%

Picture 19. Processed image Picture 21. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 20. threshold=25

l—lepecqyp CUNbHO U3MEHAET KapTUHKY — UIBMEHEHNA HENPUEMITEMbI.

Other filters

KNRC

dunbTp KNRC paspaboTtaH, 4Tobbl yMeHbLIATL pasHULy Mexay kagpamu (ans
ny4wen komnpeccum) n youpatb LWyM psiAoM C Kpasimu.

MpyHUMN ero paboTbl cneayLWnii;

1. CTapbIin U HOBbIM NUKCENWN CMELLNBAOTCS.

2. BbluncnsieTca ApkoCTb HOBOMO NMUKCENS 1 onpeaenseTcs Kak nopor.

3. Ecnn moaynb pasHoCTN Mexay CMeLLaHHbIM MMKCenem 1 ctapbiM nukcenem

npeBbIaeT Nopor, TO UCNOMb3yeTCA HEU3MEHEHHbIN NMUKCENb, MHA4Ye UCNOSb-
3yeTcs CMeLlaHHbIN NUKcenb.

BaxHo TO, Kak onpegenseTca Nopor u3 sipKOCTM HOBOro nukcens. Yenosedye-
CKUI rna3 Hanbonee 4yBCTBUTENEH B TEMHbIX 06NACTSX, MO3TOMY aBTOP UCMOMb3yeT
pasnuyHble NOPOrn B COOTBETCTBUM C IPKOCTBIO NUKCENen. Takke Tak Kak Yenoseve-
CKUI rnas YyBCTBUTENEH K U3MEHEHWSM SAPKOCTU rorapugmMmnyeckn, astop pasdusa-
€T psag ApPKOCTEN Ha 8 YacTen u pacnpeaenseT nopor Mexay 3TMMKU YacTaMU.

HTTP://WWW.COMPRESSION.RU/VIDEO/ 12
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PesynbtaTt paboThbl:

Picture 22. Source image (susi.avi;  Picture 23. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %Reparthkire. brap

MSE: 0,65 MESE: 0022 Max Diff RGE: 10,8
SHA: 16458 FSHR: 41 867 K ax Diff LLY: 59
Black: ¥1.2% Green: 23.3% Red: 5.4%

Picture 24. Comparison of the source and processed images using LUV Met-
ric

VHS

Y6upaeT wyMbl NpUMEpPHO Tak xe, kak n punbtp KNRC. MpuHunn paboTtbl He-
N3BECTEH, TaK KaK K JaHHOMY punbTpy He 6bIno HangeHO NCXOOHUKOB.

HTTP://WWW.COMPRESSION.RU/VIDEO/ 13
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PesynbtaTt paboThbl:

Picture 25. Source image (susi.avi; Picture 26. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = \RepartWHS brp

MSE: 0,435 MESE: 0015 Max Diff RGE: B.4
SHA: 18,203 FSHR: 43612 M awx Diff LY 7.2
Black: B5.4% Green: 29.6% Red: 49%

Picture 27. Comparison of the source and processed images using LUV Met-
ric

HTTP://WWW.COMPRESSION.RU/VIDEO/ 14
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OencTBue counbTpa Npu pasnuyHbIX NapameTpax:

1-zt mage: D:MwforkAS us_input.brp

2-nd image: D:\wWark\Susi_flaxen_ VHS[r=1 t=10).brmp
MSE: 1,903 MMSE: 0,003 bt ax Oiff RGE: 11,3
SKA: 20,035 PSHR: 37.204 kA aw Dniff LLIY: &
Black: 18.5% Green; 73.8% Red: ¥ BX%

Picture 28. Processed image Picture 30. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 29. radius=1, threshold=10

Hauny4wwin napameTp — xopoLuo youpaeT wym, MUHUManbHOe KONMYecTBO Henpu-
eMI1eMbIX UBMEHEHUN.

