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Abstract  Linear predictive technique has been widely used for speech signal pro-
cessing, especially for low bit rate voeoder in recent years. However the conventional fi-
xed frame processing does not suit well with speech signal for its nonstationary behavior.
Also it is not reliable to extract piteh from the parameters (e.g. residual) obtained by this
method. Due to these reasons, speech quality can be adversely affected. In order to im-
prove the quality and intelligibility, in this paper it presents improvement to the following
three aspects: (1) Using adaptive ladder form algorithm instead of conventional LPC to
obtain more aceurate estimation of the vocal-tract transfer funetion (2) Adapting non-uni-
form sampling of speech parameters with constrained interval to improve performance of
synthesized speech during fast transients. (3) Improving Gold-Rabiner piteh extraction
technique for saving time and reliable. The computer simulated results show that the 2.4
kb/s vocoder gives the synthesized speech with good intelligibility and quality, and the
quality of the 1.2 kb/s one is not degraded seriously. Transmission over fixed rate chan-
pels can be accomplished, using transmit and receive buffers.
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FOIFRF 4.8kb/s LT, AREBTHERFLARMKNLOTR 64kb/s (8000Hz K, 8 LI
BE{t) JEEY ADPCM FHE4ELbRFRF] 16kb/s™, ATCHAFE] 8kb/s™!, Mkt REE
BRAIEESESNEEELEZ 4.8, 24kb/s, HEJLALHEDY, YRXERE—EHNES
R, EHERRIES B REMPHANRRE S A RTR 7 47 (B e KR AR i a T EE
A ARA R IEL T B EE SR, AN ERSRENARTT &, REE K, ZREHBW
BUNES MR EBENEZR F B, UMR L ERMBAT R X 5 Bt 5, YRS ES RENE
— BB IEE,

W T RARRERR, FBIR LSUR VLSI RARWRER R, AMFHLALREROT
BROT &M, FIPROBIEREE JURED A BREC SR FAEI, NETFRFFE, A
HEX T3 E T B E T 2 MR E TN AR (LPC)Y FAZ (homomorphic) 43T
B, BT AR B AR I T8 8 A 2 7, BB ROE S A et D T IR AR b 5 2, BT A
3k, LPC BB NIEIRATZ, 5ol AFNRELLIES (NEC B UPD7720) B &I AR
/s (I8 ST Jenf — e BE RO Th AR (5.5W) By LPC A THEE™,

BEHF LI R RO R R, L R S P B B9, EABAR LPC FlBEMIES
R H AL AR, BT BEE ARG & 650, iR AR EM DT 05 3, BOMBESHOEAR
BERIF AR BESHLFRERE, HAESR—MIFFROBIES, FEER@P, 1, k) F5
WEENANED, B RN R, B EM (20—30ms) ﬁ&ﬂ?i?ﬁ%ﬁ‘é{ﬁﬂ%ﬁiﬁ%
BRI, AT RXAFRE, RAOTR EEMEREE, T 1981 43%E 102 R ASA &
EARH — AR I T R, R EAL_ BRI T A miRy LPC FBE, Eﬁéﬁﬁ%ﬁﬁ
SEH) 800bits/s, {HARRFFEMYBRMES HE. EXMRAEOBIERZLMEIESERNE
KA, FEEREMENGE AR, AR —MBCELTR, TRBEWNT=H
H: (1) KIS R 4E 5%, BRI T | A ES MR (2) MuEEEiR
BER; G)ETIEXAAFRE R, MK T 2400, 1200bis/s Byt B LPC FEREER, ¥
ABURAE N L.,

