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= B 8AFY A A== Linear Predictive Coding (LPC) A5~ o]-&38]j4] =dl&] sic} YWt © 2 LPC Alg=
FAEtet A 21t I ol Al 23t Line Spectral Frequency (LSF) 32n| 8| = #7350 ARG 102} o] 4F2] tf
A+ LSF Hlo|E| & e JASIE o] 85t A1 i‘:‘ﬁVﬂ = e f /A (intra-frame correlation) & 25
o]-88 4= QL2 B F rate-distortion POl A= & B8-S 7| = Qlek RN Ak v w2 @ F-5Fo] oy
A A G A AR A= AREEE 4 A Bl B =, AFedE UHo] 9458= Split Vector Quantization (SVQ)©] ©]
Bt} ®3E, LSF Hlo|e= 2pA e eko] BlE] 7k A (inter-frame COI‘relatiOIl)7 Fwoug, ol o]g3t
Predictive Split Vector Quantization (PSVQ) o] ARE-E 37 It} PSVQ&=SVQ Rt} =2 rate-distortion 52
ek 2 =EollA= 7 A AR E 13 24 Y PSVQE LA sH] flaiA] th=2) 1bA e ¢) A H.efo) g Xt
A4 (inter-frame correlation)S 172§ Multi-Frame AR-model 7]4FSVQ (MF-AR-SVQ)E A|¢FsHitt 7]
EPSVQL}H]aLsf| Kok o, MF-AR-SVQ= Akt v ] 8 +1ef2] & 57} glo], %t spectral distortion ¥
ol oF 11]2] A% A4 Btk

$441801: LSF, LPC, %4}5}, 9] 94)5}, AR model

EDNFO0kE AT 2ok R2)

ABSTRACT: For speech coding, a vocal tract is modeled using Linear Predictive Coding (LPC) coefficients. The
LPC coefficients are typically transformed to Line Spectral Frequency (LSF) parameters which are advantageous
for linear interpolation and quantization. If multidimensional LSF data are quantized directly using Vector-
Quantization (VQ), high rate-distortion performance can be obtained by fully utilizing intra-frame correlation. In
practice, since this direct VQ system cannot be used due to high computational complexity and memory
requirement, Split VQ (SVQ) is used where a multidimensional vector is split into multilple sub-vectors for
quantization. The LSF parameters also have high inter-frame correlation, and thus Predictive SVQ (PSVQ) is
utilized. PSVQ provides better rate-distortion performance than SVQ. In this paper, to implement the optimal
predictors in PSVQ for voice storage devices, we propose Multi-Frame AR-model based SVQ (MF-AR-SVQ) that
considers the inter-frame correlations with multiple previous frames. Compared with conventional PSVQ, the
proposed MF-AR-SVQ provides 1 bit gain in terms of spectral distortion without significant increase in
complexity and memory requirement.

Key words: LSF, LPC, Quantization, VQ, AR model
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A& FA| ¢ AA frame o] 25 FAFSE Sk R
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Fig. 1. Blockdiagram of MF-AR-SVQ.

covariance Hol| B2l 4] /d50] o] 2| ATk stable
g HE A4S 2 4= vk AR o] gl

13 18 PR} AR A48 0]85)o] LSF glo] g &
5= MF-AR-SVQ2] M A 29l E2 =2 el
1 Qlch. A A order”} M1 LSF g o] €] 2] it A frame -
m#A 7Y order LSF t|o] €] = 317 P7 frame®] LSF T

olB &2 ol-&lAM th=t ol A& 4= Atk

1<m<M (9

i—jm * a‘jm,’

—_— P ~
Xi,m: - X
Jj=1

Decoder TFol| A= 217 frame 2] original LSF | ©| &
52 A5 ST = glon g, 9) AolA=(2) 4]
7} =2] quantized LSF g€ Q1 { X, ., X, p}
2 A5 PEES 12 31 Single Frame AR-SVQ
(SF-AR-SVQ) 2] 7--0f|l:= PSVQe} 2o 1A 3t 3kt
T B A E ok wheba], SF-AR-SVQ2R} PSVQ2] 45
Z}o| & Bl aLsHE, AR Al AHE-EE 7152 7 A
frameo]] o' QL 1] X|=A] ERIE = k. T3,
AR-model @] 2} PE oW, IHA FHS ATE W
o] B7] ufjFofl of| g&AF gho] gt

E&, O) AN a0}, oy miA
order LSF d|o] €] o] T g 514 AR Al=E &Ju]glict.
o] k-2 35 HlolEl & Sall el A H AR Ao
28 Alolli= % gho] ARGEA Erk whok <k
Al b)) 15 AR Alg=E A3 A ARE-SH= o] of
Y 31 framer} ot 284 © & G811} S, AR A
& AEsh] gt o) v EV) E e 3F #t of
ek AR Al =9 2742 917 7191 Alskge] I
Qsirh o H|E A glo] 82 AR A5

o olo

r

st o arote|x] 313 M2 (2012)

decoder Thol] Hks}7] 1841 247 frame] o2}
3}=l LSF g|o]g &2 ©]-83} backward-adaptive AR
A 374 who] AHg7Hs s, o] Egt 2749l
AkzFo] uf frame LT ER 2 =Ro Al HE
= asi] gkotct.