1-stimage: D:wiork\Susi_input.bmp

2-nd image; D:\wWork\Susi_fla<en_WHS[r=5t=5].bmp
MSE: 1,478 MMSE: 0,007 bdaw Diff RGE: 10,9
SKR: 21,132 PSMR: 38,302 bt a Diff LLIY: 2.8
Black: 195 Green: 73,6% Red 7.2%

Picture 31. Processed image Picture 33. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 32. radius=5, threshold=5

HTTP://WWW.COMPRESSION.RU/VIDEO/ 15
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MHOro cunbHbIX U3MEHEHUI, KOTOPbIE YXYALLAKT M300paxeHue.

1-stimage: D:wiork\Susi_input.bmp

2-nd image; D:\wWork\Susi_fla<en_WHS[r=7 t=5].bmp
MSE: 1,483 MMSE: 0,007 b 2w Doiff RGE: 11
SMR: 21017 PSMR: 38.287 bt a Diff LLIY: 2.8
Black: 18.1% Green: 74,1% Red: 76X

Picture 34. Processed image Picture 36. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 35. radius=7, threshold=5

MHoro HenpnemMnemMblX U3MEHEHU.

Smart Smoother Filter (Version 1.1)

OTOT (hunbTp NPOU3BOAUT CrNaXuBaHWe, KOTOpPOe OYeHb yAayHO yCTpaHseT
BMOEO LWYM W BMecTe ¢ TeM OnoyHble aptedakTbl, KOTOpble BO3HMKAKT Mpwu
MPG/JPG cxaTtun. OTnnumtenbHon ocOOEHHOCTBIO 3TOro ounbTpa SBNAETCs TO, YTO
OH MPaKTUYECKN HE pa3MbiBaeT CTPYKTYPY KapTUHKK (Kpas, yrnbl U T.4.), OH OO HEKO-
TOPOWN CTEMEHN UX OaXe aenaeT pesye.
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PesynbtaTt paboThbl:

Picture 37. Source image (susi.avi; Picture 38. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %Feparthzmart zmoather!1.brap

MSE: 0,355 MESE: 0012 Max Diff RGE: 4.5
SHA: 19,085 FSHR: 44 493 ks Diff LY 3.4
Black: 46 6% Green: 53.1% Red: 01%

Picture 39. Comparison of the source and processed images using LUV Met-
ric

Smart Smoother Filter (Version 2.11)

OTa peanusaumsa Gbina cgenaHa kak gobaBneHne K opurMHanbHoMy ounbTpy
Smart Smoother gns BbINONHEHMS NyYLWMX pe3ynbTaToB Ha 0ObIMHOM BMAEO.

MpuHUun paboTbl punbTpa:

dunbTp paboTaeT B ABYX peXMMax, KOTOpble BbINOMHAT OA4HY M Ty Xe 3agadvy.
[Ons Havyana Heobxoammo 3agaTb AnameTp, Ha KOTopoM ByaeT paboTtaTtb unbTp.
bornee ©Gonbwon guameTp - Oonee Gonblias nnowagb MOXeT ObiTb pasmbiTa.
OO6bl4HO 4YeMm Gonblue agnameTp - TEM Ny4lle KayecTBO, HO MeHbLle CKopocTb. Hau-
6onee ynotpebumbin 5-7.

Takke Heobxoammo 3agaTb nopor. Mopor nokasbiBaeT Ha CKOSbKO OOJIKHbI
ObITb 63K LUBeTa Nukcenen, YTobbl ux cmewaTb. Ecnu pasHyua B LBeTe nukcenen
Oynet 6onbLue nopora, To OHW He ByayT BNMATbL APYr Ha Apyra.

dunbTp obpabaTbiBaeT nukcenn B pomboBuaHon dopme, 4ToObl M3bexaTb
pa3mMbITUS obracTten, KOTopble HE COeANHEHDI.
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