—. RaFEES BT E

AFRATE AR AR EMNRTE (PW) BREZQITERY PW HiE), #RFES
B FOREE , F R E 4R 20 LPC J5 R T LHhER.
EENEETMUEBE TIEESESENA - IHNELKEREOED , EEN S $,X
MREFLEVAE S BRI R Y, HEEX
Y (2) = H(z)E (=) (1)
Hh E() 1Y (o) & 2 EHBAOI ARG, H(z) RRAEEN. ZEREBEFNEE, HE) M
ZEAERAFE A (ARMA R (B4 T LI AL, REE RSN KR, hal ek S8
(AR BB T2, it
H(=) = 1 / ( a2 ) 2)

TR, X — B R E N0
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P
er=yr+ > afyr_; (3)

Hiyr BETHZIESHEAE, o B PNMERETNNE i ATNAE, er BT ZIRTAN
BE. PAMNARERERZNBRESH, REANFERE, NESHEREGHETE, &
BAVE D T MR X E TR A B R 5 2 A8 B — AR S (SR REO. @R AL
TN AT (A AR SR B by 7 2 05 85 e A WAL B 05 i , e B A /N B 7 iR 2 (LMS) i AR B TR
SEAENT A, ARfXA LMS X IESESARTEXEEH, EF RKMHENES
PR BIETTHEA T, (3) Nf er RAJBERE/N, Rt D EE AR FBER SRR
Z, XMREEEEFERIREEE, SIRAKIESTHOEMAE (fuzzy)™, nH o bk E
T3 R D R AR 2.

K. Steiglitz 5ol — MR ERBRRITEY, SRS S — M AR ke, 3
RRFLIREWR AL E 45—51% MIEREIRE.

BT AT T, BMEERSNERER, HRESHBEI M ERRmA £,
AT SEIRXAN R , 12 18 5 MU 2 HTREEE , A 1% FRBh 05 2205 25 & TRRL 25 24710, BRARAT R
EFHAY T HBEFLMET ERFROBERLE, MEFRKSOESES L& E
XA U A LR DT REPREGEIFRAD.

A SCR FABOA R TR PW Bk, FALLAS B0 T J5 R2 B0 R A » R B2 4R 28 Bt » RONEEE
0 {9 ) 7 1 2 B PO (1) 4 6 35, 1R 1] (8 3t 25 49 VAL B R OS2 T

xT PW BERHS LR [16], £ RS HIH—ryit R AKX

%P%»!'..T = :EPH.T-—I(I —_ 5120.1')”2(1 - ;P.T-l)w + §P,T;P,T-1
Ep4r,T = (59.’1' - §P+1.TFP.PI)/[(1 - E’H.T)(l — fhr-0) 17 (4)
;p-H_,T = (;P.T—l - EP'I-I.TEP.T)/[(I - E%-H.T)(l - éf—'.'r)]m
VIRE
Rr= ARy + Y%
Eo,r = Fo,r = Y1/RY’
Hop g, & 7 il — AR AR, miMEERE, 2 ZTETHAAK. #ENREXD
0.95—0.995,

PW BEEARHES RETR/ANZFTT (LS) HER, FFEEF RKFHGERIREATGX
MRERM, EASEAEETMERT R S EZTAETRBENEEEREAGEREN. A
X7 REE S ER (update) S, Bl REAE —HATMNSEAME, 7T DL N R 4R AT 5% 5k
ERXERABPYSEAL, K BAFM: (1) AMNREZENSGREFEIRE, HREX
TRERARE 2—2.5 FHSECRE; (2) HURLE v R HEIE, E% v RO =K
PRE AL B, T EL 3 B 52 B 78 Tk o R e RO DX 30, B — AN e S TIPR (AR S 0.4), v KT
ENSEAARE, AXMS R 3, B IR EROKsI T, ATE ARURER AKX
(4) FEARRIRASE,EE v EPA—RREARDRE, MEREAUW T iE, TERE
TRF IR RAE L, R E S — R0 PW Bgirh, S8R FH v B3R AN, XA H
ARy 7 B IFFAR

YpT = Vpat, 71 + ebr/R5 v (5)
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Hre, R® RAEEA—LIMBT MR ER KT £, MA—LHLMGS -, ARP R0
B, %k L (5) REg—TAI B —F H—(FRZH T )R 3, Brll

