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Loop Filtering and Post Filtering in Low-Bitrates Moving Picture
Coding, and Subjective and Objective Evaluation of Loop filtering
and Post filtering

Yung-Lyul Lee*, Hyun-Wook Park** Regular Members
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ABSTRACT

SWhen an image is highly compressed by using the current coding standards, the decompressed image
hasnoticeable image degradations, such as blocking artifacts near the block boundaries, comer outliers at cross
points of blocks, and ringing noise near image edges. These image degradations are caused by quantization
process of the 88 DCT coefficients. In order to reduce the image degradations, the evaluation of subjective and
objective quality of a loop-filtering algorithm and the post-filtering algorithm which was already developed is
performed. The developed methods perform an adaptive filtering on the decompressed image according to
blocking and ringing flags, which are defined to reduce computation complexity. Performances of both algorithms
are compared with respect to the image quality and the computation complexity. The comparison results show
that the post filtering is slightly better than or similar to the loop filtering with respect to peak signal to noise
ratio (PSNR), whereas the subjective image qualities of both methods are quite similar. However, the computation
complexity of the loop filtering is much less than that of the post filtering.
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Atz Alokel F= PEE wbYat F e
Hh-S- sle] TMNI1O0e| 2-8gkc) o] HhHE2
T 3, Akl PSNR-S wredste] A 3ol
tl. AXkERE W 2 H/W=RE AKE v &S
3l7] 913t F83 Qiolck AMUE vbolA, &
£ 88 E2dx BE3t I 2 o FeE A
Z317] S18ke] 229l #Ej9} DCT ti<i(domain)e]
A qefxlE}t Al EES FARIE DCT Al #
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Video in Compressed
= ;f‘a » DCT » Quantization > bitstream
¥
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Inverse C
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compensation
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: Loop filter : 8x8 DCT coefficients

Reference picture

i

TRl 1. H263+9) 3k37] 2 cjolejaalsh dekais} ¥ 8x8 DCT A%

odAHreference frame)el| AH-4Xch = T e
< 457)¢h E817] SFFell desict £ gElH
ol 29l <S5 2 AL FeF 2 Fx9A
FYHog, A weje} gh5E bitratese FIT
GE|FE AR < S e} FEiAAl "ok wbell
Fxe] whgS £ WE] g o bitratesel] JF
£ v|HA] Y=k

AL Axlgkoz ofxl3t AdE Folr] ¢35},
T EFY flag(Alz)o] A=k blocking flag
(BF), ringing flags(RFs). BF¢}RFsi= 8%X8 DCT
Aol Es) 29 HelE sl ZAAEo
BF, RFs A®E ZAAslr] 3 AL 4357] 2
2417164 Zzdo] AAl=E|=2, BF, RFs A¥: ¢
271258 E7)|2 AGEA] gk w2 Als
ARE 913 bitrates®] Ful= A ek

2.1 INTRA £582| ¢l=(flags)

1% 19] base-line H.263%] 3t=7] B85 tlolo]
ass Bk a3 18] 8x8 g 3 E5lA,
ABC $1x9| AlsE°] BFe} RFsE Z2A37] 4
s AH8=lch. 8x8 DCT &Fe] 9] Acxwt 0
o] opd & Ze= AT, 8x8 EHY ES9 ®mE
64 e FL e Ze BFe] Ioh o] EF
Fale) e sha gk bske ARl ol o8l
QA QAL = 223} WA Yook welA
2T 2 g Ze B2 9 £ zea
(Horizontal Blocking Flag, HBF) ¢} 43 £37]
Za]1(Vertical Blocking Flag, VBF)E “1” 2 A
Hge) 8x8 o st B2l i A ASE

gto] 0] opd Zhe Zowl, 7+ 9] 8 e F
ZF od%(spatial domain)el|r] 7S F}S zZew
o] £52 AEEN 3R Y EFET
3 BE3} dAe HAY 4 ook & VBFE
“1"2 AR 1A do| AlgERte] 0 o] opd
HEL M o 7 g9 8 skre FAETelN 2
< FE Zoug o] EEL ) £S5 $HoE
JAT EEEH 9 553} IS doeAd 5 9l
t}. & HBFE “1"Z AAgc) HIAeA el
3|7 7zt 85 HBF ¥ VBF AHRE o]43}d
deblocking HE]3-S 33t}

INTRA EEoj4, wkef 8x8 DCT £52] 914
AB,C7} opd $ix]ell 0 ] epd DCT A7t &)
3 Ringing flag(RFO)+ “1”2 A€} B3
o4} 0°] opd high frequency ZAlre 2 E3o]
34 cAE X3k & 2vikitt webA High
frequency Ao Alshe FAb oA FHe 3ol
8-S A A7 4 9tk HBF, VBF, RFO: 7}
B2 disle] Wj¥-H oz 3 bitsZ A=k

2.2 INTER %9 AlZ(flags)

3z%/42| HBF, VBF, RFs= 34 HEe9} 3
Zle]  ®WA} ¢Jo AW (motion-compensated
residual information) we} t}& INTER Z#H|Jo=Z
Zs}=lc}. Not-coded ¢1 skipped macroblock (MB)
9] 7%, FZ(reference) MBS 67 £-52] (4712
luminance &2, 27§2] chrominance %) HBF,
VBF, RFs& &) INTER MBY] 6719 g+
2207 ohed] Bapdch
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Motion vector
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2] 2. INTER frame®] -3}

