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Abstract

Optimal quantizers in conducting the entropy-constrained quantization for high bit rates have the lattice structure. The
quantization process is simple due to the regular structure, and various quantization algorithms are proposed depending on
the lattice. Such a lattice vector quantizer (VQ) can be implemented by using the sample-adaptive product quantizer
(SAPQ) and its output can also be easily entropy encoded. In this paper, the entropy encoding scheme for the lattice VQ
is proposed based on SAPQ, and the performance of the proposed lattice VQ, which is based on SAPQ with the entropy
coder, is asymptotically compared as the rate increases. It is shown by experiment that the gain for the memoryless
Gaussian source also approaches the theoretic gain for the uniform density case.

Keywords : A2} 9 4A1s}, JERZI Fodl 12 4§ L2YE 2}, lattice VQ, SAPQ
I.M B 353} o] 2o tAsF] WE %A} (vector quantizer:

VQ)E AH&sto] WEle] 25 2o] 7 o] 242 H

A 9f=rl  Shannon®] # A 7 7(Shannon lower

bound: SLB)ell 273 4= A}l kxpr)e] &9 o)

O DA PR e s R R S P L e 29 15315 9Jate] AUl RT 8 el 7haZ o]
(Department of Electronics Engineering, Hankuk 382 98le] AEZT R37|(entropy coden)E A}
University of Foreign Studies)

% o ATE 0128hAE dFeFoliatn wushs B RE A Aol SLBel B w2 2
ATH) o] Aol et o] Fofz A4 A 5 9 = AN dERZTES 13

Hrdah 201293924, S5 201236€8Y

Fhohe £4 2 $EH BYoz, BE

B>

(67)



68 EE Xg made

0lo
| El

-
=

719 de= s A2 (lattice) FAH717F wH
Bl st ~7ba) kR (scalar quantizer: SQ)9F E
2y F37]5 MMt 2RoR 2 AFEINAY
At FAsE 9f=to] SLBF 10log,,(me/6)~ 1.53dB
A7 2H-1E = Aok olgd 239 Fuske
T SQ¢ 27w dERY] R57] 79 §olgtow
213k u}om B £ a2 B3| —i—%l s

o,

o9 nas 19e
Aon Yol 753 /W
dB Aol7tA] 2HE 4 AuPl 1.53dBe] A&
7] Yl Az 7™

gaopste). e Az VQ 39 WE dERY ¥
e 9% ¥57] AAE St Be FES Falof
e BALE U7 95l gy gk =
(norm)°l| “Hfﬂ R e

A].Q.t‘ﬂ—
vozt 7ol 9
e VQE 3
REHOR TAY

>,\I

D, , El 7128 Az VQE SQol 7]x38

Fastgen A% vQ E2e] meA9

235 §lstel SAPQe] Tzl A AERY F
2715 Agedt AR AERY] F3sh= 477
e g5 QS A8kl Huffmano]Y} arithmetic -
2715 AAst] 7@l Zhesith #1947
=X E 7= 48l tiste] Al FA7IE o A
& heto] st 1 Jee vl a3l
woRe] P thew 2ok Al TS SQol
7123 SAPQe theke] feklaL, Al MM = 4
A VQE SQell 7123 SAPQ= T-dsts Aol thate
Awatgdeh Al Vel Ae SAPQO 7] %3] Azt VQ
o E8< JdERY FEdshs e Aljteision,
Al VA= Bodds st A VQe "éh*‘l
Hlastal EEskglon, vpxa ol £ =) 4
< Wt

HE Yx7of | xzet A HE YAtetel AEZ @]

(68)

2559 P14 TN BEO et 45 24 US4

F

0. g2 =

=

0l0

T2CE QX))

[10]o1 M At SQell 7

o]:g]
J:=2" 7|9 T2HE

HE = 7 FEv A
oA =

A7t

=
fol
)
2
)

4\:
fols
)
fllo
X
x
fd
;O
o ©
ra2
o
fol

(&l
ftl
N
o2 Im
>
ok,
M o wy By O

O

1o,
2
olo

&

N s
N

ot
By 2

m
flo
3
o
=
=
ol
ol
2
1
olo
O
_>‘~l_‘
N
rr
)
N

ro,
e
=N

—.~
oo
:?L_’;
2orkorlropel

O

")) 1)

ZlmanEC (./L' _y)2 (,7

=1L..

