M3 90-27-1-14

Hg Ay By o5 BkE A3 SE daels

(Fast Algorithms to Generate the Codebook for

Vector Quantization in Image Coding)

A OEX T g M B R ER
(Joo Hee Lee, Hae Mook Jung, and Choong Woong Lee)

L ©

A ol A e B Fb (vector quantization)®] T EH FAA] BFE A7k Feolr] g dx
2|59 Aotstel =3 7] LS Al *ﬁ(—f‘B’JOI —# 38 (binary splitting) W8-S Al gt}
27 2EBS G pE e s TAsta, o A & 4 v kA Hrel  KEM REt
(iterative optimization) 318l &S o|&sle] e B FTAHANE fF ZLAZivt Aodd dnzs
$EERER (searching range) S W42 dlo] 875+ ASol wet 424128 2HY 4 3 A o=l
grnglEer e NS o, LBG gzl vl Age] Hoixx] gromA] Efﬁ% 608 o]

A whzA % 4 g

Abstract

In this paper, fast algorithms to generate the codebook of vector quantization in image coding,
are proposed. And an efficient algorithm to guess a initial codebook, namely, binary splitting
method, is proposed. We generated the initial codebook by binary splitting method and then
reduced the searching time using Iterative Optimization algorithm as an alternate to the
generalized Lloyd algorithm and several information from binary splitting method. And the
searching time and performance can be traded off by varying the searching range. With this
proposed algorithm, the computation time can be reduced by a factor of 60 Without any degrada-
tion of image quality.
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Fig. 1. Partition by binary splitting method
(2 dimension).
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Fig, 2. Position of initial codevectors generated
by binary splitting method (1 dimension).
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Fig. 3. Indices of codevectors sorted out in
order near to initial codevectors yo, Yae
(16 dimension).

Aoh e mewEs gl Azl WA Hoh 2

2EanE Adlus Shdes e

% slet.

LBG 9hnelse 4% 4% dun =aoly o
Bk 27 €8 Wao)w, (=9 g et
W RE CF2 frok Ak 1ol A% A b
& VY Yin yia B sh Aelh g 144 o
2 )50 chapsle] A= 1ak8le] A s} chEo
e yre oy oA e e, 2y 1.



108 19904

2”2, a#3A o dxol ok ddlle 2t 2t

2 zewea] Aotk xv) xeCi,ssM—1§ &
& zcha,

min  [x~y, £ min fx—yl

li-il =s {k—il >s
ofch. %, s7b 338 Arhd 2] Qluas} el £
24101‘6‘ ”—JJE']’E‘ ?1,5, §1~s+u "'Jn R Yi+s 1Y1+s
%;’}"4 Z]i}]a]ﬂ' ;o, )71»"', §i—s-1'§l+s+|',"'; Ym—1 A
EsE e HaAeguch sbgA "ok webA

LBG ¢tngjgol4 Edleld #exol ol y, & F
Aoz yof 7 Foe mewelEal gl
sedl, yi9 7he 2EwE S Qluas) g ol
2 A7h A aEWegolng qda Ast
gL mEw e Eat ek olwl ghalshe W

2 ched} ol Wel gk
I,=

z2Lo
=1

j—i|l=S}

{j:

3} Qe 27} iql Ed o]y
Bl o] R (searching range) ©l
AW ol] A ab BFA Bl S i

A
& gleh a3de AT L

g g YE

r]r

L

° nL‘l LT

n

= =

&

§1"'§i—s ;—sﬂ"';lq yx ?m"'?ns/. ;Hs"'}?m—z ;ufl

L
searching range=2S5S-+1

b =
Fig. 4. Searching range of training vector of

Qe 2z} el Edlold wEle] ghal 77}

which index is i

nlo
ol
%
W
w
23

am X
& o
8 o
T
to ox
ox 2 o
NN o(])r o
=

ko
>
=
20 oy £
rir

£ B
o
w wl

o]r
o

g Mo
N &

M
L2
i
X
2
of
rlo

=
3

>0
=

;

£

i}
o
htt

aj
©
rl:l
-z
M

ol
f
Ry

= o,
ok
m‘,o o

o M
4

—
ofn b

o

ri’l
2
2
o

2
]

Ao

2] A 3} (iterative optimization)
1 =|X 3literative optimization) 1

We x(xeX)e AES Neg sy, =

1A T TR e

(108)