2.2.1 &= E50M INTER 2822 223} A%
(flags) 2l Fu}

I3 2+ INTER MBWd] gl B2 A .9 3
Z234He] A d5ESC g WS etk
A = @2 INTER MB2| & blocke]x, X& A,
9 244 & blockelck. A,, B, C, D, &
25 Ax = 319 CS B= X9 34
(overlap)¥It}. A9 HBF$} VBF:= 32 Z#9)9)
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Fx B5E- disle] e a3 32 239
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1] o & HrQlrh

2.2.2 &= EE20|M INTER E£Eo=z iz
(flag) 2| Fut

F= Fe® 3 FA=] wpde] F9 Al gE
HE ool R "egelx] 229 BAMS
A Ao AMEHRT, ego)] E Az
ol FAE wold AMSEIhs Hoth 2x
GE|FellA Fzd Al olv] "els sY7] wl&el,
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© T Ge¥ 3 FxE 4] A4S ot e
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INTER E-2oj|= 270¢] 2)¢) flag, RFOS} RF1-S
AdAstadct = "ejsle] RFOst Fxj2] whyel

Current INTER frame

Motion estimate

RFO= b3 cl2A yas

FZ QEP RF: &4 29 B2 ol
Z(motion-compensated error signal, ¢JojAlF)e]
DC AJ¥5to] nonzeroo|®, INTER E-29] RF0:=
“1”2 A3} INTER B-29] RF0:= deblocking
EE AA] fste] A 24 mAkE
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Ed7]elA vt A=) oJejalze] 1QCe] AC A
= % nonzeroql 7o] del® 9wl INTER

W<
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Flag of A block

[1[1]
[1]1] Flag of B, block

Flag of C_block

[1]1] Flag of D, block

Motion vector = (5, 3.5)

\ 4
Eﬂ Flag of the current A _ block

HBF =1 (=1&1&1&1) - e ;

VBF =0 (=1&1&0&1) & : bit-wise AND operation

32| 3. INTER £ oj§t HBF(Horizontal Blocking
Flag) ¢} VBF(Vertical Blocking Flag)?] s}
(propagation) di].
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3 33 AR S 3x EEE59) RFOsol| o
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Decoder Filtering
- ] ) - . )
| |
| Compressed | ;

bi Y 0 z
| W VvLC Inverse ‘ [
\ decoder | quantization | |
| Flag \
| extraction

W e !
| Motion RF ‘
| vector E el oo _‘L-J !
Deblocking H Corner outlier Deringing | |
| filtering compensation | filtering | |
| lf T T T ) |
| B | |
| < l v I
I Motion l— Reference | Loop~filtered |
\ compensation picture \ picture |
| \
I__*fffAk;_____fpgf__;_________fJ
(a)

Decoder Filtering
- - 77 |
| ’ |
| Compressed | |
| bitstream VLC Inverse | |
[ decoder quantization | |
| ?——‘—u Flag [
[ | extraction ‘
\ Motion | IBF RF |
‘ Ealal Deblocking | Corner outlier Deringing | |
\ filtering compensation | filtering |
\ f T T |
| ! r
| I |
| [ Motion | Reference l ‘ Post—filtered |
| | compensation picture | picture |
| I
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7% 5. Deblocking BE{H-E& #3 L5747} 3k

- =235

o 23 4& Fx e $A9 LY EH
3= H263 ®4lr]e] %2 dolejade maldh

12K MY "ej3e 53,
| HBF, VBFe| w2} 7}a}A,
ukAel deblocking e]&g oA
3, A RS nEsEA 223 5392
£ Ay "el2E 832 2(adaptively)
of*' s1x)ml, AlqkE deblocking Yre] e
AR 873ke 44k oA ZEE gk 2 o)
fr= Al 7 A13(BFs, RFs)S ©]43l7] of
Folck. Aloket wle] AL, DCT A47} inverse
zig-zag scan o] DCT Al RE=zYe 223}
A ARE @7] dFol edge HEE T T}
ok Aok

&z block BLOCK_I9} 1% block BLOCK_J
S a7 So Btk 1x A Hego)
BLOCK_I¢} BLOCK_JZFe] £2 ZAlol] $3j%ich

=2 ey 9 FAe] "ejge] 49 deblocking

ok
=
og /\ol-

=2
= -
=

oko.

=0
=

=

= ul S [e] 3

G o e e EEI] 29 63 29 7o ks a9

’i};:} © S g SR “NOT coded”+= skipped macroblock, “INTRA_
i BLOCK”-& INTRA macroblock}e] £-Z, Bi2} Bj
3.1 8% =15 Z0|7| 98t deblocking = 23 59 BLOCK_I, BLOCK_JZ 9¢jv|gic} =

ZE{g 2] deblocking HE{&-> 43 deblocking HEejz =}
Bi=Not codedand " b]N°k.
Bj==Not coded? coiocking
filtering
INTRA frame
Weak
No ;
RFO of Bi==0 and di_blloc_klng
RFO of Bj=0? MEing
o
_~"Bi==Intra block o? S
~~-_Bj==Intra block ? -~ ’
Yes S el l No
No
¥
_HBF of Bi=1 Yes _RFO of Bi—1 and..
Strong F of Bj =17 0 of BjI=1 2
deblocking Yes No \{/ = N
filtering o
Weak Strong Weak Weak
deblocking deblocking deblocking deblocking
filterin filtering filtering filtering