Yp, T = Vpo1s7-1 + Eb,1 (6)
A (= 7vpmr-)” H—B8—FB3N &p,r, £LEHERAG
Tp, T = Vpe1,T—1 T (1 — TP—l.T—z)gg’.T (7)

BRI R (7) R (4) RpgfEifh &, R ing S R s,

2T Wt A B TR Rk % 4 B R M S B I , G 2 — AN ERTT B AT RO BT, A R RIE
B 10 MBS EERIE, B LRSI RR RIRE, ERESRTERLMULRTE., &
J& FA PW A1 LPC B SE 4T X — & BT E , TR Z A SERIERy LR (CF) R (BW)
MR EMGERETITE 1, PW ERSHEEEE TR kerEm, R 1 =
S H0RT DL 5 T8 B I Ak v T ) £ B 2 B O M AR, TR DRI o 3 R DY BE P W L SR
Lip

PW HEAN AU BERSTHENEFESKOVEE, MEETURAXESESIEX
SRR, A0 PW RS BERER R, BLERATEE 1 fuld 2, WE LEABERAT
HHIAKERERHH R (h—k) &R0, BIARKLRER LHEIERHOLREES,
B 1 ERgRKREL R PW BB IRR RN 2 ERANRIELRREM Levinson P {51EE]
B9, R 20ms, R B)— /AT N Hamming &, WENECHH, PW SESBEHHR, T

—_ 1 4 A . 1 i
0.0 500 1000 0.0 500 - 1000
A% P
(Data points) (Data points)
1 BRI PRAI PW G TR RS R B B 2 IEFERIEBRAN Levinson 3 J{EHAY
Comparison between modeling and estimated 5 &5

reflection coefficients using PW
a SRR (synthesized) reflection coefficients using levinson
—-LFREEZ 5 (modeling) a ST (synthesized)
——EEH (estimated) LEFAREK (modeling)
(LR (estimated)

Comparison between modeling and estimated
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F1 SRTENRREN RN RAOMEHE
Estimated formant frequencies and bandwidths for syathesized vowel [a] of “nan”
I CF(Hz) x BW(Hz)
m = B =
(Actual) (Estimated) (Actual) (Estimated)
A AR LecC B Wk ek A ARk LrC
PW NO Pitch | PW Includes PW NO Pitch| PW Includes
Pulse Pitch Pulse Pulse Pitch Pulse
693.7 692.7 692.5 689.2 62.6 62.8 64.8 60.4
1483.6 1473.0 1473.2 1465.6 70.2 79.4 84.6 92.4
2976.3 2081.3 2979.1 3018.2 131.1 132.6 140.0 179.3

ERRERIVFREMERESEE S, ERBSBIE A TR BEA R, (RS
BREZTRAF, /T XA A PR B G R R, AN RE R, &0 &k A —8, ¥ thiv)L
MER, BHNEE 20ms, BREANSHWREEZERZTVNESEN, nRARELBERHH2
B3, A AR T, M2, Levison BZERIZESIE , RIERIBI S, ¥
MEBRRE S, Rz RIS AR EER &80, RO ERERAR L ZRkME /L. Hittd
BERA R W05 L MR EBDB R T —MFRAM, ARG SR TR EHSEG I, XF 77 k2
TERERES IR ER, SRS ERE.

=, BB St

RS R AR, AT BORTR A E BRI IR R 5 A B & LAY
BEZRR,UEXRAEESI T, FRRRMSOIFERTRRAY, NEXTHEESESTN
SRTHER, RECHRSXTFRMERET Y, HXRENASETOEEGRM. —HE
BAVESCERI17 1R S B0 - 28 2 RO 5 (AMDE), 2] I T FU0R 22 50 B 4 1 T Rid
WHIESES; B—FE B. Gold 1 L. B. Rabiner 32 AT EERWCFHR G-R 7).
RAXHMPEARBIEEE, 5 TEAELH, BEEEERMECERIGD TS, A=t
FARE, BA T RERFENCENHREEN G H MW E.

