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On the Index of Lattice Points in Pyramidal
Lattice Vector Quantization

LiBicheng  ZhengYong ShaJichang ZhouTieQiang  LuoJianshu
(Department of Systems Engineering and Mathematics. 'NUDT, Changsha, 410073)

Abstract In lattice vector quantization, the codebook is made up of lattice points as
gantization vectors. It is essential to give an index to a lattice point, so that the output of
quantizer can be stored or transmitted. In our study of data compression. an entire research
is given to the problem of the index of lattice points in pyramidal lattice vector quantization,
and index algorithms are presented to index the lattce points of some usually-used lattices,
such as Z*., Dy, Ezand Aso on.
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(Lattice Point), LA S/EARARE. BESTERIMRAE THE. B TREREM
Ay, FFLSSHEERA RN, X AEBPRLEAS. TREFMMEE
B, AAERAE, FAAEAREREE P AT BB KRR RNB S,

ERRERRATS, HREAHATHRSRREN—F . XBRRITHEEARERMA S
ARG, XK (7] PRET —FMXEHFSTE . - MRENRA#TRS. X
O RASER AR . Ok (2] Bl —F R TBEME Z" (L2D BANERS
By, TEHBBEREHR MRARSPEARSE, WEBLUER SRR
Mk s BIERBEESREFHR D, NEARBERATBAMRSHT THR, EiE
T3 (2] e, FFHAENRER ERETHANLNME, W25 D E. A%
RERSH k.

-1 RBHIENX

B R 2 m EERREME, R" REM L A FEE n=2L), ERZEEFH L 1 arsa;,
voa REMSIMRER. L AR A ELH
A= {yly=wa +wa, + - +wa,.u € 2} ey
He Z JREE. Lla, a oy a HITEER LXL BERRN A HAEBER, iCHh
G,

JUR % FB A R B 2 L
ZL = {(111"' 71'1‘):1‘,' e Z}(L ; 1) (2)
L
Dy = {(zyyerxp) € ZF: D2, € 2Z) (L 2= 3) (3
=1 l : \
E, = {(xl,---,xg):xiEZEEI,—GZ-}-E,EI;GZZ} @
=1
LRt Es BRI RARA
ES:DBU(DH—I—%) 5
Heb, 1 FRIFAENSBHE 1 N8 HRE, 27 XRBEEE.
Barnes—Wall (g A = E:j( D, + %r,) (6.1)
31
A # 5 JE A =Ul(2Dy + 1) (6.2)

=9

Hdrr, (0<Ki<{31) WA JEN 16 BY—H Reed —Muller B E,
sTFHFCH L (s A B SCER (BBR) K #9IE:

L
SULK) = {Y = (y1.32003) € A/ D) |yl = K} <)
i=1

N (L, KD AS (L K) PRREMME. XTFN & K gk (7] [8]
IR A HERCh L BBEMEZ M N (L, K) FinFfEaR>

N (L, 0) =1 (L=0), N (0, K) =0 (K=D (8. 1
N (L, K) =N (L—1. K) +N (L—1, K—1) +N (L, K—1) (L=1, K=1)
(8. 2)
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WA RERH L AN, T LERMARE X= (x, 2,0 =5 2)5 IBQ (XD
AR X BEMEE Y=Q (X) ARMARE X £ A FRELEL. EREXE
Bibh, EEMEREERACEN ..