18l 6. Fx Ye|39] 59 deblocking LE|Z
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INTRA frame TN INTER frame
S
SR o T
l Yos INTRA frame/ No -‘
\\// Y
RF0 of Bi=0 anid-- .
S ~ ==() 2 e
‘ RFO of Bj—0? RF1 of Bi==0 1
.
! Yes Yes | No ]
No | E |
. HBFofBi==land-___Yes Yes -HBFofBi==l and- |
| __HBFofBj==l “~HBF of Bj==17. B
‘ /./‘ \\“—. /,v'/‘
_ — oy
Weak Strong | Weak |
deblocking deblocking deblocking ]
filterin, filterin filterin

02l 7. Fx2] "e3e] 49 deblocking ZE|H

Z& wpgez ARk £ FHY e 9
deblocking FE|8o] 73 6¢]]4] INTRA frameol
249 uj, 7}5} deblocking FE]E-2 Bi2] RF0%}
Bj¢] RF07} ‘0’ (no ringing noise) ©|%4] Big]
HBF¢} Bje] HBF7} ‘1’ (horizontal blocking
noise)olgbdl  3Ech 2 9o ASE R
deblocking ZE|Zo] #-8=ck FHz] HEje] 73
L% a3 7o Halch

I 8@)e 2E3 A3 1AdA 23] A¥
Aol dolch #x elem ) el Aol
743t deblocking FE{HL 27 8(b)Y] 94 EE
AN 7 6708 B (4 B, C, D, E and P)
o dsled(l, 1, 1, 2, 1, 1, 1) 71ab AF2A
convolutiono]t}. #xj2] He|gle] <RF FEF>
$3 gejse] okl Wil ci=ch QPr} H263
of opAst Ader @ ), 9o} D-CpF QPuch &
oj, 4708 3k B, C, D, B FA2 Heid )
oA fitered AT, S WeIY WA 270e] 3}
& C, Dte] Fej3€ch. Fx2] Uy 2 F=
gejge] 2R "eje] AFE 23 8(c), 8(d)°
Bolth 43 "y 9 Helgle] L e
2 FAmsfo e gl 5 7NF WA Azl
osle] HW= &8 753 A|qksl deblocking
e 7 els 2 oR eidel Hhse] shif
a1k

=1

%) addition @AMte 2 7L 4

3.2 Fl4 olax| HMI|(Compensator of
corner outliers)
] o]akx] WARS HBF, VBF, RFs Axe} =
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O—O0—0—

Pixel values

d=D-C

=00
A 8 c

Pixel values

Filtered
pixels

Filtered
pixels

Pixel values

Filtered
pixels

F

12| 8. Deblocking Relg] A F BE2AAA] 1244 3}
4 3t (a) Deblocking ejzdo] 44t 9 24
3k, () = ZeiHa FAeE FeHelA AR
deblocking DEj8)(7-tab Hef)o] Edg 3hihof A
41 F A (o A "eHox o de-
blocking Bele] #u% shaol HeE F A,
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A oFaold Fx UHY

A9 37}

2 FAe el Fud

2o) 7 3ol FHh FuEd [8]9) I
|42 735 % o (replacement) YaE]ES- E<d
% odake] B2AA9) tfz}¢]x](cross point)el] th3}
o 2X2 windowS AMEEL 71E 2 djx|3pRe
JPEG 21edAbol] Sa)5)=), gradient 3AFo|L} edge
mapitel] =R ettt B el FaEd
[13]18] = oA A& o BAF whyo] ARgxch

m\m

o

?I3t Deringing ZEE
W Fxje] dejse] deringing “JE]
10¢]] ¥glt} INTRA frame2]
= He)8) 2] deringing HE{E
< Bi2] RFO7} “17(%°) Ahg ) o 3=l
11]-. INTER frame®] 7J-% Bi”7} codedo]i. INTRA
B20)71}, INTER4V EEZo]#u}, Bie] RFlo)
“17(eJ34152] 1QCe] AC A7} sh4=l: non-
zero) o], 3 FEJF°| deringing FE|ZHo] 43}
"ok 29 10& 22 yhgez Ad9E 4 gtk

Deringing FE|F2 edge ZE ¥ 221 4%
Ag Hegoez Ak 9AFe] 15T high
frequency) F-E-& HA37| $3te] Weis] A edge
AEIHAo] s, 23 Al5A$ HejFo)
deringing HE{=jol] TP 8x8 BFof g3} 2
o] =3j%ict

Edge detection: 13} 3 <32 n|E o4z}
(gradient operator)7} E-%1% B-E2So)| 4%} v
FZHgradient value)5-2 edge mapg ZAA3}7] 9
slo] H2632] QP toll ©Js}o] threshold Tt} =1
‘"‘é 12014 mE& $A93 ng —’F‘ﬁ‘ﬁ'*} o]z} g}

9, A 9 edge 73] B 8%8 EZol i3}
°4 T35t 7t shie) djsle] edge 73 S 9131

No

filtering

o £
RF1 of Bi==1"

agl 9.

e Deringing
filtering

X ej3)e] Deringing YE{3)
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RFO of Bi==1 or

