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Adaptive Fuzzy Post-Filtering
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Adaptive Fuzzy Post-Filtering for Highly Compressed Video. Hao-Song Kong,
Yao Nie, Anthony Vetro, Huifang Sun, Kenneth E. Barner. ICIP 2004. 7
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Adaptive Fuzzy Post-Filtering

Adaptive Fuzzy Post-Filtering for Highly Compressed Video. Hao-Song Kong,
Yao Nie, Anthony Vetro, Huifang Sun, Kenneth E. Barner. ICIP 2004. 8
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Adaptive Fuzzy Post-Filtering
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PSNR 30.61 dB PSNR 30.93 dB

Adaptive Fuzzy Post-Filtering for Highly Compressed Video. Hao-Song Kong,
Yao Nie, Anthony Vetro, Huifang Sun, Kenneth E. Barner. ICIP 2004. 9
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i Adaptive Fuzzy Post-Filtering

= [IpenmyLLecTBa
= bbicTpas paboTta
= [1pOCTOTa B peanm3auunu

= HegocTtaTku
= [1IpOCTO MacKknpoBKa apTedaKkToB
= 3aMblIMBaHNE U306paXkeHuns
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DCT Re-application

1. CaBuHYTb U306paXkeHmne No BepTUKan u
ropu3oHTanu Ha (i,j)

2. OCxaTb n3obpaxeHue

3. BepHyTb n3obpaxeHne obpatHo,
T.€. CABUHYTb Ha (-i,-j)

4, TloBTOPUTL ANS BCeX cABUros u3 [-3, 4] x [-3, 4]

5. YcpeoHuTb pesynbTaT

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Dallas,
Richardson. 2002. 12
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DCT Re-application

Z Z
1

Original
block boundaries

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Iialas,
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DCT Re-application
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Redundant Expansion

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria 1154
(4
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DCT Re-application

y = Zai,j D(“"j)Q(D(i'j)x)
]

- OKaToe M300p aKeHUe
- BOCCTAaHOBJICHHOE HW300p a)KCHHE

- orieparop CIBUTA

O 0O < X

- onepaTop KOAUPOBAHUS U JIEKOIUP OBAHUS

Enhancement of JPEG-Compressed Images by Re-application of JPEG. A?ﬂ
. - . Nosratinia. Department of Electrical Engineering, University of Texas at as,
CS MSU Graphics & Media Lab (Video Group) Richardson. 2002. ' '



DCT Re-application L%

VIDEO GROUP

[IpuMep paboThl

o Q2 OF
20 24 28 32 36 80 98 144 50 60 70 70 90 120 255 255 110 130 150 192 255 255 255 255
24 24 28 34 52 70 128 184 60 60 70 96 130 255 255 255 130 150 192 255 255 255 255 255
28 28 32 48 T4 114 156 190 70 70 80 120 200 255 255 255 150 192 255 255 255 255 255 255
32 34 48 58 112 128 174 196 70 96 120 145 255 255 255 255 192 255 255 255 255 255 255 255
36 52 74 112 136 162 206 224 90 130 200 255 255 255 255 255 255 255 255 255 255 255 255 255
80 70 114 128 162 208 242 200 120 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255
98 128 156 174 206 242 240 206 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255
144 184 190 196 224 200 206 208 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255
Quantization Lenna Mandrill Stream  Goldhill Barbara

05 0.66 0.19 0.23 0.52 1.04

Q2 1.03 0.23 0.42 0.74 0.89

Q3 1.16 0.40 0.55 0.91 1.04

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Dallas,
Richardson. 2002. 16
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DCT Re-application Lo

Mpumep paboThbl -

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Dallas,
Richardson. 2002. 17
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DCT Re-application Sox

Mpumep paboThbl -

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Dallas,
Richardson. 2002. 18
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DCT Re-application

= [IpenmyLLecTBa
= 3aMeTHOEe YMeHblleHne apTedaKToB
= [1pocT B peanusaymu

= HepgoctaTku
= XKenatenbHo 3HaTb NapaMeTpbl CKaTUS
= OpneHTUpoBaH Ha U306paXkeHuns
= HeBblCOKas CKOpoCTb paboThl

