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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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X : Mean separated input vector
Y : Codevector

Cj : Codebock of the jth class

ACS : Adaptive Codebook Selector
g (.,.) Distortion measure

Ox : Standard deviation of input vector
3 L MTVQel 4 914 #iejel FFuabE 488 234
codebook 41 &4

Adaptive codebook selection of MTVQ according to
standard deviation of input vector .,
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SMPTE1 SMPTE2
Mean -32.74 -29.76
Standard
deviation 45.94 46.58

2 #SDAA 4% g HE
Probability of vectors belong to each SD region.

Number of Centered SD | Propa- | Average RMSE
class values bitity per vector
5 0.838 4.3
2
20 0.162 24.0
3 0.716 3.4
3 11 0.207 12.4
31 0.077 32.6
3 0.616 2.9
8 0.205 7.8
4
15 0.118 16.6
34 0.061 35
1 0.074 1.1
2 0.358 2.5
5 E 0.345 5.7
13 0.156 14.6
33 0.067 34.2
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¢4 4 (homogeneous region)ol] -4 (white noise)

PSNR 36 +
[dB] @ Exhaustive search
& SD search
34
SMPTE2 T
32 4
304
e SMPTE?
28 T T T —
0.2 0.3 0.4 0.5 0.6

Average bit per pel [bpp]

1% 7. SD search#} exhaustive searcho}o] 4% w)x
Performance comparision of SDJsearch]mth exhaustiye
search
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{¢)0.38bpp, PSNR=30d (d)0.49bpp, PSNR=31.2dB

218 S searcholl wb 2 A4l d A (SMPTE 1)
Reconstructed imagel SMPTEL) according to SD search.

(a) Original (b} 0.30bpp, PSNR=31.6dB
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WO /A AFEelel A FE3tE A% eelold o

opx}5}7]

{c)0.42bpp, PSNR=233. 2dB

819 SD searcho] u}&

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

A Y o 4(SMPTE2)

Reconstructed imagel SMPTER) according to SD search.

of A 7 2 £=9 SD gho] AH WA H
%25 codebook HA wi-Fol o}, H k& HEs
ol Al s = 74 A #A-e A A classE 70 ¢
classz U53ig wl A9 AAT 471 ded,
28 9.(d)e] AMA FAF 2ot v AA 3
3] Al Al M= FY dde AA A4
(0.5 bpp mluh)-& & Foll == ¢t Azl
e 48 471 A

ok e

v.g &

B R4 AotH Az MTVQ WA &
0.7 bpp olste] A A4 H33 waler HE
Ha) 9} multi-table ¥} A1-& 21832 2 4 codeb-
ook ] %—ﬁlg—‘*ﬂl ‘“}E ok A& A Askol e
o, A5 F47 A2 SD @A E A’bsme
ge Aags £ Ai"%. 2 A3t ol ®] H<(edge
degradation) & ¥} 8led 4] zH# (humam visib-
ility) Eobol @ A5eAe 2A gk 2
=2 ACS(Adaptive Codebook Selector) 4 A,
B Helol W HAH szhe} okxisr] AA,
8] # = codebook A Aol ol&l ¥ 38}7] e
28-S FHo g sl ev, Huffman coding £ 3=

24 e ZF5E AAsAct AkH o
MTVQ o #A-L oy wWevict HFi Fe2lo
SDell 918 gle] & Aol 2= codebook-S Al = 3t
7] o] 5ol outside training sequence?] o Aloll
R E £ A5S vehd 471 gloke Hol
o},

n.\m

Appendix A
Optimal MTVQ design

Training vector sequenceE ol thsh 48
bit / vector) o] A s =)= & 4o (minimum
distortion )& 7z # A classe] 49} 7} class ]
24 SD ofod 4l 53 Codebook-& 411 3h= A o]
Fasich A (DA A (2) 255 MTVQS 24
ACS(Adaptive Codebook Selector) 2} & =
codebook o] A A AL g3 Zo

(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 {o)} in each
class by using the Lloyd algorithm, and obtain

17
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Be by using huffman coding. Therefore,
B,= Ba»— (ButBe).

(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, g0 to step(2)(
after M=M+1, Dy+Dy, ), otherwise stop.

