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(The design method for a vector codebook using a variable

weight and employing an improved splitting method)
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Abstract

While the conventional K-means algorithms use a fixed weight to design a vector codebook for
all learning iterations, the proposed method employs a variable weight for learning iterations. The
weight value of two or more beyond a convergent region is applied to obtain new codevectors at
the initial learning iteration. The number of learning iteration applying a variable weight must be
decreased for higher weight value at the initial learning iteration to design a better codebook. To
enhance the splitting method that is used to generate an initial codebook, we propose a new method,
which reduces the error between a representative vector and the member of training vectors. The
method is that the representative vector with maximum squared error is rejected, but the vector

with minimum error is splitting, and then we can obtain the better initial codevectors.
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Fig. 1. Block diagram of the proposed initial
codebook design method.

a7 2 7189] wARE ) AREE ubel 9
3 27 ¥3AE T AN Eepubgel] g
27 A9 MSE(mean square error)d vepdck
agegNe o & ghRe] riEel wErt Atd
uhtlo] 7t shgulgolla] Hr} e MSEE vehfj=g
el 9% 2] H3AE Z1dE 5 ok 23 2a)
o} o 2bis A7 B =Rl AR Lena o
Peppers 34l gt Ald Adjolw MSEx o+t
Zho] Ael¥icth

1 N M
N_Z Z dmin(xﬂy/‘),

Jj=1 =1
i=1,2,

MSE =
for

M and j=1,2,--- N (1)

A7 M(= mx m)-2 TFHE|] polu, N2 &
A2 E]O]D}' —?‘i‘ﬂhﬂ yl-7]— EH_?}_B_‘]E-]C{l -g-aﬂ_/_\_ S,
ol = e x99 T.ekshd

o

A~
A

e



104

N
M=>T
Z 7} Ese), Do (X0Y,) = 22 ol ofe)
2
w2 v Ao v o maq e o

gk, oldf x,= Sl Sk

4.8
—o— DAEZE 2
4.4 —Oo— HigtE 2wy
S 4.0 \
8
g
(2]
= 3.6
3.2
28 1 — ; . . . . . .
1 2 3 4 5 6 7 8
st
(a)
4.8
444
> 4.0 1
b=
g
N
S 36
3.2
28 1— . . . . . . .
1 2 3 4 5 6 7 8
stauma
(b)
8| 2. ggutEe] oigt MSE(og) (a) Lena %34t (b)
Peppers <3 AF
Fig. 2. MSE(og) versus learning iteration (a) Lena

image (b) Peppers image.

2. Algrs K-means 418]&

K-means <we]&olx AgdA] o]%x4L x.7}
Sl &se 955 Jehlle 253 (membership

function) ™ (X>¥,) 2 ma=w, ket o] Moy
% 9Jck

1, withd_._(x

min

1Y ;) for x, and
mf(x,.y,) = { Yo

0, otherwise

Fdx 50 FAHE m; & ot e FARA

AR el st spdAd SRS AR e R dA

fachype!
93] o8 4= glrk
Z mf(xf’Y_,-)'xi
m, = &)
2 m(x;,¥,)
7189 K-means 4HHE

% /51] (3)3—.% @oiz}l\_f S;"o’]
2 ZAAgc Fagd [plellA Alskd

g ¥, o M o)

Azs wsdy ¥,
n+l
FAg] M,

2% K-means &8

B X T =
g T

e agse Ay =) Y
8 e 9ixe) HeE A2e zoHEs AAN:
Pho2A 712 e

S 2,

web S $IAS A 4 ok oA S
WHela] A Aze dseE V)8 Ay
m-”+1

R 2aeE] Y, e shgubEe] sa
Byl VA o(w) 2] IAAE dgwt el o
ehd 4= gl o] el gt v 27 3 Foizich

J

n4.

