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Post-filtering in Low Bit Rate Moving Picture Coding, and
Subjective and Objective Evaluation of Post-filtering

Yung-Lyul Lee**, Yoon Soo Kim**, Hyun Wook Park* Regular Members
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MPEG 2 H2633} 22 F3M) ob% whalell ojale 3 453 4] 34 s o 553 g4, 3 ol
2] (comer outliers), #o] A1Lo] whgFlc}l. E23 FAke 8x8 HE o] whAlske 9/5a Fa) Agol,
1] ol 8x8 H-F9) 3 (comer) oM WAl AlE oln, ol S @] oA FHlA] WAs=
AAgolth 1 o)l MPEG % H.263¢) 8x8 314 B2 DCT AlG-E A}3} (quantization) 3}7] wjifelrk 2
=Folli= MPEG-4 4 H2639] E1¥ GAbellx] allals 553t &4, 3 o], 3o A&-E Fol7] A4l
7R} AAtEol osled AqtEl Wid g T, A3 Hrig 3l o] AlE e8] FA e oF
g dlelelz ¥ $%3 8x8 DCT Al ¥X Axel 24 e HRE o) 43l HEH o2 Y5} AAE
(quantization effect) Sqlck 53} PR 121 9 9 $3] Aujed Helofl (low pass filter) o}3ld &) =
3, 3l 2pee 2x19) AF 4L WE] (signal-adaptive filter)ol] o]5le] FA| etk As 293 Fxz] wbdd)
MPEG-4 VM (verification model)2] Fxje] ubulo] oiFF MSSM (Modified Single Stimulus Method)-& ©)€3F
F3A A7), AR 54971 (PSNR), Al B3t (complexity) o g ulwed 77t AFe] Agel s}
of p3gsiv). AFE AYE 215ie] MPEG-4¢A 1o AMgsl= Al3l4- nldlL. A|AAE o]83lgich by
A Hrlola] F ubde ulsgt AE ugrl ubd AR Yo o} Alek Bate B Sl glelA, 4
% 283 Fx=] 4hgo] MPEG-4 VMe| Fajg| wbgrc) 28t A5-& 83

ABSTRACT

The reconstructed images from highly compressed MPEG or H.263 data have noticeable image degradations,
such as blocking artifacts near the block boundaries, corner outliers at cross points of blocks, and ringing noise
near image edges, because the MPEG or H.263 quantizes the transformed coefficients of 8x8 pixel blocks. A
post-processing algorithm has been proposed by authors to reduce quantization effects, such as blocking artifacts,
corner outliers, and ringing noise, in MPEG-decompressed images. Our signal-adaptive post-processing algorithm
reduces the quantization effects adaptively by using both spatial frequency and temporal information extracted
from the compressed data. The blocking artifacts are reduced by one-dimensional (1-D) horizontal and vertical
low pass filtering (LPF), and the ringing noise is reduced by two-dimensional (2-D) signal-adaptive filtering
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(SAF). A comparison study of the subjective quality evaluation using modified single stimulus method (MSSM),

the objective quality evaluation (PSNR) and the computation complexity analysis between the signal-adaptive

post-processing algorithm and the MPEG-4 VM (Verification Model) post-processing algorithm is performed by

computer simulation with several MPEG-4 image sequences.

According to the comparison study, the subjective image qualities of both algorithms are similar, whereas the

PSNR and the computation complexity analysis of the signal-adaptive post-processing algorithm shows better

performance than the VM post-processing algorithm.
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Compressed
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decoder
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8x8 DCT coefficients

———— Decoded image
A

- ]
Motion
Lcompensation }o—( Reference VOP l

23 1. MPEG-4 B17] 9 o okx}3} & DCT A4

MPEG-40ll4 o218} E7-E Folu AUlEE &
o}7] $15}e] £-27) 4Z (blocking flag, BS), &<
A% (ringing flag, RF) 7} #2j=ick BF ¢ RF
intra VOP (Video Object Plane) % o] 7} 8x8 &
E2] DCT Apdxaie Zglch w3t inter
VOP2 41552 MC(Motion Compensated)-DCT
el elodA Y (residual signal)@} x| AY(reference)
VOP 9 Als 8 ¥e] FExch

Intra-VOP oflA] 35 AlE &5 9j3led, o <F
212} & DCT A, & o X3 AT (inverse
quantized coefficients, 1QC)2] 327} FARC)
3 12 MPEG-4 B&iv|e] Fxolct I8 19 o
ofx}slEl BEoA DCT Al$ ¢lx] A, B, C 7} &=
W, 7 B85 Aol g A5E Al
45

iz rr o2

t

o

if (only position A is non-zero)
HBF=1VBF=1; /* 49,53 B53} 94 YA
else if(only the upper top row has non-zero
values)
VBF =1; [* 2 £53 "4 1Ay
else if(only the far left column has non-zero
values)
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HBF =1; [* 49 BESt A4 nAgy

if(any non-zero coefficients exist in positions
other than A, B, and C ) RF=1; /* g} =
&

$]ol4] HBF (Horizontal Blocking Flag), VBF
(Vertical Blocking Flag), RF (Ringing Flag)+= 7
7ol Ahg Alselek

Inter-VOPolj 4] A& &3} (propagation)& 2|5},
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0% 5 el (a) B3l o34, (b) deblocking Fe{H <34, (¢) deblocking WE{E GAkl B Aty 2y #e), (d)
deringing HE{¥ <34}, () deringing “Fe1¥ <A} deblock Hel® 3447k} =Zaq} o).