K ToMmy >Xe nuKcenu oueHMBalTCs MO PacCTOsHMIO A0 Tekylero nvkcens (B

Weighed average mode). Yem ganblue nukcenb OT TEKYLLEero nukcensi, TeM MeHbLue
BITUSIHNE OH Ha HEero okasbiBaeT.
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

PesynbtaTt paboThbl:

Picture 40. Source image (susi.avi; Picture 41. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = %Feparthzmart zmaoather?. brap

MSE: 0,478 MESE: 0016 Maw Diff RGE: &
SHA: 17,794 FSHR: 43,203 ks Diff LY 3.4
Black: 63.5% Green: 36,3% Red: 0%

Picture 42. Comparison of the source and processed images using LUV Met-
ric
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

OencTtBue cpunbTpa Npu pasnUyHbIX NapamMeTpax:

1-zt mage: D:MwforkAS us_input.brp
2-nd image: D:\wWark\Susi_SmartSmoother[3,25,254] brp

MSE: 0,093  NMSE: 0 Max Diff RGE: 2
SMR: 3313 PSMR:50.3 Ma Diff LUW: 1,1
Black: 39.9% Green: 0% Red: 0%
Picture 43. Processed image Picture 45. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 44. diameter=3, threshold=25

MpakTnyeckn He yompaeT Luym.

1-zt mage: D:MwforkAS us_input.brp

2-nd image: D:\wWark\Susi_SmartSmaoother(5,15,254] brp
MSE: 0,183 MMSE: O bdax Oiff RGE: 3.3
SKA: 30,084  PSHR: 47.254 kA aw it LLIY: 21
Black: 29.5% Green; 10,4% Red: 0%

Picture 46. Processed image Picture 48. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 47. diameter=5, threshold=15

Cna6o ybupaet wym.
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

1-zt mage: D:MwforkAS us_input.brp

2-nd image: D:\wWark\Susi_SmartSmoother(5,25,254] brp
MSE: 0,311 MMSE: 0,001 bdax Oiff RGE: 4.3
SMR: 27,9 PSMR: 45,069 bAaw Dniff LLIY: 2.8
Black: 75.8% Green; 24,1% Red: 0%

Picture 49. Processed image Picture 51. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 50. diameter=5, threshold=25

XopoLuo, HO TeM He MmeHee cnabo ybupaeT Lwym.

1-zt mage: D:MwforkAS us_input.brp

2-nd image: D:\wWark\Susi_SmartSmaoother[5,50,254] brp
MSE: 0,483 MMSE: 0,002 bdax Oiff RGE: 7
SMA: 25,93 PSMR: 43,099 bAaw Diff LLY: 36
Black: 63.1% Green; 36.7% Red: 0%

Picture 52. Processed image Picture 54. Comparison of the
(susi.avi; 194 frame) source and processed images us-
ing LUV Metric
Picture 53. diameter=5, threshold=50

HaMJ'Iy‘-ILIJVIVI napameTp — CUIbHO y6V|paeT WyMm, HET HENnpnemMremblxX N3MEHEHU.
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

1-zt image: D:MwiarkASusi input.brnp

2-nd image: D:\wWork\Susi_SmartSmoother[5,100,254) bre
MSE: 0,682 MNMSE: 0,003 taw Diff RGE: 13,5
SWA: 24,432 PSMR: 41, B62 bl e Dhiff LUY: 6.3
Black: 56.7%  Green; 42.7% Red: 0.5%

Picture 55. Processed image Picture 57. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 56. diameter=5, thresh-
old=100

MosaenstoTca HenpunemnemMmble NUSMEeHEHUA.