- RF1 of Bi==
Yes No
. 2 N
| Deringing | | o
| filtering | | No filtering

22 10. FA2] Bei¥e] Deringing ZEj.

a o] UAF 28F 3jase] oA wud

t}  Alo] |pixel/m][n]-pixel[m][n+1]|, A2 7}
\pixel[m][n]-pixelfm][n-1]] ©]2} & df, Al =

+ A27} threshold 2QP Xt} =7v, Al A27}
threshold QP¥r} = &) 3tA4 pixel/m][n]=
edge 32 A"} £F edge FHES
pixel[m][n] ©] edge 3= A k=l AL ¢, o}
A seel dsiel shbA oz St
Edge 7152 convolution &o]c}. Edge map-
pivelfm][n] 23] A Ak

/* Horizontal edge detection */
= |pixel[m][n]-pixel[m][n+1]];
A2 = |pixel[m][n]-pixel/m][n-1]|;
iftl ((A1>QP) and (A2>QP)) or (AI>2QP) or
(A2>2QP)) Edge[m][n] =
else { /* Vertical edge detection */
Al |pixel[m][n]-pixel[m+1][n]|;
A2 = |pixel[m][n]-pixel[m-1][n]|;
ifl ((A1>QP) and (A2>QP)) or (AI1>2QP)

I

or
(A2>20P))
Edge[m][n] = I; /

Edge A& AH| o= 13 11(b)°ﬂ Hel} 2
A A g Welo] 8x8 BE ez 4%
7] 95} edge AR a7 ll(b)ol]/ﬂ Bl Zx
7] 8x8 B2-S I3} 10X10 3hiel tfsled Qo)
=g

Signal-adaptive filter (SAF): Deringing HE|¥]
< %378 high frequency AJ¥-& HAIEAA <)
A8 HegA seE JEEgiclk  Convolution
od4kel  deringing FE{3-2 convolutionA] 7153
#E°] edge mapel w2} WIHEE HAEC) o]
A1 AE g Ze]9] windows 27 11(a)el] Y}
epdict. Filter window?] b4 A7} edge 3}4o]
9, 2D FEjFgo] FA=EA] A=t} (2 11(h)Y
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Edge pixel

D Nonedge pixel

8x8 block for
SAF

E]

[o]»|o]

10x10 pixels for edge

detection LT

&

Eg. 1"

No processing

2t

r

//
Eg. 2:
A=((A<<2)+B+C+D+E+4)>>3

(b)

S
Eg. 3:

A=((A<<1)+B+E+2)>>2

32| 11. Edge mapell tig 13 A28 Hel2): (a) 2-D SAFS] window, (b) edge 752 $I& 10

x10 23} SAF9| <.

Eg. 1). 7F 4-connected filter windowel] edge #
So] A wod (¥ 11(v)°] Eg. 2) Ay
Pl e et edgerl FbHel obd
4-conneted filter windowol] 912w, edge A5
AgE el Wi s1Ex GE]S)(Weighted
filtering)o] 3=} (23 11(b)¢] Eg. 3). 7}5Al
= AR wEjsle] AdAEGTE SAFE X 14
S ARY W shift I AR Slsjo] 3]

¥ 1. Edge mapg 133 A% A8 Heje 7154,
He] cpiizle] dollA “0"& non-edge $, “1
edge $1x1E °vIgh

il
o
=

0 0 0 0 0 (4A+B+C+D+E+4)/8

0 0 0 0 1 (4A+B+2C+D+4)/8

0 0 0 1 0 (4A+2B+C+D+4)/8

0 0 0 1 1 (2A+B+C+2)/4

0 0 1 0 0 (4A+B+D+2E+4)/8

0 0 1 0 1 (2A+B+D+2)/4

0 0 1 1 0 (2A+B+E+2)/4

0 0 1 1 1 (A+B+1)/2

0 1 0 0 0 (4A+C+2D+E+4)/8

0 1 0 0 i (2A+C+D+2)/4

0 1 0 1 0 (2A+C+E+2)/4

0 1 0 1 1 (A+C+1)/2

0 1 1 0 0 (2A+D+E+2)/4

0 1 1 0 1 (A+D+1)/2

0 1 1 1 0 (A+E+1)/2

0 1 1 1 1 A
C%gyrig ht (C) 2003 NuriMedia Co., Lt

g 4 gk
V. ASE 3 AL

Alge 7zt 30049 dAteE TR 135F
9] <34} AlFWX(sequence) S ©|-43le] 7AE H.263
QP, unrestricced ME/MC, advanced prediction
mode(APM), DC/AC ¢<j|=, advanced intra coding
mode(AICM), TMN8 rate Alo] HWAlS Z=
H.263+ TMNIO(H.263 Version 2)& o]&3lgici?,
7} A|@2% IPPPPPPP. ¥PAlo2 gt&aigich A
P& B23 ax Folx, 3 olAkA BAL ¥4
A2 Zol: Jite = ey 2 Fxg| e
g Aehlx ¥ Ak T g3 TMN F+
= e Y(H.263+(+) Anmnex ] 2T JEY[3])<
AR aE St

4.1 FaH sHEErt

E3h Faol4 22 gEe 9 FA 969
el o 2P Fe AWt 8919 Fua
ol AP/ o)sle], SSM(Single Stimulus
Method) ™41 MSSM (Modified Single Stimulus
Method)| AH&-=3ict-

