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Quantization Noise Reduction in Block-Coded Video Using the
Characteristics of Block Boundary Area

+Ht it v

Kee-Koo Kwon' - Man-Seok Yang™ - Jin-Suk Ma™ - Sung-Ho Im™" - Dong-Sun Lim

ABSTRACT

In this paper, we propose a novel post-filtering algorithm with low computational complexity that improves the visual quality of
decoded images using block boundary classification and simple adaptive filter (SAF). At first, each block boundary is classified into
smooth or complex sub-region. And for smooth-smooth sub-regions, the existence of blocking artifacts is determined using blocky
strength. And simple adaptive filtering is processed in each block boundary area. The proposed method processes adaptively, that is, a
nonlinear 1-D 8-tap filter is applied to smooth~smooth sub-regions with blocking artifacts, and for smooth-complex or complex—smooth
sub-regions, a nonlinear 1-D variant filter is applied to block boundary pixels so as to reduce the blocking and ringing artifacts. And for
complex-complex sub-regions, a nonlinear 1-D 2-tap filter is only applied to adjust two block boundary pixels so as to preserve the
image details. Experimental results show that the proposed algorithm produced better results than those of conventional algorithms both
subjective and objective viewpoints.

Key Words : Quantization Noise, Blocking Artifacts, Block Boundary Classification, Simple Adaptive Filter

oMl &Re e MA 228

1.M B o] B4, HDTV, %3 ®tj2(video on demand, VOD), ¥
BF 2o T FE & Hokld dFHez AgEHm

A2 A2 9 2 TG So| ARE Tk thorst W ATk 53, & AUA 4E R WE Aol Thed £F 7
njgjo] Muj27) AFHEA g4 dlojEle] &S =Em| gh o2k of 8 W EH(block-based discrete cosine transform,
BDCT)E& o8¢ I 4% WL JPEG H61, H26S

t R s 9 RRAABALTY DAY ES/WATE HYAT7Y MPEG-2, 2 MPEG-4 59 A7 44 2 T34 753 4
A B sy o R AR S A FEASE o493 JU-7) el BDCT 33
FEE R et 908 5 e 2 vnss wee 1,0
=AU 00 68 79 ANRE 205 39 28 $29 DCT A4E2 59808 FAsHquantization) 3.2



224 JEMNeIS=FX B M12-BH XI3=(2005.6)

W Ao g3} uug;l 2
rate) 2. TEE}'Q G E BEE AA 4940 Az 84
g3}l E23F dAK blocklng artlfacts o] F2ol HY E
%(ﬁngmg artifacts) 53 22 %A1st FE{quantization noise)
o] &AFTH1-9).

223 A ﬁx} & (grid noise) 2 A9E Fe
(staircase noise) &
o] BE7k V‘?’L

13’—, E3) AvEL(ow bit

O

1] %
b Hi e us 1 Sﬁ& A48 750 B2 A 49
o % @_s}ﬂl Augel g 44 o4

F90 #142
22, ols} 2

ge —,—X%E](post-processmg) Ty Ee] A7H3 e, o
FSe A 9AF S HhE[27] 2 A B9

1,]—
] ookx}rz}oﬂ 9 }
A } oﬂ Aol Uehbe g4l

oL §

o N O o 1
2 e & AT 94 B el B0 eelne) 25
Wiz 4], T4 ol DCT AFEE 2Hahe B
(56, % AolER AR ol k= WA Sol stk 1z
I H

P B4 Widde AFA HaA Ag(constrained least-
square, CLS) ¥, 2% g o 2ol ukE Ed(projection on-
to convex set, POCS) o]&& o]&3 W 2 A A% &

E(maximum a posteriori, MAP) ¥4 %o| UtH8-9]. o &

B BQ PRS W AL BAL AR 3] o] 9
A7vo] ZojAE W] 9w, flolBsl Mg ol 43 o]
A flol2al Wa ¥ uae A 2714 Aol Ba
87] Bol S8 Alzro] dolAs vl Ik