2.1 WAKRB X 75 L SBEEPEZ" PROBEES

MAEBEL 2. ®S (@) RHEH - mEMER W E—KE X= (21, x50 -
X)) €R"

Y = Qu(X) = (fxy),, fz)) (9
HL b, XEZ FEEMHBEQr (X)) MESERR X NEHBHREREEMNELR.
2. 2 BAREBRX 17EL MG D, PAIBERE R
MEBZH ., B (o) HEE z BENBE. f OO = (f @), = f @)

7E X
‘1 x=0
sign(x) = (10
—1 =<0
w(x) = f(z) + sign(x — f(z)) an
ﬁﬁ%i 0=X— f(X) = (819"'v81,) (12)

BARE X MG D BT =4

(1) R X 75 L BRBPE Z° PRIBOER S OO = (f(@),f(@)) 5

(2) HE X)) = @), w(@), =, f(@) . KBz & X hHsE, Firi g
MTRERE O =X — f(X) FEMNERKASTR O MTENTIR FHw @) K%
f (), Wi e O;

Q) f X)) g X)) pHFAFE - TMHIBZMABEBRENRE. XTRERE X

MK D, PHRABHEAE.
2. 3 WMAKRE X EE. AMPRIBERES

Wy (X) HAFRERX BEMKRE MY=Q (X—7) +r BFE+APEE
X BEMS. MFRENHU, ¢+N, WY.=Q (X—r) +r (=1, 2, ~) HEH
X BEMIE AU, A PR X BiEH S,

MAREX EE FRBLULSWNT=4:

(1) skili Dy FEER X SEHRA Yor (2 Rl Dot B X RITHMR Y,
(3 FHWRX 5o, Y, MER. EERMYHSRE,

HAKR X 7 A= U Dot Lr| sty RSO F A

(1) Ritipr+ Dy PEEH X REMER Y. (=0, 1, =, 3D; (2 AHHEX 5
Yoo Yio oo Yo WBERT. BERSEU/MOMHIIRE.
3 RS

RGN RS, SEEREFEAMMBRR, WD, E. A%, REKHL: H
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KRFERCHHRBEBHEORD. RDRETERRK, £18

SP(L,K) = (Y = (i,+o30) € A/i‘ |7, <K} 13)
ﬁ =1

SP(L,K) = {Y = (y,,»3.) € A/i} l3.12 < K?) 14)

WRATENBH. S TRARERF2HHER RABAMBRERENL BRA
13) EXWHE; NTRARFHHHRER, RARENBIEREL, XA 0O &
X H.
3. 1 BRMERGRS

)‘Cﬁi (7] AT —FfERRE R BRSSO SR TE: SEME A, W
Dy Ey. A%, BEH L, p R A1 EFEHAE (packing radius), ERIEMRER G, Hik
MERGT, QB2 HEN. XFYESP (L, K), fAlndex (Y) = (ks =, k) K

— K
FRY, Hoft, 0k, 0 <k, k=] |, RBRREWT:
Index(Y) = (&, ,k,) = mod,{YG™!}
Y::::::::::::::::::::::::::::::::::::::::::::::::::::Index(Y) (15)

= Index(Y)G — kQA( IndexT(ﬂG)

XFHRAY, BEFMAER Index ) = Gy 5 k) XFHEREHERLE

mm, By e A)Y =16 — kQA(’TG) T = Ry k0,0 < by b < b — 1)DSPUL
K)
3. 2 BRRERES

Xk (2] A —RATREMKE Z" L2D BANGERSERE, T2, HRES
BASER RBREAPEARSE, NEBLERTEERDFERAES. RITERE
EREHR R, MERXNEEERAPEEMRERITTEHER, BEET (2] PHEE,
FEELETHEHASJLFREEN Z". D, E MG SRS EE. RITIRER® Tﬁ?‘%v

43 BN BB IK b ORE AHEATIR S . T S (L, K) = (Y= (315 325 > 31) €A /2 Lyl
=K} EEA, RIVAO, 1, =, N (L, K) —1 MK X475, HAFN L,
K) HS (L, K) S, Wit XMFREYES (L, K), HERMEMEHNE
B W50 SHR K, iTH G K,

3. 2.1 EEMKZY (L= MESEHE

L
) HBEEE: BY= Gu oy 90 €28 HK=2 15 (8.
a) £b=0, i=1, k=K, I=L, BE:#EHEARX B. 1) 8. 2) IFEN Gn, n) (m

