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Directional Postprocessing Techniques to Improve Image Quality
in Wavelet-based Image Compression
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ABSTRACT

Since image data has large data amount, proper image compression is necessary to transmit and store the data
efficiently. Image compression brings about bit rate reduction but results in some artifacts. This artifacts are
blocking artifacts, mosquito noise, which are observed in DCT based compression image, and ringing artifacts,
which is perceived around the edges in wavelet based compression image. In this paper, we propose directional
postprocessing technique which improve the decoded image quality using the fact that human vision is sensible to
ringing artifacts around the edges of image. First we detect the edge direction in each block. Next we perform
directional postprocessing according to detected edge direction. Proposed method is that the edge direction is
determined by finding the maximum correlation coefficients of boundary pixels of blocks neighboring the current
block. Next performed directional postprocessing according to detected edge direction. If the correlation
coefficients are equivalent to each directions, postprocessing is not performed. So, time of the postprocessing

brings about shorten.
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gAxje] shagh xoll A" e g3 »E 2Al8)el
o8 pabl Fxz] HAle] ARErh

V. 48 dn ¥ 18

AlFol| AMRE oAk 512x512 =7]2] Lena,
Target 373, 2048 x2048 =17]2} Aerial2 <34k =L
2]7 2048 x 2560 =17]2] Bike, Cafe, Woman °3*}
S R gakom ARgsisich Alge) o] 8% K33}
5l oAk JPEG-2000 Verification Model(VM)
5.029] t]ZE(default) A& o|43l] 24z} W=
£ 0.25bpp, 0.125bpp, 0.0625bpp&. #-33} & ¥
oAl B33 g e ARl se|l 88l Bl S

1035



FFEAISS| =27 006 Vol.25 No.6B

Ad7bA] FalslHm M3k A o)43k HE el
Daubechies 9/7 ® HelE ol83lgivk Ao} AR&-
% 7} djepele] g E 3¢ vehiglch &

2. 0.25bpp, 0.125bpp, 0.0625bppd w] Zkzt 8,
10, 122 3lolon, A9 = LorenzianS o4&
ALy 3 302 AAYIcE =FF o9 wbak
AL BE d92 sglod, B2 =7)& 8x8
2 3k

E 3. A 283 seie gk

Target, Lena, Aeiral2,
stetele Bike, Cafe, Woman
y 3
1(ay
o os(1 + 4 4))
bit ratefbpp] 0.0625 0.125 0.25
Thl 12 10 8
E 4 2 =TolA ALY S o83l F

AU A5 4 A 2 vEL o} Fxz)s)
= £59 /i5E Heolx 9k Sheno] Kl
Ay HPS 2E EZe dis £ $3sb)
mEoll A2 Azle] gl AQEAL B =l
M A B5el Ha) 2 kel ik Al
e T3le] AlRAle] ol dAlx ®e} o
dA7E EAske Aoz rHgsta FAeE Sas)
L 037 e WYk oo 7Hsle] FAlE
& FAFA| W] wiitel Shen®] wbHETR: F3
2] Azke] ARl AA Zesge o 5 9ok

E 4 AR WY 7 94 4 wEsd 0 $a3
5@ x8) 7

=S 0.25 0.125 | 0.0625
EZ 4| bpp bpp bpp
Aerial2 | 65536 | 57700 | 53337 | 49196
Bike 81920 | 41356 | 41246 | 40395
Cafe 81920 | 65877 | 64954 | 63446
Target 4096 2678 2587 2497
Lena 4096 2489 | 2418 2358
Woman | 81920 | 40100 | 34547 | 28227

3® 5~102 Z}7} 0.25bpp, 0.125bpp, 0.0625bpp
ollA] Shen®] by} Mgt wisky FAje] wbye
PSNR Z#Z Bolx Qlrk FellA] 1, 2, 39| 2v]
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HhEsle] Fx2i3t Ang onigt &
AR 3 Faelsla SAElEl gAare
ohA] FAed 78 onidel FolME 4 < g)

ek ¥ AU G
F2)2] whge] PSNR Zmoll4] 9<=3hs o 2=
th ol Q7] AlZe] o HAMS 1A R
oz H2Ql AL zlEle, dxe] WEkYe A
3 AEE oxe] wigkel wel FA=lg s
© HPtle] ¥} EEHYL giEeh Aolgtw @
4 Ak

¥ o M l-n t

E 5. Shen?| FAe]| ubH(0.25 bpp).