Y,

1 - yjn + 6(n)(nljwrl

-y, (4)

Aze w3dE, AR adE), S, o
23 7HEA 7o 84

Fig. 3. The relationship between a new codevector,
a present codevector, a central vector, and a
weight.

gl 3.

71&9] K-means GaelEst i3l [5ldx At
% 4% K-means L1215 A @l o3k 75
A w7t 72 10, 1824 BE kgl o
FAEE 0 < o <10 ¢ A= (=10 & 4
of vla yamele] = £HAFAE HAHLT, 10 <
dm) < 20 Q Afe wE $¥A3%E 7R &
3 am=20 <l A$E ST ke AA e
3ael7) 1215k Rt 2 = EeldE a9 4



0024 TR EFTRAWXE $£ 398 SPR £ 4%

ol Foial At ol AFA Kn)E TkEel o
iAo WA, ot Alke) 2L AR
Kmel E3} Ueeikdo] wat ther] R,

7] kel |m -, g PR Sk
o 23wl A anel B3k me, sty

of prz 2as (MY Homee
A & mw 2o} o] b B zAAFIHRE 2
718) Holo| Iyt G Aol itk WA A7)
s 27] bl Z1EA oS YA
Holrt 20~40 ol g& & o 2o} 5% 33
A AAY & de Aoz JHtY ol An
B 27] SubEeld ARe PIMES Sl
A BeIEE slo] Fpdoz nr} A Pow
ST e Bl AoE B 5 Q) 19 4e)
ZolAl §(m)e THEF} 2FE Ao RHE 4 9Jrk

u-n+a,for0<n$c
Bm=q ®)
b , Jorc<n<d
8(n)
'
a
2.0+
b 7
i
[_’ n
0 c d

38 4. A 7hE oA =Y
Fig. 4. Model of a proposed variable weight.

7|4 £ =Rl ARSRE 7 e 3 2=20
~40, b=10 32 18 d=20 °|tk

319

3184

31.7 A

PSNR(dB)

31.6 4

31.5 1

314

10 12 14 16 18 20
LECIE S

(a)

8

105
315477
m] w
—_— W
g
4 313
| M
10 12 14 16 18 20
FIPSTE PN
b
a8 5. d<pubEo] oidt PSNR(dB) (a) Lena %34t

(b) Peppers G4t

—@— 7|& HAEY W, R E gty
o ohsl s=102 A

—O— 7|& A Y, BE
of &l 6=18% A

— VW AkE oA 8 Wy, BE 4
o s =102 1A

—V— A wAEE g, BE gt
Bl 3 4=182 24

PSNR(dB) versus leaming iteration (a) Lena

image (b) Peppers image

—@— The conventional splitting method,

7

LA

gl

Fig. b.

fixed 6=10 for all leamning
iterations

—O— The conventional splitting method,
fixed =18 for all learning
iterations

~—W%— The proposed splitting method,
fixed 6=10 for all learning
iterations

—N— The proposed splitting method,
fixed =18 for all learning
iterations

m. a8 % 1

B oA AMEE AJ3dE 512x512 SkAx(pixel)
9} 256 zz#lo)e ¥ (gray level)2] Lena ¢} Peppers &
W cdatolet Sl 4x4 BRAE FAIEN, 23
9] =@zl 2560|th. K-means 472lZ&g H4% o
b 2 BE A 2032 A A
" ¥3AS AMgste] AAdE odake] s Axe
olgoll F{z]+= PSNR(peak signal to noise ratio)-&
AHg-3le] FrHEc




106 A A RS s PAARl RS SR WY s A Uy e

PS/VR=2010g1O 255 (b)

1 m m B
=2 2, -8

=1 j=1

3714l m 512 o], £, gy A7 AT B
1 opaye] ;s 33} joRs) o] Haglolck

23] 5= 712 vlAast abge) Aeksl Hbgel ofs)
Qolyl 2] HIAL AHEale] BE SRl T
B aw=10 S om-18% Aeshs B¢ AAR
nge) %S wlaskdr 23 264 o
AorE wlAEE wel ofs) el 2] wEA
AR EHN 8(n)=1.0% (m)=1.8 2Tl 3l o
3 R3S AAE 5 9ee I 5 Uk