34 Hr1s $sled o AR, H263+ 7]
o3l B AR, Fxe] dEE) o3l 59
o D2, 23X GejYe] Ysle] BUAY Ao
s vlas 44 & + A=F, 2" 1243 720
x4802] spiell Aol 7|1EH Ak =3 9 A
AA= U, V A1359 gAFo 24 4:2:2 (Luminance

d.
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Yaold T Be % FA Pue) T AR 37}

Decompressed
sequences

(A)

Original sequences

Proposed loop filtering
©

Proposed post filtering
(B)

a8 12. 54 3 9715 413 Di-tape 87)

Y : Chrominance U, Chrominance V) 3 23}e]g
TFAEE bEF710] 7.5Hz¢} 10Hz, 15HzAY
30hz7} obd 9= WA =z ARl o3
o B4 ¥ 30HzZ A%k MPEGel4 F3A
EPSJ %7} Al dashs ZAMF QCIF A|f2e] 7

% 779 QCIF 3A4e CIF JAez &) (up
sampling) 3}l=ell, old) Y Aol ohafri=4-tab
(-1, 9, 9,-1) HE|, U,V A& dffsjr]=4-tab (1,
3,3 1) ¥HE& °]-%-§'3"+ QCIF 34+& CIF <34
o= gt olf= QCIF FAo] vF 2] o
o A% &EISe] woll A BolA] o& 4= 3l
7] whRolch weh BE 349 AAASE 77t
CIF =271 Z+e 300 Z¥{) (30Hz) o2 A5

T2t 102718] F34 #Eo] FRE A

Test sequence | Test sequence 2 Test sequence 3

10s 10s 10s

vote | vote 2 vote 3

(a)

2 Test 2

Test seq 1 Test seq | Test seq

10s 10s

vote | vote 2

(b)

a8 13. 794 3K Wk AR A2 ¥l (a) SSM,
(b) MSSM

F9ly EEE 93 A7Me H S| 1027 F

ot 23 13¢] MSSMe| Ay whge ®alch
SSMz} MSSM9] Xjo]i= 300 x9S gk of ub
B3| o1} ohjuf ofct. o]e} 2 wpHoz 13
he) Al ot 4 s Hrke sl
dck FHA ARILE sl 10919 dAkAE
Papso] FAsle] a7 129] DI eHo|=E ¥y
7P F& 23S Bole Wl disle] £xE 3}
sk MSSMS o] F4 skl %7} 7ér+°1
¥ 2248 7 e} FA e vk

Ut e 5 7] gl 3 o del ne A¥%E Hlgy 2 4 gk 2 140 “Hall
F 2. MSSME o837 FA 3hd 97k ke Aldel e 1095, H 2 39 e Zeda gt )
g £33 Azt
Bi"a‘es, =2y
Frame rat q po € .
10kbps, Hall 0 3 5 2
QCIF, M&D 0 4 1 5
7.5 Container 0 6 2 2
Hall 0 2 4 4
2313;;&. M&D 0 5 3 2
) OHz, Container 0 1 6 3
Silent Voice. 0 4 2 4
48kbps, Foreman 0 3 2 5
QCIF, 10Hz Coast 0 1 6 3
48kbps
CIF, 7.5Hz News 0 2 2 6
112kbps, News 0 2 2 6
CIF, Foreman 0 2 4 4
15Hz Coast 0 3 2 5
Total 0 38 41 51
Copyright (C) 2003 NuriMedia Co., Ltd. 499
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EEEED

&

() F= gejd) o

23 14. “Hall monitor’ AR2] el 120WA At TMNIO $0edype] F= Gl = g4 2 A2 2ol © 94

(fixed QP=18, 7.5 frame/sec, 24kbps):

Monitor” A]@22] 12087 <3A}ell digh Zbzke] 2
=2 pelch AFPEACE QP+ 18, Frame ratew
7.5HZ, QCIF 343715 o|&3lxct Aoty F=
Fejg(2d 14(c)E At FA=] ey (2H
14(d))& A3 TMNEQ7|7} Hejgle AHgslA]
e TMNﬁ’—al Hrls (2 140) F9A 3
Pl F& AFE Bl

4.2 24 spEEETL

PSNR-L Z2bd] A5u|ms ¢lse ARs=E T,
O AsE § 30 Belth ¥ 3& TMNI0ZHE: A}
£330 A, Aty 2= We|gS TMN103} 7o)
AHEES 7%, TMNI10e 7 Fx2] dejos
AHERE 7S, o] A7) 7gell gk PSNR
bitratese] W32 BQlch ¥ 204 Avg. PSNR
2E 249 ¢Ake] FHF PSNR, INTRA PSNR-Z

AA Intra °34Fe] PSNRS ojn|gic). 7ipdd $
2] PYegle £33 TMNI0 2%17])°] PSNRO]

PSNR of Hall Monitor with variable bitrates

- —— TMN 10 Decoder
315
\ —— Loop filter

\\\'\‘ ----- Post filter
0.5 ‘\/'i/\« .