(~58 YMHOXXEHWI Ha MUKCENb)
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Support Vector Regression

o Supporg Vector Machine

2

H H - Compression Artifact Reduction Using Support Vector Regression. 21
CS MSU Graphlcs & Medla Lab (VIdeo Group) Sanjeev Kumar, Truong Nguyen, Mainak Biswas. ICIP 2006



‘L Support Vector Regression

y = f(X) - Mogenupyemas hyHKLMS
(Xi’ yi) - TPEHUPOBOYHbIE JAHHbIE

y=(¢(w),x)+b - BUA MORenM

MMHMMM3aL|,VlFI
L(w, w>+c:Z(§i +&)

Npu yCroBum

Yy, — <W, ¢(xi )> —b < g+ éﬁi & — A0ITY CTUMOC OTKJIOHCHHUC IJIS BCCX 3JICMCHTOB
(W, $(x;))+b -y, < e+& £,ET —OTKIIOHEHHUe IS KayKIOTO HIIeMEHTa
& =2 0

CS MSU Graphics & Media Lab (Video GI‘OUP) Compression Artifact Reduction Using Support Vector Regression. 22

Sanjeev Kumar, Truong Nguyen, Mainak Biswas. ICIP 2006
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Support Vector Regression
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H H = Compression Artifact Reduction Using Support Vector Regression. 23
CS MSU Graphlcs & MEdla Lab (VIdeo Group) Sanjeev Kumar, Truong Nguyen, Mainak Biswas. ICIP 2006
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= H H Compression Artifact Reduction Using Support Vector Regression. 24
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Support Vector Regression ™=

= H H Compression Artifact Reduction Using Support Vector Regression.
CS MSU Graphlcs & Medla Lab (VIdeo Group) Sanjeev Kumar, Truong Nguyen, Mainak Biswas. ICIP 2006



i Support Vector Regression  —=

= [IpenmyLLecTBa

= BM3yanbHoe ynydleHne Ha HEKOTOPbIX
TMNax n3obpaxxeHnm

= HepocraTku
= 3aBUCMMOCTb OT 0by4atoLLen BbI6OpPKU
= CNOXXHO MporHo3npyemoe nosegeHume

CS MSU Graphics & Media Lab (Video Group) 20
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MMRCVQ (Modified Mean-Removed
Classified Vector Quantization)

Deblocked

image

Mean
removal

Encoder
codebook

Mean-removed

image blocks

Mean-removed Encoder

image

Decoder
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Codeword Codeword Referenced
indices indices image blocks
N,

Codeword indices

differential vectors

Decoder

Restored mean-

removed image

mean values

>

Mean
restoration
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Restored

image

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004)

CS MSU Graphics & Media Lab (Video Group)
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MMRCVQ

[ocTpoeHne KoaMpYIOLLMX =
nocnenoBaTeNbHOCTEN

= Bbibop 6510k0B 4x4

T'= {X'i 1=1,..., N} —C)KaThle JaHHBIC

T :{Xi :i:1,...,N} — UCXOOHBIEC HAHHBIE

= HopmupoBska

= Knacrepusauyus
Anroputm Linde-Buzo-Gray

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 29
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MMRCVQ

Linde-Buzo-Gray

Bri6op
—_—DP Ha4anbHoro
pa3bueHus
YOBoeHue 4ynucna OueHka
A > K-means P> H e
KnacTtepoB ancnepcum

A |

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 30
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Linde-Buzo-Gray -
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MMRCVQ

Linde-Buzo-Gray

CS MSU Graphics & Media Lab (Video Group) 32
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MMRCVQ

= Bblbop kKoaupyoLWmMX NocneaoBaTeIbHOCTEN

C'={y,:i=1.., M}
s PazbueHune HecxKaTbiX AAHHbIX

Re =1 [d(X;,y,) <d(x;,y)}i=] k

1..M, i=1...N

= Bblbop AekoampyoLLmMX NocnieaoBaTeNbHOCTEN

D X,

XeR

R.

