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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 ¥ H.2633 b2 B3MF o5 wpalell oated o b5l dAdol 24 Hgig of £E3) 4, 3 o)
2] (corner outliers), ¥9] #h3o] Wgicl 223} slAke 8x8 B el WAshe ula] Azl Algol,
] o] Akx|:= 8x8 HE-9] AV (corner) HellA] wWAlshe AS- olw, o) ARG dAte] olA] FuldlA LAlshe
Aotk 1 o]f MPEG ¥ H263%] 8x8 34 B52] DCT A3 <kAls} (quantization) 3}7) wiolch 2
=TolAE= MPEG-4 H H.2632] 3495 Aol whalels B53F A, 2 o], g9 A&& Fol7] 416
7182 AzEe) ojsie] At wigel M F, A YrIE PRl o] A% 253 2] wle o
g dHele R fe| 527 8x8 DCT Aol Bx Auel 949 W ARE ojgsl] ALAoE o3l 38
(quantization effect) Folc} E23F AR 129 o = 3] A Felol] (low pass filter) €[5l &4 =
3, g A2 249 AlE AE de] (signal-adaptive filien)el] 2|8l EA Fcoh 4% 433 FA=] Wy
MPEG-4 VM (verification model)®] FExjz] whie]] o3l MSSM (Modified Single Stimulus Method)& ©]-83}
344 sldwst, ARA sdHsl (PSNR), A B4 (complexity) o b vlardr} 7A55E] Al 23
of EETh 357 A3 $15le] MPEG4oA] ol8eg AMshe Al34 vlvle A@AE olgsiglch a4
¢l 3 oM 7 e vl 295 Ry db AT 971 ¢ Aldle: Exle 24 Sqde) gleld], 4
5 Ag&8 47 vbge] MPEG-4 VMe] FAjz] wpinc} £33 A% Byoh

ABSTRACT

The reconstructed images from highly compressed MPEG or H.263 data have noticeable image degradations,
such as blocking artifacts near the block boundaries, comer 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
posi-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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ITU-T H263 " 2} MPEG-4 P97ke- tjxie)
FEak ekEgee EE7WE 23¢9 dl& (motion
estimate) % -E-27]9t DCT (block-based Discrete
Cosine Transform)E o83kl E£E7)¥9 DCT=
edakel  BAzt FAE AREE (local  spatial
correlation) & o83k} e BS7F ¢
el 53] "ol dEEUE o 2 geixl 255
dah, 3 o)A, F3pbelA BE] ol Agels
B S AR 253 A Ao
H&gh AgES e d9eld sk Axt
Apgoln, 1 o|AFAE 8x8 BEo] el w4
o, #e e oAkl 23k 13w DCT Al
8] &Ale)] 7]/l dabelr). o=yt AE-E ¢F
< $ele] Vel okl Eab) r)dd) M
I3 110yl odate] 1 Y=EYE o LAske
EE3} g4, 2 oAk, P9 Fe-g waltk

Be FAz] uyEe] okt AnE Fo)7) 4
&l IPEGel Ak=igict Y okAlat 59 Zo))
3o o)z x3a-2-he] (signal-adaptive filter)
o} ARy LS Zol= AR HEHE 2wy
Bol JPEGS $13}e] Aloksisict % gje) wpie
2 37} w3} e (space-variant filter) S 2= |}
HogA 2 A& Moz grk =3k whea o
ArEub  (iterative  image-tecovery  algorithm) -
o] Akslel F& 45 Bolx ot ' <)%
W Ee e Akl uF drhs Aot =
& A A$EeA 329 Au= gkE (sub-band
coding)el] olgshe F24A A7tA A5 Pejgd
e wpgo] ArEgled M, o] H =@ A4l
2 ol Fa|2 ®eltk MPEG-4 CD (Commi-
ttee Draft)®] 15348L MPEG-4 ¥xg] wlHg A
Wtk MPEG-4 F&{g] ¥k 15.3.1 deblocking
e, 15.3.2.deringing FE}, 15.3.3 further issues
2 A gle Yl B Rl AAlEe] os)