Appendix B
Optimum codebook size assignment

X% ith classell $3t= 9Jelo) k 24 9
Welgtn g, e Xi={xy, X, X} ¥ R
(i Al classell 43+ k-dimensional Euclidean
space)ol| A 1A classol] Z3l+ W el 52| joint
probability density function, Py, (x)2| & ¥
£ ztet} Qi codebook ZL717F Nigl il class
o] k 44wl e ofzstr] ek 7hA ah, Qo A A
BJ]E']Q] ;gi} ] Yn,Y 2,777, YlNil,‘ ;10: /5-1 (B*l)j"}

Aol RY -2 49 (S8 St 2wk
QiX1)=Yim, if XESim (B-1)

1WA classo] e okats}rlo A HF & (dis-
tortion measure) 2 2 A} (B-2)2} zFo] WMSE
(Weighted Mean Squared Error)£& A}-£3}=
Rt g374ql codebook =7 E AAT 471 AU
c},

XL Ym)=|(Xi-Yu) - W;

12

< (Xi Yt
(B-2)

A (B-2)oll A W =W,(W,& scalar)o]nit
transpose-S Wepich B =FoA AAF (W)
+ appendix Aol 4] 38 7} classe] 41 SD zkel
A F & A8t ok (4] B-3)

W,=af i=1, 2, M (B-3)
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1z v i classe] Wl el ofastr]ol o &

se A (B-4)sh ek
2= %m:zi Sslm d(Xi’ Y‘m) th (X) dx (B_4)

4714 S+ ith class®] k 24 F7boll A X7}
YimZ &= 49, & Sm=Q " (Yim) 0l 3L o§7]
A i classel 911—‘— k 2t ez AF3H(
normaliz ation) ¥ 3 o}FS e
Yamada® %-& Gersho®~} nonspherical region

ol convex polytopes}t oka}3t A4& 9] 3}led

A (B-5)¢ e A A AL AA AHF
(minimum bound distortion) D& gt 2%
Bl

* . 2 ke k k
pr =N, & T | () 1(5)

(detWi)? [F PGl (B=S)

o] 71 4] el & (distortion measure) o & A
(B-2)2] WMSE£ A} &-3lo

P, (X;) ¢ L, norm& A (B—6) 3 o] A
o] wleh

1Px = § (Pr®aa' (B—6)

Appendix A¢] A ACS AAld Y3l class
of 4= Me| ez, ol=f dal L

M M 82
D: EP‘D* _ gl P‘K|I\[§etwi]

(B—17)

o}, o714 N;+ ith codebook® 7o),
,8?2/1() Wy =W, lolef, =3 K, =

K-S () r ()] Pt

(B—8)



/A A

Aol el o4 SE8E A deisleld He FAH

olH, P,+ ith classol %3l 4 elE9 FHE
o|t}. ith class®| 3 A codebookZ 7] N¥ &=
A(B—7)% H4As) stEEH dejzlet =z}
A A(B—7)2 D& #433517] 818 standa-
rd Lagrage multiliers method & AF8-3l= 4
(2) 2 Be] AB—9)2 Z2H,

D= Z P:Ki l[\ﬁetwi] st
i=1

M
+ A <Pi 3 logaNs
i=1

—B.) (B—9)

IN(li=1, 2, Mbol s}

7+ class &

DE vlEshd

BK, (detW,]*"*

aNi*” ’

A=

i=1,2,-, M

(B—10)

o] ®rh 714 a=log 2015k 4 (B—10) ol
]

A(B—7) ¢ D¥=K,(detW,;)#7? /N & i3]
ahe
x_ QA _
D¥ = = constant (B—11)
B
od =xp A (B—11) ¢] A (B—

ol = (minimum distortion)& Zt-& =2

7) ¢ D7t 3

—

] =le, o] AL 7 class®] H4 fFo| 2
w #HA 271¢ decke RS Take) olay
(2), A (B—3) =t g7l 32 codebook Z 7|
Y E ‘7‘3} A (B—12) o} Ze},

lngN* Bu+ logz [Kl/ﬂ ak] O 5 Z Pi Ing

(Ki*® -o:) (B—12)

ot
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