FoI jollA 2zt g0l skl ol (x, —y)?*7F A&7t

=B AR 0,04 2 e A 18 RE
A ¢ 8 e SQR FAFeE Aol whe
A e A elE e mAe 9 oy, e, S

REA O O s P mAY SQE 47 A
£3510] = olzlel Fol wrh olel@d YA R
FAANA ZRYE RS O x- X G, & A
= dAEE 9o g dAs (D9 A9 oy g
T HAvt He HAH ZRYE RIS Mgt
e oleld Mg sl BE B4 AT of
5 2

—FEymin; (. J}Zminyep (Xl—y)2 (2)

F71E SQl

SAPQe|



2012 9 MAE3 =24 H 49 2 H 9 =

Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

o] ¥+t SAPQ

AT A 3L

2
[
v
o T

wm
s
-
FN
o,
i
2
e
O
oL
et
o
<
o
4
el
o,
X
olr
_0|L
Ko

Conway$} Sloane'™

A8E A% LA
e 22y
M Aol o5
A VQ A7} s

juie)
ru[o U)
r i
o
ol
o
ACH
ofr
ol
)
o,
£
=)

NS ZEHE Ao 7|x¢t
t

[SAR=S
AT

ol

"3 D,,°l dl, z™
SQsh Zonw vl
oful gl o= SQek FUsHA R,
5ol AR st st A7 VQeol
e dERY FosE $3stol °fo§¥
o aed 9 B9 Wi
HY dERY FE3E 3 o5&
P gA)st dele] Fulg Bl o
webA iide] Al 2" EuE D
AHg-3foF @it

ZREE JF9 cosets] FHEOE TARYE AR
_]

o
o2
By
o
¢
o
rlo

o
" e Jf oo
IR

i

a

ﬁd
2
nve
i
N
>
o ™
1 4y
oz %0
B0

4 T

o,
o
ES

e -

g

(o

% froad ogr )

S 5
2
<
2
et
=

=) filo m1o
L
rlo
Y
L
Ll

2 2ela WAk mxm 2719 %) 452 FAE O
2 92 ol tistel Tt 2 A L,% A5,

(69)

69

L, ={z| z=Guv,ve 72"} )

w3 1,9 cosetS9 FHFOR o)FHH AR LS T}

53} o] Ao)d}A)

J

L=U(r;+ L) (6)
j=1

714 ¢, € R™ oItk ¥l ¥E) z(e R™)ol thaked

®(x)7t AR Lyol 7V 77k s vepdnial s,
AZ v+ Lyt 71 7ML d(z—r)+ ol ©
o} [LP/W AL LA z 9 71 77k S Fe
2, A SN AR+ Ly 7V TPk TR
@(m—r,-)%-r-iv—ﬂ 7z} ’%ﬁ ol Jel A Tl
/‘1 z s 7V TP S L e e

S A7 9y A3k

G)e] A% P Ly ii%*lé oz (4)¢] SAPQ

O+
llo %

O{N =

REAe PYSHE 2 TRYE 4PL U A4S NS
s AAT 4 ek
C >< XQnJCr]—i—LO (]_17 aJ)

e (DellA d5d SAPQS] A Az LI} &
53 A2 Bi Qo] Ak EF (6) o Fo) AT,
Azt 7bg AT Ae e IR 9 3)A A=
gk SAPQe] Fo3t A A7 At 6)3 &
S ARl 7123 Az VQE SQoll 7]x3 SAPQE
Agatel FAT F Au obg e oled A4 VQ

9] B35 3l= SAPQO] B33 Bgo ¢ste] Wt 4
S gerE e 2ag 2l & 4% 1
| 7129 A7 VQE A4 A8} (1)) 77 o2 gl
MR PR} el g e HEg

N
ARy,

2

2. AXt 4,, D, , E°| HE Yxist 28

ofe] Fag Azl tiste] SAPQE AHES A4 VQ
A= (912 [1019 A48 AF5 o] =, £
T ZRYE 39 cosete] F3 FElE 1]
a5t

HA AR Ay= 27'<P%l(m:
3 gdo] = =
o] A L FejE ek

)%Z}"ﬂ/ﬂ A o] ok}
R o RtH (6)

o 7
:\:r
T »lﬂ}.



