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Our invention relates to speech processing and more
to digital speech coding arrangements.

speech pattern contains
tial to its apparent quality. Removal of redundant com-
ponents of the speech pattern significantly lowers the
number of digital codes required to construct a replica
of the speech. The subjective q ity of the speech
replica, however, is dependent on the compression and
coding techniques.

One well known digital speech coding system such as
disclosed in U.S. Pat. No. 3,624,302 issued Nov. 30,
linear prediction analysis of an input

peech signal is partitioned into suc-

formant coding of speech. Al-
ternative coding arrangements in which the speech
excitation is obtained from the residual after prediction,

lems are also evident in

e.g., ADPCM or APC, provide a marked improvement
because the excitation is not dependent upon an inexact
model. The excitation bit rate of these systems, how-
ever, is at least an order of magnitude higher than the
linear predictive model. Attempts to lower the excita-
tion bit rate in the residual type systems have generally

resulted in a substantial loss in quality. It is an object of
the invention to provide improved speech coding of

high quality at lower bit rates than residual coding
schemes.

BRIEF SUMMARY OF THE INVENTION

We have found that the foregoing residual encoding
problems may be solved by forming a pattern predictive
of a pattern (e.g. speech pattern) to be encoded and
comparing the pattern to be encoded with the predic-
tive pattern on a frame by frame basis. The differences
between the pattern to be encoded and the predictive

2

pattern over each frame are utilized to form a coded

signal of a prescribed format which coded signal modi-

fies the predictive pattern to minimize the frame differ-

ences. The bit rate of the prescribed format coded signal
5 ic selected so that the modified predictive pattern ap-
proximates the speech pattern to a desired level consis-
tent with coding requirements.

The invention is directed to a sequential pattern pro-
cessing arrangement in which the sequential pattern is
partitioned into successive time intervals. In each time
interval, a set of signals representative of the interval
sequential pattern and a signal representative of the
differences between the interval sequential pattern and
the interval representative signal set are generated. A
first signal corresponding to the interval pattern is
formed responsive to said interval pattern representa-
tive signals and said interval differences representative
signal and a second interval corresponding signal 1s
generated responsive to said interval pattern representa-
tive signals. A signal corresponding to the differences
between the first and second interval corresponding
signals is formed and a third signal is produced respon-
sive to said interval differences corresponding signal
that alters the second signal to reduce the differences
between said first and second interval corresponding
si

According to one aspect of the invention, a speech
pattern is partitioned into successive time intervals. In
each interval, a set of signals representative of the
speech pattern in each time interval and a signal repre-
sentative of the differences between said interval speech
pattern and the interval speech pattern representative
signal set are generated. A first signal corresponding to
the interval speech pattern is formed responsive to said
interval speech representative signals and differences
representative signal and a second interval correspond-
ing signal is generated responsive to the interval speech
pattern representative signails. A signal corresponding
to the differences between the first and second interval

10

13

20

signal.

According to another
third signal is utilized to construct a replica of the inter-
val pattern.

In an embodiment of the invention, a set of predictive

r signals is generated for each time frame from

aspect of the invention, the

prediction residual signal 1s formed
responsive to the time frame speech signal and the time

predictive parameters. The prediction residual
signal is passed through a first predictive filter to pro-
duce a first speech representative signal for the time
frame. An second speech representative signal is gener-
ated for the time frame in a second predictive filter from

a speech signal. A

55

60

second predictive filter to
minimize the perceptually weighted mean squared dif-
ference between the frame first and second speech rep-
resentative signals. The coded excitation signal and the
predictive parameter signals are utilized to construct a
replica of the time frame speech pattern.

635
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DESCRIPTION OF THE DRAWING with the invention, excitation code processor 120 re.

FIG. 1 depicts a block diagram of a speech processor ters a; of the frame and generates an interval excitation
circuit illustrative of the invention; code which has a predetermined number of bit posi-
FIG. 2 depicts a block diagram of an excitation signal 5 tions. The resulting excitation code shown in waveform
forming processor that may be used in the circuit of 708 exhibits a relatively low bit rate that is constant. A
FIG. 1, ‘ replica of the speech pattern of waveform 701 con-
FIG. 3 shows a flow chart that tlustrates the opera- Structed from the excitation code and the prediction
ton of the excitation.signal forming cir cuit of FIG. 1; parameters of the frames is shown in waveform 707 As
FIGS. 4 and § show flow charts that illustrate the 10 seen by a comparison of waveforms 701 and 707, higher
operation of the circuit of FIG. 2; o | quality speech characteristic of adaptive predictive
FIG. 6 shows a tming diagram that is tllustrative of coding is obtained at much lower bit rates.
the operation of the excitation signal forming circuit of The prediction residual signal di and the predictive

FIG. 1 and of FIG. 2; and ' '
. , parameter signals a for each successive frame are ap-
FIG. 7 shows waveforms illustrating the speech pro- 13 plied from circuit 110 to excitation signal forming cir-
cessing of the invention. cuit 120 at the beginning of the succeeding frame. Cir-
DETAILED DESCRIPTION cuit 120 is operative to produce a multielement frame

FIG. 1 shows a general block diagram of a speech
processor illustrative of the invention. In FIG. 1, a 20
Speech pattern such as a spoken message is received by