Yi =

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 33
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MMRCVQ

BoccTtaHOBNeHue

Knaccudukauns 7 7
6roka > | patiLg
Onpeaenexne
OpHopoaHbIn Tekctypa HanpasneHus
rpaHvLpl
e
OtceyeHune
Mownck —> NIOXUX ——p1 3ameHa broka
pe3ynbTaToB

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 34
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Pe3ynbTaThl

Table 1 PSNRs of compressed, deblocked, and reconstructed images

Improvement of

Compressed image Deblocked image .
Test image reconstructed image
Y C. Cy, Y C. Cy, Y C, C,
Space 30.60 40.07 37.89 0.64 0.54 0.47 0.88 0.88 0.70
Bird 29.94 33.71 33.36 0.50 0.39 0.29 0.58 0.52 0.48
Wall 25.80 36.81 37.26 0.27 0.41 0.39 0.48 0.72 0.76
Door 30.48 33.41 35.95 0.37 0.54 0.47 0.50 1.26 0.94
Hat 31.58 36.24 35.41 0.61 0.33 0.36 0.90 0.49 0.58
Woman 30.77 34.45 37.69 0.61 0.61 0.38 0.68 0.99 0.67
Bike 25.18 33.46 34.02 0.47 0.45 0.47 0.75 0.67 0.66
Sailboat 1 26.70 36.66 36.3 0.32 0.39 0.40 0.55 0.64 0.77
Flower 30.26 35.10 34.74 0.76 0.46 0.46 0.92 0.71 0.66
House 24.94 35.51 35.34 0.20 0.46 0.41 0.66 0.71 0.59
Sailboat 2 30.07 35.93 35.96 0.54 0.47 0.42 0.92 0.77 0.60
Airplane 29.71 38.53 36.29 0.45 0.47 0.47 0.92 0.72 0.73
Coast 27.23 36.49 36.09 0.36 0.45 0.48 0.51 0.63 0.71
Parrot 31.93 35.56 35.25 0.75 0.60 0.61 0.87 0.80 0.82
Beach 30.74 36.19 37.83 0.45 0.44 0.37 0.83 0.61 0.56
Raft 26.97 32.91 33.18 0.48 0.29 0.31 0.61 0.34 0.41
Girl 30.16 34.78 36.56 0.49 0.49 0.61 0.64 0.68 0.85
Island 29.56 38.93 36.68 0.46 0.34 0.51 0.56 0.62 0.80
Effigy 28.82 37.51 36.39 0.55 0.42 0.37 0.69 0.75 0.65
Beacon 28.05 36.64 36.83 0.34 0.52 0.45 0.59 0.89 0.67
Lena 31.13 33.83 33.506 0.81 0.35 0.43 0.83 0.47 0.52
Average computing time 0.68 0.6 0.72
(second)

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 35
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MMRCVQ

Pe3ynbTaThl

Artifact reduction of compressed color images using modified mean-removed classified vector
quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston Lo. Journal of the Chinese Institute
of Engineers, Vol. 27, No. 5, pp. 747-751 (2004) 36
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i MMRCVQ

= [IpenmyLLecTBa
= XOpolluee KayecTBo
= [lpyemnemMasa CKopoCTb BOCCTaHOBJ/IEHUS

= HepocrtaTku
= 10JIbKO yCTpaHeHne 6104YHOCTH

37
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Reqgularized Iterative Restoration

f, g,
f, d,
; :’ g = :
fi di
|y | Oy |

g=Df +n

J(f)=|f—g| +1E (f)

CS MSU Graphics & Media Lab (Video Group)
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f —wucxomHBI Kamp
g — HaOJroaaeMbl M Kaap
n —mym