of Algkg 15332] AlE AL Fxjz]l whys
153.139 15.3.29) whig w)swelth oz 1531
3 15329 Hel® A VM (Verification
Mode) ¥el2 <1g3ich 15.3.18L deblocking ¥
HEA BE ZAANNA 2] Z2E F AAA A
23 gale] #ANd T gz BE AAAke
8 #iFoll dhsfe] Otap Ao Fe{E sl
%A ok AL BE AT dAAE o183}
o] 4-point DCTE o]-43}e] <pslA Wela)g ke
vhHelc), 153238 deringing HE| 24| 16x16 w}
=2 BEZ (macroblock) ¢ ol 459 FHi
3L HigkE o8zl UAXE AAsT, °] YA
g olg3le] old BEES Ee] AHRA
(convolution)-g& dHA1Fr) 3x3 UEFE o]&3)
RS 8Y o, T4 e} 2 o)A HYal
(binary index)S ZHe 3x3 xSl disiAT 3x3
A WelE Hale Wye)ok

¥ =M DCT Aleixs) 29 He A
BE o] 83te & AL Ze AAMEC s
Ak T2 wpge) M, B2a) 4, 3 ol
A, B FEE €017] Hse] MPEG-40) 243
ok A% A8 FAe] w2 94 33, PSNR
(AEA 34, Adkke sl Apgsigic
MPEG-4 #Z+& g3l Shsela] 309 3ale &
Mel WHE Wrlsled Add 89e= MPEG
W H263+ ox mei=|x giok mepd F94 3
A yri2 ¢sle] MPEG 3} H.263+ o4 UulA
oF Apgahe MSSME olgaiich MY Awky s}
A H7HE $13le] PSNRe} AMEEm, ¥ wh
we Ak E48- 9)3le] IPROF (Instruction
Usage Profiler)7} AR2-sigle} 19,

€ =fe AL i Aok el BE83)
i AseE 9 9 ALY A3REE 9%
DCT AR X £4 5 A9 dy $4& d43
3, UlAollA] deblocking ¥e], deringing &), 2
1 oAb BAR7]e] tiF eolnl AeHE A Wy
& 7HE] Auddc) VALY AlE 838 Iz
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8x8 DCT coefficients

J_" Decoded image
A

Compressed
bitstream
VLC Invgrsg
decoder quantization
A 4
Motion
vector IDCT
+
+
+
v
Motion

compensation

Reference VOP

a8 1.

W VM e WS 53] s, PSNR A4k
B Sl vl F VAl A2E dert

1. SRl 3o As 3 29 &S89l s

MPEG-40l|x] of7}3} &35 £ol1 Aulaks &
°o}7] $45le] B85) A% (blocking flag, BS), &
A1%. (ringing flag, RF) 7} A<]gc}. BF 9} RF&
intra VOP (Video Object Plane) *® 2] z} 8x8 &
£9] DCT Apizabe] 22%c) =3 inter
VOPS] AlFE5¥ MC(Motion Compensated)-DCT
98] oledA W (residual signal)e} A Al(reference)
VOP 2] A% = $¥ T%Hﬂr

Intra-VOP o4 A2 A% S22 $a)ed, o °J=
Z& F DCT A, ?-‘ o A Al (inverse
quantized coefficients, 1QC)2] ¥-¥7} FAPEch 1
¥ 12 MPEG4 ¥817)¢] Fxo|rh =3 19 o
FAEME EZolx] DCT A= 9]2] A, B, C 7} 3
3, £ E87] Ao} ¥e) AEE AAsh=H o)
S5k

if (only position A is non-zero)
HBF=1,VBF=1; [* 45,42 ¥-53} 34} QA%
else if(only the upper top row has non-zero
values)
VBF =1; I* a4 531 @4 U
else if(only the far left column has non-zero
values)
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MPEG-4 E%7] 9 o oxl#l & DCT A4

HBF =1; I* e g3 {4 ubAgy

if(any non-zero coefficients exist in positions
other than A, B, and C ) RF=1; /* o] A}
&0 v

#ell4] HBF (Horizontal Blocking Flag), VBF
(Vertical Blocking Flag), RF (Ringing Flag):= 2}
78] A4 Alzolr}

Inter-VOPel|4] 413, A9} (propagation)-& $}8}od,.
A (reference) VOPel|4] HBF, VBF, RF& &3
3l Helg o]83l] ohd inter VOPE #w¥lc)
=3} inter VOP2] 8x8 Z-2.2| oled AW (motion-
compensated error)= inter VOP2] 8x8 BEE9]
RFE AW $3le] AF2Er) Inter VOPo)A]
57 AE2E A 4L oes Ak oy
24 inter VOP2] 8x8 B2 Ao tigt x14] VOPS]
A EFE A WAE Btk BE9 AlEe
A= 224l #He] MV.and MV, c»u 43}0:] the
3 Zo] d=dck a¥ 2404 4, B, C, D& A
Al VOP2] 8x8 E-Eo)3, A= 84 inter VOP2)
B Xv A A9 e MV, MV, )l s}
of a8 F2Y] EFolr).