F7 GgaNe] BeE PERAe FaFe) Ul

sedlel Fdol golsu, 94

)
e

ot e
R0
AL
e 2

ol H263+(2] 9 MPEG-43] oA TEH
o2 AMHI St &, AHIES FIY HolH #38 2E
O

H263+H2] M= E53 A4 AAs] flste HE3r]
F3E Yol Mg £x HE(loop filter) E Bz 3|9 TH
2 9y WS AMgstn 93, MPEG-A3lAE £35317)9)
A B23 A4 Al7(deblocking) ZE S #Y A AA
(deringing) ¥HE ¥4 Wgoz AMEsia 9l
H263+9 M9 T2 HE P X2 HE[2] o %‘E F53}
g B538l7]oAM 8x8 2F A 499 v 7 il s}
.’;-ﬁi \:'J /\11 uh‘ﬂ:og rﬂ 1%]% ./,:fsg%gl_r,}_ :LE}L%— o] uolué'

Rl ‘5012]—5 FAAe] ik
, AEEo] EolxA HH EF AA dGoMe BEdEA o
Z| A A7k

I
H

N

=otd 7

JlN rlo a8

o
i
=)
=5

=
S ARE] diEed B8 A4S aeXow AA

2El2L PG4 A9 26 W 3 ¥
s— 4o AT 10748 e

2 A8 539 dEYe s, VB ZuYd AeddE 43
(point) DCTE o] &3t Fugel EAo| vtet £F A 4
dof F hiol disteiAtt d3-4 P sHadaptive smooth-
1ng)* 3 A Hrh aEn %]"o‘ 4 AA A= 848
Zof diste] gAEe Hag 2 HUFE o] gstd EHA
@7‘45}3 olg o]&3le] oYL 3 F, 3x3 o] Yol A

o Qldayt B Zowd 3x3 AY &3} %H%% S Y3
t} o] e Ae He JAoA 9 EE3 {2
PHARS i’& ddo Aol X &

._[)

O

L o Ml i Lo ﬂlml
o 12 N

X
P LT

o
o 1y

nizié
oo o
o
_&
0_1.4

o=t
o wlo

2

AL

R

oS

Y

ok

o

o boi
ﬂﬁé r
o
b
2
N X
NS(-‘:
L4
3%
A

349) —E—g A wet B B4l
A= WEIY el Baso
QoA Byshs B

oy
ox
)
M
il

oft
>

=
1

o o
>
o
4

o Mo

2

ofr
ol
A
22
1
L
of
d

£ px e e
>

a ox % o2 o
e
rok o

o
o

{v 0,
o
S
> @ o
i)
ot I{;‘L
—Q‘ m@
o
5%
ol ra

E o2
O
=
o
i)
o
oy 1
tob,
m2
=

M 9

3
olo
o
2,
i
>,
=)
2
o
N
L
N
N
o|

oh
k1
Ifu
21_4’
N
)
Q‘L
a2
=
|

N
L
B3
rir

5

I o2 2 T
B)L
©
o o
re
o O

0

o
N
L
2o

2,
o
—
2
z
T,

¢

o oo
>,
B

oo o o= ¥ ol gl Ob et 1R U et
2 o
-
Hr fob

i 9

o

S ST

e rlo
Mo ol

=2

E}% ‘ﬁ’*ol Z+ BE9 DCT AFES
24 v Ad¥Ee BG4S Ve wiiE
22 FE](simple adaptive filter, SAF)

op

ud)
2
o
f
. Hr Jo Pol' l?L

%kx}i}

I
%
ofh
o,
ro,

0,
oo
_(‘:_rh
° 2 g
ifd
i
g
e
o
st
)
0,
Pl
>
o
ofn
>,
2
2
L
o
—r

=

il U
.{
e
kl
ics

ox M orlr
e
ol
of m|N
2
=

2o o ¥ oy 2 4
o rir
o,

oo M F
ol
ok
9,
=S
hn)

)
2 o) X
18
o
S
223
>
oY

>

= g

g
g ox & o
ue 10 Mo oz 7l
do ™ o ok op

2 N

=

Ir s

yz oo of

il

o)

