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Abstract

In this paper, attempts have been made to code images employing a separating mean vector
guantizer (SMVQ). Then we analyzed the performance of the SMVQ experimentally as well as
analytically. The results of simulation with natural images are presented. But, conclusively the
performance of the SMVQ technique is not better than that of the conventional vector quantizer.
In this paper, a brief analysis in which we revealed that the performance, based on the mean square
error measure, of the SMVQ is not favorable is discussed.
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HE 1. SMCVQ 9 Aol A
SQ-+VQ (bits/vector)
Table 1. The simulation results of the SMCVQ.
SQ-+VQ (bits/vector).
IMAGE 1+8 1+9 2+8 3+7 10 VQ
LENNA 27.06 28.78 27.51 29.13 31.54
GIRL 30.17 31.52 31.04 31.25 31.50

U A W N

COUPLE | 31.17 31.96 31.58 31.68 31.50
MSAM 34.64 35.30 33.63 31.53 34.22
CRONK | 28.76 29.49 27.06 24.78 31.35
LIM 26.22 28.91 27.61 24.21 31.40

(675)




86 198874
Lenna.deb
aZl7. SMCVQ, 3+ 7 bits/vector
Fig. 7. SMCVQ, 3-+ 7 bits/vector.
Lenna.cq2
a2l8. CVQ, 10 bits/vector
Fig. 8. CVQ, 10 bits/vector.
s, shaate] ubeke ¥ Es|xjul 28] 8o vl 4]
Agael $el i Fol wEE BAY 4 Utk
V. SMVQe Ms B4

NAaold SMVQ 9 Al FaloldS B34 2 A%
€ BAAE Felshx ¢a okatgels Adul
*.*M sl kel SMVQ7E 1 A el 9
Jul VQ X.of £ ¢od & AolAE Ad a9} o

Aol £45 Bl SMVQ 9 A5E TAste] M
o},

SMVQ 9| Al Fdo|de
3

ol HAL 9

%"-rk“ m°

of o

A o4l 4 45131 7]
A AL, G WE EAre

57k

60 EFILBEHRGE

(676)

F2E ¥ 6 5%

AAtsof sledl A1) A+, DCT7} orthogo-
Halolmz DCTH 72]2 2 (distance pre-
serving) &4 oll 98l DCT o ol A} F7ked ool 41}
25 A A wldh DCT & AH-&3}ed
Al4)o JAE Uk zhA sk Al5)et
6ol A VQol ottt o4 E LolstA T

nal

a8
EAZ 4

7k et

M of A AlEE DCTE Agste] AaAS+E 0
22 wtEdcki FhA sl 5] CVQ ol #5Fi 9
Hat o=z 9 243k 72 DCT A4 B4kl 76
shal gatell wllshe AlB)e BAAS AS + 9
o},

du=Ki (k) N-¥%g}

a=na|”" (8)

=1

SMVQ oAM= *&ﬂ Hat x| od kel wE oFx}7]
£ A &35 8ol 4 DCT Al45e =7
el jal i’—i% 7}xl+ A2 8ol epE a4t
F22 AT o) 9len] oju) FHE Z No of
A K(k) o 48 24k 49z Fxsc, 3
Z29 A8 2 499 x5 AL vleh g e

Ko (k)= (k/ {7 (1+k/2)} ) X T** (14+k/2)
X ({k/ (k+2)} x 1—2/Kk+2)1**)7F (9)

a8l g H 3ol Ald et A8 (8), Al(9)2] o]
£ 21 AE A8k a#l gl 5 d
E ANl 45 F gholch olsh ol we ok}
shataat she A5 WE FAE A slw 2w

47 gt 23108 Ae)
akel 1ol Wejel 4

= W el 4t EAgsE
o3} o %37} ol W el 24} of
9ol 4 1695 VQ
sleh, o)
el 1311 Alosh
Az s £ golct,

ol
= He
M

A
U

(10)

|

SMVQ7t 2 45e doeiwd HTAE w3
Gapel Hatol Ak VQ ol ¥atuch A Fols
olof &ch. ejr} 23119 ellol A& % TAM )

7b 2t Ffol A glel UASA 1.24 A5 el b
x]m] olul VQ oll A 10 bits/vector 2} A4 “3‘% et



HiA gl Wy dAsE

320
3004
280

240
2204
200
180
1604
1404
1204
100-

604
404
20

J%9. it fFAe WE e 4
0 2R ol &3
Fig. 9. Average distortions and vector variances.
[l experimental value ---theoretic value.
1.2
4 1.1
1+
0.9+
0.8
0.74
0.6
0.5 BIT RATE R
0.4 lbpp
0.3 )
0.1 4bpp 4
(15 2 o s o e o s o e e e
1234567 8910111213141516
k
a0, 24 WE ASAsL wEe] 4
Fig.10. Asymptotic average distortions and vector

dimensions.

