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A Study on the Fast Search Algorithm for Vector Quantization
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In this paper, we propose a fast search algorithm for nearest neighbor vector quantization {NNVQ), The proposed
algorithm rejects those codewords which can not be the nearest codeword and reduces the search range of codebook,
Hence it reduces computational time and complexity in encoding process, while it provides the same SD performance
as the conventional full search algorithm, We apply the proposed algorithm to the adaptive muiti—rate (AMR) speech
coder and a general vector quantizer designed by LBG algorithm, Simulation results show effectiveness of the proposed

algorithm,
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ASK subject classification: Speech signal processing (2.2)
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Fig. 1, Determination of the search range using the arranged codebook.



A BgAT 2 oE A& BB 7 A 529
ol A5 I7ighe o8t

Epgp = 2[1':”'1 —wa,}

(5)
o714 = 7HEX|0 1, 715X 9} AL ol 2t

w =3347-1947 5 o a <as0,
450

=18-—— (d 450) , otherwise. (6)

where, d, =L, -L,_, with L, =0and L, = 4000

I9 29 32 AMR 3/ Yol N AM-E LSP FA}
T 7] sMQek SVQ2 £5 thojo| 23 LEd Aot
4 5y 54 2ae 328 7 THL 2SS
3o B B HAS LTI 8AE PRI
oz 2oled oA ghd AR olEE A ol %

WE] UXISHE P Nk Y WTEiE0) Wk U 296

3le], SMQolAlE 2 3 tEZYA oAl #2, 2,
7", v, % rPE AHIUT, SVQAIME 7 5 )
YA r;, rs 28R r; S EF 80% AR
s a¥iAl LSF 4% o] Weo) bR 24%he
ouj@ct, AMR 34 Y ISP AR ARE §
840 27| grg 7IEeR YR QAR
o, o|FA AREE TR YARLS oIR8t g
R.5.8; o) =L AP A= ohS Al 71 e H
o1qlct,

V. 44 % 24

AdE FAEE F Y FRE71 A5t 2
3tgict. A WA= LBG aElEE ARgsi 2Ald ¢
SRl FAE7)olnt. o), training WEE 34 A%
o) B} oz go AET 9l p=0.86% 17} Gauss—

L= (L(l)’L[IJ) ( o vm)
»(F) »(3) >
-\{ r= (r"’,r“’) SMQ +% L'= (Lml ‘er)
r'(2)
Pnc
L, 8§ p MA

‘:d-/: .

+ >+ predictor

a2 2. o) SMQ R0 et =% Cl0jo2#A
Fig. 2. Structure of the predictive split matrix quantizer.

L r
T svVQ >
-4 r + L
r'(l)

Poc

L
" B — : -
+ 4+ predictor

a9 3. ol Svo =0 gt 22 cloj| 3
Fig. 3. Structure of the predictive split vector quantizer.



297 BRABYHK| H22N RZ (2003)

Markov 427} o[ &-E|%1c}, (0,862 S44135.9 13} 2}
7] AR e ARRET Qe golct) F ihe
71&2] AMR -S4 ZElofl A AME-E T Y= LSP A7)
o) Fg3to] APt

gukA ) W FAE7) 349 AP HEH Q| e
22}ol| A 4312 HSA]7 1 FAO) 2H B S HE HE
£ 27k 2u)E Tk 3|E Esle N wo] ik
£ A= g o2 oot AMR -3 RYl A
£8 720l NTTOA A2 2]} S48 P4 E
M85} LSPA|S2) HE| ofAl3tA] §A W] Zhaek
& AAlsHee,

QA gk oS Ao 23t FAIHHL

thrs, = p, x dist )

714 p = 2 QAo 1, Jise= HE|Q) A7 o) g
o] gk oinljit},
Gauss—Markov A1Zo] tiajd= & AL o2 A &
Thrs) R Thrs; & B39}, Thrs 2 AQE 42
59 £7 JdA g3 XA duelgol g% &9
Qe A ghzhe] Qe o7 28R b -9 9A

B 1. TF X} p0 W QA ofi# SNR A5
Table 1. The SNR performance and the index error for the
control factor p.

. = e,

050 |556 18,30 0
030 [334(= ghrs))) 1830 0.001
020 (228 18.30 0.004
010 [1.11(= hrsy)) 1829 0010
005 |056 18.22 0.162
001 ot 17.49 6.348

B 2 S QA ziof oiB B3 EAY
Table 2. The average search range of the codebook for two
thresholds ¢hrs, and hrs,,

2 24.83
11381 | 59.70
1540 | 7594
3 13349 | 7393

FOIR, Thrsy= Y2 o274 0,1% 2A4E 399
A k& ehdich, A8 9)8l 50,000 752 TR L HE
& ARSI, 100,000 7| HIAES BEL ANE3IY
ot AR whAlef oJgt A& B A2 BHE
37) 9131 LBG e El4]el g3t A 2E8-2
3 449 37| ghofl gt WPk L2 B3