Al BE A2 HBFe} VBF: 249 ol B
£ Xd #sled FAHR (overlapped) A L= E.J
HBF ¢} VBF2] bit-wise AND <d4lel] 2}sled A4+
Aok w FHE 990 22 i Hel ) ¢
587 o] daloll4 AMEr). Bit-wise AND
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A AFE FIM TEolA FA w0 FA wpae] T4 A0 W

Reference VOP

Motion vector

Current inter VOP

Motion estimate

{m, n)

a7 2. A8 HELE )83l inter-VOPollA £57) A3 54

d4bg & olfinz, ¥HE (blurring)& WX|FEE <t
A 287 ATE FE3hs Zolth =M MV,
=5, MV, =3.5¢]4, £& X& 449 APEL F
el olwl 42} AAAEE2 2x2 Fparch WA
v} 2 BZojr). ulepd #A) £F 4.2 HBF}
VBF: 4719 ML= 4, B, C, D2 HBFe}
VBFZ e8] A4kt 5= qick HBF#} VBF A4k
of| & 37 3o Hychk = 2 d=2A, MV, =1,
MV, =1,50]9, A4 £-2 4,%) HBF, VBF7} 4, &
o7 HAth FIA 459 A diF-Ee &
2] wels= (0,0) we] FHel| 9l7] wigel i

V H
l; B B
S 8§

Information on A_block
Information on B block
n Information on C_block

Information on D_block

B2l

Motion vector = (5, 3.5)

nn Information on the current A block

HBS = | (=1&1&1&1)
VBS = 0 (=1&1&0&1)
RS = 1 (=1101011)

& : bit-wise AND operation
I': bit-wise OR operation

38 3. Inter-VOPol4] 3 EE7] A% (HBF),
+3) B27] A5 (VBF), 3¢ 4135 (RF)
F59] .

HBF, VBF= AA4-2.02.%E] wes] SAREch

Inter VOPoll4} RFE AAsl= AL ohes) 7t
c}. =lel inter VOP2 8x8 HE9] oJejznel IQC
7} 0o] opd Ae| EAfehd, €A &5 AL RF=
“1"2 wHErk MPEG4 dzlse & 718 MB
(macroblock)® 4/§2] -£25] WElE L8l 8x8
o 2 =(8x8 prediction mode)E A|YFth o]
ZRe A7l vl AEg Ze o7 e 4
45tk webA, 8x8 AFEEF Zle £3589 RFe
17 diEch 98 7 2" F weF RF7}F 3]
“oroleld, Al EF A8 RF: 549 dF £%
Xo| 2z Z3HE (overlapped) H4 H=E2] RF
2] bit-wise OR &d4bel] ¢jsled Al4bslch v FA4
A dejo] 22 spnv} WA HE BREE ol
At 4] AREEHE) o] A¢ RF A9 A& 213
3o Ryvk

. % =SH Fxi2] Ly

ag 4= Al ALY FAE U9HE 2 F
Aol A5 A8y FA HEe heeld A
7% deblocking e, F oAzl REAP),
deringing He| 2 A=t

3.1 deblocking TE{, 3 OMR| H&7|

deringing &

53 AL Zolr] #ele] A Mg o
7} 587 Az w) 7R = osiA o
HEAAS} pAESAA Hegch BE3 4
& Fol7] %15}, hHE-2] deblocking dilelEFE
2 BE AAA BE 349 gak oA ARG
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Decoder

Post-processing

Compressed
bitstream VLC Inverse
S rrar— - . .
decoder quantization
F Semaphore
»  extraction
Motion ) .
vect Blocking Ringing
or
semaphore semaphore
Y v
.| Deblocking