1-stimage: D:wiork\Susi_input.bmp

2-nd image: D:%orkhSusi_SmartSmoother(7,.25,254).bmp
MSE: 0,396 MNMSE: 0,002 bdaw Diff RGE: 5,2
SMA: 26,844  PSHR: 44.014 bt Ciff LY 3
Black: B5,7% Green: 34,2% Red: 0%

Picture 58. Processed image Picture 60. Comparison of the
(susi.avi; 194 frame) source and processed images us-

ing LUV Metric
Picture 59. diameter=7, threshold=25

Cnabo ybupaet wym.
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

Static Noise Reduction Filter

YMeHbLWaeT CryYanHbIn LWYM, COXpaHsst Npu 3TOM KOHTPACTHOCTb, YTO MOMO-
raet MPEG-cxaTuto 1 cnerka yny4waeTt ka4ecTBo nsobpaxeHus. (bes ncxogHukoB)

PesynbTaT padoThl:

Picture 61. Source image (susi.avi; Picture 62. Processed image (de-
194 frame) fault parameters)

1-zt image; #:\Reporthinput. brp

2-nd image: &= %A eparthztatic noize reduction. brp

MSE: 0,333 MESE: 0013 Max Diff RGE: 3
SHA: 18,682 FSHE: 44,031 k&= Diff LY 2.7
Black: B5.4% Green: 34.5% Fed: 0%

Picture 63. Comparison of the source and processed images using LUV Met-
ric

Video DeNoise Filter

OcHoBHas 3agadva aToro unbTpa — yopaTb LWyM, NPeAcTaBreHHbI ManeHb-
KMMM MONOCKaMW KPacHOro WM CUHEro, pexe 3efneHoro, LBeTa, KOTopbli Bcerda
NpUCyTCTBYET Ha M306pakeHun ¢ BUOEONEHThI.

duNbTP aHanNU3npyeT Kaxabld Kagp He3aBUCUMO OT OCTarbHbIX U, Kak yTBep-
XOaeT aBTop 9TOro (hunbTpa, onpegenseTr WyM C BbICOKOM TOYHOCTbIO. YPOBEHb
yoaneHus Lwyma perynumpyetcsa Ans KaKoon LBETOBOW KOMMOHEHThl oTAenbHo. (bes
NCXOOHWKOB)
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

PesynbtaTt paboThbl:

Picture 64. Source image (susi.avi; Picture 65. Processed image (de-
194 frame) fault parameters)

1-zt image: #:\Reparthinput. brip

2-nd image: = \Repartvidea denoize. brap

MSE: 0,571 MESE: 0013 Max Diff RGE: 181
SHA: 17024 FSHR: 42 432 kax Diff LY 7.9
Black: BB Green: 32.5% Red: 1.3%

Picture 66. Comparison of the source and processed images using LUV Met-
ric
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

CpaBHeHuMe cylecTByOLWMNX (buNbTPOB ANA LWWYyMONOAaBMeHUA Ha

Pa3nn4YHbIX TECTOBbLIX NocrieaoBaTesibHOCTAX.

Susi_resize.avi frame number 194

b

Picture 67. Input Image.

%

B

Picture 68. 2d Cleaner Picture 69. Spatial Smoother
Threshold = 10, Area = 5x5 Diameter = 5, Strenght = 3
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DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&EMEDIA LAB
MOSCOW, 05 APR 2003

Picture 70. Chroma Noise Reduc- Picture 71. Dynamic Noise Reduc-

tion tion
Threshold =12

Picture 72. kNRC Picture 73. VHS
Threshold: DarkPixels=4, Light Pix- Pre-filter, Post-filter,
els=12 Radius=1,Threshold=10
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MOSCOW, 05 APR 2003

L

. &

Picture 74. Smart Smoother 1.1 Picture 75. Smart Smoother 2.11
Diameter = 5, Strength =25 Diameter = 5, Threshold = 50

¥

Picture 76. Static Noise Reduction Picture 77. Video Denoise
1.2
Threshold =6
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DENOISING FILTERS COMPARISON REZULTS

