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Pig. 4.1 Spectrum of H(z) vs. Spectrum envelope of speech signal
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Fig. 4.2 Error spectral envelope vs. speech spectral envelope
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Table 6.5 SNRSEG obtained with interpolation of log Spectrum
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Fig. 6.2 log spectrum with and without linear interpolation & Bit allocation
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yPI1. 2y nsdIna oryINra 7.4

PI¥?a R 197 1023 Lypa By 401108 11PDR NIND WK D¥Yaa3 LPC *TTIpn Ypivva
M7 4-1 135 Y0IRA EYT NN GO0 BYIA LYPY PYT NSDINA 1aXIAR N3IYna
57 7.1 nbapa nn51on Multi-Pulse-n noYyn 112y nIk¥Inn .25dB-1 154B ,104B ,5dB

| Taput  SNR | 9.6 Kbps I 16_Kbps |
| [dB) | swr [aB] | SMRSEG [dB] |  SNR [aB] | SNRSEG [aB] |
I | |— I I !
| 25 | 9.7 | 9.9 | 15.4 | 14,9 |
| 15 | 8.9 | 7.7 3! 12.8 | 10.8 |
| 10 | 7.2 | 5.5 | 9.7 | 7.5 |
| 5 | 5.1 | 3 i 5.8 | 3.6 |

¥P7 BYT MINO11a Multi-Pulse noayn »yiy»a 7.1 adao
Table 7.1 Multi-Pulse performance with background noise

BYIN) 5B 179 IR ,TRA AY1na XA 5 4B Sv nnna vy 113y ndapnna nioRh 9.6 Kbps-a
L0 HR™ 70T vy Y9101 127 117R ThInR MR

1051325 ) ByIn B 195981 1IRNIP BYIM MINT Y531 DAnBa D1aamn 16 Kbps-a
«Y71PnA mIKa

7.2 n%301 Mn01on 1hapnap MIRYIAAT SYan DIATTa vy qon PIC-a novys M2y ba
YNRI-ITRIEBA. BYINY BYIIN NPEN DIX IND PI12 ynwa Thienn nikn 16 Kbps avpa
5 dB Sw eyn nmaar MY ymwl 13 2D AThIEDA BYIR 9.6 Kbps 2a¥pa .'"Mas"

| LM173 BYII2 DXapmnn f1dRA
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| Input SMR | 9.6 Kbps | 16 _Kbps |
| [dB] | swR (aB]  |swmSEG {aB] | SMR (dB] |SNmsEG [aB] |
l ' l l I l l
| 25 | 12.4 ] 12.6 | 17.4 | 16,6 |
| 15 | 11.0 | 9.5 | 13.0 | 11.3 |
| 10 | 8.8 | 6.7 i 9.5 | 7.4 |
| 5 i 5.4 | 3.1 | 5.3 | 3.3 |

yp1 @Y1 nIno1aa PTC noayn ?pI1x?] 7.2 abav
Table 7.2 PTC performance with background noise

Y17 YPYN2 maon_ 7.5
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LNP¥NT1227RA DA3YAD DIRYAY 130N BIVYID ARXIND ,In153 ,nnbein ®5 MY nhoy
v19¥ 1132Y NP9RUB1I7I MA%Ien 1w MITTIa MR +NIR?AW 7210 2395 oAYNAD N7
P12 MIR?AYN MInd .DY?130 D7Y0R] mM1731R0DA Burst NIRALYT 70030 R332
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RRAYTY 18D MY N13302 10_2—n p?597a DOTYY ANTad MOTR M%ya midayna
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Jryd (M1 MO pyYwSRn N10%I3N YRBY AMIR RN

SENO P RECEIVE

Pe — §17370Y aR?ap ninanoa Sya qon70 IR P 7.3 MY
#ieg 7.3 Binary Symmetric channel with error probability Pe
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BER 713¥ IR A91pw K1 BER=10—4-1 N1578N n3an K55 novypa 9.6 Kbps axp T2y
LAN122 AP 922 NI9RN BER=10"2-21 R137K3 P52 DIPIAW 12D WY 51T
n15o8n BER=10"-3% BER=10"" 712y DA ADIPE N1OR DYSAPD Aaann DY NDIYNA
L1220 R55 BOIPDA InIYT LI 19IRI ML nbapnnn

DIRXINA AR D22 9B RS 5 P52 1720w Scale Factor (SF)-n %Y by 1an? 11702
«72%1 k-parameters-n 2y Niina brPandn 118 159

