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Abstract

This paper presents a new classified vector quantization (VQ) technique using a neural
network model in the transform domain. Prior to designing a codebook, the proposed approach
extracts class features from a set of images using self-organizing feature map (SOFM) that
has the pattern recognition characteristics and the same as VQ objective. Since we extract the
class features from the training images unlike previous approaches, the reconstructed image
quality is improved. Moreover, exploiting the adaptivity of the neural network model makes
our approach be easily applied to designing a new vector quantizer when the processed image
characteristics are changed. After the generalized BFOS algorithm allocates the given bits to
each class, codebooks of each class are also generated using SOFM for the maximal
reconstructed image quality. In experimental results using monochromatic images, we obtained
a good visual quality in the reconstructed image. Also, PSNR is comparable to that of other
classified VQ technique and is higher than that of JPEG baseline system.
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Fig. 1. Block diagram of the proposed
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Fig. 2. The SOFM model for the class
feature extraction.

it % 32 % BH % 3% 59

SOFM 22 Filx BEAL FZ3] ¢35} ”W
512 x 512 9 345 A 8] ARk s
X 8 @7|e} FegAo R vlrrt o] FEF e 2 z}%
DCT & sy 8o Hi r)E vehis de
Aol 388 BA4-E el 63 719 ac Al
AR}, B ey F-Ee Bl Wed Fejal)
EAS 2Eslr] 98] SOFM 2] glHoZ g¢ A
5 AMgste &8 pue) 4= 2 9 gl 8. 16,
32, 64, 128 7ol didled SOFM & 5o}, 2=
2 BA % SOFM o +x2F 1% 2 o gl
o}, o] SOFM & shedlrlell kA A|gk wbe =4
al7] 93 deieleld Ayl 9] 4 2 k=
Feol] wfsled 271 o158 3 4 & 0.01, 0.05, 0.1,
0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.5, 0.7, 0.9 &
glod @rar F Zh 2 wv Pellx] g Flell oisled
Al (1) & vk &7) o153)e] 0.05~0.15 At
olal w Al (1) o] thE Y wimc) =it} niew
2 Algl uptelldz o] odde) ghellA] 2] oS53 g
22 0.1 & Aldsld e, A8l ofEE A (2)
o) viehdisicl.

2(t) = 0.lexp(—#10") (2)

oizlellA 100 > AEFolH. ¢ v HHE ]9 (ites
ration number) & vjehdch rb’/];L %aﬂé L*J
F28 9% SOFM 2 neighborhood += 4 (3)
ARt

NE,(t) = Texp(—#(5x10%)) (3)

od7)oll4] 1 = %Z7] neighborhood &) 4] At
ubdol 4y 8 e 429 oF 0/3 2 dglon] 5x
107 2 A5 viepdc)

LD
Srsees

a2l 3. 93 neighborhood
Fig. 3. A circular neighborhood.

NE»((I)
NE(tp)

g4 update He 9 k9 4«? NE,(t) 2] 7}
2 2AE Apgteln, ] kuE V|FEoR ofFe]
e Fo) st gloh e XH! wid®l &9
Y rol| i el EqE AlEAe) gle]E7} update



60

2 oo P AR ke EFgAde] EAlstnz a3
3 o vepd 73t 3E2 438 neighborhood & AH&-
&igdrh. =3k neighborhood WellA] o]$- o) Abgk
BAE T3t AW fo]E2] update HiE e
el =olA Zle]el] usleE st

P e R3] BXE FEYE Follx] BAo]

ok HEYS ofy] sHe) Felam BEI} F 2t 29
./_\_ta_‘}:x_ H]__ Q‘o—% %\?46’}-0:1 ;{dj“ jﬁi. 9"_:._“3,6] o]

AP £E she Zlojth IR R E =Rdlis oy
Folla 5o HFt sy da9E edl2 dA 3 9
o]%s}oq Fell o5 A=l AA g3
& 2] (4) ol Yepic)

hruie)
1=

(Dt ug)

M
Dy = 2 PD; (4)

A7]ellx M 2 e FF vebda, P
B Feljzol] $-8e] %3 shgolth 1Ela p,
A Zel A2 ] A4 @A ok o] @
2 olastyd :=E-2 A MASHR Giw W
FRpEHA] HEPSHs S A EE 4 glomz A}
£ ouE] oo A%S W 5 ook e HE
oM AAHoR A= 1.0 s (bit per
pixel) o]ate] wIEgolA HA 3-8 v} AY
ik 2 X8| kot A gk AR gl