CS MSU GRAPHICS&MEDIA LAB

MOSCOW, 05 APR 2003

1-¢t image: C:\Dazha‘lnput.bmp
2-ndimage: C:\Dashak2dCleaner. bmp

MSE: 0101 NMSE: 0 Max Diff RGE: 2.5
SNR: 32743 PSNR: 439919 Max Diff LLY: 1.9
Black: 96.6%  Green: 4.3% Red 0%

Picture 78. 2d Cleaner

Threshold = 10, Area = 5x5

1-¢t image: C:\Dazha‘lnput.bmp
2-ndimage: C:\DashatCHR. bmp

MSE: 0,028 NMSE: 0 Max Diff RGE: 2.3
SNR: 38279 PSNA: 55449 Max Diff LLY: 9.1
Black: 53.1%  Green: 34.8% Red 12%

Picture 80. Chroma Noise Reduc-

tion

1-gt image: C:A\Dasha\lnput.bmp
2-ndimage: C:\Dasha'kNAC.bmp

MSE: 1.115 NMSE: 0,005 Man Diff RGB: 12
SMA: 22,354  PSNA: 33,523 Max Diff LLYW: 7.1
Black: 61.3%  Green: 32.2% Red 6.3%

Picture 82. kNRC
Threshold: DarkPixels=4, Light Pix-
els=12

1-3timage: C:\Dashatlnput.bmp
2-nd image: C:\Dazha\5 patialSmoother. brmp

MSE: 0,351
SHR: 27,376
Black: 1 5%

NMSE: 0,001
PSNA: 44,546
Green: 48.3%

Man Diff RGB: 4.9
Max Diff LUV: 3,7
Red 01%

Picture 79. Spatial Smoother
Diameter = 5, Strenght = 3

1-3timage: C:\Dashatlnput.bmp
2-nd image: C:\Dasha'WHS.bmp

MSE: 1,865 NMSE: 0,003 Man Diff RGB: 11,1
SMR: 20,122 PSNA: 37.291 Max Diff LUV: 85
Black: 19.4%  Green 72% Red: 85%

Picture 81. Dynamic Noise Reduc-
tion

Threshold =12

1-st image: C:\Dashatlnput.bmp
2-nd image: C:A\Dasha\SpatialSmoother. brmp

MSE: 0.351
SHR: 27,376
Black: 51,5%

WNMSE: 0.001
PSNR: 44 548
Green: 48,3%

Max Diff RGB: 4.9
Man Diff LUV: 3,7
Red: 0.1%

Picture 83. VHS
Pre-filter, Post-filter,
Radius = 1,Threshold=10

HTTP://WWW.COMPRESSION.RU/VIDEO/
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CS MSU GRAPHICS&MEDIA LAB

MOSCOW, 05 APR 2003

1-¢t image: C:\Dazha‘lnput.bmp
2-ndimage: C:\DashakSmartSmoother(1.1) bmp

MSE: 0,345
SNR: 27 449
Black: 48.3%

Picture 84.

NMSE: 0,001
PSNR: 44 618
Green: 51.5%

Smart Smoother 1.1
Diameter = 5, Strength =25

1-¢t image: C:\Dazha‘lnput.bmp
2-ndimage: C:\DashakStaticNoiseR eduction. brmp

MSE: 0,357
SNR: 27.3
Black: 88.2%

Picture 86.

NMSE: 0,001
PSNR: 44 47
Green: 31.7%

Static Noise Reduction

1-3timage: C:\Dashatlnput.bmp
2-nd image: C:\Dazha\SmartSmoother(2.11) brmp

Max Diff RGE: 4.5 MSE: 0,483
Max Diff LLIY: 3.7 SHR: 2593
Red 0.1% Black: B3.1%

Picture 85.

Max Diff RGE: 3 MSE: 3,898
Max Diff LLIY: 2.7 SHR: 16,922
Red 0% Black: 62 8%

1.2

Threshold = 6

HTTP://WWW.COMPRESSION.RU/VIDEO/

NMSE: 0,02
PSNA: 34,091
Green: 32.8%

Picture 87.