AR PW BT B i A ZE B G-R il 0 S BARG & , SH1TH R4 47
058, N AL R AT BRBOR , JHR v T B A 0 35 B TR RO B .

RAVESCER [16] d, FEAEHTTIR T M PW SEgoh » S ¥R WEF Rk E, BR
EMRSELT, BN RARRRERN, BEEA—ERE, MAT RFME-—LRE
RAYESE (1, v) FRERRAE, 87E HRERRILIRE I, (v 7T HBLE ks EERE—
F IR ¥ BRSO VAR PR A, X LR LA 3 0l 4 . T LT EE
sy ARETERE” (zhe Yang) A%~ (dw) KIRF, REEMDE v Bkif, BELFILE 3 fhiE
B0 Dk e B e 5 SRR RS, 7 ng/ YR F B 43 A £ Ok ek, AR S F R ARSI LE 2 K
A4 I E RGP AR EL, B ZYOEERERK, BERMN. AT H#EMRE R
THEIFREEIH: 48, X v FEAT (B8 0, BN E T RIAS I , 7T LI 3 B9 (e RS B2, A
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- i
0 500 1000 1500
5% Data points

O - i 1
07500 1000 1500
¥ 1% Data points

A 3 r ¥ (Waveforms) B 4 B IE (Waveforms)
a, [FIB1EF; original (zhé yang) b. AYsr - &7 a. [Fi4iB) original (duo) b, AY,r - &7
c. {RBEIREER 7s,r Lowpass filtered rvy,1 c. IRERMER 7e,r Lowpass filtered v,r

4 L RYE SR A E S TS, SR AR, HXKEZM (G, v, m, n) FEEER, G-
R 7 &BEWE X EEEERRA R

G-REBEERBREGNESES LUBANSRNES, /MW RMETRE
£ 30, R BB /A S B RHA R — 8, RIB IR SETTIEE RPN EEME, ki
HEMEEREZMOFTRE, E R (18], XFEAREEWANKESEL IRAF
SRMER DT , M T R R A 4 TS REA S (EX EREEREREECNE 6). Ee #y L
REURED (fin) "7, PERRERRENORE, RAARLSILTIRGE, BIEmER
800Hz, MXMEE LNE G-R GEHMNSE, EHEENEPAKRAES. Be TENEER
HAVA R I8 B2z iR AL &R v, HFREERBNNE, BINGEEXWMEG %, RENS5:
v, My (EIEE)TI M, (FUEME) , AZIRITECHER [16] A BRIk R AR IMNE, BE

TN Wi
MW\ A AMA A AAAAAA A A

H a L I
M. ine 0 500 1000 15;00
. | | H:£i¥ Data points
ol S — R —

M
A5 G-RHIESE B 6
Basic measurements made on the filtered speech a. [F#415Y (fin) original

bo (REERMEEHIRTE Lowpass filtered

¢ IREIRMM 7e,r Lowpass filtered vg,r
WA BIEE R RE KR FEE N, BN SBEE =/ A, 5ORMETE, X
PRl S T AR FIRAN AMDF J7 ke,  BJRik1Tin G-R 5 EMEEMENLLE,
REAE—E F IR R L LR R AR RIFL.BEE 7 — AN ARATFRE BB X
FENFRABEEER . A LAR O ERLFEAY,“+RE LR T SR ERE T,