Ll

D

e o~

i

[e]
=

7 oz ol dstel AA AR HHE A4t
1S 2 s W el sk, I B <
HElFER 7 el W WEE Uil
wWE] B3 yho g DOT AlG-Eo] iid  Lapla-
cian Zu22 3! 23 7FE o .r_z-] e o8 &

77h e 7lsh o Eatell Hlaﬂﬁk—. 548 ol8%
o] e aiEg o) whye diFe ZAlE)

Hsled HE 7]} Ha Eibo) 40}115-1 HE]E ¥-
sl Agh i olX= ol 8 Z122E 4 uHS
AHEERon ol TR Aeld] AMAlEA 7Rt
Ty FEE HEPHE T4z nlEfex] 7t Fea
o) wiegjyd 2 onlskel BFOS %ﬁal“m < o)4s)
o} v]E g iy} of Fefj o) F
oiz] BlEoA o=t 71371"5’ 7-1]*&3}"4 o] AHAle
718717} 2R Fellsell disle] Foix] wlEE 7haA
7l Ao Fed =78 AR whgeltt At
el T2 ARgshe HlESQ 1.0 sy )31l
7} Sl o] tisled HIE g g F o] AE
1%-6}04 A G A Axrsladtt 28 4 o=

ozl H]EgollA 74]4‘& A Hg fFomre zt
Fd2 ol thEle] 8 A FeAY AA| Yo &Ee

2% Self-Organizing Feature Map& AH88 98 oo e WE g3

(463)

FEE S

ZIEoR At AA g AL

& vhehisich.

11
1.0
0.9
0.8}
0.7
0.6
0.5
0.4
0.3
0.2

Normalized
total average
distortion

20 40 60 80 100 120
No. of classes
O3 4. 870 g2 Hg oz Ayt
A i
Fig. 4. A total average distortion norma-
lized by 8-class average distor-

tion.

¥ 4 ol ih nRet glo] Felx 4t geivd &
g Feag TEIY) A £HMIE ez
7¥sAlvk @7321_& BHASo] By BE) A

AaHA o] R A HF o] %}i%}aiu}. a
2y 64 o] Flreds Fla 4B vl e
Fo17l Bl Egolld Al g fFo] e3|e] I8l
v Fadhe Hrt 2R8I} ol FHlA 5 F14

h

A FEHE vl ol ERIhe Zie wE ool A
T el Efol HA o AL dvisteg gk W
Helxl= 64 79 Felix 78 AMgsled 25 Wy o
AP1E AR 64 7Re] Flsel] sl Felx 5
4 2 SOFM & #ad F A3 A2 gl

=

=1

PRI 18 Ne) 3ol dsted $RR A% WA
Y o) o 30 % B A B} S &

Ak, o] Felli A Fulsol adich ol
Hls) A Sl Ao & 5410 2 e
= Feagolnt
m. 2=E A
1. e} B

duboR 8 X 8 EHL shie) W oA E
Fealrlell qJz wlE xkle] vF =} gejme
DCT %#&83& =& a4de] 7o) wes o] of
21348 Fash= 4% (product code) W2 2
ARt 7] He] B3 upY Fellx] 5839 9
Her 4 HATH g s 7lxe @ "’o“"d"l
ek o) whHow BahEl wlej xFa} B ool
2} 3l o) Aes o] x3helu 9louE o
e b 9dab (high-detailed image) o) &



19954 3R #EFLBEHLE

22kl 8 x 8 DCT Bl theled o8] dAES
I APHer & AAE Hql WE FEE o
2 5 ()" o Yehdigict.

a3 b.

R
Fig. 5. Vector partition.

e} B dE oiElelMs RaEe] A OE
E52 Q3le] o] wE 3 whe& 2E Felzd F
AslAl A5t wlagHolr) 2e{ug AQk ubid
Mz Feias) BAel uje} M2 & wg] 23he 3]
7] 913k 18 5 (a) B 2] AR il oL Fo)
2 AF Aoz W Fge £AHP0) AH, deE
Alole} xHelg wiszslA| slr] f15le] HEH el 3
ko g A u fx) #fu do] 7l W 1%
2] Wzl o]Rsh= 8 ) AlSe] wE] ago=ql A
PR} B, FRES o] M 713 YT 4t
o] A& vl e JRIES i} F wE 715
o Ak BE #iap) ol g o)glA =i
HE A vt wlEs) ggsng 7 Feao
W] ofz}7|7le] ¥-53} E—XJEJ} Hl safAlc}. o] Ak
Z2-& o] 43 Ay &g
wglon o] daelEs 01%%}04 zt gl 2] BXdel
el sy B8 2] St 64 FEicel iy #
& Aol dRE 128 5 (b),(c).(d) o Jehigle
], e WEE /e AEEE shie] wER ofx}
el 18] 0.3~0.9 o ol diste] RE FWA
29 5 () 2 23l A (4) § AR ¥ olF
\Ees A vy vagk As H3 2.1 % AS
A PG o] zhastsicl