70 EE NS ZERHE YX(of J|xet A HEH YXietel AEZD £330t F7/AY AN 2O O 45 24  ASY

AR Ay
LOZZX{"'?72\/>77\/§7()’ \/§72\/§a'“}
ry=1(0,0), r2=(l ﬁ)

27 2

meb A, J=29) SAPQE o] Fhsehvl it
9] gJeel theke] HTA9l ol5e oF 0.166dB7}

& A7 D, ¢l ol AAHdual lattice) =, 3
Ad(m=3) AN HAoz LA Jom Az}
Ay 9} B, m=4,5,9,10914 27 ¢ A3}
FAA 7pE o]5e] =¥ duwigow Conwayst
Sloane o] Atk D, o] 14 LY ES Agato] 4]

F AR VQE TR

o
S
o
By
r’ U

ek 4 gl
A% D
_ 1
T (Oa 70), "'2_5(17 71)

A7 [,& mxme vt Wty D) &
J=29] SAPQZ T&Z = 9lov D& Agehd
S w29 el tiste] °F 0.473dBY] °]5& AT
ek, Bk FAHQ D, o A $4E FaEd (10,
Example 1]2} [11, A IVl 275 o] 3]

ARt B2 82k (m = 8)A 7Hg 2 0|58 Ul& 4
A= dEA el o2 H A% L gHR g
ER

Ax} By

r

r, =(0.0.0.0.0.0.0.0), 7, =2(1,1,1,0,1,0,0,0)

1 1
ry= 5(0, 1,1,1,0,1,0,0), r, = 5(170707 1,1,1,0,0)

1 1
T :5(0,0,1, 1,1,0,1,0), ry= 5(1, 1,0,1,0,0,1,0)

1 1
r,= 5(0, 1,0,0,1,1,1,0), ry= 5(1,0, 1,0,0,1,1,0)
— 1 o 1
Ty = 5(1, 1,1,1,1,1,1,1), 7y = 5(070,0, 1,0,1,1,1)
_1 1
" _5(1,0’0707170,1’1)’ T12_§(07171a070a07171)
_1 1
riy=5(1,1,0,0,0,1,0,1), ryy = 5(0,0,1,0,1,1,0,1)
1 1
Tis = 5(1,0, 1,1,0,0,0,1), ry= 5(0, 1,0,1,1,0,0,1)

Lo — Zm, G=F

m

et Ey A2 VQiE J=16% SAPQZ +do| 7%
st e FE i diste HLAH o5
0.654dB7} €tk Bk 7A AR Ey o FAbst g 3
153 [10, Example 2]o] A71% o] 2lt}.

ok
=k

%ﬁ-fﬂl ‘ZBJE% ng B2 = (xlh--’xm)% SAPQOﬂ ?:%
2bskg astthar shak e A dE 2, E
E_'ﬂ

C. = A= SQE dRbEEE A =

ol
2L
£
o2

R
}O‘I
0

F4E5 o, R"—{1,..,n} 2 7183 z € R

shol thgah o] Alah.

=

o, [(x):=argmin, ¢ ,y(z— y,;yj(ﬁ))2

o] &IOHH C'i,jz{yi,j(l),...,yi,(,‘(n)} (Z':L...am,
., JDolth T3 SAPQZE Ak Zz ke
o) QeAg ehlE §4E piR” - (1.7 8

i st vk 2ol e 4 glrh

in)
|m

m

wlzx) = argmin; {1’__.,J}z}1miny . Cw(xl. — y)Q
=

e, vl 9 2,2 GEY] 918 A Qe s
cheat ol ¥ b2 AR A WAt A8E vE
(o AR A% e p(z)elaL, F uA:

REH G0 8 8] SQE 2,8 945 Tl A



2012 9F NMXt3=ts| ==X M 49 A H 9 = 71
Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

3t mlog,n HIEZ}

et 552 (49 20| logyn+n/mol Hrh
n/me SAPQAIA vl m7he] Yewiet e
E R3S AAE] A% B HEZE "ok AEE
logyn +n/mell tiate] w5 el tigh Az VQe] 4

T AFEe] ARl wet 47 AR Do} B9 o5
T 2e F odse d¥der #aY 5 oAdd
Examplesl,2]

S mﬂ s34 29 dsel 4on
2k R™ F3telA SAPQ9
" A% Fol ek

yj(gla...agm) = (yl,J(gl)v

<J: 17...7Jy 617-..7

H X=(X,,....X,)7t °] § stz
s ) JEREE TS 2

7y7n,.j<€m))
l, =1,

o
v
ro,
e
=1
i
=

p(glv ---’£71L7 j)

