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The Improved Binary Tree Vector Quantization
Using Spatial Sensitivity of HVS

Soung-Pil Ryu'- Nae-joung Kwak'- Jae-hyeong Ahn''

ABSTRACT

Color image quantization is a process of selectng a set of colors to display an image with some representative colors without noticeable
perceived difference. It is very important in many applications to display a true color image in a low cost color monitor or printer. The basic
problem is how to display 256 colors or less colors, called color palette,In this paper, we propose improved binary tree vector quantization based
on spatial sensitivity which is one of the human visual properties. We combine the weights based on the responsibility of human visual system
according to changes of three primary colors in blocks of images with the process of splitting nodes using eigenvector in binary tree vector
quantization. The test results show that the proposed method generates the quantized images with fine color and performs better than the
conventional method in terms of clustering the similar regions. Also the proposed method can get the better result in subjective quality test
and WSNR.

7|94 : Vector Quantization, Binary Tree, MTF

LM 8

#e igatE 9Ess A9 dye ¢ s
Q%) 9] AN, 54 2 349 A AYg "eE
stel 2 Adel] sl SHIEE 2%71x9) Mg Al 27
U Abgel e 4R 719 shaol date] 4 A
HEoh & W Abe) Mg v+ gdow da 94
of SOIME Algre] LAt AYe = EEY & AUt
Sasuct A4 F7] WEgd 2%k A FurAe
Moz PA% drtE A¥HE B 2 s
etk old@ B4 A IPS BEE YrEy o

Z 3 9 23yea ged YuEaTen
Rt LR p R
= 2120039 449 109, AR 20039 129 1Y

AY77lE ¥4 H58E 3o ALgE &, 4949 3
g 343 HEFUAM 1o AT dolHUde A
Folx Aolth oy J Fage] Wy Fo dg A
&5 Aol WE FArsolti(1). HE ¥Ase] A =
E8g duid 8308 MAs=uvel w ALk
Linde, Buzo, Gray[2] %¥#bst 2471 HA7E € w7t
G EE wESUA Fatg ZE dEE AMAA Fe
dl, o] w&al Yzkal eab= Hiolxuk wEFHAH glof
A RE 48 Zet W g g8l g3 getg A
FlER Fzsle 8FHE Aol wj¢Adn 1§ Be o
FAE g8 Wy W] AMHAAT, o] WYPsL
ol shtel WEL Hgstng oW g A7to] A
o, gare] EAo J|Udte ZE=E9 AV|E "a AR



22 dEXeISts=2X B M11-BA H1=(2004.2)

ofgtE ©d g 71 lth olE AMEty $8A CChan
CMal3-4]& 44 3hte] 7oz A&eto A9 &
SAAN gaiA S-S 212 ALHA B Urbe A
& wEae A 3179 (maximum decent method)& Al
katsivh. e o] W A HH e BE HAAE HA
£ BN B Aol 8F7HE ©Hol Uk olEI ©
HE& B¢ 31a4 Orchard®t Bouman[b]l RZAHEE o]
4% ol Ex sy odte] HE (UL FHA At
e e AgEs. o] 43 W £t whe g
Hol A%t 2o Hpdz FAE e o MY 43
7b Aste dde] gtk =8, ZAdA B6]e FAE ¢
A 71 7]k R EE Akt 74 BEUANAN &
A8 43 ahe PHE AT 28y o] S Y
B BA9EY SAE MR Azre] Wel Hex
Azte] A7 BEAE nHst ¥ dHo| itk AAT &
(712 A7 AZ 54L& 2 425 9L Adsis.
o] W Zd JAEIWE o] &3t YA s U
o2 [2]e] Wy vE e NAHJL & Ad= ¢
A3t & A9 (29 vt da J4E 4 F UAwn ¥
< Hia FA3 9E o s A7 dAEA AA
£ 23e M4 ok

£ =FdAe 1/UEHE o] 8% ol EF WE YA
o B3t Bo] QAzre) ¥ A BEHE 0§48 NEAE
Fagoed gAdg Mg stERE 94y el A
A Wate Eolyg a2 REAA TASE A3 oHe
Azt Ao & =HA Fetde AdEojsstd P A
A G4 dAI MY E20E Urn, 7 £E89 W
7 RS ol &8t A7 BEES Qo] AZsE A Al
Zidod thpol Azt gieddE R, G B A ZepdE
2 7EAE g2 2o 2% 43 34 37
PSNR(Peak to Peak Signal to Noise Ratio)& o] &8}
el 3L Hrskach