PSNR(dB)

N

b9 |
88C |

2 < N
<] N =
a

Fri

z |
% |
8zl

2] 15, 300 =3 zZH= “Hall monitor” A28
74z} = 9Jel gk TMN10 $%7], F= I
2< g TMNIO B%17], 2] dej=s &
TMN10 2%7])¢] PSNR. A|fdAE 7.5Hz, 1
A€ QP(=18), QCIFY sAI==R 5=k

Gopyright (C) 2003 NuriMedia Co., Ltd.
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Mo

°

[A A5E S SEeld T geY % A wye] Fud And 3o

E 3. AY Af2Sel g TMNIO H817](A), 7= FejeS £33 TMNIO 817|(B), F32] dejgd& £33 TMNIO 5
71(C)2] PSNR 2 bit rates W]l A% FALs} gho] 7 Aldlzol AL gict

Bitrates, "
Size, Sequences Fg;d A B Cc
Frame rates
INTRA | Avg | Bitrates | INTRA | Avg | Bitrates | INTRA | Avg
PSNR | PSNR | (kbps) | PSNR | PSNR | (kbps) | PSNR | PSNR
10kbps, | Hall monitor | 18 | 3129 | 30.10 | 9.534 | 31.65 | 3031 | 9438 | 3167 | 3033
QCIF, M & D 15 | 3346 | 3231 | 8798 | 3380 | 3242 | 8744 | 3379 | 32.48
75Hz  |Container Ship| 17 | 3122 | 2972 | 9912 | 3135 | 29.67 | 9957 | 3137 | 2978
_— Hall monitor | 9 3561 | 3425 | 25048 | 3580 | 3442 | 24506 | 3582 | 34.53
ocE M & D 8 37.11 3533 | 22941 | 3721 | 3532 | 23050 | 3720 | 3544
SH, | Container ship| 9 3506 | 3329 | 26233 | 3516 | 3330 | 26027 | 3518 | 33.40
Silent voice | 14 | 3205 | 3072 | 21039 | 3213 | 3077 | 20714 | 3213 | 30383
48Kbps, Foreman 13 | 3290 | 3100 | 43724 | 3321 | 3111 | 43654 | 3320 | 3111
QCIF, 10 | Coast guard | 14 | 3154 | 29.04 | 44.616 | 3138 | 2896 | 44.920 | 3126 | 29.00
48kbps, News 19 | 3225 | 3125 | 44210 | 3251 | 3128 | 43886 | 3252 | 31.36
CIF, 10Hz . : : : : : - :
112Kbps, News 12 | 3523 | 3369 |101.107| 3548 | 3373 | 100.348 | 3549 | 33.79
CIF, Foreman 20 | 2086 | 2896 | 101.815| 3046 | 2889 | 102491 | 30.44 | 2890
15Hz Coast guard | 30 | 27.87 | 2645 |111.439| 27.93 | 2627 | 112.990 | 27.87 | 26.30

TMNI10 E%17] 2 Fx2 Feg)-& Z3g TMNIO
E7]Hc} dide] g Aol R T2
A3}E Halck

of| 24}, 18 15% 10kbps (fixed QP=18< o]
4, 7.5Hz, QCIF(176x144) sjAF=2 9}3% “Hall
monitor” A]f2e] 7} Ze9le]l gk PSNR o|cl
Fae] =S T3 TMNIO 21717 713
2 AFE Hol= AS & F ok sARE F=
de|8)e £33 TMNI10o] ] & bitrates S 2H=

th= Z1& 3 30X o & Qick

Al §/W, H/W 23 (run-time H/W S/W
complexity)s} halsl A4kek W wlwe] A £
(memory bandwidth X-=memory access statistics)
7} Ultra Sparc A|~Elol|A| AxleEs Hrlslz] $)8t
of o] 8Hct At A vime] Hrl2r] FAE
A4kelz] $)3led, IPROF 0.2a (Instruction Usage
Profiler)7} AF&-= %I} IPROFE= A4el4l, 45
Ak, jump/test/compare 34k load/store 52| W=

¥ 4. TMNIO 517](A), F= Fe|gs 3 TMNIO 5417|(B), 42| He|=-& g TMNIO 3817](C)°] %% instruction 2}