Motion Reference
compensation M VOP

Corer outlier | Deringing
compensation filtering

filtering

Post-processed
image

a2 4. A% Aes Faj=] e T B

Axreta ofz] HRel 23t Ay HelE A&
Aoz Aggcy B oehg Ao F4e
deblocking tw2]&2 w2 ARXlEE 878k o
A oA AL A werk v, AE A8
Y FAE] dyEe DA 98 5379 &5
7] AlEE o]43lr] wielv) 4% deblocking ¥
By 3¢, 4 ¢14 822 HBF ¢ VBF7} &t}
ol BE #A e 6 kol Wdle] 7-tap
(LLL2,LLY A "el7h =45lch a8A o
L 75 B A e 4 spke] i ok 2
elaje] fefgivh 3 deiEe 4 Gelf vt
WA R pgEch FES7HE R os)ed
HW= g o d5 4% 3-e3 Fxe] deblo-
cking HE|ZL- shift, 514 dAilgte] e4gc) &
2R A A [13]e] dF=e] glok
F1] o)AkAl= MPEGO.Z. 2415 ojale] 8x8 &
Zo] 3 Aol o] ki Mr} shighe] 4
8 2 Zhe Fadl ojsle] g PP gz
A, AAskt o] I A& FHET 48 B8
o AHaL A4 o) 1-2 2ot 449 &
E 3 1708 B2 9x)shd, @ g2 DCT
Aol ofapz} wjiol] dFE) o)RE Fd oAt
Azt Fof F] o]AkR|= deblocking WeiE Y
deringing WejFel] oJsle] AA=A] d=rh I
oA E Fol7] HFle], I oARE FHEFHL
AP Eo} k. 3 oA o]xHl A W
o 2)ated mAbgich U,
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7} B-Fol deringing We3E A-4317] Ao, RF
7} ZAREch "k fal BEe] RF7F “17 o9,
deringing Fe3jo] L B35l H4Ec)h G439 <
A7} "ol osied dFEE S W] H
sled, XY R, A olx| o] el Ao
3%k oX)HE 9 4-connectivity o)A ALE
8 He]dy (2-D signal adaptive filtering, 2-D
SAF) o] &4 3&-& Fol7] 918l RE7} 00] opd
2Ky 8x8 2o 24¥r) 2-D SAFE 8x8 -]
2] 4x4 BFol| ALHr) s 844 aE
& deblocking Hejel| 23] o]v] F=A] =i
ulitelct 2-D SAFE ox|#lrt o] shAEel
it Al gejelet Pl SAFE Wb shift, R
A odildd] #Ele] @€k ¥ 322 JPEGY
A= AR ARgo] olx]il 3 hEellAe
ol Ags] ALelr] Wil EoiFeiek gtk

3.2 BF & RFQ Agx 2k

BF, RFe]| 2]3led deblocking e, deringing &
B9 A& 2% 59 ®alvk o3 5@ Bus
g4, ¥ S Al g FAw] deblocking
Helel| 2lete] deblocking HWeld <34k 27 5(0)
= 23 5@ (e ZHY Ae), 2 5d)e= 2
Y 5M)2 deringing ¥eld <34, 17 S(e)= 13
52l ()2l =#Hgl #e), ofAl wabH deblocking
Meigl odAlel| deringing YelrF A4=)gle o <
Akl WElE] Yaiwhd At vehd Aelck
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GV

(e)

385 o () &89 94, (b) deblocking FE]d <34l (o) deblocking BEixl g4t B4l galzke] LAY Aol (@)
deringing WEJE 34}, (¢) deringing Pe|® 347} deblock Welsl dAzke) Leg) o],

1% 5(c)=RE] deblocking Hej:= AtjA o 7}
A mw ofsld B8 FA] H453, DCT A
5 0|43}z deringing e A9 oA FE
of AL g Fysh A2 & 4 gich

V. o U 3 dnt

Alge- =) 7juF VOP, wA% H263 QP, %
A9l oJod unrestricted ME/MC, advanced predic-
tion &=, DC/AC «|&, MPEG-42] combined mo-
tion shape texture coding Mo 2 =}
U6 Zkz} 30Hz, 3007422 AR MPEG-do)4
A= 157]¢] dab AR (sequence) Eo] A
< 98l AREESICE 2 AlAAEL PPPP.(BR
qt I picture, Y}H=]= P picture) 25 MPEG-4 4
FxzAN Folxl HEEbit rate), k=], =
o #Ho]E (frame rate)= F&= %k