12370972100 MIRRIND IR W1 2210 1900 ©h 0 Yapioh SNR-h 259y 16 Kbps M1ay
P9 AYTA01 DYVIXIM KT RAAD KDY n99yna > 9.6 Kbps May thapnaw 195 nint
n15*kw> BER-n 379 %2 113y M18%w3 DIwram Adan by novyma LBER=10"% 111y

| .BER=10"> 13y 03 Mnw) aope

| BER | With Protection | No Protection |
| | SNR (dB] |SNRSEG [dB] | SNR [dB] |SNRSEG [dB] |
| I | l l I
| 0 | 9.6 | 10.6 | 10.0 | 11,2 |
1074 ! 9.6 | 10,6 | 9.7 | 111 |
. 1073 | 8.5 | 10.1 | 8.8 | 9.9 |
| 1072 | 2.7 | 5.9 | 1.1} 3|

9.6 Kbps a¥pa ey17 1w Multi-Pulse »91%%a 7.3 a%w
Table 7.3 Multi-Pulse performance with noisy channel at 9.6 Kbps
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| BER | With Protection 1 No Protection |
| | SNR [dB] |SNRSEG [4B) | SNR [dB] |SNRSEG [dB] |
| I l | I |
| 0 | 15,2 | 16,1 I 15.5 | 16.1 |
] 1074 | 14.5 | 15,8 | 15.1 | 16.0 |
| 1073 | 11.8 | 14.6 | 8.8 | 13.5 |
| 1072 | 1.3 | 5.4 | 0.4 | 3.1 |

16 Kbps avpa By11 P19ya Multi-Pulse »yiva 7.4 abao
Table 7.4 Multi-Pulse performance with noisy channel at 16 Xbps

PTC

MIYan M72%0 6 :N?3090RN N39YNA AP KPP Y85 nrwys PTC-n novyna alann
nR 5¥a% In%3 Raah kYD noyna k-parameters-n n°¥nv1837R 5» niravdh 41 by
57 - naan ®Y2 nmowyna Lapa 105 nowmn A>¥N1527% 71705 msTivA D1Y3%0n
a¥pa 19?270 108-1 9.6 Kbps 11779 2¥pa mMAdRY nannnn mpn T1779Y nirare
7.6-1 7.5 nIRO301 .n2a0 DY N3TYna ABRRND Y20 106-1 54 nniyy , 16 Kbps
.AnRNa 16 Kbps-1 9.6 Kbps 0%axpa 73an 2521 by mibaphnn niR¥Inn ninsion
nnasa n1oRn BER=‘10‘3 913y .BER=10’4-: N9IPY NIORD NI kDY 9.6 Kbps avpa
OyN> NJAR nsdIN DY LIMITI AYITA MIDIRA BER=10"2 213y LNIR2 NIYISA DYDY
mRIN OR 17an% n7) BER=1O-2~31 BER=10"" MY DA MIRIPA 770 DWAIM R
‘ SINR72P2 DYVYAMT NIWMD
BER=10"2-2 ayw neatin ,BER=10"%-2 nswpw mdxn naan x9S 16 Kbps a¥pa
N1a0 DY N3IYn3 LIBRIN AR 17207 0730 DIMY ATIMY IRD 93D M1OWRA BER=10"%-11
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BER | With Protection | No Protection
| SNR [aB]  |SNRSEG [daB] | SNR [dB] |SNRSEG {dB}
l | | |
0 | 11.9 | 12.5 | 12.2 |  12.9
1074 | 19 | 12,5 | 12.2 | 12.9
1073 I 105 | 11.9 | 1001 | 11.8
1072 | 5.0 | 8.4 | 0,03 | 3.7

9.6 Kbps avpa #y1% Y1vya PTC »yix»a 7.5 adav
Table 7.5 PIC perform nce with noisy channel at 9.6 Kbps

BER | With Protection ! No Protection
| SNR [dB] |sNRSEG [dB]) | SNR [dB]  |SNRSEG [dB]
I I I I
0 | 17,2 I 18.0 | 17.3 | 184
1074 | 16 | 177 | 17.3 | 18,0
1073 | 13.2 | 16,8 | 8.6 |  15.3
1072 | 5.9 | 10.2 I 0.7 | 5.7

16 Kbps a¥pa oy1v v1ya PIC »yix»a 7,6 a%ap
Table 7.6 PIC performance with noisy channel at 16 Kbps
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(VED) D%3ina nymx hayad oIy 7,6

YA BINYBA TIYD P10 PN L7137 MIDIR NTAYA - YMpna DTIPORY gbiaa
1IN 3593 (Data) BY3IN3 MNIX 012ayn 5D LMODEM mMImIR DMapnd ba AT
AT N7 L1307 TTpn 0t Yy2 (Voice Band Data (VBD)) T127T minmx 1> bs amv
PXNTIBIMN I MAYT AXBIIBITX I MI2YAN AMNMEPh Mnvna 595 TYTa amp
' .Data