B B 1%

7] zEF9 2ewWey (i=0,1,2, - M-1D)E 3
3 Edold WHEe] QluAg oz ok
FAE e AFel He WA s oA 3
2 B3t ol vehd 4 nt
M-1
Je= Z Jy (4)
i-o
Je 2" G Ag 23 oz
J:?_Z ”;(_%”2 (5)
Xxed
ofct. wkek Edolyd wlelx’ 7} A FejaH C, 9
Aseld, 8 F22E C2 F3od =4y,
= o3 o] mpHch

T X§31x+x =x§:1x )—(’
m+l nH-l m+1
:)((:ZJCJ X)m+ < - s
n; (n;+1) m+1 yJ» nrl"l m+1
o Xy (6
] )
o] ®c} mih, I the o] wpBcl
=1 Ix=wt+ix =y
Xecy
D M Pt y' 12+ 1% —y— 212
XGC; 1
=12 1||;~§,n’v~-z&~m( D) S 1
Xecs +1 ( +1)
T &=y I
I P LYl L PR P
Xecs v nit1 Xet n+1
(7)
%
i), S —yolmE AT
ns
J;=J,+m“+’1u§>§,||’ (8)
o] =z}
n>10lw e wog
I T
(A T (9)
H=di— —=Ix =y’ (10)
o] s},
8, 10l al,, A&



e 4t B He B
I TR
A= E 51 (a1
4] 4 e
o= =" =yl (12)
mn—1
2 Aokt al, adiE ‘7t abs 2 A (weighted
squared error)”gbi ¥-Er}

A, (2% ol galul,x’ & FeLH Ca s HHE
o Je& o2 WAl 7= Fe{4E Cas 2hubsl 3t
o Az, A6), (905 ol &slof yast viE  7kt3
wEE + oo,

Al >min A (§#1,j=0, -, M—-1)=aJ, (13)

all )
olm, ZFulAe] Cal Edllod W & &7lx,
AJi=min &J:(F#i,j=0, -, M—1) (14)
all §
olwl H7|A Fert

(138 ubFste E8{asz Edely He & {7
™,

Je=Je—OJi+al)* (15)
o] Ho] 25 2.7 3 Jov Ali—AalaubdE ZAagch

X5 F7A 54“4 E E O = Ei 2 e

9]

}'1 ymf“ ’(”6 9)ol] utz} 'L%?o}—l— n, s x 2 al
I o}-t:]—
=lol®l (3% WEsE 7t EAste] Eeoly

HA'EJ%— &7 A% Fel 2t golAlAl sez 7]
A e

e A48 daelEe 7] DEde| weh 4
Bal 3o Qeabsh Alsbeh 2o} 27 nus
e R ez T4 § gelal 2w}
g zewe s} Edold WEES] Wiel A
¥Eslo] 9¢ 7t LBC dnas: we Avel
Fch,

V. 4% d32lE

o4l ¥ol WHor %7 c&e FHYE F
2 zAE daneg]Ee Sl ASLE sHA AL
aupd oz N>M,N/M>»1oli n=n=N/Mol2g,

n/ (s + D3 0/ (=D n/l+D=n/ I~ 1D =1
ol ®Flr}, 2 AN ali=|x ALZER
o|ch whe}x LBG ehAl - 7b-5
(3t ol A2

A 245

Lis

—FE,
bzl Sl A A2

o)
AR

.
-
FrelEo] FEYMT o|EF 3

o] &3

P

=]
=

(109}

BRe 3 ad daels 109
H 1 obg3 Ao
[step1] N7Ho| Edfo]yd HEES o] &slo] oA
+ejugerg %7 e HG P45, n,J,
(i=0,1,2,-M—D%& 78 s(O0=ssM-
DE AAdge
[step2] t=1232 a1, dAA 5 A} Je(t)
& AlAbehet
[step3] Ealeld wWeElx(k=0,1,2 - N-1Do) o
# 2|2 stepd, step5sE ST}
[stepd ] x¢7} &3 Felae] Co 4 A4 n>1
olw, Aali, &l (G=1,j=0,1,2,,M—1) &
AlAbsEaL,
n=101" o}& Edold wlEfol] ol step
45 Fd gt
[step5] AJi>min Alel® min &J,0 F2{AH 5
li jl&s [i-jl =s
Zy2¥ Cigl s, xE FElaH D
2 i7u ¥i, yi&8 Al6),(9e] =, J5,
5LE (8), 0ol wet 7 té Jr.
nﬁ—m—l, njen +18 3l %8 o
A2 jZ g}
AJiZmin al,olH, &71A gect
il s
[step6] y=2eW0 73Dy 2ngn o
Je (©)
Bz oo™ 141, step3 2 F 7H t}4]
3 gt

