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B E ACHRETAMERE (PCW) BN M EEMEMUXF, R T - SEmuEE
(LPR) SRR E (PW) BRARAIEST %, ZHFETLRENESYN PCW 4RAEKRELET
FRIITHE LR AE, RethaiE PW SRMESERETRH. BETXH PW BEMBNETY
¥, AXLHT —F 2.4 kb/s ZUTAMEREB R, HAVRBERERY, ZHFEBINEREES
4.8 kb/s I¥ S BIN FkE.

XA IEEHREE, KETW, BN, KEEL

S TN912.3

13 &

S50 & BANES RGBT H: (n CELP ik M) Ml, Kleijn 138 A SBETE N
1% (PWI, Prototype Waveform Interpolation) 774 2% RAEHEE LR TRERES. XER
R AR, B CRHERE TR, REEREFEH RS SE, SHAERLEEE
S SNR AEEfE A ERIEFMEANE, MEWENEEFEEREE, REH, RPEEESHAYN
R EREENBEREEYERE 6T,

PWI TS BN EERUFERES =AM EETFES0WEAIEKTE, DXBIBEEER
HRER EKN. MEIEEH—NEKPR BEAERAE, EEHRNEE R TE. PWI
AL SR E A BAR R L — 2 Wi E] R R — A R B EF AR (PCW, Pitch-Cycle
Waveform) 1E SR 72 (PW, Prototype Waveform), &5 R X4 PW #{E &, BLB4
PW JERMIRENIERM PW Kk BEEBES. B, E8ESH PCW MR F3IIEE.
XANERETESET PCW (R4 L, FETHEFESRYENBEEDS.

ERLFEEERDSET, IEAESEREMETRENEERNR, XEEHS PCW
METE RSB UIMR, 5 PCW HEeT MEf A AR, PWI LFIER PCW MK SS
BiEN. X EENEERME S %A . (LTSCR, Long-Term Signal-to-Change Ratio) #1450t
{5 %At (STSCR, Short-Term Signal-to-Change Ratio) Bi A HE &#29, STSCR HFME
A48 PCW [H]R9{55 kA b (SCR), LTSCR. i T I & 5]p&# 20-30ms By PCW [E]f#y SCR . X
MBS BEHIFRHELE, F—30 PW HREHRELTIEN PCW BRI ERT
FEMEE, FTRALYARZHEAPERICERERSFNIESHFE RN T AAL®
Y. XFEENS BN BRERBEHRFEE TR EER, @E8THTHmBEERE.
FHh, BFEFIMY LLEFE RS STSCR #1 LTSCR {8, BT HiE=x.

Lhr b, EERBEEEEE, EHBESS, BEASERNEEARESENE, TYE—4
R REEREMFREITEY PCW B, F3CEBER, LYhAEHESHNLEE PCW £ ¢
e ERRREEFHE, MEBZEA PCW EARIAFR, Al ERAEEH PCW 4 R4AR
BEEBRERER/D. A, ASCRET —FHl PW BB AHE (blockwise interpolation)
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Tk BTREFSHREIBHERENE BT EFKPME, 8430k LPR B5E® PW
RIREL. W, XFEMAERMLS, —RWEBEAEEH PCW 2R AEHAELEM TR
% ERRE; “RER PW SR ERENETAHE.

fEENF £k PW BB PIfd J7 ik, 2<3CEBLT —Fh 2400 bit/s LB 47 (LPC, Linear
Predictive Coding) 7%, &7 £EE L REHHNMEESMI AL, BIE PW HH{ERT, +#
SLRIE S MMBIE S48, MBIREMENES ARy —rH, HRESM I H—FEH, X
FAFEMEE, REANAHEENREEHMEEESERETES. FEXERATER
B, BEIMERIEH S 4800 bit/s CELP HLBEIR EEE FHHE.
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SAHTfiK Sy FRAMESIZE , Py #ll P SP 5858 m ~ 1 A5 m WG ITREE A
B, p(k) RRE m WiRE kA PCW MEFER, M AE m BrhEad PCW 1ML HE
B RETF A T EE AR Py 958 0 A~ PCW , BRFEEERN P #9585 M 4~ PCW . B
1 50T HiE PCW MIHREE (B M=3 S4fi) .
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M FESFEHE—W, B m =18, & Pni = Pn, M M = |FRAMESIZE/P,]
RE | | BRRE/MEY, mREE PCW B8 k SRENES AN