13gndwn 13 MODEM-n DIR .D?11013 DAMIX NI3YN2 02 DIYRINA N15IYBR MR 152 1127072
AT 99,155 ,QPSK 11308 norey 1800 Hz v nwtd 52 , 2400 bps Yo avpa nn
. LN17IP5R MITRS 4-p DhR2 01270 ¥71¥=HY TTIipn M17220

NINIR.II3Y DA 20 TPONY RIAP ANDAN 1IN 11277 NINIKG ORIID NA2TA TNIPDY 119D
.VBD

Multi-Pulse LPC

1TY2IR BT 22250 1Y5R2 wphohY ©Y N1P2 MR MIR¥INN AN 73p0 70U anon
117959193 1DRA 1T LJRWen IR nN (013¥D) SHpwd 3y 1R 9o ano LLPC-n
' LITIRA N133505 woxnn R SNR-3 nwynd Pas arvawh H15pue
vyapn> aph** BER = 10'6) 11¥7 mMIYragn 11°R DIRRIAN D221TIN DINPA 2awa
{1¥"

sT2apnnN IRNINN MavIn 7.7 nbava

| AYp | nxw¥»a BER |
| — |
| 9.6 Kbps |  1.53 x 1072 N
I 16 Kbps | 4.57 x 107% |

VBD M3y Multi-Pulse LPC 9y1¥2a 7.7 adao
Table 7.7 Multi-Pulse LPC performance for VBD

LP1Y NIRYAD RDD TTIPnR DNYYYR RN adava avinn BER-a  :htwn



FIC
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ABSTRACT

In this work we propose a new method for coding the residual signal in residual coders : The residual
signal is represented by a linear combination of a small number of vectors taken from a given set. The vec-
tor set is known both at the transmitter and at the receiver . The parameters transmitted are the indices of
the chosen vectors from the set and the coefficients needed to linearly recombine the vectors.

Existing digital speech coding techniques require binary data rates varying from 64 Kbps down to
- about 2.4 Kbps. At the upper end of the scale stand waveform coders which provide high speech quality
and are robust to acoustic and transmission noise. The performance of the waveform coders typically falls
rapidly when the data rate is reduced below 16 Kbps . At the lower end of the data rate scale stand LPC
pitch-excited vocoders which are based on a model of the human speech production system . LPC vocoders
have a synthetic quality and do not perform well under poor acoustic conditions or when a number of
speakers are speaking together. Increasing the data rate of a LPC vocoder above the typical rate of 2.4
Kbps does not significantly improve the quality or acoustic robustness of the coder .

It is evident therefore that it is difficult to achieve good performance in the data rate range of 4.8 - 16
Kbps by using either waveform coders or LPC vocoders. Various techriques were attempted for speech
coding in this range of data rates . A class of coders designed to operate in these rates ars residval coders .
These coders have in common the feature of coding both the LPC residual and the LPC filter coefficients.
At the top, both in quality and bit rate , are the fuil-band coders in which each residual sample is quantized
individually, The APC (Adaptive Predictive Coding) system is an example to such a coder. However, in
order to achieve data rates of 9.6 Kbps and below, the residual coders can not afford quantizing each resi-
qual sample individually. One approach is Multi-pulse LPC in which the residual is represented by only
few significant samples , which are found by an iterative procedure in 2 closed loop. CELP (Code Excited
Linear Prediction) coders use blocks of white Gaussian noise to represent the residuoal signal.

With the new method proposed in this work the residual signal is coded as a linear combination of 2
small number of vectors. This method is a generalization of the above mentioned schemes - the Multipulse
LPC with its different variations and CELP.

With this coding scheme two problems are enconntered : Firstly, given a vector set how do we find
the optimal linear combination for representing the residual signal ? Secondly , What is the optimal vector
set ?

Solving the first problem is a difficult task because even with a smail set of vectors , the number of
combinations is large. Hence, suboptimal solutions are examined. One of these solutions, is a simple itera-
tive one which leads to the conventional Multipulse LPC algorithm. The solution of the second problem
leads to a non-iterative solution operating in the frequency domain , Denoted as PTC (Predictive Transform
Coding) . The PTC system is of lower complexity then iterative coders used in the data rate range 9.6 - 16
Kbps and the speech quality achieved at 16 Kbps is even better . At 9.6 Kbps the quality is good but a *low
passing’ effect is noticed . '

In this work we present a formal mathematical description of the new vector expansion coding
scheme . An analytical solution is given to the problem of finding the optimal vector combination , & subop-
timal iterative solution is also presented, and the proposed PTC scheme is derived. Objective and Subjec-
tive performance tests are presented for the PTC coder as compared with the conventional iterative (Mul-
tipulse LPC) coder - in terms of speech quality , noise immunity , tandeming and Voice Band Data (VED)
signal transinission .