AFE AYE E23 I, 3 oA, 39
FEE Folu AT A3 FA= Hel¥e A%
£ Rol7] $1sted Y=gt

4.1 FeH stEEs)

TSIl X byl oid s Fagk AF
H7b 8919 FAH Hagsre 19 gae, ssM
(Single Stimulus Method)2] w35 whdal MSSM
(Modified Single Stimulys Method)e] A}8-= gt}
4 B7HE $ste) o A9, VMol E81774) ¢
sfe] E0% A2, VM "eje)] 2)3le] B89 A
Ax, AT ALY FA=] Wejel] &sle] BLl¥ A
Ao R vl 2FE HA ¥ P UEF 27 6 A
7 720x4802] shalol FAlol| 7B =3 B
P57 ARxE U, V Alse FR0TA 422
(Luminance Y : Chrominance U, Chrominance V)
ez PR gE270] 7.5Hz9} 10Hz,
15HzA% 30hz7} opd 9= whEAl =z 4
el Js}e] 30Hz2 F49rk QCIF A|@P~9) 7
$, Z7Zke] QCIF odAke CIF akem &l (up
sampling) 3lglewl, oWl Y Aol o=
MPEGe)A} Hxsl= (-1, 9, 9,-1) four-tap LE],
UV Aie) disia= (1, 3, 3, 1) four-tap Tl E
o] 83t} QCIF °d4kg CIF Aked g ol
= QCIF Ao] 17 7] wfie) g HFE0)
Foll fA BelA] %g = Q7] wiEelnh wehy
B5 ARQAEL 27t CIF 278 24 300 =
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#9 (10208 TAECk

Propused post filtering
©)

VM post filtering
(B)

a8 6. 7% 34 HYs1E 913 Dl-tape B,

e 102714 S Rl FRE S84
HE 2e 5 9] dEel I o diEale] Bed
FUL FHE % ALE WRE 1027 F
GrHMSSM). 7% 7o MSSM2] 4% upgg B
al}, 78 7 o] SSM3} MSSME Ael: 300
ZAYE T ] whEe] Bolrk o) o9} R
W 15702 MPEG-4 AlgdAt gt F3
34 H7bE sk T Hagrlld, VM

Test sequence 1

Test sequence 2

Heigs) Als A8 iz whie u)$s3 As
£ Balch A¥e 98l 15919] JAxeE] ez}
Bo| AMal] oY 6o Hele v F S 2

N Decompressed g yoll= nbd dislkd FTFEES sldck
Original sequences chl(l:l;ces MSSM& o83t =9 814 Wrixies ¥ 128

Bl VM gEs A% A8 FA= ahge b
i ARE Blvkw 4 4 glek

4.2 A2 =l FEr|

PSNRE A4 Agulms ¢she] AMe=glq
M, 2 Ase % 22 ehiidlch E 2604 Avg.
PSNR-Z- ®E B41%l og4ke] 4 PSNR, INTRA
PSNR-2- 915 T <d4ke] PSNR-& 2]=|gh).

AT A8 Fx] wH$ I3 MPEG4 VM
2] PSNRe] VM gelge] & MPEG4 VM 3}
VM "8 £3% MPEG-4 VM ¥t} djiie]
AY Ao sl F& A} gtk

|24, 1% 8 24kbps, 10Hz, QCIF AL
%% “Mother and daughter” AJ~2] 2} =z
o] “H¥ PSNR ot} A% A48 Fajz] who)
VM 837] 4 VM Heguc) $& A9g welc)

Test sequence 3

10 s 10s

vote 1

10 s

(a)

10 s 10s 10 s

vote 2 vote 3

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

10 s 10 s

10 s

10 s 10 s

vote 1

vote 2

(b)

a7 7. 54 ¥4 H71E 48 A4 ¥l () Single Stimulus method (SSM), (b)) MPEG-4
232 AHE Y3 A SSM (MSSM),
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A AFE T Aol T a2 FAT wle FuA ARA 95}

E 1. MSSM2 o|4¢ T4 31 W7k Sbe A A4 1595 /M $L 791 e ducdn gyt e o

T £ Fak
Bitrates, M
Image size, Sequences VMS Proposed post filter| No difference
post filter
Frame rates
10kbps, Hall 0 10 5 0
QCIF, M&D Q 6 9 0
7.5Hz Container 0 8 7 0
24kbyps, Hall 0 11 4 0
QCIF, M&P Q 4 11 0
10Hz Container 0 8 7 0
5.V, Q 7 8 0
48kbps, Foreman 0 9 6 0
QCIF, 10Hz Coast 2 5 8 0
Clﬁk‘?.l;ilz News 0 8 7 0
112kbps, News 1 7 7 0
CIF, Foreman 0 10 5 0
15Hz 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 38} dejgle gt VMO0 E317] (A), 4F A4y e YL T3 VM0 sy
(B), 2| PSNR ¥]i F2 PSNR & (A)s} (B)7He] v $-2 PSNRe|r}.