1 X>0
<Ly, n<K) . E X sgn () ={0 X=0
-1  X<0
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b) R yi=0, N b=5+0;
By =10 Wb =b+ NU— 1,k + [Lgn(y’)]N(l—l,k-—]);
WE jy | >1, W

AR

b=b+NU—1,0) + 2>, NU— 1,k — j)

=1

1 — sgn(y,) _ .
+[——2 ]N(z 1,6 — |y

) k— |y, |k, I—1—>1, i+1-i,
R k=0, WEIE. 6 RY MERES; FR Goto (b,
(2) BEEE: AEREK 55806, BERBARY, BIERBEY= s 320 = 1) €
Zt, HeeBW K, 2R 6E {0, 1, -, N (L, K) —1},
a) Y= (ns y20 s ) = (0, 0, *, 0), 26=0, i=1, k=K, /=L, RiE
HEHEAIR 8. 1) (8. 2) HEN (m, n) (m<L »<K),
b) R b=zxb, M y,=0; Go to (f).
c) B b6<<zb+N (U—1, &), M y=0, Goto (e).
EHN, xb=ab+N (U—1, B); & j=1,
d) R b<zb+2N (U—1. k—j), M|
MR 2b<b<azb+N (U—1. k—j), M yi=7.
WR 6=26+N U—1, k—7)y W y;=—j, zb=zb+N U—1, k—j)" ",
W zb=2b+2N U—1, k—j), j=j+1; Goto (d),
e) k— |y | =k, [—1—1, i+1—i, IR L>0, N Go to (a),
£ R E>0, WM yr=k—lyl. Y= (0, 325 5 y1) RETKREMEA.
e * x X xb=xb+N U—1, k—7) REERLEH, FEEEHEIR.
3. 2. 2 [# DL Es. ABIATEB R
BAHRIE: ERBEREL, Mg Z" FBEAS D b SRRERK. N, o
FAFIAE Z" B9 AR S B ST RRE Dy B9KE S ITAR S, B0, XF Dy Ds. DyslOH5 SARE
AT BRI B 2. 28, ZYMis Sbr B E .,
XFHAYEE=DU| Doty | 89555 S5 1 KERFHAY €D, R YED,+1,
BARRF R b, MR YEDs, W yb=0, F Ds MIRSEIEXY #HITHRG, HAFSH b
BN Koi IR YED+ . M ob=1, FIREF D, AR SH®M ¥ —Le D, #itig,

HIrRG R b BN K. XH. TEFEMEE © b, Ko B (1, &, K. EHEK
Y. WRIRILE yb=0, MIRYE (6o, Ko)» A Ds MRS H LM Y MRHRIAF yo=1,

BRI 5o KD B Dy MRS EMML Y — 5, ATIBEY.
HIFRSRAMM, il WHEE 5 WHRIFR.
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{
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AN T AN RERAFF AN LMMEEW Z", D, Es» AdSEH SRS
B, ABAMBRAREBAEBREES PO AR T XBEMEAR, HHETEHR.

B Y,= (1, —1, 2, 1, 0, —2, 3, 0) €D, Y;= (1. 5, —0. 5, 2. 5, 1.
5, 0. 5, —1. 5, 3. 5, 0. 5) €. Y, 5Y, RBIFE5H Index (Y,) = (12,
13, 10, 12, 13, 13, 11, 0) (k=14), Index (Y,) = (10, 10, 2, 1, 0, 9, 3, 1)
k=11); Y, 5Y, Bt E+FE 431k Index (Y,) = (99875, 10), Index (Y,) = (1,
99875, 10), KWREMTHERIFERS . #8535 Index (Y,), Index (V)) fEHSIFH
Yo 5Y,. tnEH (2] +MAmEESE, Bindex (Y,) = (99875, 10) fRIBAR Y,=
1, —1, 9, 0, 0, 0, 0, 0) #Y,.,
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