p(k) = Pm, k=0,1,---, M. (1)
ik M A~ PCW FrEaHRE M0y
L=M x P, 2)
iR KR M A PCW REMERTECHY
pp = FRAMESIZE% Py, @)

EXPFES % BRKREH.
SHFm#A1, 4 ppo HEm— 1 PHEREHFEETHLE PCW BEREMHESTLE U
% om WPERfE PCW MR SN

L; = FRAMESIZE + ppo. (4)
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EZEPBSHTRAENRESTRENZN, SHBYRFHBITRERN
A =|Py — Pl (5)
MR A > emax , WRHE m -1 PIHIESH

P, _{Pm—l =+ Emax Pm>Pm—1;
m=t Pr_1 — €max; Pn < Pp.

(6)

WME A < emax, WHE m — 1 MHEFHEFALZ, B P, =Pn1.
FHH emax FORARAIMIE R B B AALME, ¥ Sunberg AEMEIE ¥, HABE
R KHEEHBED 1%, 3T 25ms i, BAIHRUAHRRE 25% , METEAT N EE
4 0.75P;, ~ 1.25P,, , BiMLAITE cmax=25(THER) .
XAt PCW FE&ENIENESEAA
M —k k

p'(k) = TP;_I +5p Py k=01, M, (7)

MSE m Wit M’ A PCW Fra& AR Y

1
L=3"p0) = M'Ppy+5(M +D[Pn — Py, ®)
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M=M-1,

BMUTF (7) XFn (8) A LUBRIEhREENET AW p(k) . 5 m Wik M 4 PCW frig
FHRERTH L X m Wi X M 4 PCW RENER TN ppr =L - L.
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PW WREUZ/ETE LPR L, FRESRIUFIEREN T ERHRANT RO BERFIERK
BHRPAGE=EALEY. MFEFEENS, BILART RBIANHARHNAELEELRE
B, ITHEXMAREEER/D, NE PCW 4 REHEME SRR/, BRESEEMTFESK
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HEE=012-- M, “~" ZRTBOEFTEAPBOE §(k, 1) UFES PO, XA
SCEFFREREMLR) PCW BRHME (& k) %357,

2 ylk,7) AEFRY PCW EUXFH PCW . ¥ gk +1,7) B —BER ¢ HEKEN
& Dly(k,7),5(k + 1,7 — &) BN BRI FFiT

€=a%%mewJ%Mk+LT—€H (10)
RIERE|
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PCW , pcwi®(j), 0 < j < P H4FTWINFAEALL PCW | SiEFMENE Proy 5 Pn
B, SRS 2 S BN EEESE PCW AR B M S A p(k) , ERE,
B (5) ~ (6) RABEHEEAF AR —EE RSN P, .

BT PCW 52 k tBHEBEAHET N PCW , SpslBHks i T rrR o i
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(1) M5k P, > Ph_y , RIMRET—WT Pr,_y 9 PCW fF EALE H

mido = | Ply_1/2], (13)
X+ MR ES k£ > PCW M GG B
mid® = |P(k)/2], 1<k<M. (14)
ER=HEZER

ysk) = midgk) — midg, 1<k<M. (15)
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K (9) RIRFHET—PIELMFMEMY PCW §REIKE p(k) -

0, 0<j<ys™;
ESR (k,5) = { pewiP(j —ys®), ys® <j<ys® + P (16)
<k<M
1Sk 0, ys® + Pl < j < p(k).