Aol dxEe MY zodH F 2s+10E
BAlsHA sn vbE A ek s AR =
A5 AAbdawct FAlo] 13 Forz 137 48
Ak % 2s+1) - (k+1)/k) -N-ar7h e,

9ol otyg|Eg uwrEa AL oldAg) 2
AL B 7ke) Azl '], 282, :Lalsaqt e 4&74]1
FAHA gech Ax o St A 2
A7 oAl E 2ab7t AAw Holmz %“Hw“ % 2
A gezs 22bg BAbstedol gt =
Hoez FAskr] Al 1/7 & &N TRhA 1
= ohs2 2,
diTol 4] stepl, step6at T3
AR - I O s

. {ate]
B -

ol E—}

a2
ygE &

G

T o

[stepl] N7lel Edold WESE o]fsle] o]
2 Hewdow x7] 2xHG FAsR
ng, J1 (i=0,1,2, -, M—1)& Fach 27) s

c)

=1% o, 8, MAX, TS AA 3

7____.(L)izt(>ti1—)' t<’] Q]U‘i’ t_)t+1 s

—sta-l/y+pE 31

[step 6]



110

19904

14

s>MAX ol™ s=MAXZ 3ot

oo Fuhaier,

e

VI

AlE

=0

2 21}
33 #(%el LENA

T - 256x 256 L7 2] =4

2

-

A

oo

7

i
'

T

O ]

ol
e

32 oo
£

7t okmelEel 4

HOUSE®| thsled IBM PC 386 7}
Al ol A (computer simulation) 2 8+,

L o4xd, [EARM 85 0.001% 3
e}

2
o7

WO EmL Br B OE 1

Eello]y

WH Edo]d %< (inside training set)

A%

il £ 2]

SRS

. Performances of respective algorithms.

4

g 2ey LBG

PSNR

Hebae [
R

Aokuby 1

Equitz

e
34

PSNR |t

PSNR | %

PSNR

PSNR

LENA | 25 | 14

288

206 |1

2.9

28.8

2.3

2l

30.0

LS {10

0.2

29.4

HOUSE| 25 | 15

3L9

257

3.8

3L7

3.2

S |9

32.4

3079

4
30.6 | 4
4
]

3.3

3.2

318

7 ofare

5o 4

£ A7k

PSNR :dB

Computation times of respective

algorithms,

2% |LBG

EX

A9

Z

T )

-

1| A
i3

E23
—

H ot 1
a=0.38=2

Equitz

6253

4906

107

339

9593

10525

118

320

6697

107

352

7857

7123
879%

118

329

¥

3.

Table 3.

7t okare] g} L9247k

Ratios of respective algorithms.

Al 7k see

i
s

H
B

27]

Ay

=7

1

Aok Il
a=0.3,8=2

Equitz

LENA

256

1/21.2

1/58.44

1/18.45

512

1/30. 26

1/81.30

1/29.98

HOUSE

25

1/21. 96

1/62.59

1/19.03

512

1/27.08

1/74.54

I

CAlebE el g

LBG otza[gef 2947}

(110)

H1e 7 obsiel5el g 5149k PSNRT S
=

ebdl Aolch LBG otarelE> x7] v 55 99
2 Ak Aoy & gh4 kel 1500w Alokad

I ubs 8145 492 oA e ool b
% slrh 405 doxul Wskg yob 0. lolebe
o}z it 43lut wp¥elriely PSNRo| LBG ohels:
o] PSNR 2t} 57] wiroleh, vk 25} okw
2]l &2 27] e ue} PSNRY =b7b Asleh
wab Edlolyd wEsh glalsle gl oaiAs
PSNRe| a7} 471, LBG aelge 27

Sroll whel 81k £ PSNReo] of&
4 aprh azs grh 219 2
0.3dB o] 4} ab7b v gpAl=k,
aelFel e 3dB el 4ol Ak A4
v VAo A et wheb 3ol 27

¥ oz el 2Ewe Sl

| 2o

kN

217
Aol A
EER:

S
o
Beorl

=
e
o

L

ey

h

ay

E
o 32
- uli i

a2
o]