ee] A& A B=AE FA’ 4= B CF 1] 2

g A

. Total Instructions (MIPS) Memory Bandwidth (Mbyte/sec)
Bitrates Sequences
A B C A B @
10kbps, Hall monitor 28.59 34.92 63.79 33.69 40.49 69.63
QCIF, M & D 29.72 37.28 71.78 34.35 42.61 77.43
7.5Hz Container Ship 29.12 36.19 61.65 34.10 41.78 67.27
24kbps, Hall monitor 39.22 48.76 93.97 46.22 56.52 102.82
QCIF M & D 41.43 58.79 102.48 47.71 66.41 110.87
) OHz’ Container ship 39.79 5145 91.32 46.57 59.23 99.75
Silent voice 41.09 57.04 114.75 47.28 64.39 123.64
48kbps, Foreman 46.93 76.71 131.84 52.02 83.92 140.31
QCIF, 10Hz Coast guard 46.51 76.97 129.66 51.92 84.70 138.29
48kbps, News
CIF. 10Hz 115.02 148.37 268.44 134.05 169.90 290.05
112kbps, News 229.76 297.93 546.63 269.20 342.55 593.07
CIF, Foreman 244.60 321.23 767.95 276.65 360.06 816.57
15Hz Coast guard 248.10 349.01 796.60 279.90 389.50 845.33
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Comparison of the number of instructions Comparison of memory access statistics
09
08 08
07 ‘ 0.7
B Loop filer 32 0 Loop fiter
04 ]JJJ[ID‘]]]] Ell o 3.3‘ ] J] o
m g 02 . ;
ol | Il i I | E 0.(1)1 ‘Z..
::;1»;&””&\ = ® = = ERR
38 16. S HER fAf2] dejRle] instruction 5 3% 17, Hee) Fa2 geEe] vee] AT §
Hli’- TR &L ’f Azl dfste] FAz] e Al Zli.‘ - 7ZF AR zo] o3l %"—ZM
2] instruction = 53} = rk dejgle] = vine] JTEAZ A3 =ik
A4tel] HHdF ZE %] (opcode) AMS- BAE Al o} vme] HIEAZE FHe ZEFe
Akgle) wiedo] 1\}%- EAE odwe]Ee Falsp) 22.8%, 23.8%9%]c}
213 BAwe g Jepfivy w3 IPROF= v 2e] 2y Bd7)ellA Akl F= dejge] Ax|sh=
B 9131 & F byteT= AKX 4 gtk MN10 & instruction ¢} wlwez] AT EA= 77} 35.8%,
7], Fx HEES ¥33 TMNIO 217], 54 33. 8%03“—]—
2] Ze|g)S ¥3EF TMNIO 2917]2] 7} A 2o ol 2] 3£ 4¢j|4] “Hall monitor” A]gxellA] F
thgk A AR ZEY 106 instruction 02 3£3])3} = AE]2le]| g} instruction ¢} wjmz] AT &
AA vwe] A EA(EY Mega bytesZ #F3)E A= 6.3 MIPS, 6.8 Mbyte/seco|t}. FS5=TMNI0
3 40]] ¥l ©] macroblockel] 7]%3&}F rate controlS- ©]-8-3]S
A wlazslr] g8l & 14E4E ¥ 163} wj TMNI10, AjFF Fx JejgS zk= TMNIO,
a3 172 FXe FEe=9 74143 2 ovwe] A2 Fxe] JEgL 2= TMN102] PSNRS ®alch
EAE 12 s AjkE F=x Jde¥e] iz ¥59)4 INTER®] 4 QP: INTER Z#H9]52]
s2ic) QP2 iolck. 18] 18-& 24 Kbps, 10 Hz, QCIF
vlas] B9, F32= de8le] I instruction G 224] ¢}=% “Hall monitor” A|#~2] zF <dAke]

F 5. PSNR % INTER x#9)e] 3 QP v]i. TMNIO E317)(A), Fx Fe]g)S 3 TMNIO 2-917|(B), $32] Je=e 3
TMNI10 2<17](C)2] PSNR, INTER x#|¢le] #iF QP, 5% =] 4=¢] u]aL o] 41§]-& $]5}e] macroblock 7|4} rate
controlo] AR&-E|glc)

Test Start
Conditions Sequences QP " . £
Avg. Mean # of A, Meanﬂ # of s, Mean # of
PSNR QP of | encoded PSNR QP of | encoded PSNR QP of | encoded
INTER | frames INTER | frames INTER | frames
10kbps, Hall 13 31.30 18.12 63 31.52 17.90 63 31.49 18.12 63
QCIF, M&D 13 32.33 17.35 69 32.46 16.93 69 3243 17.35 69
7.5Hz Container 13 29.64 19.17 63 29.46 19.16 63 29.58 19.17 63
24kbps, Hall 13 33.33 10.12 94 33.69 9.95 94 33.62 10.12 94
QCIF M&D 13 35.12 8.30 97 35.14 329 97 35.27 8.30 97
) OHz, Container | 13 32.54 9.60 94 32.53 9.62 94 32.61 9.60 94
Silent 13 31.15 14.56 95 31.18 14.39 95 31.26 14.56 95
43‘(‘5;5’ Foreman | 13 | 3127 | 1271 98 3135 | 12.66 98 3136 | 1271 98
IOHz‘ Coast 13 29.28 13.89 98 29.18 13.97 98 29.24 13.89 98
48Kkbps, News
CIF, 10Hz 13 32.00 18.64 68 32.11 18.48 68 32.09 18.64 68
112kbps, News 13 34.28 11.53 145 34.36 11.43 145 34.37 11.53 145
CIF, Foreman 13 29.75 23.92 131 29.58 24.51 132 29.73 23.92 131
15Hz Coast 13 26.59 29.76 137 26.40 29.81 136 26.45 29.76 137

CBpyright (C) 2003 NuriMedia Co., Ltd.
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2 069 2 FAY wye] A An

37}

23
=
&
=
%
a.
——TMNI10
32 i
—— Loop filter
z i
sy Post filter
31 =
= 5 8% 8 ;2 33 3 2 8 BB

a7l 18.