Bitrates, | oo Lo VMS + VM8 +
Size,Frame Q (kbps) Sequences VM8 VM filter proposed filte
Tates (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 3037 | 29.85 | 3081 | 2998 | 3093 | 30.03
QCIF, 15 10.101 M&D 3265 | 3243 | 3322 | 3249 | 3332 | 3261
7.5Hz 17 9.752 Container ship | 30.14 | 2948 | 3049 | 29.52 | 30.51 | 2047
2akbos, 9 24.350 Hall monitor 3493 | 3402 | 3516 | 34.19 | 3534 | 34.20
octr 8 23.539 M & D 3615 | 3537 | 3629 | 3518 | 3643 | 3544
N 10 21949 | Container ship | 32.82 | 3252 | 3393 | 3253 | 3409 | 32.59
14 23.344 Silent voice 3108 | 3050 | 3141 | 3058 | 3144 | 30.61
431::';1;5’ 13 49.582 C:;ff’;“ " 3200 | 3123 | 3271 | 3113 | 3272 ;;fg
’ 14 45.808 3051 | 2912 | 3056 | 2895 | 3048
10Hz
CI;?I‘;I;SHZ 19 47.921 News 3145 | 3122 | 3199 | 3120 | 3200 | 3127
112kbps, 12 102.658 News 3435 | 33.64 | 3466 | 3354 | 3481 | 3371
CTF, 29 139.798 Foreman 2013 | 2900 | 3000 | 2891 | 3007 | 29.00
15Hz 30 133.796 Coast guard 2698 | 2648 | 2720 | 2622 | 27.14 | 2641
11\5411;1)3, 13 980.216 Stefan 3092 | 2920 | 3106 | 29.10 | 3101 | 2918
208, 14 1020.842 Mobile 2808 | 2637 | 2852 | 2645 | 2829 | 2630
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PSNR comparison of Mother & Daughter sequence

36,7

365

s3F e VM8

38,1

359 A -+ - — VM Filter
% Il

357
g_) Proposed

355 | Filter

35,3 |

351

349 ¢

34,7

R - - - - - S-S noNoN
@ePAPNM e EBRERBELE > ER8 ST

Frame Number

T8 8. “Mother & daughter (M&D)” A|@49)4 2t m# 9o gt MPEG-4 <17, VM &), 4% A
8 Fe] Wel PSNR Wil AR E 24 kbps, 10Hz, QCIFZ &= gich

MPEG-4¢ll4 ¥A8] ]z JPEG ¥ & A8l (run-time) $/W, H/W E3I% (complexity)
PSNR & M 7|t8}7] {Erh olf-i= MPEG-4 9 #HR AF 2 vEe Yoy BA4

oA A EARe] 1 zeole]n riale o
AHRE Y P Zelddolr] wEolrh e
PSNRE 4o} MRl uledshe Awd feele
2 E% FAg) e 4%e Uthls 228 8

ee,

(memory bandwidth *Ei= memory access statistics)
7} ultra sparc A|2glef|A] AXlRE Brlelr] s}
of AL A B ovlry ¢r)2r) BAE
A4telrl $18led, IPROF 0.2a (Instruction Usage
Profiler)7} AMgEIglrh . IPROFE Adaddl, 4

FAAk, | o34k, load/store 5-9] X
TN _]ump/ tCStlcomPare Uy d/ ""]
4.3 Az gt °

B 3. F AXBHMIPS) 9 #lma] 7] £47] Mega bytes$(Mbytesfsec)?] )5

Total number of instructions (MIPS) Memory access statistics (Mbytes/sec)