X

=

2
0,
m
4
s
f
-

G

2 omi
oo

= o2 rEHU_{E 4

.
3
ox of X 12

- oo AU X
9,

(blocky strength)Z 01%??} @ed U s
43l 53 d4S =

v olEY WEERE 9 A B
23} A4} o)X FolA Basks Y AHE EA9 A
As7) slsted Q1 BEel §o S4o) ue HgHoz o



REzs dyoMel LXtst &2 WA 226

A T 8 gl st

LR

==
=

k!

i

ﬁo
i
i

—~—

ol

I el ZA AT EAY £

.

kil

[

Aol o

4 3 FAs el et

=3
=

ol QIA 3h2gke]

T

_(H

ol

ofi

i

+ed

3|

A 4499 o 3a 2T o

s Al o7

S

off &

o
=

3} st ol o}

¥

ol o
=

8 2w

=

=2

=

\=]

1] el
A7) shaol eloiAg

3

A A 3|
2

e

R L E-EER P

=

ol o

3l
°

-

ofy

ey

tel H263+ % MPEG-4

171 #43

7}3

o

BE] 9

pild|

LR

“

3

SR R e REICEE !
o el B

ol o Azspl welth a9
fe: ]

39

L=y
-

Jol 4 vebdch ok

*

—L
T

HAch

ol

X
o
me

B

nElES

HA

=1
=

2. Merst Axis H

3

2 AA

oj

W

%

ket

A

AeE 35 A S (3" Dollxst o] &

i

B
o

Al G 8l staghel SAH

Block boundary

Decoded sequence

Block boundary classification

g
=
=
Q
el
-~
Q
=l
m
!
_ ]
R,
N
SZ
Rl
|
S
RS
<
“S] _
Q
IR EEEREES
_ T T i
i _
U =]
553 g2
» e ol e N
S84 of
S 88 0
— :
- (%)
= m W
£8g 28
[ mm,m{'{v mm * m
554 :
H o
2
L kS| =
L [ o
NEEE- T ymmﬁp
ESE TIEZ2E TaZ
Sm .mb L=




KI3=(2005.6)

—
[l

1

ol

2l=2X B AM12-B

gExel=t

226

. Pp

HA (2E 2)dA4

23 B gYolMel LtXia EFE HMA

ol AR §A)

=X

=

59

=

=

#¢ Tet k1 2 3

2 o
17<

o

¥

A
fu

=]
T

}

T
o4

S, A7 o

e

el

N

w et o]
S T wekA (2" gelAs gl 7 2

s

oy

o]

1

o

N
H

B

A

2
3

4
4

B {
1B |

p3=p3+sign(By)
py=p4—sign(B)

ahe A A9

5

3 g s ARmgel we}

v k& 5o diste] BEYPS 3

=N

p3—p 47t 2XQPETE ZW QA 3haghe] AF 2uE A

@l 24T ook webd, 3

ECLIE
aagke)

-8},

, n=0,1,,
-6,

#n

a

B

a,={8,6,3,2, -2, —3,

b .+ sign(B)

(2" 3) (ellAle} 2t o] Tgell X9} ZHo] A<t

F oMl ekRlet &HE HA

(el
_—
by

1E
484 A}

i
=]

2} o714,

2
=z X%
o

2
2ol AW ¥4 Welz Yenir) wge] A

u}

b = A= B

o

o

il

=1

201 201 201 201 201 201

B
189 189 189 189 189 189I

A
/

B2
Filtering region

T

(a)

()

Filtering region
FAR2

Po Py P,

201 201
199 200

Block boundary
195195
Block boundary
(b)