=3 42l | Fxe] | PSNR[dB]

PSNR[dB] 1 2 3
Aerial2 28.590 28.285 | 28.142 | 28.015
Bike 29.663 29.629 | 29.596 | 29.555
Cafe 23.169 23.157 | 23.139 | 23.120

Target 27.989 28.017 | 28.024 | 28.023
Lena 34.133 33.654 | 33.390 | 33.151
Woman 30.032 29.871 | 29.761 | 29.666

E 6. AN W FA2 24H0.25 bpp).

=3 4ol | Fxe] F2| PSNR [dB]

PSNR [dB] 1 2 3
Aerial2 28.590 28.410 | 28.196 | 28.000
Bike 29.663 29.800 | 29.768 | 29.694
Cafe 23.169 23.243 | 23.254 | 23.245

Target 27.989 28.137 | 28.198 | 28.222

Lena 34.133 33975 | 33.645 | 33.324

Woman 30.032 29.924 | 29.742 | 29.575

¥ 7. Shen®] FA2] WH(0.125 bpp).

E3% 949l | %x)z] T PSNR [dB]

PSNR [dB] 1 2 3
Aerial2 26.517 26.361 | 26.300 | 26.238
Bike 26.391 26.387 | 26.378 | 26.362
Cafe 20.794 20.773 | 20.756 | 20.738

Target 23.740 23.747 | 23.744 | 23.739

Lena 30.970 30.695 | 30.536 | 30.393

Woman 27.385 27.269 | 27.196 | 27.131

E 6, 8, 100]]4] Aerial2 ¥ Woman oJARe- 33
2] g °dAre] PSNRo] 253 JAke] PSNR Mo}
Fe e B 5 ok shE Aerialz= Al o



=) el ik rEedAt

o) 33 S 7 Wiy FA 7Y

;e Bodgl Atz oz g oA Erke "
A RRo] @] wie] FAefE Fashd PSNR
Zola B3d A vlaste] ohk Rt
mE Woman AN olayl Qi gl o] FE
g 3] ededolr] wjio] Fxzlslwl PSNRE ol
A, dF HE 9 & REEE IR At
ZA15l7] Qi FAelE sasiE FA 3
< A S o & slddtk

E 8. AR Wk 342 H#PH(0.125 bpp).
Fe] F2| PSNR [dB]

23 el

PSNR [dB] 1 2 3
Aerial2 26.517 26.456 | 26371 | 26.282
Bike 26.391 26.536 | 26.576 | 26.576
Cafe 20.794 20.845 | 20.857 | 20.854

Target 23.740 23.801 | 23.822 | 23.829
Lena 30.970 30.968 | 30.856 | 30.714
Woman 27.385 27.317 | 27.209 | 27.107

¥ 9. Shen®| FAz| H(0.0625bpp).

¥22] ¥ PSNR [dB]

3z 34

PSNR [dB] 1 2 3
Aerial2 24.611 24.503 | 24.464 | 24422
Bike 23.816 23.816 | 23.812 | 23.804
Cafe 19.074 19.048 | 19.030 | 19.014

Target 20.194 20204 | 20.203 | 20.208
Lena 27921 27.810 | 27.744 | 27.678
Woman 25.613 25.503 | 25.443 | 25.388

10, Al wad Faje] w4(0.0625 bpp).

=3 odakel | FAe] F2] PSNR [dB]

PSNR [dB] 1 2 3
Aerial2 24.611 24.604 | 24.581 | 24.552
Bike 23.816 23.928 | 23975 | 23.993
Cafe 19.074 19.098 | 19.102 | 19.099
Target 20.194 20.237 | 20.259 | 20.277
Lena 27.921 27976 | 27.973 | 27.950
Woman 25.613 25.535 | 25.444 | 25.360

78] 112 Bike %4K0.125bpp)el] it Shen?]
yhial B weFollkd AlRlgh wpbge] Ay ZHI At
£ Holw gJr}. Sheno] FAH| A 44 (O R
70l B2) uje} o] PSNR-E 2353 <A (b)9} H]
ape] ok Gx|vh oA F9)o EAlghes g ¥

Abe fAs] 7had g B 4 olck 39, B =5
o2 Algt WA FAje] Ax}b 44k (d)= PSNR
Z7el|4] Sheno] Azt A} 4 H3¥ dAtHrie
S3e oF ol B FAE B3] FRaE
FHA) 3 =3 FYEAUEE o ¢ Ak

o -
rand i 27

A

(a) o

©.
o

(b) FHe] 2] <d4H0.125bpp).