VM8 + VM8 + VM8 + VM8 +

VM8 VM filter proposed filter VM8 VM filter Proposed filter
Halll0 15912 21.435 19.157 19.056 24.809 22.290
Md1o 17.555 23.453 21.118 21.782 27.927 25.369
Contl0 17.019 22,515 20.273 20.925 26.661 24.156
P;EIZZ: 22.192 29.598 26.397 26.997 34.690 31.200
Cont24 24.604 32.48§ 29.321 31.014 39.199 35.782
Sv2 23.333 30.556 27.432 28.939 36.471 33.018
4 23.666 31.574 28.866 29.428 37.550 34.752
For48 28.684 36.468 34.515 37.640 45.684 43.680
Coastd8 28.691 35.897 34.504 37.722 45.175 43.728
News48 64.966 87.675 77.675 64.945 104,147 92,905
News112 128.784 173.84 153.954 159.10 206.244 184.028
For112 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 422977
Mobilelm 290,797 368.331 347.036 290.797 464,374 444.786
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Comparison of total number of instructions

halH0
md10
cont1Q
hali24
md24
cont24
sv24
ford8
cost48

news48

B VM fiter

W Proposed
filter

e E
2 £

news112
fort12
cost112

a3 9. VM IE), & Agy FA de A ela pASE 4 w9, A2 g VM FejRe

Ao R 743 H5ich

E adilell gt BE WEe] (opeode) AMS BAE
Aikgic) Ee] Al Al daelEs FElE]
9%k Bxtx g vehdc). =3k IPROFE w224
B $x wRe]Z & F byte=E AN F Sich
S/W A& flale] VM s} AlE A58 &
Az Hegol -2 Helo wlwerl A,
#HA3E VM Fejglo] AXlF 438 $j3le] Al4-
el A4l (MIPS, Million Instructions Per
Second) H w22 ¢]7)/xv) FAYF £ 3 ¥ 17
9, 104 w]=Ec}, =8 9, 100x], VM LEigle]
ALeF 7w Y-z AV 1 2 s
seleh vlaed ol w2, A% 238 Fae] W

Hel B Atk wles] Yr)i2v] FAs A
Moz VM ezl 66%< 67% o), Azl
2 VM E575)8) 20%2} 21%e)ck 3)e) Allee.
ZHE, A% -2y FAE] wpL AATE o
&= MPEG-4 Wlt]|eo] A4 slgsiciy 4
et

“Hall monitor” A]§2~%] 12044 xHY-S 23
11¢] Belck 23 11(a)2] ¥ AJR2= 10kbps,
7.5Hz, QCIF sjA=2 &) 3714 e &
A dele 2 L9 E5YF Aoz iy
Helch 29 11(0)8] VM "eg)d) g8 1))
Az Hed ¥z "HelgS F8  deblocking,

Comparison of total memory access statistics

peas
8910}

= 3 =

® B 8 [ ?\. 8
= =2 2 &® N %
o © Z & &

2S00

grsmeu

B VM filter

W Proposed
filter

8§ §
3 3

ZLIsmeu
FANELY)
ClHS00

T8 10, VM e}, As A2y $A2) Beis dles o), 2 byes 4 UE £H2E 2 wjdle QA
o W% VM Bl slee) o), 2] byes 52 A3} ik
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deringing A% BTk Zehd AlE 48y FA
2 Welgrto] = ol4kA wAISS auh

V.48

odate] who] of==pd, Bflx AARE EE3 3
A 32 oA, "ol gy A2 oAlE g w
A A7) Als AHgs ¥ dae]Ee HBF,
VBF, RF9} 3¢ Helg AMgsle] <fxlg)l A&
Zov} 7 25 A% Az Al upge] A4t
e Foldl ZA 7]tk Inter VOPolA 23]
<] W= 3] L-Z2] HBF, VBF, RFE $&3)7)
aled ARgEIch wlEle sbSolA Tk Bk,
PSNR, AXFEE £ gAlslalal H/W, SW 73

®
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A g A7) did A AFE HHe el
adHoes AR 7Psslth MPEG4 CD e
15.3.340) ==} Qle AlS X4 Tz why
253 H263(+) el % A4 715 s,

o]u] |29l HBF, VBF, RF&} $29] #elg o]
S5he A% 488 FAje) WS = gy o
Hog SAFe] ITUL] H.263++ (H.263 Version
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blocking effect
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d

23 14. “Hall monitor™ AlP22) 120014 ¥ J4la} MPEG4E o}-& 285l oA} (QP=17, 7.5 framefsec, 9.442kbps) S2H
B )5l odake] R (a) 9 94k (b) MPEG4 Hslsl 9JAHPSNR=29.73 dB), (c) VM F3&] qho= 3
2] dejele oAHPSNR=29.81 dB), (d) 41% #-4¥ Faje] wdloz FAe] Ye|H5] G HPSNR=29.89 dB).
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