NIBT Bl PCW 522 %
Epew (k,j) » (M — k)
M )
WHEERY R PCW B2, BEREHT PCW MRS, XY P, 4 PCW
o AR W

0<j<plk), 1<k<M. (17)

reso(k, j) =

mid, = | Pn/2], (18)
TR 24 BT WIS 5E & A~ PCW h L8N
mid® = |P(k)/2], 1<k< M. (19)
ERZHR BN
ys® = mid; - mid{¥, 1<k <M, (20)

W24 BT B 2% FF B PCW BETEIK Y p(k)

Tpewi ¥ (k,j) = pew{P (G +ys™®), 0<j<p(k), 1<k<M, (21)
NERB ST RE PCW 52K
el ) = TRk oy, 1ckcu (22)
WrimfMERY RE PCW sEBEMEM, MAEIIREH PCW REN
res(k, j) = reso(k, j) + resi (k,5), 0<j<p(k), 1<k<M. (23)
(2) MR Py < Pp_y , WIXRERT—M p),_; B9 PCW By SR E K
mid; = | P!, _,/2], (24)
TIXT R 4 BTMAIEE & A~ PCW Byh S0 8 H
mid" = |P(k)/2], 1<k< M. (25)
ERZHROAIBEE N
ys® = mid; —mid?, 1<k< M. (26)

LH—WIE 23 FF BN PCW RITEIK BN p(k)

Tpew§? (k,§) = pewl® (j + ys™®), 0<j<pk), 1<k<M, (27)
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MFBFY B PCW 522y
Tpewl 2 (k,j) * (M — k)
M b

AHEEEY R PCW &, BHEFBE PCW MR HELE, XRYFW Pn #9 PCW &
FRAEN

reso(k, j) = 0<j<pk), 1<k<M, (28)

midy = | P /2], (29)
T XA R 55 &k A~ PCW By s B0
mid® = |P(k)/2), 1<k<M. (30)
bR HEPOMEERE N
ys®) = mid® —midy, 1<k<M. (31)

I (9) ABF, SUMHELRNFTMEAY PCW I REIKEN p(k),

0, 0<j<ys®;
Epew'® (k) ={ pewl@ (G —ys®), ys®) < j < ys®) 4 Py (32)
1<k<M 6 )
0, ys®) + P, < j < p(k);

NS 3 B PCW 552 %
Epcw' D (k,j) * k
M b
FIA (23) MBTFRS FYBA PCW REBEMN, HEEIRSEH PCW B2,
G FE BB TFET to B9 PCW Z2 2236 AT 2B BB BTE e(t) -

resy (k,§) = 0<j<plk), 1<k<M. (33)

M
e(t) =Y res(k,t—ty), ti<t<tny. (34)
k=1

¥ URTX R # 85 —4 PCW EFEIMMGE, W7 TR EHEE.

5 ¥ 3 PW #y 3t 5

PW B BESMEE S RE—MIRRYERE, EREFER, hTRLRE, #
PRI X SRR PW RBGE U X T, BIRA PW R UUSHEAR M BEM o BISEUELL,
XBEEHETHFFAE, UENE. ERX TR, WAERREM. A ICER
BT FFaL .

TS 73 B PR B B A AT I BB L, o T HEATMSY, BE PW N E
HERHME, DUEEXNFHEEKN PW KELR. MEFROEEHY PWME, XSNHTE
TR A 18 U T8 4\ 5 i BE TR

BT ArRRA PW AR, BTl PW AT RME R M REEGR. SR—WEAMISFa PW
FTRNA
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K
U(tm-1,9) = O _{C7" cos(kw) + D"~ sin(ke)]. (35)
k=0

LRI RAL IR FFR PW R N

K
U(tm, ) = D _[CF* cos(ke) + D sin(ky)]. (36)
k=0

XERAY K REE APMAESHRN R, FSH bR Nyquist BIFpE, K
Do(t) = 0. ¥ u(tm, o) HEBLL &, BB ultm, o — &) 7 ultm-1, ) FHRITEARX Cor((') &
KA SR

Cor(¢") = E < ultm-1, p)u(tm, o — &) > . (37)

¥ (35) KA (36) RAAA (37) A/

K
1
Cor(¢') = 5 D _[Ci" ™ Ci" + D' D] cos(k¢)
+[CP e — DPTI DR sin(k¢'), (38)

(38) A7 LA B i R R MR B ELAR K.
B¢ =arg max Cor(¢') , MISIFFHY PCW §IRELMIEL REH

ACT' = CF" cos(k€) — D! Sin(kf)’} (39)

ADP = C7sin(k€) + Dy cos(k§).