300 298 ZH= “Hall monitor” A|f122] 7h
7t Z#H 3l ojgk TMN10 %417], 2 Hefs)
S & TMNIO #%17], ¥z FEs 3
TMN10 +%17]2] PSNR. A]~+= TMNS8 rate
control BPH, 10Hz2] 9] rates, QCIF2] 3
A} ol 4] 24kbpse] 1A bit rates 2 $HEE I

PSNRE Meleh 3 Heji o83 TMNIO &
A7)17k TMN10ESI7t  FAj2]  Fejele 2
TMN10 E<17]%r} o2k $& PSNRS Hel: 7
< o4 5 Ik

E 6> A¥xAeE TMNIO S/Well E3hs|of
9]+= macroblockel] 7]Z3} rate controlS- ©]-£-8)-L-
o Algkgt £z Pelgls} 7]E TMNIO FE ¥
o] 7 PSNR 2 33 QP2 n|iZ ¥

Ik Aokl FE Fele] TMNIO . Zejs)
we} g4 $e A%E W I 5 gk =i 1

The comparison of number of instructions (MIPS)

0.8 L B TMN Loop
0.6
g'g || mProposed
. | Loop
0

Ef¢E

> g = =

Sequences
8 19. TMNI0 - Zej3} Alokd F2 Jef=)9] inst-

ruction 4= WAL $AEE 7} Aol djsie]
TMN10 §3 ZEj2)9| instruction 2 #5f8} ¥
Fis

g 1904 xBal A A7 AkF SR Agkgh
¢ "ejglo] TMNIO F= Fejeluct o F&
Aske Bele o 4 ek

V.2 8

ol &shd, BT e st &
shell olsto] B57 Eah ;M o4, Hhee
AR P F gelst A2 dHee
U A%y BelE AMggoms ww
P} EE FQITh BE AAsh 13
A6 Zshs BFS} REsE o] §to24
AkR Fx WelYst FAel BePe e AR

. TMN10 732 Jefg)3 g TMNIO -417]9} AQks] Fa2 de|5)S g TMNIO 5-417]°] PSNR, INTER 2#[¢]e] 3t QP,
3L

2% =] 4 nla o] AFE $jsle] 7k Al 2ol ofste] macroblock 7]ub rate controlo] ARSE|YIT, FollA #H &
s F Y F o 2 AFE Bol= A4S FARK
Feat Sequences Stat TMNIO0 loop filtering Proposed loop filtering
Condition QP
# of # of
Avg. Mean QP of Avg. Mean QP of
PSNgR INTER encoded PSNgR INTER ERERE
frames frames
10kbps, Hall 13 31.15 18.45 63 31.52 17.90 63
QCIF, M&D 13 32.30 16.83 69 32.46 16.93 69
10Hz Container 13 29.03 20.57 63 29.46 19.16 63
Hall 13 33.17 10.36 94 33.69 9.95 94
24Kkbps,
QCIF, M&P 13 3495 8.35 97 35.14 8.29 97
|O0Hz Container 13 32.03 10.14 94 32.53 9.62 94
Silent 13 31.10 14.55 95 31.18 14.39 95
431;;;5’ Foreman 13 31.08 12.90 98 31.35 12,66 98
’ Coast 13 29.11 14.07 98 29.18 13.97 98
10Hz
48Kkbps, News
CIF, 10Hz 13 31.82 18.88 68 32.11 18.48 68
112kbps, News 13 33.93 11.81 145 34.36 11.43 145
CIF, Foreman 13 29.23 24.79 132 29.58 24.51 132
15Hz Coast 13 26.40 30.03 136 26.40 29.81 136
Copyright (C) 2003 NuriMedia Co., Ltd. -
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2 7hd Bk ope}l mabal FEE Wl 7]
Asle] F FHA S Bk wYL 5l
A el dsts Felr] A3 FHH WHelx F
WA ARA J s B ohEt AR
AATE $8-E Sl8te] aefsolol & 87 84
otk 7z} B-2e| BF$} REsy: Fx TEa)a §3
2] Fejgle] AAEAEE Foliy =4 71042&4

Qelesh Al "elRe A A5E

Bolarsol Eskdow Ag 4 slch shtaa
d wEe g

Aoz 9ol S
171 l wEelck. 53] & =ielx FZ A
2] Feja} vlasie] WA o A2 Al
. AgHer £= PERS A AFE

k:o -{Ol

3t o5 & BRog yeEed & gl

(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

#1E8

Ho

CCITT Recommendation H.261, “Video Codec
for Audiovisual Services at p><64 kbits/s,”
Dec. 1990.

ITU Telecom. Standardization Sector, “Video
Coding for Low Bitrate Communication,”
Draft ITU-T Recommendation H.263 Version
2, Jan. 1998.

ITU Telecom. Standardization Sector, “Video
Codec Test Model Near-Term, Version 10
(TMN10) Draft 1,” H.263 Ad Hoc Group,
April 1998.

“Information Technology - Coding of Audio-
Visual Objects Part2: Visual Amendment 1:
Visual Extensions,” ISO/IEC JTC1/SC29/
WG11 N3056, December 1999.

MPEG Video Group, “MPEG-4 Video Verifi-
cation Model Version 11.0,” ISO/IEC JTCI1/
SC29/WGI11 N2172, March 1998.

P. M. Kuhn and W. Stechele, “Complexity
Analysis of the Emerging MPEG-4 Standard as
SPIE
Visual Communications and Image Processing,
San Jose, vol. 3309, Jan. 1998, pp. 24-30.
W. B. Pennebaker and J. L. Mitchell, JPEG
Still Image Data Compression Standard, Van
Nostrand Reinhold, New York, 1993.

B. Ramamurthi and A. Gersho,
Space Variant Postprocessing of Block Coded

a Basis for VLSI Implementation”,

“Nonlinear

[9]

[10]
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[12]
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[15]

[16]
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