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A Fast Encoding Algorithm for Image Vector Quantization
Based on Prior Test of Multiple Features
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ABSTRACT

This paper presents a new fast encoding algorithm for image vector quantization that incorporates the partial
distances of multiple features with a multidimensional look-up table (LUT). Although the methods which were
proposed earlier use the multiple features, they handles the multiple features step by step in terms of searching
order and calculating process. On the other hand, the proposed algorithm utilizes these features simultaneously
with the LUT. This paper completely describes how to build the LUT with considering the boundary effect for
feasible memory cost and how to terminate the current search by utilizing partial distances of the LUT.
Simulation results confirm the effectiveness of the proposed algorithm. When the codebook size is 256, the
computational complexity of the proposed algorithm can be reduced by up to the 70% of the operations required
by the recently proposed alternatives such as the ordered Hadamard transform partial distance search (OHTPDS),
the modified L;-norm pyramid (M-L,NP), etc. With feasible preprocessing time and memory cost, the proposed
algorithm reduces the computational complexity to below the 2.2% of those required for the exhaustive full
search (EFS) algorithm while preserving the same encoding quality as that of the EFS algorithm.
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2 4x4 A =72 JE oE 239 WHTS
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E 1. 229 WHT A9 ol|A] vl 24 &%
Table 1. Energy Ratio and Variances of 2-D WHT coefficients
(in xig-xag scan order)

WHT AF A X Hl-&[%] 24 gk
W 98.6316% 41976.314
Wor 0.5516% 1112.549
Wio 0.1112% 224.351
Wao 0.2289% 461.743
Wi 0.0987% 199.053
Wor 0.1179% 237.772
Wos 0.0414% 83.554
Wi 0.0236% 47.526
Wi 0.0317% 63.860
Wso 0.0382% 77.061
Wi, 0.0223% 45.057
W 0.0188% 37.849
Wis 0.0105% 21.172
Was 0.0532% 107.268
Wi 0.0117% 23.659
Wss 0.0087% 17.454

32 &= mo| 724

5 WElS] B4 Fox B EAES TA
of 1Hslr] fal At 7S 54 e 23l
oig =z FLUDE 788 Fx fdde R
HEe] & Aol AlF FE AT (squared partial
distance, SPD)7} Z7] o2 AAELE o7]|A]
SPD= SED 3t Aol F3== ARl Al &
Al 4 wEd Uit 53} FA ARE A=

1

% by

o e
2 =gl Ae At 71l o ke olalE 9
o 2hel 54e AHshs Aol dhalAet sl

T g 4 FE OUE AR Lenaol dist

d 2NE 1 DS B P 2
RS ZhE W(DC Al Wo (W3] 13+ AC
IHE H¢ 5Ho= AF3Th B3 Wt Wa

Moz A3 256702 B3 WEIS <
Wt Woioll lFE= A8 Fa Wl Wo B
gl EAlEFE 29 13 2ok a-elN W AR

of Wo AEET WA A S & F =,

[t
£
5
o,
*

1234

Copyright (C) 2006 NuriMedia Co., Ltd.

ol 3 19 1t gl SYA deS KTk

ARgataat she RE ES ATVILUT size)=
Woost Wor HHS Ye U, 2 3 #9399
HFelZE BE §5 WA SPDE TaaL
oEAEo g AP olu), Fx Fo| Zo|LUT
depth= F&Ae] =77} H=d, 2 olf= FHet
o] Aeelx EFS 7[¥y SU3 B A= B
at7] f1goltt.

2040 4
*  code-vectors

1530 4

1020 Jomiiensiennsiache

.: L T (] .