1= Hof A 4|2k5H= MF-AR-SVQ 1
AR A5E u}2 Z55}0] A4 oA
TS o|g3l7] wjRo]l WAZES slt o) B
o A 8wtz 715X of et Atk 2 2ol 7} girk,
Z,(9) A1 53] o] = LSF glo] ] 2 AAksHe 7}
Ao =2 e 3h o n Bl A] 7 AlAkgo
0] u] 512 ME-AR-SVQS} PSVQ2] Al4te2: At
Foba & 4= ol E5h g v EE TS 7
o] MF-AR-SVQ2} PSVQo|| 93} v ;2] @ JLaf
Aslu @, 271H9) vme] ke goky
9k,

P2} AR Al (4) Alof|A] o e 2ALS 2|20} 5}
o] AAFE7] g o] AR 2} PE 2714 7]H of
HA ko]t Hek A e} o]

P EEE AR A PE F7HIA %9 5 ek

[

B

A

o>

[

al

= e Mo
oX,
2

ol

w o 4o

> ol

I, A 2 £9]

AHE WA-S B7ES) $IsHA TIMIT o]l
o] 25 B KH B F}4z the AEste] AL
Sk AL AR ALY 25 TR HES

34 TIMIT gjo] el o] 2ol 4] 103} LSF Blo] &}
1,200,0007} S==3} ). 102} LSF HE] =3, 3,4 2}
O R Lol Y 02 oAt sheieh 45 B
of o1 6 LSF o] e} = 815 A] A3t e o] ]2} 4




2 & 600,00071 2] LSF o] ¥ TIMIT to] &5
F8) 5% 5 ol g5tk

FA}35)7) 9] A58 the Alat} ZHo] Spectral Distortion
(SD)S AFgsto] v 2 57} 8tk MAHLSF W]
0 0 02 A0 2N ZoHe D

SD(a,a) = % f " (n(A@P) = In(AGw)P) P dw (10)

T

ot} o] Aol A} 5= (10/1n(10))* ©] 32, |4 (w)P T} |A(w)f
+ original LSF H]©| €] 2} quantized LSF H| o8| & &
8l A whp] 2~ E ™ envelope S ofv] Rttt A9
of 2221 SD A 1+e] F=uh4=2] B $}1= 50 ~ 4000 Hz=
AR5k

B = Hoj A 102} LSF HIE] 1,200,0007] 2 81

tlo]E = ARg-5lo] PR} AR Al 2 AHdofl T3]
A 5gA o g 3k AR Al 5B 7HA
gEo] g E R WEe] WES 148 Hav)
Ak 102 LSF #E| o] 7t 2204 gjolelo] e
rectangular windowS AFE-5}10] (4)2] of & BALS: X
8j5He PAFAR A4S 54 08 2480
wabA 102709 AR A5E 78 4 9k

18 2= PSVQ, SF-AR-SVQ (P=1), MF-AR-SVQ
(P=5), MF-AR-SVQ (P=10) &arz]Ze] tisliA] 27,
28,29,30 | EE &g 54| Wt SD 5= BVt
Axtolct.

3,3,4 49102 Ui Hele] 8 ofajs} =227
H|EQ] 2299 9H|E,28H|EQ] 7299 10H|E,
29 H|E 9] 7429 10, I0H] E, 30H| E 9] F 210, 10, 10

W £} 2kt b Ejole), E )E g o) s
MF-AR-SVQ (P=10)7} 71 9-=%t <t SD 5=
B¢, SF-AR-SVQLE PSVQ Hth= 9431 A2
Hyrch

AR #4:9] 342 ol u2hq MF-AR-SVQ®) %3
SD A50] LAl oz A4} olas
o] B 17 frame 510l WA frame: o) 25}
b2, A 4ol A -5t o224k gho] Eol57| Wi
o|th. 719 30| A= Zr2 5k A frame o] A PE
HSFA| 7] AL, S AR A|4=2] b5 HSHA 7] A
MF-AR-SVQ9] of|&] EAR S sl Hotrt. o]