142 = =2 L= iR 1986 £

R E—RAAMK— BRI IR AR,
B A B RS R AR, RITRESABEMER S 1, &2

s FREANSHEAWBTN, G R EME
g . —ARHAN A, HEROBEOER, TR
o3 E“Tﬂ ; 12bit ) A /D $:#038 8000 Hz SEkE , 3 41k B
gEmL op w”p e Nr<6F1E<50; 8 Nt <6, E <150 } k<<
”;4 0, MPRAX LRI, MR HFW=
£ ASHEE RS TR, W EE S, B
R hu T EHA R, M E R AR E.
<
Frame number
87 AR WAL g, S iR
Comparison between actual and estimated pitch
bt Chononty 1 R Crntomsted bR R R S, SRR M,

filn 2400bits/s B FE TS ER , RGP LIE 50 0, &
WS BCE ALK 48bic, EXFHOMBENSBARRIFREESESNOIESOFE. PWHEE
TR 5 S MR A0 B B0 BE , MG RL 15 & A0 JE P RO AR, (Han ST Ray 2 A 5E Bl »
X T SEOE I X AR WS R AR A, A SCRAFRINE ERF— TR
Wik BEL B BB 00 F B A5 1 BRI , H PRI/ MR O LPL, BhZE/LiRiS,
3% B BR B/ DR AR B R R, I X Bl AR Q0 R A I/ TR SR AR B P05 BE

Dy = 2”{3.9_&3,3-1‘ (8)
i=1

SEHE ,Borh kir 20 F WG § AR R BURHR B & F AR R, 2uUMmRS
ERR, RIVESH AN BBHE D = 0.7, NAEEZOSERA B E TXABEAES,
TEGREWISEE AN B AN K 527 2R, R B R/ MR PRE RN, SEH A
T, FE R S BB E AR B S X A ISR R AT MR
KT B X A L BIRD DL BN T ABRIE S R B A R RGBT T IR HIOE
REE.

% T ARG R R R, B T A B SRR SR, BRBR B -AEERK, W
IERRBT —HHS IR, Pk 24U, 0B A R BACRERR AR, R
V3 S AR BT R R SR R 45 %) 800— 150bits/s, X477 B REL T 1B & BB IE S, LB AREL £
FEBENEFER, EEMNIESREAIEZE, GHAZIMRE, EHEFER codebook
IR2REE, LXK 205 Mt — S s iudt. A RTHESR ARG R RASEEK,

BRI, BRSM(RH RY)BEABIFH R, EeBERE (-1, 1) Hi%
24t B A, 75 Sk 1T B, (ELARSRE. R4 2 5 AR BES S AL T 5 LR RO R 22 R AR 4R AU, FITRA
W H R X ROE R B R E X R R R AR e,

A; = log iiz: 9)
6; = sin"'k; (10)
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TGRS A; B 6 HEATLRME RAL , (BIXFH T B AE R RBOAARERMRD HBMH T, RUFHLER

% EEROREHBAER (A, CRE
FRRBIOE DB REL RO, ANE g __j o
. . e
Wk A AR R, ROTIUER HAKN 10————=l| —f{IT1-
St ERNE 8, SRXANRITEIEEARET 0 ; —
2, EEAHERENEERAERD, b RET Sfﬁm__
1) }(2 ﬁﬁ_lsﬁﬁyjm&@gﬁﬁgﬁ%qj, g §E30_ By e
TREMJLES A, AT UBEA L TR=ZB: e | | R
ik o R ; ; LE0 e — e
6, (Ri<k; < Ri), 0,(Ri< k; < R3), Ba0 T e
Py O b ke
. n,‘,, e e e S—
6y(Ri < ki < RY), v Al
Qe m e
BERATAANERLE, REANBESRILE 2, 20—k ke ;":.-- —
& RBARDE TEAREE, o —afillmy R
- . . . - 1. . 1.0 - 1. . .
C,-——-—{[(Rg‘)—k;)&g”/(Rg"——Rg”)-l-1]}, 1.0 0.0 0-1.0 0.0 1.0
RY < k; < R Hs REANNATE
» ; . " = The percentage of occurrence of the
C,= [[(Ri') - kt)eg )/(RE") - RE’ ) + 63' + 1]} reflection coefficients
R® < & < RY)
Ci = [[(RY” — k)O”/ (R’ — R{”) + 65 + 65 + 1]] (11)
R§) < k < R
2 sBR&HREARSRBEHESE
The bit allocation of piccewise linear quantization for coding the reflection coefficients
_ R
Coefficients Number of Bk ¥
Ro(kiy min) R, R, Ry(ki, max) Quantization Levels Number
IER N of bits
0, 0. O,
K, —0.8 0.6 0.8 1.0 14 [ 12 5
K, -1.0 —~0.4 0.2 0.8 14 10 8 5
K, —0.6 —0.3 0.5 0.8 3 10 3 4
K, —0.8 —0.5 0.3 0.6 3 10 3 4
K, —0.6 —0.3 0.2 0.6 3 9 4 4
K, —0.8 —0.5 0.2 0.4 3 11 2 4
K, —0.5 —0.2 0.2 0.6 2 4 2 3
K, —0.5 —0.2 0.2 0.6 2 4 2 3
K, —0.4 —0.1 0.3 0.6 2 4 2 3
Ko -0.4 —0.2 0.1 0.4 2 4 2 3