19]
189 189 129



A HYHY & 7l wEel o) F sac AWF A
2 5, % oo A B4 0§t

Ap = Lelip(p = b o)+ clibp =5 )], n=3,4
4
Du= H—4p,. n=3,4 ®

o 22 HAE FHI A7 clip(x) e

-T., x<(T,
chip(x)={ x , lH<T, 6

T., T,
o ook ARG Pl AEF cip(n) TFE EE A
FAolA A= BAS0l AA oAl g Holgr] B
ths datg &gel g% AY &gl sve FE o83t
o) 2 %3} g QP #ol F ASoE EdEAo] &
2138}k Aol o AY FEo] 7] el £HA 7 2 2
A st H2eE go] 5, QP #e] AL Afdde A
£A4o] FAbel Feoll o AY FEgo] @] HEd T 8

o

I
o

-

A7) slETh QPsh T o9 AL <E 1ol 2
Ak wgEel A2y, py, D 5, HHANE FUs
Moz #EYe FY@Th 12w, (29 4 BelAsh 2ol
S, %% Bggeln 5,7 FY AL Agol

by D5 Do B p, FEEC teto] fg FARE WHoz

P

o
oL

CE 1) LAt mietole QP XX 7 Atole] 2|

QP 1~6 7~9 10~12 13~15 16~18
T, 1 2 3 4 5
QP | 19~21 2~24 | 2%5~21 | 28~30 3l
T, 6 7 8 9 10

FoRgYol BF B Rg9d Aeole A Aee
AASAN A A5 HE

2ts} stepelEle] wel BE A 4] F g 3
s st & 85 FA 999 F i Ay A
WA |p,—p,|7F 2QPETH 2 AEH L F

T

o
1)3=p3+sign(Bs)|—£;S|— )
ﬁ4:ﬂ4—3ign(35)|%9|_ @®

Apn=~2L[cli1>(p w— D )T Clip(p =0 D] n=3,4 O

£ Fzg QMM 2Atet 8 MA 227

g

Du= f—4p,, n=34 10

g} Zo] BF AA 499 F shol tistelMTt dEYE

B =R Adet WY %S Hrtetr] At AR
H 2o A¥S £tk 2o dFdME H263+ test
model near-term version 10(TMN-10)[2] ¥ MPEG-4 ver-
ification model 18(VM-18)[3] 7|3te2 F-33td QCIF(176x
144) 2 CIF(352x283) #9] FAEE AUt At M
dAE 24 GA4e 49 H63 $A3 FereE AME-so
[PPP-P(HA 21 ZHY, WA= P Z)e] FuZ #3
gatgth 7 9Ae 300 ZAYS AHEEEL U AGE
(bit rate) ¥ ZHYE(frame rate) 2 F-F3}8ISTh

Ao Hrt 1eeze A g AWA P

=7 WHdAE T7,=0.5xQP
2 BEx 7 = 93 gelu)y
o, 7,2 Aras AHEstgth
M e W sdol $43h)
W pEo] tha "ok 1
991 10~10° cd/m’ ol A= %
& = wskF g9 Ve
H2 (Weber's law)olghz

(a)

AL/L [%)

0.01 0.1 1 10 100 1000

|J
1L
N
20
3
I3
il
1o
D
>
o
rg
0x

2
S
Y
=
i
0z
1y
rx



228 HEMe|=teE=2X B XM12-BT M3=(2005.6)

AL

T = constant

(32 7) MPEG-4 £831= CIF 3712 g4 I T Falof chst
22 ZAl 2% Z2}:(a) Hall monitor(QP=12): (b)
Foreman(QP =30)