The uence of speech samples is su lied to predic- . .
tive pasr:?neter computer 119 l:vh.ich ispnpperativz. asis  a«of a frame are supplied to filter 121 via gates 122 and

well known in the to ition the speech si 35 124, respectively. At the beginning of each frame, frame
into 10 to 20 ms inl:e:vn’a.ls anpdaﬁ generate a set of lf::arh clock signal FC Opens gates 122 and 124 whereby the
prediction coefficient signals ayk=1,2,,.., p represen- o mgnﬂs are supplied to filter 12} and the a4 signals are
tative of the predicted short time spectrum of the  applied to filters 121 and 123. Filter 121 is adapted to
N> >p speech samples of each interval. The speech ~ modify signal di so that the quantizing spectrum of the

sampies from A/D converter 118 : crror signal is concentrated in the formant regions
i : F <i thereof. As disclosed in U.S. Pat. No. 4,133,976 issued

to B. S. Atal et al, Jan. 9, 1979 and assigned to the same
assignee, this filter arrangement is effective to mask the
error in the high signal energy portions of the spectrum.

The transfer function of filter 121 iS expressed in z
transform notation as

H(2) = (1)

1
1 - Xz)
where B(z) is controlled by the frame predictive param-

however, is 60 to the excitation signal from signal processor 127. Sig-
generally poor. Waveform 701 of FIG. 7 illustrates a nals y and ¥ are correlated in correlation processor 128
typical speech pattern over two time frames. Waveform which generates a signal E corresponding to the
103 shows the predictive residual signal derived from weighted difference therebetween. Signal E is applied

ters of the frames. As is readily seen, waveform 703 is 65 EC so that the differences between the weighted speech

sponding to peaks therein does not provide an adequate artificial speech representative signal from filter 123 are
approximation of the predictive residual. In accordance  reduced.
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S

The excitation signal is a sequence of 1 =i=I1 pulses.
Each pulse has an amplitude Biand a location m;. Pro-
cessor 127 is adapted to successively form the B; m;
signals which reduce the differences between the
weighted frame speech representative signal from filter
121 and the weighted frame artificial speech representa-
tive signal from filter
representative signal may be expressed as:

" (2)
Pn = 2 dkhn..klﬁﬂgN

and the weighted artificial speech representative signal
of the frame may be expressed as

. i (3)

where h, is the impulse response of filter 121 or filter

123.

The excitation signal formed in circuit 12018 a coded

signal having elements B¢, m, i=1,2, ..., L Each ele-
ulse in the time frame. B¢ is the ampli-

each element. Each element may
the correla-

forms Q possible candidates for
element i in accordance with Equation 4
N ) (4)
ci' o uiq Yn"n-—-q — ng Ini- lhu-q
where

1=q=Q in the ume frame. Consequently,

tion processor circuit

.. =1 s
Fai-1 =-;31 Btn—m )

Excitation signal
from the correlation signal generator circuit, selects the
Ci; signal having the maximum absolute value and
forms the i element of the coded signal

(6)

the formation of element 87, my, the signal having ele-
ments Smi, S2my, .. ., B myis transferred to coder 131.
As is well known in the art, coder 131 is operative to
quantize the 8/m; elements and to form a coded signal
suitable for transmission to network 140.
Each of filters 121 and 123 in FIG. 1 may comprise a
wransversal filter of the type described in aforemen-
tioned U.S. Pat. No. 4,133,976. Each of processors 125
and 127 may comprise one of the processor arrange-
ments well known in the art adapted to perform the
processing required by Equations 4 and 6 such as the
C.S.P., Inc. Macro Arithmetic Processor System 100 or

123. The weighted frame speech

10

15

20

30

33

generator 127 receives the Ci signals 40

43

55

63

other processor arrangements well known in the art. -

Processor 128 includes a read-only memory which per-

6

manently stores programmed instructions to control the
Ciq signal formation in accordance with Equation 4 and
127 includes a read-only memory which per-
ymmed instructions to select the
B, m, signal elements according to Equation 6 as is well
known in the art. The program instructions in processor
128 are set forth in FORTRAN language form in Ap-
pendix A and the program instructions in processor 127
are listed in FORTRAN language form in Appendix B.

FIG. 3 depicts a flow chart showing the operation of
processors 128 and 127 for each time frame. Referring
to FIG. 3, the h; impulse response signals are generated
in box 308 responsive to the frame predictive parame-
ters for the transfer function of Equation 1. This occurs
after receipt of the FC signal from clock 103 in FIG. 1
as per wait box 303. The element index i and the excita-
tion pulse location index q are initially set to 1 in box
307. Upon receipt of signals ya and ¥».i-1 from predic-
tive filters 121 and 123, signal Cj, is formed as per box
309. The location index q is incremented in box 311 and
the formation of the next location Cigsignal 13 initiated.
is formed for excitation signal
128, processor 127 1s activated.
The q index in processor 1S '
315 and the i index as well as the Cig signals formed in
processor 128 are transferred to processor 127. Signal
Cig* which represents the Ciy signal having the maxi-
mum absolute value and its location q* are set to zero in
box 317. The absolute values of the Cig signals are com-
pared to signal Ci;* and the maximum of these absolute
values is stored as signal C;¢* in the loop including
boxes 319, 321, 323, and 323. |

After the Cip signal from processor 125 has been
processed, box 327 1s entered from box 325. The excita-
tion code element location m;is set to q° and the magni-
tude of the excitation code element 3; is generated in
accordance with Equation 6. The 8:m;element is output
topredicﬁveﬁltermasperboxazsandindexiis
incremented as per box 329. Upon formulation of the
Bm; element of the frame, wait box 303 is reentered
from decision box 331. Processors 1235 and 127 are then
placed in wait states until the FC frame clock pulse of
the next frame.