. by
ST DO TR AL, B

.i.: s datts ; .g: .0'.’ e

S AR AT DA R
et ot .c i
T

A58 A

L B B N e anat
0 S10 1020 1530 2040 2850 3060 3570 4080

W,

T8 1. West Wo HWelA] 256719] F35 8] &3
Fig. 1. 256 code vectors on the W00 and WOI plane

321 H=2| Mefo| gl A

HRel7E 73 AX EriVo) 7 sie 23kl
WHTE $3313, Woot Wor2] B ol EA8=
= AS(integer) HEo| dig LUTE 74T o)
7V38) ®BAL olH A Wl Wore] HHo| ¢
Ak dole] (e, PEFE A Fo HE
of 74A9] AF FE Az SPD(%)E @)% 2
o] Aojd 4 itk

o

dy =(a—ch) +(A-ch) =2 (X -¢) . @
AollA 1A We WgE J9S oJw]gitt SPD
3 F5 wEe] Al A LUT[a][B]el] A
e, F5 WEe] Alet SPDE AR €

83 HE F= 24 (3) 2Pal A 49k Zrk

o rr Lo

gl_g‘
i,

Ly =log,(N) , 3

Ly =log,(2:Y*-k?) . )

www.dbpia.co.kr



) AR ALl % 9 WE GRS

m

F23k 7Y

2ollM N R F7]E, vy Ao &
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g2 %EH@W%%] 2 olfr= AR ZAF el #
Z ge & SED ibll a2 AREE 4= 9l
7] uHE—O]E} o]—X] . k7} 16, Y7} 255, No] 256%1
3 F=x R %“é% A3l 27=e w=E7) 4081
x4081x256x(Li+L) ZHE <F 16GBytes”} @t} u}
A =z Ee] F7] FAUT dujdoz "asit

OIer
ok
N

ta

E

“’Ul
* T
Y*K/2 ¥ |: code-vector
Av An — |: partial distance
o p _.-.(cw‘ (e C":r.)
(., :__?1. ..... N * h
0 *---...__."df‘l s «B% Woo
i W c,'] SN
(e o, e Lty e B)
) S (AT
LUTI3][ 2]

|Sequence| 15NN 2" NN (3" NN |4 NN |ST-NN|[6"-NN

L; | mdices | 5 2 6 3 4 1

La{| sep | o |ay, |d¥, | dr, | df | df
O 2. gFe adE aEshe Fx & 749

Fig. 2. An example of a LUT configuration according to
the boundary effect

322 HZ2| M| U= AR

a9 2« F3A9] A7) 60)a Fx %o A7
7t 4x49 W HFE(boundary) EIE 1173}
LUT[3][2]1E A3k dlelth ageAd & 4+ )
So] A aksln Y= HZ XWUTRIRDY H
T2 el E3Ee= 5-HA 25 WE] th3k SPD
0oz Agdct EAME7E 52 AE FEH=E
dsl= 15 a9s asded wet 2e)9 1t
3k SPD= 4 (5)9F o] WHn:

2 N

rXL L:u fr

dy =d¥, +d¥

g2
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=0 otherwise ©)
dy ,=(B-c V)Z if |8 —c] \>7
=0 otherwise
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2] (5)¢] SPD+= SED SdAboll &% g3t 4= QA
o @A 4" #Ed it Rast T3 ARE 2
Ashs AP AL 71FeEE ARSE ¢ Ju F
53 He 2 @9 A 9 ¢ F Uxel SPD
ArRE k2] WHT Alg Folld oz A4
H 270y A nHdt= 7334 Iy 2004 &
F Uxo] 2719 EAS 9% Fx Ee 3Ad
B2 FAETE Mol