SO C I 14
mlnh;o
oW
o !
v T
Z W
o 0
> U M
= 7 -
- 3 K
w
C‘*:m&
R
n2
l-;“k—h
oo
al
e
de 2
;J}L-U
Zz w2
=S U=
oS
o
W o
RN

o
oo Ko

dE B

(o3

iy

W

>

© ol
rN

=
N

2ol whep wi¥-gies) depAcH e
=z Q.
=

R R

8Hg0] 0.01 o8tz "Wolxlm vk ol 0
0012 "WojAulrhz wiEZ 5= shabe] wef o2
wal A dbEEige 1/2 A5 E ARFHAE 0.1
dB A% utoll PSNRo| £ebr}z| ekevh

Equitz¥e] welo F1o4 & 4= U= =kt PSNR
o] LBG ¢relE&xct 0.5dB A Woizich Alehy
s uhEssE 4312 agAHH 2 olfe W
2547} 4351 % dolaw sk y= 0100512 2
ol A wghgo| 0.001 olshrt Hufrhx] abEsie]e}
% PSNRZ 0.2~0.3dB el SAEI 2] 953, =0, 3
A=22 sl9<S o 43t W¥-3iztE PSNRel L



F e s

BG ¢melE9 PSNR wrt ¥7] =l Folch a9} g
v 4% w7 ke] Fobde] 2 zel=z PSNR
-8

i
o
L3

tz 9 Hl-tﬁ
N7l 4 M~ 7P ﬂwﬂv}xl iolii EB=AT S

o A5t 5 i&*}ﬂ-OI seh felxd Aed
vheb ol wshgol 0.01014 0.001 ojetz Hoix|
tiebe PSNR-2 0.1dB A = dboll Fo}alx gherch

B%s‘a}% ol QA xE 0.012 LBG dngEe

L\

0

o,g]

Hig e Brbe 254

Wik 28 &% dnes 11
Szl HbE- A3} duejFog FzEr|E F
Aslel LBG daelEdrcl Aol S48 okalshr)
P e vk 28n 27 =S
FgHog AT e S SE S Aqt
Shodvh, £ =89 dxnElsS W.Equitz®] ubdy
ot PSNRe| ¥2& 23y, 7#o| ZhHsict

2 ¥ XM

{11 Y. Linde, A. Buzo, and R. M. Gray, “An
algorithm for vector quantization design,”
IEEE Trans. Comm., vol. COM-28, Jan.
1980.

[2] R.M. Gray, ‘“Vector quantization,”’ JEEE
ASSP Mag., pp. 4-28, Apr. 1984,

te 1/28 Fol%r) LBG daz]Eol osgt Equm .

bg LAl ol HE gz AT e s (3] R..O. Duda and P. E. Ha'rt, Patter.n Classific-

obs) b ol 4% SlAAZ 0012 Sriel arE ation and .S.'cenc"e Analysis. NY: Wllcy,. 1971.

s = [4] W.H. Equitz, “A new vector quantization
3;\1_»;% /2 3% dojAer Azl 4 $erh clustering algorithm,” JEEE Trans. Acoust.,

3 Alekdl w1, DolA 2=%o] 7al abg & Speech, Signal Processing, vol. ASSP-37,
*ﬂ%?&—&: aA & "dert ¢dgs rolFcth pp. 1568-1575, Oct. 1989,

[5) J. Max, “Quantizing for minimum distor-
Vi. Z = tion,” IRE Trans. Inform. Theory, vol. IT-
6, pp- 7-12, Mar. 1960.

Alebg e T ARl we LBG 2ads [6] S.}sleoyd, ‘“Least square quantization in
HAL b A Hsk ey vlzet Adael PCM,” IEEE Trans. Inform. Theory, vol. 1T-
*’A“‘*‘ﬁ ¥ mQieted, AAtee T4 484 28, pp. 129-137, Mar. 1982.
7H% 1/60 olslz zbaAl el ol Axt e Adme {71 W.K. Pratt, Digital Image Processing. NY:
5 ol g3y, HpRE B4R ded LBG ¢ Willy, 1978,
2|52t PSNRo| Wolz| 2| 9t fFollA 484
7he AT 4 oddoh wdl £ 9 7tellA oA

EEHE BN

F A BRHegn) T B R(IE®A)
19654 58 284, 1988% A& 19624F 100 9H‘E. 1985% 41¢&
sz A Apgatat £, 1988%F b A abFstat Fol. 19874
3H~8 Aeden Hagl o Agdsta eyl A alZela
Agatat dAAd Aekg, T . T Aty #H5. 1987
Aok B4l wbal shabA 2] 9l F 3 ~ddx dgdedn skl
aq 59, AR sy A F

. A, sk el ol a5 HDTV

F B W@ (E@R) #26¥% F55 81

) Agehebi

2

A2 5t 3}

a1