The excitation code in processor 127 is also supplied
to coder 131. The coder is operative tO transform the
excitation code from processor 127 into a form suitable
for use in network 140. The prediction parameter sig-
nals ax for the frame are supplied to an input of multi-
plexer 135 via delay 133 as prediction signals a'x. The
excitation coded signal ECS from coder 131 is applied
to the other input of the multiplexer. The multiplexed
excitation and predictive parameter codes for the frame
are then sent to network 140.

Network 140 may be a communication system, the
message store of a voice storage arrangement, or appa-
ratus adapted to store a complete message Or vocabu-
lary of prescribed message units, €.8., words, phonemes,
etc., for use in speech synthesizers. Whatever the mes-

synthesizer 150. The
frame excitation codes
frame predictive parameter
of the speech pattern.
Demulitiplexer 152 in synthesizer 150 separates the
axcitation code EC of a frame from the prediction pa-
rameters ax thereof. The excitation code, after being

synthesizer, m turn, utilizes the
from circuit 120 as well as the
codes to construct a replica



7

decoded into an excitation puise sequence in decoder
133, is applied to the excitation input of speech synthe-
sizer filter 184. The a; codes are supplied to the parame-
ter inputs of filter 154. Filter 154 is Operative in response
to the excitation and predictive
form a coded replica of the

is passed through low-pass filter 188 and transformed
Into a speech pattern by transducer 160.
An alterna

(7)

N ; 2
Ei= I (}'ll ~ ‘El 3}*!!—#!_;’)

n=1 =

where h, is the n' sample of the impulse response of
H(z), m; s the location of the j* pulse in the excitation
code signal, and 8; is the magnitude of the j pulse.

Re. 32,580

10

20

The pulse locations and amplitudes are generated 28

sequentially. The i element of the excitation i8 deter-
mined by minimizing E, in Equation 7. Equation 7 may
be rewritten as

(8)

N
Ef = 2

n= |

. .
[()’n - ‘E: ﬁ/‘n—mj) + B1oKyy +

j=|:

(9)

are the autocorrelation coefficients of the predictive
fiiter impulse response signal hy.
B: in Equation 10 is a '

30

35

45 |

65

b3 Dk ;i
K=xpy— K Pk~ mi

corresponds to the speech representative signal of the
frame at the output of predictive filter 121. The second
term of Equation 10, i.e.,

each frame of the speech
frame prediction residual
signal dx and the frame prediction parameter signals a;
in accordance with Equation 10 and may comprise the
previously mentioned C.S.P., Inc. Macro Arithmetic

Processor System 100 or other Processor arrangements
well known in the art.
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9

110 forms the speech pattern samples of frame
r+2 as in waveform 605 under control of the sample
clock pulses of waveform 601. Analyzer 110 generates
the a; signals corresponding to frame r+1 between
times t; and t3 and forms predictive residual signal d; s
between times t3 and tg as indicated in waveform 607.
Signal FC (waveform 603) occurs between times to and
ti. The signals d¢ from residual signal generator 118
previously stored in store 218 during the preceding
frame are placed in data memory 230 via input-output
interface 260 and common

analyzer

10

: responsive to frame clock
signal FC. The frame prediction parameter signals a
from prediction parameter computer 119 previously 15
placed in store 218 during the preceding frame are also
inserted in memory 230 as per operation box 420. These
operations occur between times o and t; on FIG. 6.
After insertion of the frame d« and ax signals into
memory 230, box 425 is entered and the predictive filter 20
coefficients by corresponding to the transfer function of

Equation 1I:

bx=akaik=12,...p (12)
are generated in arithmetic processor 280 and placed in 25
data memory 230. p is typicaily 16 and «a is typically
0.85 for a sampling rate of 8 KHz. The predictive filter
impulse response signals hy

ho = 1

min(kK— 1.p)
Rj = n(I ?

=1

(13 30

bkkk""i'k = 1l 2. e ooy K

are then generated in arithmetic processor 250 and 35
stored in data memory 230. When the hy impuise re-
sponse signal is stored, box 43S is enterad and the pre-

dictive filter autocorrelation signals of Equation 11 are

Ing subroutine ROM 205 (o the interface.
of the 8/, m; excitation pulse codes shown in the flow
chart of FIG. 5 is then initiated. Between times t; and t4
in FIG. 6, the excitation pulse sequence is formed. Exci-
tation pulse index i is initially set to 1 and pulse location
index q is set to 1 in box 505 B1is set to zero in box 510
and operation box 515 is entered to determine Bie= 1.
B11 is the optimum excitation pulse at location q=1 of
the frame. The absolute value of B11is then compared to 50
the previously stored 8, in decision box 520. Since 3, is
initially zero, the m; code is set to q=1 and the 8;code

18 set to 81; in box 528.