MFL-e wol 2 AFAE 7] Al SMCVQ

2ol Al(8), 29 'rﬂ 2F 9.8 bits/vector
ol H4E5S s Folok grh, F Ul CVQ A0
bits/vector & A 5% SMCVQalA& SQol 485
+ 3 bits/vector 7tz E¥3lod 12,8 bits/vector 2}
AgFo|l oot et olg{dt Ay W kAt
57 flal ¥ =E W E o HFAR A

o] 88t 34 o] 4F H4 87

2
Osuva

304
204

o

t+—r—T—TTr-T T T T T T

0 20 40 60 80 100 1&0
IR el EabA sbabe Fabe] A
Fig. 11,

Vector variances and edge variances.

shelAl Sl 28lel ariel Aol Wi e
st Qlel wdl oleld BAS Nakel AjFaolA
Wik 4ol 2o
oldl VQ 2| distortion-rate @42 A1) k7t
7} =l Shannon & #HA A 7F "o H
4 yol efarals, A Kk &= k7b Z7tdtel w
]

2} A sl 5o, Shannon/\ FH A& o Fajof FE
kAl 5= AE k=1,% SQ 7ol &3

7b #W7} slee SQF or}vil Abgete s whAlal
SMVQe AR ol&H FwHo4 aldk VQel 1w
4] A xo) Wo Al b, w3 SMVQollA] <kxl3}
stk she qla Wy shifol] s SQ ok VQ 2t

Fola opabst sl AL Ak VQoll FEA (re-

dundancy) ©] %7l5le Zelmz £& A¥E A&
71 it

wil 3o Aol dariel A4S B
AS s 2w, WA source Aol HEl e-strongly
robust oz AN Ao s cunen

r(Co =R

oulCi) <8,(R) +¢ for all g€ A 1y

of Aol R& A AL Eol9 p,(C,) + source
poll, WE e} A4 kel =S Ceoll HiE 7
27} "ok o] Z1E5e) Ael= (17), (19],
(21) & #z3t7) wigtet, 221e(17) 9 Theoreml.
Zdoll A Al(Qle| 9kEs] 7] 23} super codebook®! :

L
C=U (Cu)"

J=1

(677)



88 1988% 6H & fT.BEHGE
2 4129 AAAE wbE A7 of g} 1n
(kN)~' log L<R (12)

A(129)el 4 compact source A9] finite subcovering
set?] A4 L2 AF o o#hA MEe won
HAEgol oA ztolzlo}l 5t} = A
FEol ol 2tlo] B

71 A=

A9 BAE
QoA wlEe] A
ZaelAdell m| A= o
L agrg Fddg oA
o glelAl SMVQ2l vQ
Adub VvQ B} stolx] A sj=
s SMVQ e =i Flojie v

A
ES
1=]
£ SR
(o]
'E\}'—

=]

7t A A2
gko] 7 =] A
£E9 SMV
of FetslE A
2 ol vQol
olx| Al ),

V. 2 =

'

o} vimstgdch =A SMVQ
< 53 nAsgor,
Algalol e E3 HES
SMVQ = HFAE +¥

=
Sl A

ol

=)
iy
)

PO

i

of

o ok
Bl ox off
fols

e flo

of 2 g2 ol H Hr 2 ok 3g &
ok
Jo
o
o2
L3
jn
A
¥
e

38
2
R

—

NEFxE &A 3517 Y&l (Al) ¢ weighted quadratic

norm-& AL o] kAp4-o] wle] Fzlrje] AR
24 dFA = (A2) 2 FolAch
IIxlI*=x"B x (Al)
di=1{k/(k+2)} X {N Vi} % E{S*™(x)}
Vi={det B} 72 x [2I"*(1/2)/ tk I'(k/2}} (A2)
o] Aol S(x) = WHE #e|e BIolz V, &
(AD o) g =ry 79 AAold ()&= Ful &

Zof s

P=E{x x"} ollA] P+ positive definite dedo]m g
Q Q"=E{x x" &

=

g ulZ:4]7]+ nonsingular

(678)

B2 B 6

ya Q 7} EA)sh
[I=E{Q'x x" Q"' =Efy y"t olld y=Q x
9 FAboll At Al 09l Az} gk =

33 2ol

e e

Pyt

5 AME-&oh e 3 (non-weighting)

IxI*=x" x=y" Q" Q y=y"Py<} ¥ei7} e},
RE

O

I x?=x" x

A
pas

aEe (A2) oA HE HEAE,
4 P+ P=B ol2=2 (A3) 7} Ay

£

+

Ku (k) N7#7* {det P}'7* (A3)

A1 (A3) ol 4] ZAbH oz wig]e] HFH okzs} sl
A3t 2o Helz debd 47t olek

A
areo
e

[ =]
e

SMVQ 2] #9344 DCT 3 Alg59 £%5 (A4)
2 7Mysla, o3 #eo BEE (A5) 2 s5bwd,

2

=

2

k

Px) =1 ((1/2) expi—smilxili) (A4)