MNMSE: 0,002 Max Diff RGB: 7
PSMR: 43,099 Max Diff LUV: 3.6
Green: 36.7% Red: 0%
Smart Smoother 2.11

Diameter = 5, Threshold = 50

1-3timage: C:\Dashatlnput.bmp
2-nd image: C:\Dasha\WideoDenoise brp

Man Diff RGB: 86.6
Max Diff LUV: 32.4
Red: 4.2%

Video Denoise

29



DENOISING FILTERS COMPARISON REZULTS CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

src3_ref 625 resize.avi frame number 70

Picture 88. Input |ge

Picture 89. 2d Cleaner Picture 90. Spatial Smoother
Threshold = 10, Area = 5x5 Diameter = 5, Strenght = 3
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Picture 91. Chroma Noise Reduc- Picture 92. Dynamic Noise Reduc-
tion tion
Threshold =12

Picture 93. kNRC Picture 94. VHS
Threshold: DarkPixels=4, Light Pix- Pre-filter, Post-filter,
els=12 Radius=1,Threshold=10
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Picture 95. Smart Smoother 1.1 Picture 96. Smart Smoother 2.11
Diameter = 5, Strength =25 Diameter = 5, Threshold = 50

Picture 97. Static Noise Reduction Picture 98. Video Denoise
1.2
Threshold = 6
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1-st image: F:A\Dashakerc3_ref_B25\input.brmp
2-nd image: F:\Daghatsrc3 ref B25\2dcleanerbmp
MSE: 1122 NMSE: 0,002 Maw Diff RGE: 7.8
SNR: 2565 PSHR: 33,433 Ma Diff LUMW: 5.3
Black: 48% Green: 50.7% Red 1.2%

Picture 99. 2d Cleaner
Threshold = 10, Area = 5x5

1-st image: F:A\Dashatsrcd_ref_B254input.brop
2-ndimage: F:ADashaterc3 ref B25A\CNR.bmp

MSE: 0,046 NMSE: 0 Max Diff RGE: 3.6
SNR: 33516 PSNR: 53,365 aw Diff LUY: 9.3
Black: 787%  Green: 16.8% Red 43%

Picture 101. Chroma Noise Reduc-

tion

1-st image: F:A\Dashakerc3_ref_B25\input.brp
2-ndimage: F:\Dashatsrc3_ref_B25%MAC.bp

MSE: 1.408 NMSE: 0.003 Max Diff RGE: 12
SMR: 24663 PSNA: 38,512 tax Diff LUY: 8,3
Black: 61.5%  Green: 33.9% Red: 4.4%

Picture 103. kNRC

Threshold: Dark Pixels=4, Light Pix-

els=12

1-stimage: F:\Dashabsrc3_ref_B254input.bmp

CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

1-stimage: F:\Dashabsrc3_ref_B254input.bmp

2-nd image: F:\Dashaksre3_ref_B25\5 patialSmaoother. brp
MSE: 0,37 NMSE: O Max Diff RGB: &
SMR: 30463 PSNR: 44312 Max Diff LUV: 3,1
Black: TEE%  Green 23.3% Red: 0%

Picture 100. Spatial Smoother
Diameter = 5, Strength = 3

1-ztimage: F:\Dashabarc3_ref_B254\input.bmp

2-nd image: F:\Dasha'src3_ref BE25\DMR. bmp

MSE: 1,147 NMSE: 0,002 Max Diff RGB: 5
SHR: 26554 PSNR: 39.403 Maw Diff LUV: 4.2
Black: B0.6%  Green: 43.2% Red: 0,1%

Picture 102. Dynamic Noise Reduc-
tion
Threshold =12

2-nd image: F:\Dashaksre3_ref_B25WHS.bmp

MSE: 1,987 NMSE: 0,004 Max Diff RGB: 11.2
SHR: 23166 PSNR: 37015 Max Diff LUV: 11.4
Black: 436%  Greer 49.2% Red 71%