28 6ol (a)~(d)e Lena Aol diall, (e)—(h)&=
Peppers 3Atell dis 20MA) skptlield oojx)
2Ae] g PSNRE 77t ehdch 7 el
@, (), (@, (D= 7| wlAEG whie] o8 deoixl
7] 23AL Aol BE HHEN 27 o)
=102 8(n)=18 & 37HH 71&9 K-means 43e|&
2 am7h A G o8] Skl wmrl P
Ak K-means 72128 Hgal] 73 2349
A5g vehdnk ©, @), @, e Ak olHng
el ol ol &r] HEAL Abaats, Solaiel
7ro] 7]2¢] K-means dxzzlE&3 Agkd K-means
selEe desle] o I 5e vehih Lo
Aoz AR vIARE ael o5 A4E 27 Cessrs c P
23S AMgate] ARl K means YzeZe2 A
AR RzAe) A5o] 1Y S4g AL 2 % ok
79 7& 213 6e2ye Hu PSNRo] oAlE a}
cE TR Azolt agoR¥EH & & UKol o7t
ZrVgag Hd PSNRE 7] sl o= g2
olokgich, oL 27| Spaliold] a7} TA| Foix)
d B A ABe e} seldede Hol
Ve 7390 shpniae Zolol ¥ SRtk A
nAEE welde AEeArl Hud HEdMHS
AL Hael HEAMEE vl BRG] 2]
2auez gie uo 999 dEdEe g 5
o3, Ao 7|E vl wdale] Aeuc
2 SglElel gEelzte] oA} ZolEct a1 ,
7oA ok 4 9] AlokE AR Wbl o7 & fxed 5=1.0 e g
7l RS Agsle A%, 718 wART uel] o
& 2] RAL ALgsHe Feur) Foiz1 ol el

PSNR(dB, 20th)

—_

o

fixed 5=1.0 4 2

PSNR(dB, 20th)

PSNR(dB, 20th)

(©)

(466)



002F TH BTISRRIGE #£39% SPE $ 4% 107

PSNR(@B, 20th)

20
25

PSNR(dB, 20th)

30 a

35

TS
fixed 5=1.8

PSNR(dB, 20th)
PSNR(dB, 20th)

2.0
25

30 a

3.5

18 14 :
modssts 0 8 6 2 0
[4
(h)
(e) 28] 6. ¥34e] A5 vl (a)~(d) Lena I ()~
(h) Peppers %4}
@), (& 71& vAR wy,
=1.0
(b), () 71& PlAEE v, n) colld 8(n)=1.8
(©, (g AL wARFE w2 colA

nycolld 8(m)

&n)=1.0
- @, () Akd vAEZ W pcolA
& 8(m)=18
‘:%; Fig. 6. The performance comparison of codebooks
zzi (a)~(d) Lena image (e)~(h) Peppers image
o (a), (¢) The conventional splitting method,
((n)=10 for #>c
(b), (f) The conventional splitting method,
8(n)=18 for n>c
6 | (c), (g) The proposed splitting method, &(n)
fixed 5=1.8 4 2 -
c =10 for »>c
"

{(d), (h) The proposed splitting method, &)
=1.8 for »n)>c

(467)



108 Adg elAEE s spE Al FEA S ARER e Fa A dA why

F 31.95

I 31.90

I 31.85

31.80

(1102 'GP)ENSd Wnwxew

L 31.75

} 31.60

I 31.55

+ 31.50

31.45

F 31.40

(50Z ‘GP)YNSd Wnusxew

f 31.35

31.30

(b)

a8 7. 2% 62 2%E FHd PSNR 9 o9 ¢ (a)
Lena <34} (b) Peppers %34
—@— -—-@--- JE
nycllA &n)=1.0
—O0— ---0O---7|&
nycollA 8(m)=1.8
—W— W AokE wa e by,
nycllA s(n)=10
—NF— V- Aok mlAl R wby
nycllA s(n)=18