Location index q is then iIncremented in box 530 and
box 515 is entered via decision box 53§ o generate s
signal 8. The loop including boxes 515, 520, 528, 530
and 535 is iterated for ali pulse location values 1 =q=Q.
After the Q* iteration, the first excitation pulse ampli-
tude B1=8e and its location in the frame m;=q®* are

45

O 0O

COMMON £(110),YHAT(110),

CBETA(12),M(12)

10

stored in memory 230. In this manner, the first of the
excitation pulses is determined. Referring to waveform
705 in FIG. 7, frame r occurs between times t; and iy.
The excitation code for the frame consists of 8 pulses.
The first pulse of amplitude 3 and location m; occurs at
time t, in FIG. 7 as determined in the flow chart of
FIG. § for index i=1.

Index i is incremented to the succeeding excitation
pulse in box 545 and operation box 515 is entered via
box 5§50 and box 510. Upon completion of each iteration
of the loop between boxes 510 and 350, the excitation
signal is modified to further reduce the signal of Equa-
tion 7. Upon completion of the second iteration, pulse
B2 m; (time t,,; in waveform 703) is formed. Excitation

pulses B3m; (time tm3), Bamy (time tmde), Bsms (time t,s),
Bsms (time tmg), B7m7 (time tm7), and Bsmg (time tyyg),
are then successively formed as index i is incremented.

After the [% iteration (waveform 609 at t4), box 555 is
entered from decision box 550 and the current frame
excitation code 3;m;, Bamy, . .., Brmsis generated
therein. The frame index is Incremented in box 560 and
the predictive filter operations of FIG. 4 for the next
frame are started in box 415 at time t7in FIG. 6. Upon
the occurrence of the FC clock signal for the next frame
at t7 in FIG. 6, the predictive parameter signals for
frame r+ 3 are formed (waveform 60S between times ty
and t14), the a; and di signals are generated for frame
r+2 (waveform 607 between times t7 and t;3), and the
excitation code for frame r+1 is produced (waveform
609 between times t7 and t12).

The frame excitation code from.
FIG. 2 is supplied via input-output interface 260 to
coder 131 in FIG. 1 as is well known in the art. Coder
131 is operative as previously mentioned in quantize and
format the excitation code for application to network
140. The a; prediction parameter signals for the frame
are applied to one input of mulitiplexer 135 through
delay 133 so that the frame excitation code from coder
appropriately multiplexed therewith.

The invention has been described with reference to
particular illustrative embodiments. It IS apparent to
those skilled in the art with varnous modifications may
be made without departing from the scope and the spirit
of the invention. For ¢xample, the embodiments de-
scribed herein have utilized linear predictive parameters
and a predictive residual. The linear predictive parame-
ters may be replaced by formant parameters or other
Speech parameters well known in the art. The predic-
tive filters are then arranged to be responsive to the
Speech parameters that are utilized and to the speech
signal so that the excitation signal formed in circuit 120
of FIG. 1 is used in combination with the speech param-
eter signals to construct a replica of the speech pattern
of the frame in accordance with the invention. The

the processor of
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INTEGER I,K,Q,QSTAR,JHAX
DATA NLPC/16/,XMAX/15/,NMAX/110/,
EQMAX/95/,ALPHA/0.85/,IMAX/12/

Ceee+ COMPUTE COEFFICIENTS FOR THE PREDICTIVE FILTER

G=1
DO101K=1:HLPC
G=3*ALPHRA
101 F(XK)=A(K)*G
Ceres s BOX 305 FIG. 3
Coredd COMPUTE IMPULSZ RESPINSE JF
Ceree+ PREDICTIVE FILTER H(Z)
Cree+ H(0) IS STORED AS H(1) , H(1) IS
Cees s STORED AS H(2), AND SO ON
H(1)=1 *
DO102X=2,NLPC
H(K)=0

DO132I=1,K=-1
102 H(K)SH(X)+F(I)*H(K-I)

DO103IK=NL2C+1,KNAX
H(K)=0
DO103I=1,NLPC

103 H(X)aH(K)+F(I)*H(K~-I)

SUNSQH=0
DO1JUuK=1,KNAX
104 SUMSQH=SUMSQH+H(K)*H(X)

Ceeees SEI INITIAL EXCITATION SIGNAL COUNT - BOX 307

I=1
Q=1

500 Q=1

200 CONTINUE

Cere+es COMPUTZ CORRELATION SIGKRAL - BOX 309

D020 1X=(, NMAX

201 CI(])’CI(Q)+(Y(N}-YHRT(N))'H(N-Q+1)
Q=g+

IF().LE.2MAX)G0TO200
CALL BOX127(I,SUM3QH)
I=1+1

IF(I.LE.IMAX)GOTOS00

RETURN
END

APPENDIX B

THIS SUBROUTINE IMPLEMENTS 30X NOS 127 - FIG. 1
s+++++ EXCITATION SIGNAL SENERATOR #+++t¥

SHNE

COMMON Y(110);THAT(110);H(15);CI(110);A(16.F(16),
EBETA(12),M(12) |
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INTEGER I,K,Q,2STAR,NNAY