B =39 AL b8 2o 23 E 2FUHE o
23 ol Wy dEe S AsfEta, JFNME @
o I A BEAE 1t AFAEHE o83 HE FA
3 g At 4Fd e AEHoAE B3t AE
e Ard wHE vudty s MY, 5%l
A Age d@dch

2. o4 e{i o/t O[T Ea| WE U}

DHUHE o8 ol £7 HE IAHE n4AHE
1838 4ag ol EY 7z wEE RYSE Pyol
o 229 A A wmE AA 94 2o Fdsd

o

C,0.2 E789, 32 e IHEHE o&d F A
9 A4 w29l Cpt Copp @ B8 HY 7 sujr}
7t wCof £3E BE J42ES AT e ¥ 4,
& Zeth U =E2E FAHE 98 WEEL 4, =
[x, L, 221" 2 B8, 9714 s= (1, )HE 4 X E
el 0, 1, 2& ZEHER, G BY A"zt ¢,
ndA w=o i Jfoln, 7 ZHAE Y dEg
g2 e Joz Axgn

ma= 25 %, (1
s€C,

N,=|C,| 2

a= " @)

28 m,2 7 A EY FoE 48 HHE
s, 4 29 N, =ZdA .9 3ta9 ASE v
Ak

el =28 T wEg BEdsE Re T A
2¢ dAs die 4FsE A =
A2EE HAY FA3 Hdeg e A
B HAH) P A4she Aol F8s m
43 A3 PEe ZzEe] R4lo] 3
Aate] o Wae] FAo] Hu wto FFE AvE HA
% FAAe B Yooz AR o] wHe
T 2t Ao #49 542 Ushit xEe TEA
R, 2 4 59 R,2 ol4dd 4 (DI} 4 F o3
A (5)s} o] T3,

R,= Zc X xst (5)

—_—

R, 2H3%e 7o 98, A 63 2ol 99
oy,

ot

ot o
=2

:
i)

o

EC (x,~ g)'e,= e R,e 6
AN e= 4 (DS AYE = T9 Wyoly, o] 4
o sl By ol A% @ n4d 4,9 nAuE o0, 4

6)& T/} 2,& o8 v Zo] vekd F gtk



RIZE AIZY Ala" B2 X2 S48 0|88 7iME OIXER| HE{ Xzt 23

SZ_C. ((x,— g, e)i=2, )

IHYE e,0] AAHILERE =E C,9 SHLhES
%34 %_‘0:_ BJ@—O—-‘}’— _‘:I:‘ k= CZn'?'}' C‘Zvﬁ-l—g'i )':] (8)34
A Q)9 o] EEE

Co={seC,: ebx,{=ela,} 8
Cons1={5€C,: ehx,> €t au) ©)

—

% @ =59 2¥e 2N R,
o AU ¢, AHH ol
Aoltt. ol& ¥ HASW 1

o

2 1¥g 4,

NELE F RER £
L3

&= gol 713 2A g
g FE3e AS guiEy olg xz o #4te] M F
A S dgoz w2 BEsl= Aol

o]zl EFoA B¥Y wt: 2P xEF w9 i
9 afghE T M & 1REE Ze ==§ 49
gk (2 D o EfelA x=e] 8 A& A9
g Aolth. (g DelA AS AL A A £F §F FA
o 2] wEF F5 w29 LRHFUOV)O] +F =29
(B79)HT} A0 E o] g B¥nsE AP olg ¥
@atA ddo

(38 1) o)X E2| P9 LE BY

¥8d s 9 =T A AR FUY o] F9
ko FolA mAgtel 5799 k=7t 7MY & GE SR E
2 o] xE& MHsle £¥s1, B AAE 1fgke] 7t
FE e Hdste 2= A B29FEY o9 FAS
HhEEte] it dxE HE 9 o|FEe F¢ =&
o 71 YA & WA =28 £8¢

3. Qiztel B2t x|Zt RY& T2# o] EF
) & 2 X} 5}

AL A7) A4EL oA de 9y Ao
g geAed Fge] e o dHdge] BF F2 3

9 quAE 23 YU AEE o, ZF AP A 7]
v W39 #AAe AREgnsy, o] Axe A& Al
o2 Yehd AL vARER ) CIEdAE o] H|A
AEE g)d wet 9<gAZHphotopic vision) T e
Al ZH(scotopic vision) 2.2 EHF3IHS) (2§ 2)= s &
Atell o QA7 AZF Aladel Fug 9gEE Yehdo)
(29 2)9) LE2F JHL HAoz &2 B9 o
& AGE Yehn, 9% T4 ddHez v 8y
el e AZE verd