(c) Shen®] FA=] A=} 44

1037



FHEEAIE} 3 =E2] "00-6 Vol.25 No.6B

(d) AM|gksl= wFepd Fxje] s A4k
O 11, Bike?] R odAk

I8 123 Target °34H0.25bpp)el]l it Shen<]
HPEIE B =Rl Algker wige] Ad A} odak
<+ Bolx gtk ¥ 113} rRR R Akt by
o] Sheno| wWhgs} w]asje] PSNR Zwlofla] <f
02dB ol -3t #Alg mglon, ox)e] whgk

@ o 34

(b) FA=] e} d4ko. 25bpp).

1038

e aEsl] FXele 337 deel a4
72 F9lol &8l artifacts E¢] Sheng)
Wy Rrhe W8 ghasle] Fudel Shaagiold

= e Bt

(@) Adehz W FAe] Ao} g4k

7] 12, Target 34%

vi.g e
RN AlolS U e 8
< AR 99 ol b
WS Alesigck Ak

o, ¥ Nlo 03
flo

25 99l WA 22 4aas 4 %%94

AskeE olgdle] AWASE Foln A 2
ARG G 2 B olxe] wies AY
st AR oA Yol web FAelE S
gdeh wgk o Wae] MAlske S1A} olx)
ol A Akl WAl 5] A% gho] mE
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s ARk o] Shene) wptxr} Fud, A3
sl $ee Esds =R sl usl
At k% el WS 39 W olxlel
wape melsle] Arfeld we} EgHed A
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¥ =

Al N=84 7%, u7tel Hag AAFLES] AF(f ), o) 2 A 7h, 742)

range 7%} 2 Tr1 Yz
0 8a,< c,y=8b; Ml lel 0 0
1,2,3, cx<9a, [ e/t [ exai c%b, cas
9,10,11 92,< <98, A [ (cr—9a0/8,] e%a; (ca—9an%bs
cp>9b, [ (ck—960)/a;l [ (ce—9ap/b:l (cv—9bp%a; (cp—9ap)% by
4,12 cx<9a, [ ca/ bl [ celail ciay e ay
> 96 [ (ci—960)/ 2] [ (ca—9ay/ b (ce—9b0%ay (ck—9a)% by
5,6,7, cp<9b; [ er/bs] [ ex/ad cdbay crléa
13,14,15  95;<ci<9a; [ (ex—960/as] [ ci/asl (cs—9b0%a; cibay
cp>9ay [ (co—9b0/a;] [ (cx—9a)/8:] (cy—3bp%as (cr—9ap%bs
8 8b< ci<8a; [ el [l 0 0
% [x] 23 dA e Ao As, % ZS(mod) At
A2 N=89 7%, Hatel Haw AASE R bpvy 1 bprso)
k range bpvs bpvy
0 8a,<cp<8b; Ibbp(ty 1) rbbp(ty 2)
(bp— 7 1) bbp(ts ) + 7 1 I0bP(2e ) +1) (@e— 7, Dbty o) + 74 atbbp(ty s+ 1)
1,2,3, cx<9ay b ay
9.10,11 92,< c,< 95, (by— 7, ) I00I( L 113:' ri 1 bt +1) (by— 74 ) 7bbp( s, zlz:' 7y2700p(ts 0+ 1)
(@p— 7 1)000p(Le 1) + 751 66bp( 851 +1) (by— 7 2)7bbp by n) + 74 070bp(tpp + 1)
>0 o b
(by— 7 ) bbp(t 1) + 7, 10BB( £y +1) (@x— 7y ) tbbp(ts ) + 7 otbbp e +1)
4,12 cp<9a, b ar
(ay— 7, DBty 1) + 75 16B6p( 8 | + 1) (by— 7 ) vbbp(ty 2) + 7, 27bbp( 2, 5 + 1)
> 98, o by
Cby— 7 Dibbp{ te ) + 75 1 10bP 1 +1) (@x— 73,20 thbp( B4 5) + 74 y2bbP( 2, 2 +1)
5,6.7, cx=9b,; ER ay
13,14.15 9b,< c4<9a, (ay— ) bbb 14 la),,+ 7 1bbbp(te 1 +1) (ay— 7, )thbpl L, -za):— Vo tbbp(ty o+ 1)
(as— 75,0008p( 15 1) + 7, 16609ty +1) (by— 742 7bBp(Lx 0) + 7, 970bD( ), + 1)
cp>9ay ax by
8 8by< cp=<8ay thbp( te1) bbbp( tk,z)

# N+ 1<k<2N-—19 98l bbp, rbbt, thbp, bbbpse) EF2 @)} zte] HAH.
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