DATA NLPC/16/,KMAX/15/,NMAX/110/,0MA%/35/,

GALPHA/0.85/, IMAX/12/
Ceres s FIND PEAK OF THE COARRELATION SICNAL -
Creee BOX 315=325

3= 1

QSTAR=0

CIJSTAR=0

300 IF(ABS(CI(Q)).LT.ABS(CIQSTAR))GOTO301
QST AR=)
CIJSTAR=CI(JQ)

301 =Q+1
IF(Q.LE.QMAX)GOTO300

H(I)=2STAR
BETA(I)=CIQSTAR/SUMSQH

RETURN
END

APPENDIX C

C THIS SUBROUTINE IMPLEMENTS ROM 271 - FIG. 2
C ++++++ PREDICTIVE FILTER ++++++

CCMMON D(110),H(1S),3ETAI(80),A(16),F(16),
LPHI(15),8ETA(12),4(12)

INTEGER I,X,Q,3STAR.QMAX
DATA NLPC/16/,KMAX/ 15/, NMAX/110/7,QMAX/8B0/,

LALPHA/70.85/7, IMAX/12/

Cre+t++ READ PREDICTIVE RESIDUAL SIGNAL - BOX 418
CALL INPUT (D(29),30)

Crees READ PREDICTIOM PARAMELERS - BOX 420
CALL INPUT(A,16)

AT COMPUTFE COEFFICISKIS FOR THE PRETICTIVE
Coetss FILTS2 - BOX 425
' G=1
D0101K=i,HLPC
G=G*ALPiu”2
101 F(X)=A(K)*G

Cerese COMPUTE IMPHULSE RESPONSE OF PREDICIIVE

C+t+ s FILTER H(Z)
Coes s H(O)Y IS STORED AS H(1) , H{(1)
Cres s IS STORED AS H(2), AND SO ON
Cree++ BOX 433

H(1)=1

DO102K=2,NLPZ

H(K)=0

DO102I=1:K‘1
102 H(K)=H(L) +F(I) *H(K-I)



103

Correse
Ceree+d

104

a0

Ce++++
C+e+++

1058

C+ere+es

500

200

Cre++

201

Ceee+

300

301

Re. 32,580
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DO103K=NL2C+1,KHAX
H(XK)=0
DO103I1=1,NLPC
H(K)=H(K)+F(I)*H{K=1)

COMPUTE AUTOCORARELATION FUNCTION SIGNALS -

BOX 435
DO1OUK=1;KHAI
PdI(K)=0 -
DO134N=K,KMAX
PHI(K)=PHI(K)+H(N)*d(N+K=-1)

RETURN
END

APPENDIX D

THIS SUBROUTINE IMPLEMENTS ROM 22% - FIG. 2
++++++ EXCITATION PPOCESSING ++++++

COMMON D(110),H(15),BETAI(80),A(16),
EPHI(15),3ETA(12),:14(12)

INFEGER I,K,2,QSTAR,JIMAX

DATA NLPC/16/,XMAZ/15/,N4AX/110/,Q44K/80/,
EALPHA/0.85/, INAX/12/

COMPUTE INITIAL BETAI SISNAL (I=1)

TERM NO 1 EQUATION 10 AHND BOY 515
DO10SQ=1,N3AX

BETAILI(D)=9

DO10SN=Q,Q+2*XMAZL=-2

K=N-KMAX+ 1
BErhI£3)=BErAI(Q)+D(H)*PHI(1+I§BS(K-2))

SET INITIAL EXCITATION SIGNAL COUNT - 30X 305
I=%
Q=1

CONTINUE
BETANAL=0

CONTINUE

* COMPUTE BFTAI SIGNAL - BOX 515
ITF(T.FQ.1)GOTNANO

00201J=1r1“1
BETBI(Q)'BETAI(Q)-BBTA(J)'°HI(1+IRB:(H(J)'Q))

FIND PEAK OF THE BETAI SIGNAL - 80X 520-325
IF(ASS(BETAI(Q)).LT.BETAYAX)S0TO301

M(I)=Q
SETAMAX=ABS(3ETAI(Q))
BETA(I)=3ETAI(Q)/PHI(I)

N=]+1
IF(Q2.LE.JMAX)GQOTO200Q
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I=1+1%
IF(I.LE.IMAX)GOTOS00

CALL OUTPUT(ZETA,IM2Y)
CALL OQUTPUT(Y,INRX)

D05K=1:29 | -
D(K)=D(K+80)

RETURN
END

What is claimed is:

1. A method for processing a sequential pattern com-
prising the steps of: partitioning said sequential pattern
into successive time intervals; generating a set of signals
representative of the sequential pattern of each time
interval responsive to said time interval sequential pat-
tern; generating a signal corresponding to the differ-
ences between said interval sequential pattern and the
interval representative signal set responsive to said in-
terval sequential pattern and said interval representative
signals; forming a first signal corresponding to the inter-
val pattern responsive to said interval pattern represen-
tative signals and said interval differences representa-
tive signal; generating a second interval corresponding
signal responsive to said interval pattern representative
signals; generating a signal corresponding to the differ-
ences between said first and second interval corre-
sponding signals; producing a third signal responsive to
said interval differences corresponding signal for alter-
ing said second signal to reduce the interval differences
corresponding signal; and utilizing said third signal to
construct a replica of said interval sequential pattern.