:Pr{al,]'()(l) (X,)

m,J m :‘67717#()():-].}

:é‘ly o O

meby SAPQ £ 27 ee] By dERYE
HX) 2 ¥713 o o33 2

peeerlys 1108y D(Ly5.. s 5)

ol 4 3he
g N g A =
F71g AAskE Gk BF gfe,..0,) 8 Tt 2

o gejaa,

767717j)/P'

(X)) =
2J

qj(gl’ eee? Em) = p<€17
=4

= Pr{alj(‘xll) Zm | lLL

Zj}

oA7IM &E P Po=Prin(X) =512 Gt 17

J

W (8)9] AERYE thgy o] th] & = ik
1
H(X) = fgjglpj
h E qj(él ---7£m)IOg2qj(‘€17 7£m)
6=1 ¢,=1
J
- _ZPj‘logﬂDj 9)

O} 22 Fe= dERY R37)E
R7h HES gJste] g A 8L /e 1T (P}
AFeste] dhte dEZY REs)Z2 AA

ez E Y {g)F AHEE
JERI F5715 AAG 5 F J
&g Tk,

A7 VQE SQol 7123 SAPQe] ?1"”
sto] dERY RE3E s wAah ”“1

¢
_Ll.,_,

Ejg
i
rJ
rSL
Jﬂ
i
A omn M P

<
ol
lo,
_O|L

&n’j)a}

o Al £ 4 2

.o Zm)lOng(gp ) gm)

1 J n n
+EEPJ " qu‘(zw Cy)
=1 4=1 ¢(,=1
q(€17 o gm) /
10g2 qj(gp ) ém) _;leogZP] (10)

log,(z) < z—1 (z € R)ZFE 10)°A

oA 2 vt 22 Ao vt

e (1002 ADZEFE 99 dEZI = thaS 1t
=3}

(71)



72 BHE A

H(X) %2 2_; ( 1 - 1052(1(&7--- l )
1 <
E; logy P (12)
(12)ellq 4 2= jol tisto] ¢; =q2 o AH3

oho (2% 2ol (g} Aol {g} & A8 ")
9 FERE J MY JdERY HIV|E AASE g2l

nm e FEZ 9 JdERY Hor|E AASER
AA BREE 9EF 5 drh

olAl SAPQeIA 7+ 9¥ z,..,x,°l 3 &
mNe JEZN Ri7|2 7tz Raslet= Ao uls)

o WL'SHEX} o) 2o} HlEE wARFAGL 3
| )elA 8] F A T p/mo] Ak FE
Pl() (2:1,"',m,€:1,,“,n)% ]’4—%3’,]_ E]._O] 239]
3AF,

pl(z) = . /E/E [EQ(EU g? 17€£z+1’ ’Em)

Fo3tE Fdsh= SAPQE ‘SAPQ-m’olgfstal o] uf
?ﬂEij’]% HSAPQ mi L}E}m UH q- ﬂ— ] ‘?‘
zltt,

Hpg- ()= == 33330, (Oogp, (0+ - (13)

(13)9] AEZy|e} (9)9] AERIS] #AE nZs] B
A (1204 2250l A WA Fe Thee wEH
- Z Z q 10 eee m)lOng(el7 -"7€m)

10g2 (p] (41) ><"'><pm(£m))

pl(él) ><“.><pm(€m) )
q( Kp ~--7€m)

< - zjuzp1 10g2p1 )
S & P1(£1)><"'><pm(£m)_
+Z\E:1‘“ lmglq(gl’ " em) q( ‘61’ -~-"€m) 1)
== i ipl (£)1og,p; (¢) (14)

S mene YXT0| JEE AR HE| YK WERD B34 DAY JSAY 2E

(72)

T

[e)
A8z,

£33 miY @EEJ—] 2375 U]"—Oi}ﬂ R =
T, AAHSE mn+J MY FES AR
SAPQe] =T 253 S 5 otk
29 Ese) A ZudlA (§)3% (129 A
oJA AR, (8)9] A% Jn™, (12)¢] 4
g0l 4483 %‘—"riﬁh Xﬂ"}ﬁ} (1 )

o= QdE

= =
o T

o,

olgigt SAPQE ‘SAPQ-1°]z}
}[SAPQ—1E}—1 E718Hd o3 2t

ZP

=1

)log, P

16)9] SAPQ E=¥]3=
& W

H(X) = HSAPQ* m (X)