D —omneparop JUIMHEHHO AErp ajialvu

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 39



Reqgularized Iterative Restoration
[1IpoCTpaHCTBEHHAA peryngapulaums

f@,))—-f@G+1j) ifi=8l for 1=1,2,..,width/8-1
0 otherwise

(Que f )0, ) ={

Q.. )i, i) = f@i,j)-f@i+1j) if i=8 for 1=12,.,width/8-1
e S 0 otherwise

Qs =[Que fH2 +[Que fH2
Qs =[Qus " +]Qus

2
+

E.(F) = (Que fi|* +1Qu £ )+ AlQus il +]Qus i)

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 40
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Reqgularized Iterative Restoration
BpeMeHHaqa perynapusauns

width height

MFD(f, )= Y [fG, D)— £, (i+m®, j+nG, j)*0)f

i-1  j=1

(m(i’j),n(i, j)(i'j)) - BeKTOD JABIKeHus rmkcens (i, j)

Et(fl):ZMFD(fk’ fi)

€4

E, (1)) :H f, - f|MCH2

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 41
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PewleHune

i Reqgularized Iterative Restoration

= Llenb
I(F)=|f —g| +AE(f)+AE(F)

s PelueHue

fik+1 _ fik +a{g —[l —|—2,81Q;QB +2‘52Q%Q§ +A‘t(fi _ fiMC)]fik}

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 42
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MHOrokaapoBoe BOCCTaHOB/IEHNE

i Reqgularized Iterative Restoration

J('f”){iuf.—g.HZ]MSES('f”)MEt(?)

£.(1)= Sl b 0 6} 20 1 +1ous 1)
(P =Y ] - 6

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 43
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Regularized Iterative Restoration — =21
MHOrokaapoBoe BOCCTaHOB/IEHNE

IO =[F-a] + QT+ 0 JQu T 4T~

—— SO, i
et = £l §—| (1 4+ 25, Q0Qs + 45, QEQg )T + 41—

-
Il

-

=~

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 44
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Regularized Iterative Restoration =4
[IpuMepbl paboTbl

—F Case 1
_— Case 2
—— Case 3
— A Case 4

# of
case

- 1 spatial only

2 16x16 ME

3 4x4 ME

4 dense 4x4 ME

bidirectional 4x4
5 ME

dense bidirectional
6 4x4 ME

05 | | | | |
0 5 10 15 20 25 30
Frame Number

Compressed Video Enhancement using Regularized Iterative Restoration45

CS MSU Graphics & Media Lab (Video Group) Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999




Regularized Iterative Restoration 5=
[IpuMepbl paboThl

dense 4x4 ME

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 46
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Regularized Iterative Restoration 5=
[IpuMepbl paboThl

dense bidirectional 4x4 ME

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999 47
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Reqgularized Iterative Restoration
OnTnMmM3aums

J(f)=|f —g||2 +A|Q; f H2 +/11Hf —f MCH - Lie/b MUHUMU3ALINN

3(F)=|f —gf +,152¢(QB” f)+ﬂTHf — e
i,j
= naes: Ao6aBUTb BCOMOraTeNbHYIO MEPEMEHHYIO, HE U3MEHSIIOLLYIO MUHUMYM ]

plt)=inf [ot? +y (b))

b(t) = d (t) - [OMNONHUTENbHAs! NepeMeHHast

2t

Yt =t g + 23, (Qq, T Fru)lea]f -]

- HOBa4d uesib MMHUMN3auunun

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal
Regularization. Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and
Weisi Lin. 2003. 48
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Reqgularized Iterative Restoration
OnTnMmM3aums

ANropuTM:

Initialization: f°%=g
repeat {
b™* =min J°(£",b") with " fixed :
b = 5(Qq ") ot "
£7 = min J°(£",b" ) with b fixed
} Until convergence

MUHMMKN3aALNSA MOXET ObITb BbINOSIHEHA METOAOM rpaaAneEHTHOr O CriyCka

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal
Regularization. Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and
Weisi Lin. 2003. 49
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OnTMM3auUms

i Reqgularized Iterative Restoration

I by = z( g Mz[,n,lqum)zw(nl)]wz(fnl fuc ¥

1 /1 bn+1

n+l__ _n__ s 1) -n__ _n_
RN RV (REYI A)(f"’ e
ﬂ’t(l_l_ ﬂvsb|n]L1 ﬂ“t) f mc + /1 //i’tanrl f mc

