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Multi-table Vector Quantizer
for Image Coding at Low Rates
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ABSTRACT  The paper describes a new algorithm for reducing the edge degradation of a vector quantization(VQ)
in low rates, This algorithm exploits several codebooks, one of which is adaptively selected by standard deviation(SD) of
the vector currently being coded. Also, SD search method for reducing the complexity of codebook search is proposed. As
a result, aproposed VQ has good performance anout 30 dB PSNR in the 0.4-0.7 bpp range.
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of B4 B4l ot H19 AL AL E
W Hg Aol & SD '3 b ghay(
exhaustive search)¢] 45 ®mE ephd 7o)
o, 283 239+ SD search® ow) HF
AFgol vhE A 45T RAFE Aot}
olw &4 SD 2 a=0.15%4w 4] (8)o w&
ot A2 SD g2 shAgtdol wis] AA
codevector 4-9] 8%-10% uh-& &4 ol = B
2 4% 2art 2 AsA gked o 47
slow, 2385 299} A4 G 4Sel oiA
Adgol visl o] $43L o 47 Uk,
2383 2399 AAGAEAM A5Eol 05
bpp ®l2kell 4 ol x| Aol WE 4L FAAH
o}, 549 <9 (homogeneous region)e] 7%
AA WAEol e Ag ¥ 47 ek o7
W& activity (R s class)ol| %3} vH]E]—a—Oﬂ
el e ks Adddchs Ao, =3 5
o3 o4 (homogeneous region) ol #}-&(white noise)

N
P
o

PSNR 36 -
[dB] @ Exhaustive search
& SD search
34
SMPTE2 T
32 1
30
i SMPTE
28 T T T —
0.2 0.3 0.4 0.5 0.6

Average bit per pel [bpp)

1% 7. SD search e} exhaustive searche} e} 45 w)a
Performance comparision of SDJsearch]with exhaustiye
search
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i~ S SN 1.

(€)0.38bpp, PSNR=30dB (d)0.49bpp, PSNR=31.2dB

218 SD searcholl wb & Al o3 4 (SMPTE 1)
Reconstructed image(l SMPTEL) according to SD search.

..

(a) Original (b} 0.30bpp, PSNR=31.6dB
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#/A AFgelAe 4 FastE A% deulold o

ofx}8}7]

(c)0.42bpp, PSNR=33. 2dB

89 SD searcho] u}&

(d) 0.54bpp, PSNR=33. 9dB

Ay o 4H(SMPTE2)

Reconstructed imagel SMPTER) according to SD search.

o] 4 A¢ 1 £ SD gho] #AA WA 5]
A2 5 codebook BHY w0l o}, - ak-g A%
<ol A s = A H A2 A A classE FoH ¢
class2 W& of Ao AAL 47t 31—”—:1]
23 9.(d) el AMA 43} Rk ey A A F
3tA] ALE Gl e 5 g AA &
(0.5 bpp ®]ah) & A& ol A e A174H
aHE T F7F At

o e

|5

oX

©

v.8 &

2 R4 Aatd A MTVQ w2
0.7 bpp ol3te] A A4 F-a3sh walew Hi
23] 9} multi-table B} 418 22312 2 4] codeb-
ook o] EAEAe whE EokAAE A AU
m, A5 #4732 SD gAg Akt g4
He AAargs i)i"fk 2 A# =] 7 <(edge
degradation) & ¥} 3}ed 4] zHA (humam visib-
lity) &3o] =& 54T 2 st =
=2 ACS(Adaptive Codebook Selector) A A,
B ol wE HH el gz AA,
8] 2= codebook Ao o&] #3535}
284S FHo) g g e v, Huffman coding-& 3} =

24 vEe F7E A At AR o
MTVQ ¢ #AL sly] wenjct FF F2]9
SDell ¢ &t 913 E Aol 2t codebook & A1 ®) &}
7] w]5-ol outside training sequence2] o Aloll
g E £ A5S vJebd 7 Ak Hol
c}.

Appendix A
Optimal MTVQ design

Training vector sequence-ol thaf 3 48(
bit / vector) o] A& A= & 4 &= (minimum
distortion) S Z++= & A classe] ¢} 7} class9]
2= SD od o ol # 4 Codebook-& 4 A 3l= A o]
Foch A (3 A (2) 255 MTVQe] 23
ACS(Adaptive Codebook Selector) e} & #
codebook 9| A A #A-& o}t Zot

(1) Initialize the class number to M=2 and
the distortion to D,=D,. Also, determine B, for
block means using DPCM and huffman coder®

(2) Determine the centered SD set {g)} in each
class by using the Lloyd algorithm, and obtain
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Bc by using huffman coding. Therefore,
B,=Bao— (B.+Bo).