< HSAPQ*I(X) < 1Og2n+ %



2012 9 MAE3 =24 H 49 2 H 9 =

73

Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

¥ 1. HdEZI B3I MAE st &2 M
Table 1. Number of probabilities to design the entropy
coder.
Example of £
Entropy coding [I,\rholéz]}?)%riti%fs (m= 6737, :n4:) 1024, | variables
HX), 8 Jn" ~1.934x10% | m+1
H(X), (9) J"+1) | ~1.934x10% m
12) " J ~1.209 x 10*! m
Hyppg- yy (13) mn 8,192 1
Hyypq_ 1, (16) n 1,024 1
(16)¢] dE=Y] H5315 Fdsh= SAPQE n/l &5

o A% (P(0)) & AHEelel & Jle] dERg 257
= AAlskd HEuE vg v 7 BPER A2 VQ
g]ﬂgiﬂH§5V}ﬂ~ﬁq

AE ;A T£7H “741
o] 7H

4 Vas $71904 ML BES A A%E 9
sa mel 45e n@e ngh
uw a9 19 ole] A8 thete] SAPQE 7]

#d¥ o A2 VQe] 45 S, SQE MMk A9
(re/6)2” 27
constrained SQ, ECSQ Opt.) 7] o5
w3 ®kth A2 VQe| dERN R385 95te] At

o] %@. o7 HAHSA FA (entropy-

& SAPQ-17} SAPQ-m W& AHg3te] 2 g
oS AR 1 AN BYLE Y 14 #E
»Zhe) A7) ﬂéiﬂ nsslz Hes A

(Uniform SQ)&= AEEo] &prhax
o]

(73)

038 ,
—m—E, SAPQ-1
| --e--D,* sAPQ-1 E
06

A A SAPQ-m

T - Uniform SQA,/,,,,_,::_,__’,,,_.,;

04 -e-AsaPQr F | ®°° 8

)
0.2

0.0

Gain (dB)

-0.2

ECSQ Opt (re/6)2°" -

R e 4

-0.4

0.6 A

Entropy (bits/sample)

F7194 JI2Aled 2=of st SAPQA 7=
ot AXL vQel M&Eo thet ol JM.
Gain curves of the lattice VQ based on SAPQ
for the memoryless Gaussian distribution.

-29

-30

. ECSQ Opt (ne/6)2™

-31 N /

-32

sLB 2™* N

Distortion (dB)

-33

4 Huffman coder N
®  Arithmetic coder \
- - - Entropy N

35 — |

T T T
5.0 52 5.4

2194 JteAlel 2xZoll st Huffman
7|12} arithmetic £27|2 F$ist SAPQO]
gt AXL E, VQ2| H|1(SAPQ-1 AERH]|
=h)

Comparison of the Huffman and arithmetic coder
in the lattice E; VQ based on SAPQ for the
memoryless Gaussian distribution (entropy coder:
SAPQ-1).

344

5.8 6.0



74 = M8 ZzHE

-29

I AN T T T ]
'1\ ‘ —s—Uniform$Q ]
4 N A
50 SN --e--A SAPQ-m ]
] Nl ~A--DSAPQ-1 ]
] RN --v--E, SAPQ-1
231 o) —
—~ ] AN ]
% 1 Y\\. =
S -32 \zk g
£ ] ; AR ECSQ Opt ]
s ] ~ 1.53d8 N, ]
& 33 LA X ]
] ; A
34 A
stB B SARN
-35 4 l‘ ‘I ‘\.‘i_
50 51 52 53 54 55 56 57 58 59 60

Entropy (bits/sample)

27194 JtfAld 2=Zof st SAPQOl 7=
gt AX VQel Ms Hlu(Dxt E 2l SAPQ-T
A, = SAPQ-m AEZI H53)
Comparison of the lattice VQ based on SAPQ
for the memoryless Gaussian distribution