+(1+A[)(1+2/13b,“j1 A @)L 2abMt + 4 ) M

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal
Regularization. Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and
Weisi Lin. 2003. 50
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Reqgularized Iterative Restoration
[Ipumep paboThl

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal 51
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Regularized Iterative Restoration =4
[lpnMep paboTbl

35.4 I Comparison of PSNR Improvement

=+ MPEG-4 decompression
35.2 =~ Our algorithm

-d~ MPEG-4 postprocessing

PSNR Values

90 100

10 20 30 40 50 60 70 80

"Mother & daughter” Sequence

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal 52
Regularization. Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and Weisi
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Regularized Iterative Restoration =4
[lpnMep paboTbl

VIDEO GROUP

PSNR_Y [dB] (average of 100

frames)
Resolution Sequence | QP | Before After Post-processing
post- | MPEG- Proposed
processing R
15 34.70 34.82 3491
Akiyo 18 33.71 33.83 33.96
20 33.23 33.36 33.44
15 34.40 34.43 34.56
CIF hélghlel‘te‘f_‘ 18 | 33.63 | 33.65 33.79
(352x288) & 20 33.19 33.20 33.34
10 34.96 35.18 35.23
Hall 15 32.84 33.10 33.30
18 31.82 32.08 32.22
20 31.25 31.49 31.65
10 33.55 33.61 33.78
Carphone 15 31.51 3 1.55 31.75
OCIF 18 30.57 30.60 30.75
(176x144) 20 30.02 30.04 30.16
15 30.42 30.51 30.82
News 18 29.46 29.36 29.65
20 28.78 28.87 29.04
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A Coding Artifacts Removal Algorithm Based On Spatial And Temporal
Regularization. Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and

Weisi Lin. 2003.
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i Reqgularized Iterative Restoration

= [IpenmyLLecTBa
= BblCOKOE KayeCTBO BOCCTAaHOBJIEHUS

= HepocraTku
= OyeHb MeasieHHas paboTa
= Cno)eH B peanusauuu
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i 3aKryeHune

= PaccMoTpeHbl MeToabl

Adaptive Fuzzy Post-Filtering

= DCT Re-application

= Support Vector Regression

=« Modified Mean-Removed Classified Vector Quantization
= Perynapusauns

CS MSU Graphics & Media Lab (Video Group)
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i fUTepaTypa

A Coding Artifacts Removal Algorithm Based On Spatial And Temporal
inggglarlzatlon Susu Yao, Genan Feng, Xiao Lin, Keng Pang Lim and Weisi Lin.

Artifact reduction of compressed color images using modified mean-removed
classified vector quantization. Jim Zone-Chang Lai, Yi-Ching Liaw, and Winston
(LSO g%Jrnal of the Chinese Institute of Engineers, Vol. 27, No. 5, pp. 747-751

Compressed Video Enhancement using Regularized Iterative Restoration
Algorithms. Passant Vatsalya Karunaratne. Evanston, Illinois. 1999

Compression Artifact Reduction Using Support Vector Regression. Sanjeev
Kumar, Truong Nguyen, Mainak Biswas. ICIP 2006

Adaptive Fuzzy Post-Filtering for Highly Compressed Video. Hao-Song Kong, Yao
Nie, Anthony Vetro, Huifang Sun, Kenneth E. Barner. ICIP 2004.

Enhancement of JPEG-Compressed Images by Re-application of JPEG. Aria
Nosratinia. Department of Electrical Engineering, University of Texas at Dallas,
Richardson. 2002.

A Tutorial on Support Vector Regression. Alex J. Smolat and Bernhard
Sch™olkop. 2003

Application Of The Motion Vector Constraint To The Regularized Enhancement Of
Compressed Video. C. Andrew Segall And Aggelos K. Katsaggelos. 2001
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