I3 5(c)24E] deblocking Hejw Ao 7} FERelA A whel HE A F83 AE
A m ofstAl EE AAl A8, DCT 7 H7} 8ol FAQl ARk Y gjste], SSM
5 o] 83} deringing HE]: 3Ake] oflx] RE (Single Stimulus Method)2] &5 #l el MSSM
off Aawle AL gulstA S & 4 gloh (Modified Single Stimulus Method)o] AR8-=]g]c)
sHa HrhE glste] 1 ARz, VMol E17]of ¢

V. AIE Ui 9 A 3lod Bl Alx, VM gEld] ofsle] BE A

A AlE A8 S Helof ofsle] Bl A

A8 =dq) v)uk VOP, A% H263 QP, & Aol sl vlaE QA & 5 d%E, 27 6 A
Alol o3od ynrestricted ME/MC, advanced predic- W 720x4809) Shlell FAlel V1FHIE w3 X
tion 2=, DC/AC % MPEG-42] combined mo- A 4 A2 U, VoAlge] gema 422
tion shape texture coding HFAlS @ rafzleich (Luminance Y : Chrominance U, Chrominance V)
WO 2}k 30Hz, 300%°2E FA% MPEG-40)4) zaallg ¥k h527de] 7.5Hzet 10Hz,
A 15709) ook A1 (sequence) o g ISH2AR 30ha7k obd A5 bl xey A}
o o] AaEArk 7 AJAASLS IPPPP(RA doll ofsted 30HzZ H]%r}) QCIF Ajxe] A
4t 1 picture, W =)= P picture) =3 MPEG-4 A T ARl QCIF 4& CIF gafes &9 (up
Aol Fojl AEBbit raw), B2, 2o sampling) SPwel, ol Y Aol wsiAe
¢] #o]E (frame rate) 2. &= 9] MPEGo|Y] Hwsh= (-1, 9, 9,-1) fourtap HE,
AEE AL 223 g4, sz o|Aka, o UV AR dsixlE (1, 3, 3, 1) fourtap He|E
e Zol AR Fed FHe) dele] A% ol8slch. QCIF daha CIF dyez e ol
& Holr] 9lste] ZaiEgich, = QCIF <3xke] vy 7] wiiell 3h& &350
woll A4l Holxl &8 & 7] wielrh wely

4.1 Fax sEEo} 4% AEaEe 47 CF #7158 203 300 =
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dy (10er 7A=Y
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Decompressed
sequences
(A)

Original sequences

VM post filtering Proposed post filtering
(B) (€)

i |

a3 6. 794 313 F7H5 $¥ Dl-tape 2|

zent 10271e) §94 Wl FRE Sl
VT g F o) diEel 3 1) whEsle] B
Ax FEF AT AR P 102 5
aiu}(MSSM) 8] 7o MSSMe| A3 uhyg u
elck. 1y 7 o] SSMi} MSSME] Alol= 300
=S I o) s et oj o)gh
o g 15702 MPEG-4 Algiadatel oigt T34
2 Grte esicict T A7, VM

Test sequence |

10 s 10s 10s
- —
v

vote 1

Test sequence 2

et Als A8 FA9 WS v’ At
& walvk A¥E #isk 1500 AR At
£0] et aF 6ol Hole WY F I $2
é»l—a— Bole Wl dald FEE siich
MSSME o)-83F S84 34 Hr7pRkEs] & 128
B VM ZEEst Als A3 e W v
g 23S Beloky #4e 5 gl

4.2 2z sPEmt

PSNR-& Az Algn|aE ¢sle] AMEEQ]a
U 2 AnE % 22 Jepislch F 204 Ave
PSNR-2- W& 245 4] 7+ PSNR, INTRA
PSNR-> AHA] I od4e] PSNR-E £fvigict

Al Hgy FAE] wEE ¥ MPEG4 VM
°] PSNRo] VM e)go) ¢l MPEG-4 VM 3}
VM Zelgs 231 MPEG 4 VM ®r} ojiyEe)
Alg *IiMﬂ st F2 At Uil

B, 17 8& 24kbps, 10Hz, QCIF siitx=
a}&%) “Mother and daughter” A|@~2] 7} ZafY
o digh PSNR ojc}k Als #g3 Fxe] nphiol
VM E37] ¥ VM ZejgRo) £2 2345 Bk