Picture 104. VHS
Pre-filter, Post-filter,
Radius=1,Threshold=10
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1-st image: F:A\Dashakerc3_ref_B25\input.brp

2-ndimage: F:\Dashatsrc3_ref_B25\SmartSmaother(1.1).bmp
MSE: 0,374 NMSE: 0 ax Diff RGE: 4.7
SNR: 30,42 PSNR: 44,269 Max Diff LUY: 3,2
Black: 73.4%  Green: 265% Red 0%

Picture 105. Smart Smoother 1.1
Diameter = 5, Strength =25

1-st image: F:\Dashaksre3_ref_B2B\input brp

2-ndimage: F:\Dasha‘src3_ref B2545taticH oiseReduction.bmp
MSE: 0,337 NMSE: 0 Max Diff RGB: 3

SMR: 30,862 PSNR: 44711 aw Diff LUW: 2,7

Black: 82 2%  Green: 17.7% Red 0%

Picture 107. Static Noise Reduction

1.2
Threshold = 6

CS MSU GRAPHICS&MEDIA LAB
MOSCOW, 05 APR 2003

1-stimage: F:\Dashabsrc3_ref_B254input.bmp
2-nd image: F:\Dashabsre3_ref_B25\SmartSmoather(2.11]. brap
MSE: 0.912 NMSE: 0,002 Man Diff RGB: &

SHR: 26548 PSNR: 40,397 Max Diff LUV: 4.9
Black: B3.4%  Greer 35.6% Red: 0.8%

Picture 106. Smart Smoother 2.11
Diameter = 5, Threshold = 50

1-zt image: F:\Dashabsic3 el B25%\input.bmp

2-nd image: F:\Dasha'sre3_ref_625\WideoDeMoise. brp
MSE: 72308 NMSE: 0175 Man Diff RGB: 128
SHR: 7.558 PSNR: 21,408 Max Diff LUV: 55,8
Black: 44.2%  Green: 26.08% Red: 28.9%

Picture 108. Video Denoise
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ruka.avi frame number 810

S—
- -.;"I"“

E, °

Picture 109. Input image

Picture 110. 2d Cleaner Picture 111. Spatial Smoother
Threshold = 10, Area = 5x5 Diameter = 5, Strenght = 3
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Picture 112. Chroma Noise Reduc- Picture 113. Dynamic Noise Reduc-
tion tion
Threshold =12

Picture 114. kNRC Picture 115. VHS
Threshold: Dark Pixels=4, Light Pix- Pre-filter, Post-filter,
els=12 Radius=1,Threshold=10
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Picture 116. Smart Smoother 1.1 Picture 117. Smart Smoother 2.11
Diameter = 5, Strength =25 Diameter = 5, Threshold = 50

Picture 118. Static Noise Reduction Picture 119. Video Denoise
1.2
Threshold =6
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CS MSU GRAPHICS&MEDIA LAB

MOSCOW, 05 APR 2003

1-st image: F:%Dashatukakinput.bmp
2-ndimage: F:ADashatrukat2dcleaner.bmp

MSE: 0,49 NMSE: 0,001 Max Diff RGB: 7.3
SNR: 28117 PSNR: 43,091 tax Diff LUY: 3.5
Black: 73.8%  Green: 201% Red 0%

Picture 120. 2d Cleaner
Threshold = 10, Area = 5x5

1-st image: F:%Dashatukakinput.bmp
2-ndimage: F:ADashatrukatCHR. bmp

MSE: 0,032 NMSE: 0 Max Diff RGE: 1,1
SMR: 33,901 FSNR: 54876 tax Diff LUY: 5.5
Black: 86.9%  Green: 13.8% Red 0.1%