T

0 Photopic Vision ™
- Scotopic Vision ¢
I ;o
08 |
g
é 06 |-
8
.g -
§ 04
s
14
02 |
0.0 . .
300 400 500 600 700 800
Wavelength(nm)

(38 2) 22 AlZ Al28l9] HEg A2t 28 Al

A gngFe A Bl AdA W= Rolu
o oA B G aks A AR # o
A @e 4EE ol&de TRYEHE ol4F oFEH ¥
Bgatste 28 HAHd 7FeAE AL ol Ao
Alzte] gtyle] wel whAEs} BES sty 9o
Zt BEZdA 87 HES FdHoE e FE 3¢
§ Az s e w2 FE9 4&d A4ud,
agla o Abold 3 digex ERstd Z g dis)
A 7tEAE FIES AT

AA S 4EE2E ol thg 9y A7 Zo]
AL Ao Aol iy BY = wy E I

wet= g 1 10)
I 5 e

A714 £59 B Z IHE bt tn £59 Y
HEE 22 32 45 4 BHAER,GB)Y Adx &0,
1, 2& HEbd o*e 7 AlZE tieeld HA, =4 g oy
Ao dig 7hFAZ, (29 2)AM AAE A4 =4 2
Aol #gaE U WRE} 2o 499 UZEE
@t 10] H=E H7g ste] 73H, ol thE o



24 BEXNEI=Z=EX B H11-BH M12(2004.2)

£& N7 1a” = 032,¢' = 0628,a” = 005
7 NZY e’ = 0299a' = 0587,¢% = 0114 (11)
A& NI e’ = 0048,2' = 0547,2° <0405

449 ZH EEAMS dige Wre WEE A 94
o] gt7] Aol dig JEg 1,0 BEEAA} &2 TEY
5ol Jde HEHIN} 1,—oBt} A2 92 Ud&
& AgdYgez, 1,+o8t T 492 HEd AddY e
2 FEIAL 1 89 FEL FU AL dgez 43
ate] 7hEAE A&k

*{]"}“J‘?i" E5UelA FdatA H&H= 4 109 7t
FA weE 7 aEE FF5 FA wFE T 0
§ w0 FRA RE T O 4% N waE
7tz AE4E AFUHE et

a2 o] AFHEHE o] &3t ==F EEIY wE
e FEAE Fahed H 887 93 HEAE A (12)
g} o] whEth
w! 0 0

0 w! 0
0 0 w

W,= (12)

o ol§ FEAE e "ad FAZ A

R,= ZC (W.x ) (W.x,)' (13)

(14)

(15

(a) 919%

(b) BTVQ

o714 U=[111]" °o|9, 91 AEZ 4 (4 H&3lo
N5A7 Aed 24 R, 9 w5 YERY ¢,.% T
gt ¢, m, % N9 ZH7he] AR S o] &ste] g4,
=[m%/N, my/N, mi/N3]' 2 73t}

4 A A 20

AL Aty whiel HILE 9N o st
A B¥ 548 7HAE 256%x256 27|19 16009 ZE AA
g4-S e E Microsoft Visual C++ 6,02 o] &3 A&
glold g sl
(29 20a)e ¥94E v (3 2be A
g L=3291 olF Ef wWEdAs AdE vehn
(23 ()= 59 FAS wwe Z2e Ak A4
gaolch (19 ()X & F A& vieh Zo] AM 44
o] Mito| ZtzEo] B} AEEA Ho|n, Rale] 7Y §-
ol Ayl zed o o =g 01”“-'?"5"5’-]' w7 5
AT PGdel FAEE MAE HAS & F Ut F ¥
Astol A s d3tEAS A %17]' A 5oz
ZzsA Hol AEd Ao 4L 4 + dAeHy, &
AbA FEEAA o F& 4%5E RFAG.
Aot wle] A& W7t 87 A8 2 =&eAE PSNR
3 F84 shd Hor bdg AHEATh PSNRES ks 4
& o3 2o

RMSE = { E fG, D= fG, e (16)

%J%ﬁ

PSNR =20 log m( ) an

(c) AgLneF

(03 2) |gan =320 AR}t Hat



QIZ AlZH AlA"el 327t X2 SdE 0188 JHME OIZEe| HE{LRIS) 25

<E 1>& A5 49 L=16,32,649 BTVQ 3} € 1o FAUo.
Aqbgye] PSNR AahE HQld AlBEYL BTVQ Mo
16-32dBA =7k A S 2Lk #ned