5 EAE Aol 11#s= DFPS 7S A9
ekl ®7F dasith o, Fx x| AV
| o2 Wrg 3= % 29 2tk A JHe
g2 7ol wis) B HEE 8738h, olgt
FHE Beshe A7t A Fol ok FaE F
& Ao =77} 256 Wl FE X AV7) 16x169]
W TIE 7I'HY fA1e Wi2e] 37171 "ok

|

nl
B

ol

2

E 2 Fx E 370 oig vixe =27
Table 2. Memory cost for various LUT size

LUT size LUT depth Memory
16 x 16 256[kB]
32 x 32 256 1[MB]
64 x 64 (=CB_size) 4[MB]
128 x 128 16[MB]
33 B ZA| =2
AL 7ol = wEe gk F5t FH o

vg AP AR W RS A (63 Lok

d‘évmm < d‘;VJ < d‘éﬂ . (6)
5, A 4L HaA A, 7 IR EY -
#HA SPD Rt} ztow Iz Fo] y-wA ARl
== F5 wEoke] SED ke Fofvisit
g$o] Iz S AT W HFYE 7Fe=
SPDE ilslglernz Iz BE gAshs Tl
535 9EE 2] (62 TS O ol ik fl

N

O

°of FAl 4 W] W ruskE TET F 2l
o Lol oFZA AR AAREA] g B3
HESE HFe 7IFdM ° & SPDE 27wl
ot FiE HFHE VIEeE spp% ksl

olf= Y LUTS
Qo] deoje] A

AHgSE 4 MEE

2 7Ha 5 Q7] wRolck

3.4 ot 7ol 3 iy 9l It F=
AR 71 WY FAste] FHl gR Fos)
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Zegk Fx X5 T, Fust BAedAM= F A, (V=) <X <A, V. ®)
Z XE Z8sle] 5 SAES SO assid
A ad s 33y, A © ;9 HE kY oF A @A dEle
241 0| 2 2 BQUTMDS R 98 28 25 wEQ
A D : 2E B35 WS o8] 2319 WHT c'w ol T SED 94kS 2] (9)¢} o] Fadich
£ I 9 9E Jde #4e 5 A 712]3L rank pointer(y)E 12 A3t
Bato]l & A57) wA SED ¢ibel #4d & gl
TF zigzag FUE ATFE HEH
zig-zag FE| E] g3 ~ d\é\{j:d( X w) Z(X _c")z ©)
9GA @ ;. AE" EACl Wt WuE FAEE
IS FE %o AR Y, HFE a3E 1 ] o
daua 2t g wol PR Jedel T A ©: 4 © He WA TR AL A
A RE 55 RN AR FE ASPD)E 2)(d¥ )7 LUT[ulv]¢] y-¥17) SPD(dy, )BT}
ibste] H7] o8 FHI om Ha g g 3 Bess sy o
ol IS 7P FEE Vs ool 2t A @o=z 7).

A @ A (9)F AREst] 4 HEL y-wiA)
F5 WE bl SED AikE 7T o, B4 &
©E @dsl7] 915kl PDE 7|Ho] HEHm, whef

Do_2D_WHT_of_CB( ); //CB: codebook
for(a=0 ; a<(Y*Dy)/Ay ; a++) { //Dx: dimension

for(B=0 ; B<(Y*Dy)/Av ; B++) { =
Woo=a*An + Auf2 + [Min. of Wod]: SED <dzte] 4 A7l dAMA 73 HA A
Woi=B*Av + A2 + [Min. of Wo: Bt} 3 SED ike sl yol 12 ¢gdk o
for(m=0 ; M<CB_size ; m++) { S @A ®e=E itk
D.=BE(CB[m].cv[0]-Woo, Aw); oA AR Ha A-E BAlska, HASF
D=BE(CB[m].cv[1]-Woi, Av); wE Ee AR AR vh 2Ed =7

LUTI[a][8].dist[m]=(Ds*Da)+(Dg*Dg);
LUT[a][B].index[m]=m;
} /I end of m for-loop

o} 2o WA Qo= rha, 234 el yoll 1
& O o 94 @22 Ttk

Do_Sort_of LUT by_dist(a, B); shtel = gl gk Fast AHs 7K =2

1} // end of B and a for-loop == Y)&shd oot Zh
BE(dist, delta) { // BE: boundary effect

if(dist> delta/2) return(dist - delta/2); Do_2D_WHT_of_n‘“_input_vector (n);