2. A method for processing a speech pattern compris-
ing the steps of: partitioning the speech pattern into
successive time intervals; generating a set of signals
representative of said speech pattern of each time inter-
val responsive to said interval speech pattern; generat-
ing a signal representative of the differences between
said interval speech pattern and the interval speech
pattern representative signal set responsive 1o said inter-
val speech pattern and said interval speech pattern rep-
resentative signals; forming a first signal corresponding
to the interval speech pattern responsive to said interval
speech pattern representative signals and the interval
differences representative signal; forming a second in-
terval corresponding signal responsive to the interval
speech pattern representative signals; generating a sig-
nal corresponding to the differences between said first
and second interval corresponding signals; and produc-
ing a third signal responsive to said interval differences
corresponding signal for altering said second signal to
reduce the interval differences corresponding signal.

3. A method for processing a speech pattern accord-
ing to claim 2 wherein: said interval representative sig-
nal set generating step comprises generating a set of
speech parameter signals representative of said interval
speech pattern; said first interval corresponding signal
forming step comprises generating said first interval
corresponding signal responsive to said speech parame-
ter signals and said differences representative signal;
and said second interval corresponding signal forming
step comprises generating said second interval corre-
sponding signal responsive to said interval speech pa-
rameter signals.
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4. A method for processing a speech pattern accord-
ing to claim 3 wherein said speech parameter signal
generating step comprises generating a set of signals
representative of the interval speech spectrum.

5. A method for processing a speech pattern accord-
ing to claim 4 wherein: said third signal producing step
comprises generating a coded signal having at least one
element responsive to the iuterval differences corre-
sponding signal; and modifying said second interval
corresponding signal responsive to said coded signal
element.

6. A method for processing a speech pattern accord-
ing to claim § wherein: said coded signal generating step
comprises generating, for a predetermined number of
times, a coded signal element responsive to said interval
differences corresponding signal; and modifying said
second interval corresponding signal responsive to said
generated coded signal elements.

7. A method for processing a speech pattern accord-
ing to claim 6 wherein: said differences corresponding
signal generating step comprises generating a signal
representative of the correlation between said first in-
terval corresponding and second interval correspond-
ing signals.

8. A method for processing a speech pattern accord-
ing to claim 8 wherein said differences corresponding
signal generating step comprises generating a signal
representative of the mean squared difference between
said first and second interval corresponding signals.

9. A method for processing a speech pattern accord-
ing to claims 2, 3, or 4 further comprising the step of
utilizing said third signal to construct a replica of said
interval speech pattern.

10. A sequential pattern processor COmprising means
for partitioning a sequential pattern into successive time
intervals; means responsive to each time interval se-
quential pattern for generating a set of signals represen-
tative of the sequential pattern of said time interval;
means responsive to said interval sequential pattern and
said interval representative signals for generating a
signal representative of the differences between said
interval sequential pattern and the interval representa-
tive signal set; means responsive to said interval pattern
representative signals and said differences representa-
tive signal for forming a first signal corresponding to
the interval pattern; means responsive to said interval
pattern representative signals for generating a second
interval corresponding signal; means for generating a
signal corresponding to the differences between said
first and second interval corresponding signals; and
means responsive to said interval differences corre-
sponding signal for producing a third signal for altering
said second signal to reduce the interval differences
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corresponding signal; and means for utilizing said third
signal to construct a replica of said interval sequential
pattern.

11. A speech processor comprising means for parti-
tioning a speech pattern into successive time intervals;
means responsive to each interval speech pattern for
generating a set of signals representative of the speech
pattern of said time interval; means responsive to said
interval speech pattern and said interval speech pattern
representative signals for generating a signal representa-
tive of the differences between said interval speech
pattern and the interval representative signal set; means
responsive to said speech interval signals and said inter-
val differences representative signal for forming a first
signal corresponding to the interval speech pattern;
means responsive to said interval speech pattern repre-
sentative signals for forming a second interval corre-
sponding signal; means for generating a signal corre-
sponding to the differences between said first and sec-
ond interval corresponding signals; and means respon-
sive to said interval differences corresponding signal for
producing a third signal for altering said second interval
corresponding signal to reduce the interval differences
corresponding signal.

12. A speech processor according to claim 11
wherein: said speech interval representative signal set
generating means comprises means for generating a set
of signals representative of prescribed speech parame-
ters of said interval speech pattern; said first interval
corresponding signal forming means comprises means
responsive to said interval prescribed speech parameter
signals and said differences representative signal for
generating said first interval corresponding signal; said
second interval corresponding signal forming means
comprises means responsive to said interval prescribed
speech parameter signals for generating the second
interval corresponding signal.

13. A speech processor according to claim 12
wherein said prescribed speech parameter signal gener-
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signals representative of the interval speech pattern
spectrum.

14. A speech processor according to claim 13
wheretn: said third signal producing means comprises
means responsive to said interval differences corre-
sponding signal for generating a coded signal having at
least one element; and means responsive to said coded
signal elements for modifying said second interval cor-
responding signal.

15. A speech processor according to claim 14
wherein: said coded signal generating means comprises
means operative N times to produce an N element
coded signal including means responsive to said differ-
ences corresponding signal for generating coded signal
elements; and means responsive to the generated coded
signal elements for modifying said second interval cor-
responding signal.

16. A speech processor according to claim 15
wherein: said interval differences corresponding signal
generating means comprises means for generating a
signal representative of the correlation between said
first and second interval corresponding signals.

17. A speech processor according to claim 15
wherein said interval differences corresponding signal
generating means comprises means for generating a
signal representative of the mean squared difference
between said first and second interval corresponding
signals.
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18. A speech processor according to claims 11, 12, or
13 further comprising the step of utilizing said third
signal to construct a replica of said interval speech
pattern.