(E 1) LALE2|Yol| wE PSNR H|1

o4 3 Wk

NAR7E 621& e 71 ¢

HAE 7182 3o AhEHBIe 38 AE Hed 7

A2 o] g

2wl

Hrhet a9, 10). F#4 32

vl Hr7h A7 <& 2> flen 71E9 WY Eg 3
Aol AAHAE BT

[1] N. M. Nasrbadi and R. A. King, “Image coding using vec-

(+4l = dB)
A 2 tor quantization : A Review,” IEEE Transaction on Com-

s SR girl lena tiffany pepper munication, Vol.36, No.8, pp.604-619, 1988,

BTVQ 29.24 3144 3181 20,36 [2] Y. Linde, A. Buzo and R. M. Gray, “An algorithm for vec-
. Al gkl 3134 33.80 3374 3098 tor quantizer design,” IEEE Transaction on Communica-

BTVQ 3206 3395 34.10 3174 tion, Vol.28, No.l, pp.84-95, 1980.
” Aokl 3393 W77 3597 33.32 [3] C. K. Ma and C. K. Chan, “Maximum descent method for

BTVQ 3413 3095 36.25 3374 image vector quantization,” Electronic Letters, Vol.27, pp.
i Alghiy 36.20 3897 3849 3543 1772-1773, 1991.

[4] C. K. Chan and C. K. Ma, “A fast method of designing
better codebooks for image vector quantization,” IEEE
Transactions on Communication, Vol.42, No.2/3/4, pp.
237-242, 1994.

[5] M. T. Orchard and C.A. Bouman, “Color Quantization of
Images,” IEEE Transaction on signal processing, Vol.39,
No.12, pp.2677-2690, 1991,

(B 2) SAE d=of oE FHH S ojm BoF 23 (6] AthAl, A ), oA, “F2o] A% Bete B3 04 i)
Bl B ¥z 2es A7, A=A AZE o &
i e 16 2 64 S8, A279 A4, pp422-431, 2000,
girl 50 48 15 (7] A7k, o] %, ol A, MR &, “QA4k Al zke] Zet 24 75
= a7 0 18 A HEE ol &d Zet 4} I, AAFT I =EA
e o P = #33¢1 A4, pp.101-109, 1996
- 12 42 48 [8] M. D. Fairchild, Color Appearance Models, Addison-
Wesley Longmaninc., 1998.
[9] CCIR, “Methods of the subjective assessment of the
54 B quality of televisionpictures,” 13th Plenary Assembly, Rec.
500, Vol.11, pp.6-68, 1974.
Ak Wy T Az TAE HEse NFAE P

A afAE
gt At duEEFe

& o8 ojNEY AHFAZE At

R LR YLD

97 o= 4AE olgdtel

Al Weto] AshA Wake ol
FAsh oAE Qzbe] Az @
LHE S

o4 oldEg
wejokaste] ¥ 3ol 715N E AL
A & Aol AR W Aol v HE@ B

[10] Recommendation ITU-R BT. 500-6, “Methodology for the
SubjectiveAssessment of the Quality of Television Pictures,”
ITU-R 1974~1994.

84N =

e-mail : cucus@chol.com

20009 F¥oehil FREANFSIHEAD

A3t 93E A& F AYen FAAYe] LA 20034 ZE et Oiohy) Ay E ATz}
o F& 4%& Rl Ed Fuy i}’é?ﬁﬂg (Z8FAAD

1% ol vls) J4e stdo] AMHASTES & F 3l 20033~ @A FHohStm heY Fw
Aen Q1zke] Azt AlxFlo] mej¥ PSNR % %"0“”"]4: Al B st sab AL )

Qg o] 7|E Win 16~32dB A% o F& A%

A Eok: A, dAHRAe



26 BEXe|Et=2X B H11-BT M12=(20042)

Z | 3
e-mail : knj0125@hanmail.net
1993 Z2 st AR EAFeHEAD
199659 Faohsta oiete JRENT o
(8D

oF XY &

e-mail : jhahn@cbucc.chungbuk.ac.kr
1981 S igta A 7]F 8haH(8HAL)
19839 @Eebrled A7) 2 Az

FEIHAAD
1973 ~dA Fhoigte gl ZREA 19929 dxaEr)ed A7 92 A
F8hah(uhAL ) F 3
iRk AAEA, I3 EA 19879 ~ @A FHitn A7 AAE Ay

ARk gaF B4 2 JAAEAE, HEv| o] Az 9 A
BAZ, Qe BN 9 =2y