Hrp CRE i MEHARY AR, [((TIWESERBER, 6)° RABASE i MR¥ T B
BB AL, IR O BRL & AOELRFECY B ISR

6(:’) -+ 95:') -+ 65:‘) = 2B
201 OB R EICACH L, HE F I MR EN BT/ DR S R E B R BT B: 585 H
FALLRF R ST B,
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RIE LR S DiHAESBAR R AL )T B, 7T LLSEH 2400, 1200bits/s O RBBREDEEE. 0
KHME F,, FEEXEOLRE R, MBS EANELESE N, FTDIFEEADK,
BFL — —% . N, (12)

/N LFLE BFL/2 5% BFL/4, #landk{1/8 F, = 8000Hz, 34 R, = 2400bits/s, N, = 54bit
(EIT: ZREAPT =6, kR E=5, WRERL =3, AFsyn=1RMI0MIHA
# A 38bit), D] BFL = 180 K45, Bt LFL = 45; ¥4 R, = 1200bits/s, N, = 45bit (T =5,
E=5, L=2, syn=1 F)\PMRFAELA 32bit), M) BFL = 300 #5, B LFL = 150, 7
IR MEF IR T BB ATRAN, A T EREEIERNEYE LEX, R EA R
Ee R B 2 v 23

AXEN A BEMATERA %, RERE LPC BFRSNEMSIT Tk, 25 T EESH
S ATIEBE , B T BRI 2 R Gold-Rabiner 3 IRKIUBIAR , FA R WS B, BEFTREF
2R EE R, R T B R R E L ER.

RATAXEBEL AR, FETHEHL LM T 2400, 1200bits/s By APC E1DEE, X B
APC ZFREARE B EN B HERIN LPC HElREnRdE. BRASNMIESREMR
BUEIEYY, BIHRPLRMANIR S B F R 2], 2400bits/s 5 R, BEERAB RS
1, BEBFNBAA O, 1200bies/s B9JT R IBEHARTEREY, ESRBIIIONEZ, RTE
1, BLIEEIRE 2400bits/s F1 4800bits/s FHFFAHI LPC FHE L2887 Fh, MIFER 1200bits/s AYF= 5
FORHE, HAVXWF R TT REFRTEARG, BT XMEEE— B LPC Z, it&E
BRAEBH-HENRESHUNT 1, ETERASE. RTIAHSEMGEENLHR, Kk
EEHRENEXIEN S HIRERKOEHRE .

g % X M

{11 Atal, B. S. and Remde, J. R, “A New Model of LPC Excitation for Producing Natural Sounding Speech
at Low Bit Rate”, Proc. IEEE ICASSP, (1982), 814—817.