if(dist<-delta/2) return(dist + delta/2); u=(InV[n].cv[0] - [Min. of Wqo]) / An;

return(0); v=(InV[n].cv[1] - [Min. of Wu]) / Ay;
} /I end of BE function min_I=LUT[u][v].index[0]; min_D=0;

for(k=0 ; k<Dy ; k++) //Dy: dimension
342 253} ojA min_D+=pow(InV[n].cv[k]-CB[min_I].cv[k], 2);
WA ©: A e dis) e On gty PrEL L veCBsize ; v

ii=LUT[u][v].index[¥];
SPD=LUT[u][v].dist[¥];
if(SPD>min_D) break; //terminate encoding

2] WHTS F33t). JuE 4x4 JA =719
529 239 WHT 3leld 3219 tialz) 32 9]

H /I else Do_Update_minimum_SED
WA @ : B @ AT (', %L x') el for(k=0, D=0 ; k<D« ; k++ ) {
e N e D+=pow((InV[n].cv[k]-CBIii].cv[K]), 2);
B 54 @l a8 (gl E2gEE A if(D>min_D) break: // PDE
Z HE =tk 48 B9 A (DT A 8)°] Y } /I end of k for-loop
HE A$olE LUT[][v]7} A=t if(min_D>D) {
min_D=D; min_index=ii;
/I end of if-loop
Ay -(U-D<xX¥ <A, -u. 7 ¥
o )< " M } /I end of y for-loop
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=B 59 AR ZAtel ot gt WEldAlEle] 114 F53) 7Y
IV. AlZ2o|M Zxt 717 Blnd o AE 7T 2719 RS FAl
of o2 oA Ast §lo] IS EFS 7|
Algt 71Holl 3 AlEdo]A2 Pentium-IV PC Wol 22-33% FE7A] AT & Yu. o]
oA FHEAL V€ VT LS vwsh) A5 FAZEA Ak V1€ 71T HnE o
S8l A OANA At Bl Ee=s A o 30% 714 AibES Hekshe Adolth
A FPact 5, T 9 HJPeF 512x512
A 2719 Lena B3-S A8, 4x4 I A V.2 &8
712 4E U] 16-319] WHE St
%27] B3 WEE gplit WHOZ m%—a—}ou LBG 2 =FoAlE 9% WHT ASFS B4 EXo=
7S ALgsle] Z7)7F 25691 RS WA Adsia o wEe] ARl¥ T Fo ¥WE7A
ot WAL E Lenas A1E oé*c}—i AHS-3lATh o] AF & ASPD)E Fx Holl AT th,
# 38 754 A7k 256 W AR win 2 (©9 H FA 23& ARl 1 FEskE
st Aoy, Ax} FRldl= 7+ 7RdA 8EE FPete A2 24 7ES AR 18ja
o] Edoly WHT ®WE-S 93k dibo] ZIHA AlEEoldS B8l B SAES 34l s
t}. 71& 71 o)A Extend MOS"™, SIEENNS", DFPS 7|¥o] 7]& 7HS S718ke R4 % 3
ISIEENNS™, L,NP', M-L,NP™, DHSS(DCT)™, oA & 4 QIx°] EFS 7IH¥} vlud w 7|E 7]
2 DWTH 7HE AlEelA glo] dig =Fe] Al He MRS AUl 3.0% o= AAA=d
Al S adlE 9839k FolA PDE-IZ MPS-1 wke]l DFPS 7|9S 7183 Wy =7 wet 4
& 4 998, PDEIIS MPSIIE w3l ojds S 22% ol¥lE HAEFT = ok olE A
oJm)gh}, w3 ZE 9ke] SexlE LUTS =790, A M-LNP 71 53 o] FHol At 7]
o2 So] (128x128)F 4081x 408121 Wyt Wy, 2l HEo 1 878k Ak 70% Sl sigE)
HAS 128x1282 e AL 9u|gih F5 WES 1& SAS 93 AR FERE 2
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