Fig. 7. a and ¢ in maximum PSNR from Fig6 (a)
Lena image (b} Peppers image
—@— ---@--- The conventional spl-
itting method, 8(#)=1.0 for »>c¢
—QO— ----O--- The conventional sph-
tting method, &(»)=18 for n>c¢
—W%— ----¥--- The proposed splitting
method, &(»)=1.0 for »>c
—NF— --=-\/--- The proposed splitting
method, &(»)=1.8 for #>c

PR W,

TAEY

’

o) PSNRE 247] 918 o°] WsP} o el
1AL AR PIART el wet St e
HE Y 4 o] o] 2] deiEeld o9 A
$y217h golde Sjela

e

V.28 8

K-means €318]%& x7] #3529 93g 24 @
© HAdE E7in duelEe) 9wl 7
2yFoe AEE 34 AA welrt 7]1&e]
& 27] FIA A W FolAd el e
Aol Brke A& Al o] deshiAx 7}
Z o 2] REAL AdAzke e deiA 9
o & sielde 2] A YA daelFes o
A Zese] el 248 RE e 71
A eAg vl dEHeE dAske $E v
AR S Ak, F34 AL 9 BE
TR 71827 3= 7189 Komeans 43
2152 MAdsled spibEel dis JhHEE slEAE
Ze 8% Kmeans d3e]E&& ARich 49 4
H2HE 2 =EolA Add We] 7iE wEd
o FIAL AAY 5 UsE ¢ 5 itk

)

d#ngd

[1] YlLinde, ABuzo, and RMGray, “An algorithm
for vector quantizer design” IEEE Trans
Commun, Vol. COM-28, pp. 84~9%, January
1980.

[2] WHEquitzz, “A new vector quantization
clustering  algorithm,” [EEE  Trans.Acoust.
Speech and Signal Proc., Vol. 7, pp. 1568~
1575, October 1989.

[3] LKatsavounidis, C.C. Jay Kuo, and ZZhang, “A
new initialization technique for generalized
Lloyd iteration,” IEEE Signdl Processing
Letters, Vol. 1, pp. 144~146, October 1994,

[4] HAMonawer, “Image vector quantization using
a modified LBG algorithm with approximated
centroids,” Electronics Letters, Vol. 31, pp. 174
~175, February 1996.

[5] DLee, SBaek, and KSung, “Modified K-means
algorithm for vector quantizer design,” IEEE
Signal Processing Letters, Vol. 4, pp. 2~4,
January 1997.



(6]

20024 7H BTISEWLH

SBaek, BJeon, Dlee and KSung, “Fast
clustering algorithm for vector quantization,”
Electronics Letters, Vol. 34, pp. 151~152,
Jamary 1998,

PVeprek and ABBradley, “An improved
algorithm for vector quantizer design,” IEEE

Sigrnal Processing Letters, Vol. 7, pp. 200~252,

TSI ]|

$39% SPlE £ 4% 109

September 2000.

[8] MRAnderberg, Cluster amalysis for appli-
ations, Academic, New York, 1973.

ulas], 2AE, ‘2] A FEdgE Wl
ot 7REA|oll 2g K-means ¢S =5
§Feps] FASREEOS] =y, A0, A2As)
3, 143~146%, 20014 11¥

[91]

& E(ERR)

1084 29 spedistE Aabgst
| FHED. 1986 24 - Fedista
ik HAREEEHAAD. 19909 2
- Fost el HAgEts
(2hAh. 1980 39 ~ @A A
Etw A7) - Ak

B A
R

<G gok: ML, A, HH, MEMS>

(469)