Aotsk B2 AA 99 BEF WHe AGESEY AR
bl AYEEY FAGME ARHoer J9e ¥HE F
ot thekst njE& o H263+ 2 MPEG-4 733 g4l o
g A9 Aubs (2 6) 2 (IF DM 2o (" 6) 2
(237 (b 2 (dollA ¥ dMe He Yol 553 &
Aol AR B2 AAZ e F24 HAe BE oY
oA A3 Feo] WAAE B2 HAE Uitk 1Em, 3
(b) A ARde Hed By Bas 299 A3 £ A
Ay - - - -
(22 6) H263+ 5818 QOF 20i9) @o 3 I gao) oy T HERACh HAA v @5 Sol t AU T
st 22 ZH 2F Z3t:(a) Container ship(QP= ¢ B2 7AA 99 28 432 3y AYgEg vk ol
17} (b) Mother & daughter(QP=15) nEEY GAGME gRHoE BES BEiE AL B
(E 2 H263+ FE3E SHA st 43 dut
) Average PSNR [dB]
Bit rates,
erize' and Sequences QP HL263+ Anmnex J Proposed
ame rates decoded LF LF+PF S, AF
10 Kbps, Container ship 17 29.30 29.19 29.16 29.50
QCIF, 7.5 Hz Mother & daughter 15 217 2027 024 238
Container ship 9 33.09 33.04 32.94 33.27
24 Kkbps, j
QCIF. 10 Fir Foreman 24 781 084 27782 N9
Mother & daughter 8 35.14 3%.16 35.13 3.29
18 Kbps, Foreman 13 076 3001 3091 3094
QCIF, 10 Hz Table tennis 1 31.90 206 3206 3211
48 Kbps, News 19 3100 3107 3107 3122
CIF, 10 Hz Hall monitor 15 3269 2077 0.7 3.04
-
112 Kbps, Foreman 29 28,67 28.60 2858 28.87
CIF, 15 Hz News 12 33.46 3339 3835 3368

* LF: loop filter, PF: post filter
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30.6
304 § —— H.263+ decoded
302 —=— Annex J loop filter
’ —=+— Annex J loop filter + post filter
30.0

—o— Proposed SAF

PSNR [dB]

0 50 100 150 200 250 300
Frame number

(222 8) QP=17, 10 kbps, 7.5 HzE H.263+ B2&&E QCIF =2
7|2] Container ship Fakol chsh ME At

Ak F, 57 GGl 2= AGE HE 2 ¥Y I
& 58H0R AARA £EE & 5 Y4 ols 2o] 719
e B2 A F919 ale sae] distoixnt dEHS
Fsty) Hiel 55 Fert 2 AF £33 Aol 94
3 AAHA ¢ o8 5 Wi & & &35 ddol
e 4 otk 2 ARMeE SAF wRles FAed A
g He He dodMe £53 dde ozt 53 49
olxe] BF3 @ 2 FY @4l wol AAHNEE £

33 MPEG4 7|8t § 53} °cié!01| CHst AE Znt

MPEG-4 714t H- 353} o + Microsoft
MPEG-4 Video Reference Softwareoﬂ A} AFS = Microsoft
FPDAMI 1.0 000403 ©l-§3te VM-18 7]¥H3]o.z F53}

o>
=
o,
1%
oot M
2,

H SEN0| ohE MY 23

Average PSNR [dB]
E.ht rate, VM-18 post filter
size, and Sequences QP MPEG-4
frame rate decoded Deblocking Both Proposed SAF
only filtering
10 kbps, Container ship 17 29.53 29.78 2971 29.74
QCIF, 75 Hz Mother & daughter 15 3228 3242 3244 3247
94 kbps, Container ship 10 3278 32.96 32.89 32.94
QCIF, 10 Hz Mother & daughter 8 35.32 35.38 3528 35.46
Foreman 13 30.96 3110 31.04 31.10
48 kbps, Coastguard 14 20,08 211 28.9 29.08
QCTF, 10 Hz suar : ' i i
Silent voice 7 34.42 34.59 34.63 34.62
News 18 31.26 3145 31.37 31.49
48 kbps, Mother & daught 10 36.10 36.12 36,01 36.23
CIF, 75 Hz e aughter . ) ! .
Hall monitor 12 3360 3382 3360 3397
News 11 34.16 34.3 34.27 34.40
112 kbps,
CIF, 15 Hz Foreman 30 2843 2855 2853 2858
Coastguard 29 26.53 26.55 26.37 26.46




230 HEHISe=2AIB M12-BR N3z=(2005.6)
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2= Te WY, (o) FZ BE ¥ BH 1)
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36.0
—+— MPEGH4 decoded
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—=— VM18 deblocking + deringing filter
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2338 CF 2
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