6 — 7 2400 bit/s 4 F %

EHEWY PCW RAE B, FXHFR T —FF 2400 bit/s i HFWETR, HRFSAME
1 7R,
® 1 2400bit/s BERBHROLLFHE (MEFEH 40Hz)

B4 LSP ZE PW zh& PW g B B AR (bit/s)
BT 25 7 5 8+8+7 2400

B 2 45 T Sl EAESE, LP BMESh 10 By, A BMERITE#HTAT. H PCW F5
k 3 BALBLRSIE (LSF) #1741 pfE. LSF R 40 Hz 4R, F 25bit T REK
BR[O BERMRAE TR E | T 8 kHz REER, A—MEABITRRE
T, LPR A LP ¥iE283%78, PW Dl 40Hz gy 7 LPR ERR, REWE PW #)F
IR, BHEHX PW IH—4b. PW #FhE U 40Hz SERE, H sbit X HHEITIREELL.
H— LSRR A BN =AM, ERAERERL (VDVQ) HAR U2 e ST RER
b, X=AFRRE TSRS B0 1~15, 16~37 il 38~66 , X514 15, 22 f129 . KA
GLA(Generalized Lloyd Algorithm) &#: [?) 4 Bk HAT R 256 . 256 F1 128 BB RE
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LP 447 || LSF E¥ A& ThEREX ]og - &y
LSF VQ >
B2 ®RBSFEEER
— | LSF vQ' LSF A KiE LSF ¥/ LP R¥
PW VDVQ' [—¥ PW HMF BMEE [ ERLPR [ SRBRS > omiEE
T
—ETFH
HERE [T exp g

B3 FESREER

B, FURREZLEINETFRENZMEENHETFS, B EINT B2 K 4,
KRBT FF S ZA Knax BMREDHFEGN K1 . K. — K 1 K3 - K» 8K 8,
HeixX B REREKAI AR E] K 4 PW R RE, STRUER. HF K1 = [15Pn/2Kmax] A
FE—MBEARR, K2 = [37Pn/2Kmax] AR-MEBEIF R, Kz = 1floor66Py /2K max]
HENERED TR, Kmax HRKIFIEEL

T8

gl PWI B (UUA F Al EE & RS, MEFFREAREFEN MG, AT
B TR AR A E M AL R BB M A ESHE, EEBUE T R A A ORI PW B
HEF . Y PW REMLE, AXMABETFERBHERETFENEETRIEES, 4L 920
bit/s ¥t PW #giidef, BIEASDE I 2400 bit/s BY, FFEXFMATRY, BEAWERET
5 4800 bit/s CELP ¥R EIM EEE T,
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AN EFFICIENT BLOCKWISE INTERPOLATION ALGORITHM
OF PROTOTYPE WAVEFORM

Bao Changchun

(Dept. of Electronic Engineering, Beijing Polytechnic University, Beijing 100022)

Abstract A new method of prototype waveform extraction and blockwise interpolation in
Linear Predictive Residual(LPR) domain was suggested by aligning phase of Pitch-Cycle Wave-
form(PCW) along the time axis one by one. This method may avoid the perceptual distortion
due to discontinuities near boundaries of interpolated pcw. At the same time, it made the
boundary selection of Prototype Waveform(PW) not too strict. A novel 2.4 kb/s Linear Pre-
dictive Coding(LPC) model was established based on this extraction and blockwise interpolation
of PW. The computer simulation results show that the reconstructed speech quality with this
model closed to Code-Excited Linear Predictive(CELP) algorithm at 4.8 kb/s.

Key words Speech coding, Linear prediction, Waveform interpolation, Vector quantization
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