2. vE ¥g3} I=5 dA

25l HE] Bgo] Ty £ HTH d3s §
217 2 o)gale] Folzl w|ER A P sfTo]

Aol g 2t Fehzel dhate] W= Fre STt

% 32 % B # 3%

(464)

61

¥ =FoAe 8 X 8 DCT Bl ac Alge2 ¥
g8 e 54 424 958 I9E e, o
HHEhE BFOS el ol 43t ulE wde sl
. Zeln HE WS bl do AdE A

Skt 8 M= 3 PAsHE Sedeiaict! S
2E ool disjel 7t APl Babg Ak
E Felisell dajed We] $3E 29 5 (a) 2 27030

HEe] )5} HdF Akl 15 943 A4 esd:
foreach (3F22~) {
do {
move = 0: /* g 2Fe] w3} 34t/
foreach(DC 4& A3k §x8 &= ) {
foreach(DC #§& #<]3k 8x8 £ ) {
o]l el LE 5ol
Al oo el 1F b e 158
B A=
Helge] A=) 7|8} b B4 7)o
foreach(F x5, k) {
) 9} oo AN ¥R we] g ¥3h
wie50] 284, 7131 o B4 update:

q’_

We] slsh o Bk 155 SHAE AL
mesd(k}:

WelSe] 21, 718l i $4RS dd gesE
=&k

}
#2: mgsd(k) H HE] 15 71
if(gsd > mes(k)) {
a3 ool we 158 7]
o= %3k
move+ -+,
gsd = mgsd(k];
wle] 718} G 24t AL
}
else
Az Pt o) v} 1§
}
)
twhile(move! =0):

}

19€ oe] 2§

Al

a8 6. WE B dweEE
Fig. 6. Vector partition algorithm.

BE 055 by A W Fone) WES, W= UG
As) e E 1o dehisish sl Fes 2
2 0 mrh el Sk & 8% S4E vehis
Seloel o we vl YEslonz HE s
3 o] FolaBel Soke peiEel $48 AU

7} ez wE @ge] o] FolAm o] ¥R

BlE 4 0Bl =S MEE e meue A
of Wtk el AW =eR U4 daeEom:

Linde-Buzo-Gray (LBG)''*! <gmelEe] glom,



62 2% Self-Organizing Feature Map S AV 23 H3 oo oite we g3 EHREL 5

E: 1. 3 0.55 bppollA -2 wlE &4 ZHst
Table 1. Bit allocation results obtained at 0.55 bpp (average bit rate).

Class | 0 1 2 I 3T 41 5 6

7 8 9 10 11 12 | 13 14 ] 15 |
Prob.(%)]29.06| 0.30 | 0.37  0.23 | 0.54 | 0.15 | 0.20 031 ] 035 1029 | 0.22 | 0.46 | 0.19 | 0.36 | 0.21 | 0.39
Bit 8 52 55 | 50 | 56 | 46 48 48 52 59 49 54 48 53 42 | b4

Dist. [[123.5] 67.7 | 70.4| 75.0 | 645 | 768 | 0.9 | 906 958  40.9 | 66.9 | 78.1 | 73.4 | 72.7 | 965 | 73.8

CClass | 16 | 17 | 18 19 20| 21 | 22 | 23 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

Prob.(%) ] 0.22 | 0.80

051072065 0.6 | 0.85 | 0.39 | 048 | 050 | 0.49 | 0.92

- i
0.69 | 0.57 | 0.18 | 0.27

Bit | 36 | 52 | 56 | 61 | 58 | 53 | 54 | 54 | 54 | 55 | 64 60 | 65 | 56 | 42 | 59

C Dist. | 769|946 | 77.8 | 77.3 | 759 | 96.1 | 98.7 | 81.5 | 81.8 | 78.5 . 52.7 , 89.8 | 62.8 | 80.4 | 66.4 | 41.2