19. A method for encoding a speech pattern compris-
ing the steps of: partitioning a speech pattern into suc-
cessive time frames; generating for each frame a set of
speech parameter signals responsive to the frame speech
pattern; generating a signal representative of the differ-
ences between the frame speech pattern and said speech
parameter signal set responsive to said frame speech
pattern and said frame speech parameter signals; gener-
ating a first signal corresponding to the frame speech
pattern responsive to said frame speech parameter sig-
nals and said differences representative signal; generat-
ing a second frame corresponding signal responsive to
said frame speech parameter signals; generating a signal |
corresponding to the differences between said first and
second interval corresponding signals; and producing a
coded signal responsive to said interval differences cor-
responding signal for modifying said second interval
corresponding signal to reduce said interval differences
corresponding signal.

20. A method for encoding a speech signal according
to claim 19 further comprising combining said pro-
duced coded signal and said speech parameter signals to
form a coded signal representative uf the frame speech
pattern. '

21. A method for encoding a speech signal according
to claim 19 wherein said speech parameter signal set
generation comprises generating a set of linear predic-
tive parameter signals for the frame responsive to said
frame speech pattern; and said differences representa-
tive signal generation comprises generating a predictive
residual signal responsive to said frame linear prediction
parameter signals and said frame speech pattern.

22. A method for encoding a speech signal according
to claim 21 wherein said coded signal producing step
comprises generating a coded signal having at least one
element responsive to said differences corresponding
signal; and modifying said frame second signal respon-
sive to said coded signal elements.

23. A method for encoding a speech pattern accord-
ing to claim 21 wherein said signal producing step com-
prises generating a multiclement coded signal by suc-
cessively generating a coded signal element responsive
to said differences corresponding signal and modifying
said second signal responsive to said coded signal ele-
ments.

24. Apparatus for encoding a speech pattern compris-
iIng means for partitioning a speech pattern into succes-
sive time frames; means responsive to the frame speech
pattern for generating for each frame a set of speech
parameter signals; means responsive to said frame
speech parameter signals and said frame speech pattern
for generating a signal representative of the differences
between said frame speech pattern and said frame
speech parameter signal set; means responsive to said
frame speech parameter signals and said differences
representative signal for generating a first signal corre-
sponding to said frame speech pattern; means respon-
stve to said frame speech parameter signals for generat-
ing a second frame corresponding signal; means for
generating a signal corresponding to the differences
between said first and second frame corresponding sig-
nals; and means responsive to said frame differences
corresponding signal for producing a third signal to
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modify said second signal to reduce the frame differ-
ences corresponding signal.

23. Apparatus for encoding a speech pattern accord-
ing to claim 24 further comprising means for combining
said produced coded signal and said speech parameter
signals to form a coded signal representative of the
frame speech pattern.

26. Apparatus for encoding a speech pattern accord-
Ing to claim 24 wherein said speech parameter signal
generating means comprises means responsive to said
frame speech pattern for generating a set of linear pre-
dictive parameter signals for the frame; said differences
representative signal generating means comprises means
responsive to said frame linear prediction parameter
signals and said frame speech pattern for generating a
frame predictive residual signal; said first signal generat-
ing means comprises means responsive to said frame
predictive parameter signals and said frame predictive
residual signal for forming said first frame correspond-
ing signal; and said second signal generating means
comprises means responsive to said frame linear predic-
tive parameter signals for forming said second frame
corresponding signal.

Z7. Apparatus for encoding a speech pattern accord-
ing to claim 26 wherein said coded signal producing
means Comprises means responsive to said difference
corresponding signal for generating a coded signal hav-
Ing at least one element; and means responsive to said
coded signal element for modifying said second signal.

28. Apparatus for encoding a speech pattern accord-
Ing to claim 26 wherein said coded signal producing
means comprises means for generating a multielement
coded signal including means operative successively for
generating a coded signal element responsive to said
differences corresponding signal and for modifying said
second signal responsive to said coded signal elements.

29. A speech processor comprising means for parti-
tioning a speech pattern into successive time frames;
means responsive to the speech pattern of each frame
for producing a set of predictive parameter signals and
a predictive residual signal: means responsive to said
frame predictive parameter and predictive residual sig-
nals for generating a first signal corresponding to the
frame speech pattern; means responsive to said frame
predictive parameter signals for generating a second
frame corresponding signal; means responsive to said
first and second frame corresponding signals for pro-
ducing a signal corresponding to the differences be-
tween said first and second frame corresponding sig-
nals; means responsive to said frame differences corre-
sponding signal for generating a coded excitation signal
and for applying said coded excitation signal to said
second signal generating means to reduce the differ-
ences corresponding signal.

30. A speech processor according to claim 29 further
comprising means responsive to said frame coded exci-
tation signal and said frame predictive parameter signals
for constructing a replica of said frame speech pattern.

31. A speech processor according to claim 29 or
claim 30 wherein said coded excitation signal generat-
Ing means comprises means operative successively to
form a multielement coded signal comprising means
responsive to the differences corresponding signal for
forming an element of said multielement code and for
modifying said second signal responsive to said coded
signal elements.

32. A method for processing a speech pattern accord-
ing to claim 8, 6, 7, or 8 further comprising the step of
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utthzing said coded signal to construct a replica of said
interval speech pattern.