Picture 122. Chroma Noise Reduc-
tion

1-gt image: F:5\D azhakukatinput.bmp
2-ndimage: F:\Dashatruka%kNRAC.bmp

MSE: 071 NMSE: 0.002 ax Diff RGE: 11.5
SNR: 26,511 PSNR: 41,486 ax Diff LUY: 5,6
Black: 822%  Green: 15.5% Red 2.2%

Picture 124. kNRC
Threshold: Dark Pixels=4, Light Pix-
els=12

1-3timage: F:\D ashabrukatinput.brmp
2-nd image: F:\DashatrukatSpatialSmoother. bmp

MSE: 0,26 NMSE: O Man Diff RGB: 4.7
SHR: 30867 PSNR: 45842 Max Diff LUV: 2.3
Black: 805%  Green 9.4% Red: 0%

Picture 121. Spatial Smoother
Diameter = 5, Strenght = 3

1-3timage: F:\D ashabrukatinput.brmp
2-nd image: F:\DashatrukatDMNR. brap

MSE: 0,557 NMSE: 0,001 Man Diff RGB: &
SHR: 27561 PSNR: 42536 Max Diff LUV: 3,7
Black: 71.3%  Green 28.6% Red: 0%

Picture 123. Dynamic Noise Reduc-
tion
Threshold =12

1-st image: F:AD ashakahinput.bmp
2-nd image: F:\DashatukatvHS.bmp
MSE: 1,583 NMSE: 0,004

SHR: 23014 PSNR: 37.983
Black: 42.7%  Green: 53.7%

Picture 125. VHS
Pre-filter, Post-filter,
Radius=1,Threshold=10

Max Diff RGB: 12,2
Man Diff LUV: 7.7
Red: 3.5%
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1-st image: F:%Dashatukakinput.bmp
2-ndimage: F:ADashatrukakSmartSmoother(1.1).bmp

MSE: 0,256
SNR: 30,93
Black: 89.2%

Picture 126. Smart Smoother 1.1
Diameter = 5, Strength =25

NMSE: 0
PSNR: 45,904
Green: 10.7%

1-3timage: F:\D ashabrukatinput.brmp

CS MSU GRAPHICS&MEDIA LAB

MOSCOW, 05 APR 2003

2-nd image: F:\Dasha‘rukatSmartSmoather(2.11]. brap

Max Diff RGE: 4.4 MSE: 0,341
Max Diff LUY: 25 SHR: 29,685

Red 0%

Black: 80,7

NMSE: 0,001 Man Diff RGB: 7
PSNA: 44 66 Max Diff LUV: 3,7
Green: 9.2% Red: 0%

Picture 127. Smart Smoother 2.11
Diameter = 5, Threshold = 50

1-st image: F:%Dashatukakinput.bmp
2-ndimage: F:ADashatrukakStaticNoiseR eduction. brmp

MSE: 0,328 NMSE: 0,001 ax Diff RGE: 3
SNR: 29856  PSNA: 44831 tax Diff LUY: 2.1
Black: 89% Green: 10,9% Red 0%

Picture 128. Static Noise Reduction

1.2
Threshold = 6

1-3timage: F:\D ashabrukatinput.brmp
2-nd image: F:\DashatrukatVideoDeMoise. brp
MSE: 3,445 NMSE: 0,01 Man Diff RGB: 56.3
SMR: 19652  PSNR: 34626 Max Diff LUV: 255
Black: 80.8%  Green 12.3% Red: B.7%

Picture 129. Video Denoise
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CpaBHeHMe nyywunx punbTPoOB NpU Ny4lUMX NapameTpax

OT1pbiBOK U3 hunbma TepmuHaTop (rancho.avi) Kagp 236

UcxoaHoe nsobpaxeHue

UcxopHoe nsobpaxeHune Smart Smoother 2.11

Dynamic Noise Reduction
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MSU denoising

More about last MSU method: http://compression.ru/video/denoising/
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