3 12 23 e o A F 3 HIEZ} HFEH AL FL
o) A 7t Thrs, @ Thrs, 2 A= dE B30
Ak, Thrs, 2 AME LEH SAA 425
SNR 5 #Jo)7} Qs Ha Gho.2 MY=[9T, Thrs,
= AYPA 2 2 8D (spectral distortion)gre] A4=20|3}
B 2|74 FEGOE Hokdw SD gho] Wil
&g 71222 SNR 3% 40171 0,01 dB Tjgte 2 WAy
He gEolMe] Hdigies Me=gich Ao a4
p=1% Z$= EXNA L5 o8t &Y qld Ao}
TUE FHE AL 5 A ol= HEY 3 ade) gt
Aol ghe] Holg e o Wit 3 o8] g 3
gt 3 27) g},

& 2& F 194 3B F 7S YA g ol8sto
g3 v B9} HE o] AHlg WAA|Z|HAM A7 AutE
yepdct, B4 dueledt vla2A), Agd GuBE
off A Bt thrs, S A L3NS F¢ 2= G WYL
34 33,82% oM Ao 59,32%7A] ZAIAUL, thes,
< A 8319 E B 228 B HA7T Has 59,.70% of
A A 77,73%7HA4] 2819,

AMR 2Y9| [SP ¥e ARl Ag3t7] Y8t
1,682,080 7He] 24 WL (10,513 Za|)-& Ahg-3hqict.
¥ 33149 A= 2R LS SNRA ST FYE
852 NS B9 Bt BN HYt SN HHY
482 vehdt},

12,2 kbps BEo] Aok <22 ES ML HAS AL
FES SN Q97T )Y @ 58,07% AT # 394
& 5 ok, YolA] 7] REYf A48 AL FEE T§A

E 3. 122 kbps 220 tiBt A8 )
Table 3. Test results for 12.2 kbps mode.

—

2x} & 4¥ 256 85.26 66.70
e | RO 256 87.59 65.79
231 256 174.27 31.93

4t 5 W 256 127.06 51.37
SA 5 ¥ 64 54.27 15.21
R 1216 509.97 58.07




H 1. LMA| 77 208 i3 ME B
Tatle 4. Test results for other 7 modes except 12.2 kbps.

112, 74, 67,

§6kooe ST | 1280 492.90 61.50
55 470 kbes| gy 244,09 61.87
Z;s kbps €| 1536 551.94 64.07

HolE 24 61.05% o)A Fof 64.07%7HRA) AAE 5 9k
i B 4N & = ek

VILFE

12 =R E NNVQE A3 24 B33 e
Alsketgict. AQte gue| 5L 7|&80] 42 gBE
of 38te] SD s Tt 27142 vize g.Fge] ¢
AR FEB] IV|E FPo = BB A BY
T2 ZAA|ZIT} Gauss—Markov &40 B9 S 749) ¢
A &t Thrs, T Thrs, & 283t AP A E43
gHPgel vist =8 HF B YA Thrs, A

< 24 33829004 AT 59.32%7HA] AL,

Thrs; Q) B 3 59, 70%04 T 77, 73%71 A i
3151ct, AMR 299) LSP 252 Oak DSP ¥ A| Q=Y
Az | Al 23,3 MIPS (million instructions per second)
o 9,23%0] APk 4.5 MIPSS] AXtERS 873t
(& Ao Attt DSP £ 842 71& 22 8Hi))
LSE 28 Al4bee] 82,22%0] 393k 3.7 MIPS2| A4k
Fér DA 2 3= LSP ¢AE) R0l Aok ¢zelES
#£-3 27, I8 B3 2 W7} A4 58.07%004
2] 64,07%71R) ZhAE o] oF 2,22 MIPS] ARKF Ha
ZI-E I,

e 2

3 A7 19994 VA Bk 2
70 of olstel $HEYE,

e YxiHE A D4 BH ymelSo] Rt Ay 298

Y129

Ho

1. C. D, Bei and R, M, Gray, “An impravement of the minimum
distortion and pelteren maiching,” J/EEE Trans, Commun,,
COMM-33, 1132-1133, Ocl, 1985,

2, M. T, Orchard, “A fast nearest neighbor search algorithm,”
Proc, ICCASP, 2297-2300, May 1985

3, A Lowry, S. Hossain, and W, Millar, “Binary search trees
for vector quantization,” Proc, {CASSP, 2205-2208, May
1987,

4 Y, Linde, A, Buzo and R. Gray, “An algorithm for vector
quantizer design,” /EEE Trans, Commun,, 84-95, Jan, 1980,

5, ETSI, “Digital cellar telecommunications system; Adaptive
Multi-Rale speech transcoding,” Feb, 1999

At ofe)

o2 4 WA (Sang-Hyun Chi)
20004 28 HAChHD MAHREZER B (3
Al
200201 2§ YU TR (OIASZE T}
Y (FH4AD
20024 9%~ 8K YUSEIIRN AFH

*7% 4 @ (Sang-Won Kang)
HISSYNSX A20Y WS MX

*Z § 4 (Yong-Seok Kim)

19834 2% MR B3 F

199813 18 X} 2AL

199811 3§~ 20001 28: MFY AYUDS

19914 58§ WH| W “CEUY

200011 2§ ANOE ‘7jed oy

20001 A FRSM ‘BRE2AY

2002 12§ AN ot

20031 ~ Ml AR SAGTA DHUANS
Lab B/ +4HIR

Lee)
1998 24 StolCHEtn ROIASBED (BEN)
2001 2% MUYUHD HAXZ|INOIA&DE
: (ZBIAN
20018 3B~ APRE BARITLY MT-2000
UMY AN