Test sequence 3

vote 2 vote 3

Test sequence 1 Test sequence | Test sequence 2 Test sequence 2

10s 10s

10s 10s = 10s

vote 2

a2l 7. #2434 YsE 9% AEA B7): (a) Single Stimulus method (SSM), (b) MPEG-4

shd 218e )8 £ SSM (MSSM).
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A SR FI sbeld A 2 g FAE Abie FaH AR 3o

E 1. MSSM& o)8% g sbd 9r) Sale Ade) AN 15WE J 2 A s

o

Zherha ARk el o

3 $E 2%
Bitrates, VM
Image size, Sequences VM8 . Proposed post filter| No difference
post filter
Frame rates
10kbps, Hall 0 10 5 4]
QCIF, M&D 0 6 9 0
7.5Hz Container 0 8 7 0
Hall 0 11 4 0
24kbps, M&D 0 4 1 0
?(():}fl}; Container 0 8 7 0
| S.V. 0 7 8 0
I 48kbps, Foreman 0 9 6 0
QCIF, 10Hz Coast | 2 5 8 0
48kbps News 0 8 7 0
CIF, 7.5Hz
112kbps, News 1 7 7 0
CIF, Foreman 0 10 5 0
{5Hz Coast 4 6 5 0
z1Mbps, Stefan 3 0 2 10
SIF, 30Hz Mobile 4 0 2 9
[ Total 14 99 93 19

E 2. VM 80 7], VM Fxe] delalg 2P VMBO 8817| (A), AE A3¥ Fxe] defgs 23 VM0 i)
(B), 2] PSNR H]iL #& PSNR gh2- (A)s} (B)7He) ©] $2 PSNRejch

Bit-rates, Fixed Bit-rates VM8 + VM8 +
Size,Frame 0 (Kbps) Sequences VM8 VM filter proposed filte
rates (A) B)
Intra Avg. Intra Avg. Intra Avg.
PSNR PSNR PSNR PSNR PSNR PSNR
(Y) (Y) (Y) (Y) (Y) Y)
10kbps, 18 9.442 Hall monitor 30.37 29.85 30.81 29.98 30.93 30.03
QCIF, 15 10.101 M &D 32.65 32.43 33.22 32.49 33.32 32.61
7.5Hz 17 | 9.752 i Container ship 30.14 29.48 30.49 29.52 30.51 29.47
24kbps, 9 24350 Hall monitor 34.93 34.02 35.16 34.19 3534 34.20
OCIF, 8 23.539 M & D 36.15 35.37 36.29 35.18 36.43 35.44
[0Hz 10 21.949 [ Container ship 32.82 32.52 33.93 32.53 34.09 32.59
14 23.344 Silent voice 31.08 30.50 31.41 30.58 31.44 30.61
43?;‘;5’ 13 49.582 C:::’;‘z:r 4 3210 | 3123 | 3271 | 3113 | 3272 ;;'ig
’ 14 45.808 30.51 29.12 30.56 28.95 30.48 '
10Hz
CI‘;?R;’“;SHZ 19 47.921 —| News 3145 | 3122 | 3199 | 3120 | 3200 | 3127
112kbps, 12 102.658 News 34.35 33.64 34,66 33.54 34.81 3371
CIF, 29 139.798 Foreman 29.13 29.00 30.00 28.91 30.07 29.00
15Hz 30 133.796 Coast guard 26.98 2648 27.20 26.22 27.14 26.41
H\SAI?S’ 13 980.216 Stefan 30.92 29.20 31.06 29.10 31.01 29.18
3 OH,Z 14 1020.842 Mobile 28.08 26.37 28.52 2645 28.29 26.30
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PSNR comparison of Mother & Daughter sequence

PSNR

~ VM Filter

Proposed |
Filter

34,7

Frame Number

2L
06
801
Z
i
9

08t
861
9ie
44
252
022
882

T2 8. “Mother & daughter (M&D)” A Ao)A) 7t Zaolel oidt MPEG4 2%17], VM IE, 43 4

28 §A2) Hele] PSNR Hlal AR

MPEG-4¢l}x] Fx]g] 3751 Z JPEG A7 =
PSNR 3ihg ! 7]efel7] &15c) olf+ MPEG-4
o4 Ala seglvte] 1 ii’—ﬂ"‘ow R o
ARG EShe Pomeqlo)r] wiEelrt 2y
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Cont10 17.019 22,515 20.273 20.925 26.661 24.156
] I:;:;: 22.192 29.598 26.397 26.997 ( 34.690 ‘ 31.200
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News48 B 64.966 [ 87.675 77.675 64.945 104.147 92.905
Newsl112 128.784 173.84 153.954 159.10 206.244 184.028
Forll2 154.126 199,548 188.858 201.09 248.783 236.838
! Coast112 156.595 200.164 192.253 205.158 250.804 241.986
’ Stefanim 276.982 ] 353.194 334.068 363.570 441,383 422.977

Mobilelm 290.797 368.331 347.036 J 290.797 | 464,374 J 444,786 _J
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