>

of
i

(

Multi-frame AR model&- 0]&-3F LPC 74> 9k=}3} 97

—— Pava
—+— SF-AR-SVQ
S+ MF-AR-SVQ (P=5)

]
0.9 —&— MF-AR-SVQ (P=10) |

085

8D

075

0T L L
2 28 2 30

HIE

2! 2. PSVQ(x), SF-AR-SVQ(+), MF-AR-SVQ (P=5)
(), MF-AR-SVQ (P=10) (0)2] T# SD Ms

Fig. 2. Average SD performance of PSVQ(x), SF-AR-
SVQ(+), MF-AR-SVQ (P=5) ([]) and MF-AR-
SvVQ (P=10) (o).
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to the order of AR coefficients (P=1-50).
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1. SVQ, PSVQ, SF-AR-SVQ, MF-AR-SVQ2| H&#
SD (dB)2} SD outlier percentage (%) Ms
Table 1. Average SD (dB) and outlier percentage (%)
performance of SVQ, PSVQ, SF-AR-SVQ, MF-

AR-SVQ.

LPC / HIE 27 28 29 30

AvgSD | 1.183 | 1.113 | 1.078 | 1.048
2-4 dB | 4391 | 3.391 | 2.975 | 2.028
4- dB | 0.005 | 0.002 | 0.000 | 0.000

SVQ

Avg.SD | 0918 | 0.841 | 0.794 | 0.759
2-4 dB | 2.877 | 2.085 | 1.697 | 1.356
4- dB | 0.026 | 0.011 | 0.015 | 0.010

PSVQ

Avg.SD | 0.916 | 0.838 | 0.792 | 0.757
2-4 dB | 2.766 | 1.996 | 1.563 | 1.305
4- dB | 0.021 | 0.010 | 0.011 | 0.008

SF-AR-SVQ

Avg.SD | 0917 | 0.838 | 0.790 | 0.756
2-4 dB | 2.803 | 2.120 | 1.669 | 1.393
4- dB | 0.026 | 0.013 | 0.007 | 0.005
Avg.SD | 0911 | 0.835 | 0.787 | 0.752
2-4 dB | 2.709 | 1.961 | 1.594 | 1.304
4- dB | 0.023 | 0.011 | 0.005 | 0.003
Avg.SD | 0.909 | 0.832 | 0.784 | 0.751
2-4 dB | 2.656 | 1.868 | 1.464 | 1.212
4- dB | 0.021 | 0.010 | 0.010 | 0.005
Avg.SD | 0.904 | 0.827 | 0.779 | 0.746
2-4 dB | 2.547 | 1.829 | 1.420 | 1.199
4- dB | 0.020 | 0.010 | 0.007 | 0.005
Avg.SD | 0.901 | 0.825 | 0.779 | 0.746
2-4 dB | 2.448 | 1.756 | 1.441 | 1.188
4- dB | 0.018 | 0.011 | 0.005 | 0.003
Avg.SD | 0.899 | 0.823 | 0.776 | 0.742
2-4 dB | 2.358 | 1.751 | 1.393 | 1.134
4- dB | 0.021 | 0.008 | 0.008 | 0.005
B Avg.SD | 0.893 | 0.819 | 0.772 | 0.738
2-4 dB | 2342 | 1.700 | 1.364 | 1.131
4- dB | 0.018 | 0.008 | 0.005 | 0.005
Avg.SD | 0.892 | 0.817 | 0.770 | 0.736
2-4 dB | 2.280 | 1.674 | 1.278 | 1.079
4- dB | 0.013 | 0.008 | 0.007 | 0.003
Avg.SD | 0.890 | 0.816 | 0.768 | 0.734
2-4 dB | 2262 | 1.643 | 1.318 | 1.101
4- dB | 0.016 | 0.010 | 0.007 | 0.008
Avg.SD | 0.876 | 0.804 | 0.757 | 0.724
2-4 dB | 2.009 | 1.496 | 1.152 | 0.932
4- dB | 0.023 | 0.010 | 0.003 | 0.003
Avg.SD | 0.871 | 0.799 | 0.753 | 0.720
2-4 dB | 1.997 | 1.354 | 1.012 | 0.829
4- dB | 0.010 | 0.007 | 0.003 | 0.003
Avg.SD | 0.869 | 0.797 | 0.752 | 0.718
2-4 dB | 1.919 | 1.387 | 1.010 | 0.842
4- dB | 0.011 | 0.003 | 0.007 | 0.003
Avg.SD | 0.868 | 0.797 | 0.751 | 0.718
2-4 dB | 1.819 | 1.310 | 0.997 | 0.840
4- dB | 0.018 | 0.010 | 0.008 | 0.002
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st o arote|x] 313 M2 (2012)
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