{2] Noll, P, “A Comparative Study of Various Schemes for Speech Encoding”, Bell System: Tech. J.. 54
(1975), 1597—1614.

[ 31 Flanagan, J. L, “Opportunities and Issues in Digitizd Voice”, EASCON, (1978), 709—712.

[4] Sambur, M. R, “An Efficient Linear Predition Vocoder”, Bell System Tech. J, 54(1975), 1693—1723.

[5] Atal, B.S. and Hanauer, S. L., “Speech Analysis and Synthesis by Linear Prediction of Speech Wave”,
I. Acoust. Soc. Am., 50(1971), 637—655.

[ 6] Oppenheim, A. V. and Schafer, R. W., Digital Signal Processing, (Prentice-Hall, Englewood Cliffs, NJ.,
1975.)

[71 Birch, J. N, “Low Bit Rate Voice Processors”, EASCON, 1974, 59—63.

[ 81 Feldman, ]J. A. Hofstetter, E. M., Malpass, M. L, “A Compact Flexible LPC Vocoder Based on a
Commercial Signal Processing Microcomputer”, IEEE Trans. ASSP-31(1983), 252—257.

[91 Lee, D. T. L, Morf, M., Friedlander, B, “Recursive Least Squates Ladder Estimation Algorithms”,
IEEE Trans, on Curcuits and Systems, CAS-28(1981), 467—481.

[10] Friedlander, B., “Lattice Filter for Adaptive Processing”, Proc. of IEEE, 70(1982), 829—865.

[11] Wang, J. S. Lee, D. T. L, Morf, M. and Peterson, A. M., “A Variable Bit Rate LPC Vocoder Using



3 1 ERE: BGEIRHEFEBRY LPC FHiDas 145

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

Normalized Ladder Forms”, 102nd ASA Meeting, (Miami Beach, Floride, 1981), Paper R17.

Rabiner, L. R. and Schater, R. W., Digital Processing of Speech, (Prentice-Hall, Englewood Cliffs NJ.,
1978.)

Kang, G. S. and Everett, S. S., “Improvement of the LPC Analysis”, Proc. IEEE ICASSP, (1983), 89—
92.

Steiglitz, K. and Dickinson, B, “The Use of Time-Domain Selection for Improved Linear Prediction”,
IEEE Trans., ASSP-25(1977), 34—39.

Chander, S. and Lin, W, C, “Experiment Comparison Between Stationary and Nonstationary Formula-
tions of Linear Prediction Applied to Voiceed Speech Analysis”, IEEE Trans, ASSP-22(1974), 403—
415.

ERES, FKMNEREMRIFT IR, FFEER, 8(1983), No. 4, 236—249,

ERES, MormEFENL LPC EFREH:, A%¥FiR, 5(1980), No. 5, 286—290,

Gold, B. and Rabinear, L. B, “Parallel Processing Techniques for Estimating Pitch Periods of Speech
in The Time Domain”, J. Acoust. Soc. Am. 64(1969), 442—448,

Wong, D. Y., Juang, B. H. Gray, A. H, Jr., “An 800 Bits/sec. Vector Quantization LPC Vocoder”,
IEEE Trans., ASSP-30(1982), 770—780.

Roucos, S, Schwartz, R. M., Markhoul, J., “A segment Vocoder at 150 B/s”, Proc. IEEE ICASSP,
(1983), 61—64.

Wong, D. Y., Juang, B. H, Cheng, D. Y., “Very Low Data Rate Speech Compresion With LPC Vector
and Matrix Quantization”, Proc. IEEE ICASSP, (1983), 65—G68.

Viswanathan, R., Makhoul, J., “Quantization Properties of Transmission Parameters in Linear Predic-
tion Systems”, IEEE Trans., ASSP-23(1975), 309—321.

Un, C. K. and Yang, S. C., “Piecewise Linear Quantization of LPC Reflection Coefficients”, Proc. IEEE
ICASSP, 1977, 417—420.