(3) Allocate the optimal set {log, N;} based on
eq.(7) for a given value of B, below the con-
dition of eq.(6), and design the optimal codebook
set {C;} by using the clustering algorithm called
the LBG algorithm

(4) Calculate the overal distortion Dy of eq.
(3). IfDy is smaller than Dy, go to step(2)(
after M=M-+1, Dy+Dyy ), otherwise stop.

Appendix B
Optimum codebook size assignment

X, & ith classel] £3lE 9Jole k A4 U
Wl gt o, W X;={x;, X, X}E R
(i A classoll 43} k-dimensional Euclidean
space)oll A idl | classoll 43+ w52 joint
probability density function, Py, (x)¢] && &
£zt Qi codebook 2717} Nyol i s class
ol k 24 W g katstr| et ZHA sk, Qo] A A
3313%91 ;gﬂ' l Yu. Ytz. A YtNL-*,‘ ;"9: /5-1 (B‘l)j’}

el RY 23 odod (S,Sp S} ZEvh
Qi(X1)=Yim, if XiESim (B-1)

1A classe] W ¥ <fats}tr|ol A o5 FA(dis-
tortion measure) 2.2 A (B-2)%} o] WMSE
(Weighted Mean Squared Error)& 4}-£3}=
B} g31#¢ql codebook 2718 AAT 471 U
c},

Ay (X, Yim)=|(Xi-Yu) - W,

12

< (Xi Yt
(B-2)

A (B-2)ell A4 W, =W ,(W,+ scalar)o]vft¥=
transpose2 YERJch B =Foal AAEE)(W)
+ appendix Aol 4] T3t 7} classe] F 4] SD 7k <]
A FE AH23tA k(4 B-3)

W,=a! i=1, 2, M (B-3)
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1z 8 1A classe) W g kB ol 9 3 o)
% A (B-4)sh At

3]

D=3 5 Sslm d(Xi, Yim) Py, () dx - (B-4)
o714 Simt ith class®] k Y F7bol| A X7}
YimZ &= 4, F Sm=Q " (Yim) 0] 3L o7
A 1A class ] 911 T2 k Aoz At 3K
normalz ation)® 7 o3& vtepdicl
Yamada® %-& Gersho® 7} nonspherical region

(=4

ol convex polytopes} =43} Al4&& _\:_ot} 3o

A (B-5)9t 22 Al A4 AL AHA AT
(minimum bound distortion) D*-& <4 1:}-‘;— e
2l
ken™ k k.
Df=Ne™* 95 1 (3)r(3)
1,2
(detW)? |* IPx Gl w  (B5)

o 7)1 4] @& & A (distortion measure) o & A
(B-2)e] WMSE & #}-&-glowj,

P, (Xy) ¢] L, norm& 4 (B— 6)54 Zro] A
91514

1P G0l =C | (Pr (%)% (B—6)

Appendix A2] FH A ACS AAld 28] class
of 4~ Mo] AHaljzlw, ola] A oHFL

L ¥ PK (detW,)*?
ngp‘szgl i |I\[]fe i)

(B—17)

o], o714 N,+ ith codebook®] F7]e]x,
g=2/k, Wy=Wlo]e} =3 K, =

K52 () r ()] 1P

(B—8)
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P /A AF ol G4 F5sE A sl 4E A

olH, P,+ ith classol] %3l delE9 FHE
olt}. ith class®| # A codebook 37} NF¥+=
A(B—17)% &3t shm2d dolAlch web
A A(B—7)2 D& #43}48t7] $18 standa-
rd Lagrage multiliers method & AF8-3l= 4
(2) 2 He] A(B—9)9 7o,

D= Z P:Ki 1[\[(}’etWi] pse
i=1

+a(P, é](ggNi
—By) (B—9)

7t class®l {Nyli=1, 2, Mol =ksted
DE vlgah

BK, (detW,)*?

aN‘*B ’

A=

i=1,2, M
(B—10)
o] =t} o714 a=log 2 eItk 4 (B—10) ol

A1 (B—17) ¢ D¥=K,(detW,)*#7* /N¥* & o3l
shet

D;"=a2 = constant (B—11)
4 g E=op A(B—11) o] 4A(B—7) ¢ D7t 3
4 9= (minimum distortion) & Z& =9 %
o) 5w, o] AL 7 classg] H4& o Fo| 2
2 o #HA 27E derke AL witel o]ql
A(2), A (B—3) 3 ?‘;}7){] 3 4 codebook F.7]|

log:N¥=B,+log: (Ki”®:0,) - 0.5~ Z Pilog:

(Ki® -0:) (B—12)
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