S (x) :‘;Zl[(r @i /2) expi—7 i Ix1}) {AB)
9} Fo] sd o714 ¢ wdE Agrol)

2e)a Al (A2) ol 4

E{S7*™ (x)}={r?/(1—27/k)} X2 &*

o|ui, 3l Alof 4

w=2/0, 5’:[;:710.'/“] (AB)
otk Al (AB) o Ha& AL r=k/(k+2) Uuf Falx)
o] olue] HE WA (A2) = Al8), A9)7} Hc},

2 £ X M

[1] R.M. Gray, “Vector quantization,” IEEEF
ASSP Mag.,vol. 1, pp. 4-29, April 1984,

Y. Yamada, S. Tazaki and R.M. Gray,
“Asymptotic performance of block quantiz-
ation with difference distortion measure,”
IEEE Trans. Inform. Theory, vol. IT-26,
pp. 6-14, Jan. 1980.

N.S. Jayant and P. Noll, Digital Coding of
Waveforms, Englewood Cliffs, NJ: Prentice-
Hall, 1984.

R.J. Clarke, Transform Coding of Images,
NJ: Academic Press, 1985.

S.U. Lee and D.S. Kim, “Image vector

(2]

[3]

[4]

[5]



61

[71

[9

—

[10]

[11]

[12]

[13]

[14]

HFA el W odArNE ol g

quantization based on a classification in the
DCT domain,” IEEE TENCON-87, vol. 2,
pp. 413-417, Aug. 1987.

W.K. Pratt, Digital Image Processing, New
York, John Wiley and Sons, 1978.

H.C. Tseug dnd T.R. Fisher, “Transform and
hybrid transform/DPCM coding of images
using pyramid vector quantizations,” IEEE
Trans. Commun., vol. COM35, pp. 79-86,
Jan. 1987.

A.P. Prudnikov, Y.A. Brychkov, and O.I
Marichev, Integrals and Series, vol. 1,
Translated by N.M. Queen, Gordon and
Breach Science Publishers, 1986.

A. Gersho, “Asymptotically optimum block
quantization,” IEEE Trans. Inform, Theory,
vol. IT-25, pp. 373-380, July 1979.

P.L. Zador, “Asymptotic quantization error
of continuous signals and the quantization
dimension,” IEEE Trans. Inform. Theory,
vol. IT-28, pp. 139-149, Mar. 1982.

AEA, ol4%, "HTA Yl PAlE
ol fq I A ¥4, A WA F

@3] sl ol
600-603, 1987. 11.

AEA, HE e oA E ol 8d 44 o
olebel Zh% AlAbstelEd, Agoistam Ao
AZFsts, 1. 1988.

B. Ramamurthi and A. Gersho, “Classified
vector quantization of images,” IEEE
Trans. Commun., vol. COM-34, pp. 1105-
1115, Nov. 1986.

Y. Linde, A. Buzo, and R.M. Gray, “An

vol. 10, no. 1, pp.

pi8

[15)

(16]

[17]

(18]

(191

[20]

{21]

(221

(23]

&} ol Al

(<]

L

[s)

s [e]
sele) A% A

89

M

<]

algorithm for vector quantizer design,”
IEEE Trans. Commun., vol. COM-28, pp.
84-95, Jan. 1980.

N. Ahmed, T. Natrajan, and K.R. Rao,
“Discrete cosine transform,” IEEE Trans.
Comput., vol. C-23, pp. 90-93, Jan. 1974,
R.L. Baker and R.M. Gray, “Differential
vector quantization of achromatic imagery,”
Proceedings of the International Picture
Coding Symposium, Mar, 1983,

D.L. Neuhoff and R. Garcia-Munoz,
“Robust source coding of weakly compact
classes,” IEEE Trans. Inform. Theory, vol.
IT-33, pp. 522-530, July 1987.

H.M. Leung and S. Cambanis, “On the rate
distorition functions of spherically invariant
vectors and sequences,” IEEE Trans. Inform.
Theory, vol, IT-24, pp. 367-373, May 1978.
D.L. Neuhoff and P.C. Shields, “Fixed-rate
universal codes for Markov sources,” [EEF
Trans. Inform. Tehory, vol. IT-24, pp. 360-
367, May 1978.

J. Wolfowitz, Coding Theorems of Infor-
mation Theory, 3rd ed. Berlin: Springer-
Verlag, 1978.

D.L. Neuhoff, R.M. Gray, and L.D. Davis-
son, ‘“Fixed rate universal block source
coding with a fidelity criterion,” JEEFE trans.
Inform. Theory, vol. IT-21, pp. 511-523,
Sept. 1975.

R.B. Ash, Real Analysis and Probability,
New York: Academic, 1972.

R.W. Hamming, Coding and Information
Theory, NJ: Prentice-Hall, 1986.

(679)