=2
=

Atk % A4 VQsl A=A RastE A3
olv} SAPQ-m g Abg-ate] 7]014

$A9 23] 255 FAstele] &R I

o 3k

v
el
=

4 1 o

=

20| = Azt VQ dEZY ¥57]2 Huffman
e el

[e]
3

25719 arithmetic F37]12 AME- Ass
SLBSl 27 %% (SLB)$} SQ9| A<l
(re/6)27 %% (BCSQ Opt)et A=  wuwsdek
Arithmetic 719] 45 A9 (16)9] SAPQ-19] dE
& 4 1o Huffman F3.7]
=, L%%‘% 502 bit/sampledl|A] AEZ 39} ok 00193
bit/sample =7} Apol7h @& #ET = Sl

a9 3ol= AR 4, D, Bl 71 %8 Az} VQ«l 3
%45 5-6 bits/samplecl] A} SLB¢} ECSQ Opt. <}
waksith w5 SQe AE A (Uniform SQ)7}
Q1 kel ECSQ Opt.oF 9AI3Hs Bolal glom 7t
2kl tiste] ECSQ Optell tisto] o220z 7odt

ol

% s 45e Boln U8 BAY

o] 7]

ll

257

(74)

R0 7| =8 AR HE LXiet AEZD|

A7) (vector quantizer: VQ)& #¥E 48
2}7](sample-adaptive product quantizer: SAPQ)E
sl TP o, 1 8 JERY B33
dEZY L3555 9l5te] SAPQ T2l 7
s}sl= v
A2 VQol =49

e

l

stol EAIsha stk 2
o

7betiA e X o] &4

T2t U9y 71RAY 2EO Ut 45 =24 dS4

EEA A, A% 4, DX, Bl 7128 AR i
S ]

ZRYE o
g A8
Sttt
x5}

ol

i
i

T2
S Alekslsl o u:]

e
e
b1
il

] - gk
Hs dERY Fosed
A (memoryless) 7FH-A1A ¥

GELERA R EE

Iodlo el
o

ol
b &
o
2,

2
tjo =2 4y FlO
L 2 ¥ N
[m

wn =

E; 3¢9

O

Nl
i
o

S oy

=

M =
dor ® oo off &

2
g
bl
=2,
=
ok
2
=
O

oo o,

tjo n

32

1]

A. J. Viterbi and J. K. Omura, Principles of
Digital Communication and Coding. McGraw
Hill, 1979.

A. Gersho and R. M. Gray, Vector Quantization
and Signal Compression. Boston: Kluwer
Academic Publishers, 1992.

P. A. Chou, T. Lookabaugh, and R. M. Gray,
“Entropy—constrained vector quantization,” IEEE

Trans.  Acoustics, Speech, and  Signal
Processing, vol. 37, no. 1, pp. 31-42, Jan. 1939.
A. Gersho, “Asymptotically optimal block

quantization,” IEEE Trans. Inform. Theory, vol.
25, pp. 373-380, July 1979.

T. R. Fischer, “A pyramid vector quantizer,”
IEEE Trans. Inform. Theory, vol. 32, no. 4, pp.
568-583, July 1986.

M. Antonini, P. Raffy, M. Barlaud, “Towards
entropy constrained lattice vector quantization,”
in Proc IEEE ICIP, vol. 1, 199, pp. 121-124.

Z. Mohd-Yusof and T. R. Fischer, “An
entropy—Coded lattice vector quantizer for
transform and subband image coding,” IEEE
Trans. Image Processing, vol. 5 no. 2, pp.

289-298, Feb. 199%.

A. Vasilache and I Tabus, “Indexing and
entropy coding of lattice codevectors,” in Proc
ICASSP, vol. 4, 2001, pp.2605-2608.



2012 9F NMXt3=ts| ==X M 49 A H 9 =
Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

[9] D. S. Kim and N. B. Shroff, “Quantization based
on a novel sample-adaptive product quantizer
(SAPQ),” IEEE Trans. Inform. Theory, vol. 45,
no. 7, pp. 23062320, Nov. 1999.

[10]D. S. Kim and N. B. Shroff, “Sample-adaptive
product quantization: asymptotic analysis and
examples,” IEEE Trans. Signal Processing, vol.
48 no. 10, pp. 2937-2947, Oct. 2000.

(11] A&2], “Ax} We gapstel Az 22 48 Z2
HE A7) dfghdzlarels] =iy, Al 499 SP
H A 2%, pp. 18-27, 20129 3¥.

[12]1]. H. Conway and N. J. A. Sloane, “Fast
quantizing and decoding algorithms for Ilattice
quantizers and codes,” IEEE Trans. Inform
Theory, vol. 28 no. 2, pp. 227-232, Mar. 1932.

[13]1]. H. Conway and N. J. A. Sloane, “Voronoi
regions of lattices, second moments of polytopes,
and quantization,” IEEE Trans. Inform. Theory,
vol. 28 no. 2, pp. 211-226, Mar. 1982.

PSIDN V]|

(75)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