33. A speech processor according to claim 14, 15, 16,
or 17 further comprising means for utilizing said coded
signal to construct a replica of said interval speech
pattern.

34. A speech processor for producing a speech mes-
Sage comprising: means for receiving a sequence of
speech message time interval signals, each speech inter-
val signal including a plurality of spectral representative
signals and an excitation representative signal for said
time interval; means jointly responsive to said interval
spectral representative signals and said interval excita-
tion representative signal for generating a speech pat-
tern corresponding to the speech message: said interval
excitation speech signal being formed by the steps of:
partitioning a speech message pattern into successive
time intervals; generating a set of signals representative
of said speech message pattern for each time interval
responsive to said interval speech pattern; generating a
signal representative of the differences between said
interval speech pattern and said representative signal set
responsive to said interval speech pattern and said inter-
val respresentative signals: forming a first signal corre-
sponding to the interval speech message pattern respon-
sive to said speech message pattern interval representa-
tive signals and differences represcutative sig. 3; form-
ing a second interval corresponding signal responsive to
said interval speech message pattern representative
signals; generating a signal corresponding to the differ-
ences between said first and second interval corre-
sponding signals; and producing a third signal respon-
sive to said interval differences corresponding signal for
altering said second interval corresponding signal to
reduce the interval differences corresponding signal,
said third signal being said interval excitation represen-
tative signal.

35. A speech processor according to claim 34
wherein said interval differences corresponding signal
generating step comprises generating a signal represen-
tative of the correlation between said first interval cor-
responding signal and said second interval correspond-
ing signal and said third signal producing step comprises
forming a coded signal responsive to said correlation
representative signal.

36. A speech processor according to claim 34 or 35
wherein said speech message interval spectral represen-
tative signals are time interval predictive parameter
signals.

37. A method for producing a speech message com-
prising the steps of: receiving a sequence of speech
message interval signals, each speech interval signal
including a plurality of spectral representative signals
and an excitation representative signal; and generating a
speech pattern corresponding to the speech message
Jointly responsive to said interval spectral representa-
tive signals and said interval excitation representative
signals; said interval excitation speech signal being
formed by the steps of: partitioning a speech pattern
Into successive time intervals: generating a set of signals
representative of the spectrum of said speech pattern for
each time interval responsive to said interval speech
pattern; generating a signal representative of the differ-
ences between said interval speech pattern and said
Interval speech pattern spectral representative signal set
responsive to said interval speech pattern and said spec-
tral representative signals; forming a first signal corre-
sponding to the interval speech pattern responsive to



Re. 32,580

23

said interval spectral representative signals and said
differences representative signal; forming a second in-
terval corresponding signal responsive to said speech
pattern interval spectral representative signals; generat-
ing a signal corresponding to the differences between
<aid first and second interval corresponding signals; and
producing a third signal responsive to said interval
differences corresponding signal for altering said sec-
ond interval corresponding signal to reduce the interval
differences corresponding signal said third signal being
said interval excitation signal.

38. A method for producing a speech message ac-
cording to claim 37 wherein said interval differences
corresponding signal generating step comprises gener-
ating a signal representative of the correlation between
said first signal and said second signal and said third
signal producing step comprises forming a prescribed
format signal responsive to said correlation representa-
tive signal.

39. A method for producing a speech message ac-
cording to claim 37 or 38 wherein said speech interval
spectral representative signals are speech interval pre-
dictive parameter signals.

40. Apparatus for producing a speech message compris-
ing:

means for receiving a sequence of speech message signals

for the successive time intervals of the speech message,
each time interval speech message signal including a
set of coded spectral representative signals for the time
interval portion of said speech message and a plurality
of pulse amplitude and location coded signals repre-
sentative of the differences between the time interval
portion of the speech message and the time interval
portion of the speech message formed from
tral representative signals;

means for converting the plurality of puise amplitude

and location codes of said time interval into a signal

>
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representative of the excitation of the time interval
portion of said speech message; and

means jointly responsive to said interval spectral repre-

sentative signals and said interval excitation represen-

tative signal for genmerating a speech pattern corre-

sponding to the speech message of said time interval.

41. Apparatus for producing a speech message according

to claim 40 wherein said converting means comprises

means responsive to said amplitude and location codes for

10 forming a sequence of pulses within said time interval
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representative of the excitation of the speech message por-
tion of said time interval. |
42. A method for producing a speech message comprising
the steps of:
receiving a sequence of speech message signals for the
successive time interval portions of the speech message,
each time interval speech message signal including a
set of coded spectral representative signals for the time
interval portion of said speech message and a plurality
of pulse amplitude and location coded signals repre-
sentative of the differences between the time interval
portion of the speech message and the time In terval
portion of the speech message formed from said spec-
tral representative signals;
converting the plurality of pulse amplitude and location
codes of said time interval into a signal representative
of the excitation of the time interval portion ¢’ said
speech message; and -
generating a speech pattern corresponding 1o the speech
message of said time interval jointly responsive 1o said
interval spectral representative signals and said inter-
val excitation representative signal |
43. A method for producing a speech message according
to claim 42 wherein said converting step comprises forming

said spec- 35 a sequence of pulses within said time interval representative

of the excitation of the speech message portion of said time

interval responsive to said amplitude and location codes.
* t » - .
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