Prob.(%)] 0.23 | 0.38 | 0.32 | 1.5 1.72 | 0.77 | 0.84 | 2

- Class 32, 33 34 35 36 37 38 39 7: 40 41 42 43 44 45 46 | 47
A8 711 1170 ) 0.94 | 059 | 8.78 | 1.17 1 6.52 | 0.72

Bit 42 1 b5 61 59 | 56 56 57 46 12 53 54 | 67 11 55 16 | 68

_ Dist. [115.2] 79.6 | 403 [117.1 104.2] 107.7 | 102.7 | 184.8| 267.4 | 150.8| 126.3 37.2 | 251.0|138.9|299.5| 44.3

_ Class | 43 | 49 | 50 51 | 52 53 | 54 | 55 | 56 | 57 | 58 59 | 60 | 61 | 62 | 63

|

Prob.(%)| 710 111|047 201|174 069 074 1.92 | 112 115 1.51 . 0.39 | 0.97 | 0.63 | 0.34 | 0.47

L

| Bit 17 55 56 I 52 54 60 60 48 | 64 64 59 51 56 51 53 | 56

_ Dist 310.8]132.8] 80.3 162.1|124.7 67.3 | 86.3 | 166.2 | 82.9 71.9 | 107.8 | 87.7 | 105.0| 92.9 | 74.5 | 89.6
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error) & H|gF A§ AdeAs FSCL °] LBG
dwe]Fret & MSE & 7Hch asies Aqh by
NA+= SOFM & 72 Z=E-2 AR

z} SOFM 9] si¥2 7+ Eellxollx] Rasl wee
ac Alpelch ool vlal 9 rro] 4= 7 Fia
HE s 8| Egd ue) delzich 3z HdAx
4 Aelg BRske A olnz zERg A
o ARgshe Hepue]oA] o153k #57] AAA AL
|3 A (2) & ARslde)l aElm NEL() £ Y
ke 7t g8 u i YJgo s o)y xre A%
FAZ 7895}7) YYsbd A neighborhood !
E AHEsllen. 24 =9 sz 99 neighbor-
hood W= A (3) & ARSIl o] dAelelelEg
ol-g3le] z+ Zwl~o] SOFM & &pela il 2
SOFM 9] 3% A¥a He|EEL 7 Z9ag] 3=
& yepdc)

V. A% Ao
A el o)k Aok ubHel A58 Fr)alr)
(465)
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o ohes) P

Bity#Cy+ Bit,*C, + ... + Bitgg*Ce
N*Tp,

Bit rate = + overhead (6)
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Table 2. PSNR comparison of the nontrain- # 3. Y5 Al x4 34| PSNR vz
ing image. Table 3. PSNR comparison of the training
images.
Image Prop. Ref.(7) | JPEG r
Bit rate(bpp) | 0.429 | 0416 | 0430 | | Image Prop. JPEG
PSNR(dB) | 32.85 | 32.82 | 32.72 Bit rate(bpp) 0.343 0.347
Bit rate(bpp) | 0.500 | 0.473 | 0.501 PEPPER | LoNR(dB) 33.81 32.53
LENA | ""CoNRMB) | 33.81 | 3343 | 33.10 Bit rate(bpp) 0.401 0.404
Bit rate(bpp) | 0.604 | 0.600 | 0.605 PSNR(dB) 34.64 33.45
PSNR(dB) 34.85 | 3474 | 3471 Bit rate(bpp) 0.485 0.485
Bit rate(bpp) | 0.520 | 0518 | 0.522 BABOON ?SNR(dB) 25.70 24.63
PSNR(dB) | 25.96 25.94 25.64 Bit rate(bpp) 0.604 0.609
Bit rate(bpp) | 0.656 | 0.648 | 0.659 PSNR(dB) 26,98 25.41
BRIDGE
PSNR(dB) | 26.91 | 26.84 | 26.50 ] o
Bit rate(bpp) | 0.775 | 0.768 | 0.777 olell Wjs| JPEG we]etel Alxgle ulasid A
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Fig. 7. LENA image (1) Reconstructed with 0.429 bpp (b) Reconstructed with 0.604 bpp (c)

Original Image.
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Fig. 8. BRIDGE image (a) Reconstructed
with 0.520 bpp (b) Reconstructed
with 0.775 bpp (c) Original image.
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