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METHOD AND APPARATUS FOR GENERATI NG AND ENCODI NG LI NE

- SPECTRAL SQUARE ROOTS BACKGROUND OF THE | NVENTION 5
I'. Field of the Invention The present invention relates to
speech processing. Mre specifically, the present invention is a novel
and i nproved mWW®sAd apparatus for 10 encoding LPC coef fi cRERPII6IIE5E
I'i near prediction based speech codi ng syst em 1. Description of the
Rel ated Art Transni ssi on of voi celby digital t eglni ques has

el ephone. appl | cat | onMEFHQD ANb/APRARRIIS HAR GENEATING ANFLY

m ni mi ze the anount of = ENCOMING LINE SPECTRAL SQEHAREROQOTS whi l e

mai ntai ning the quality of t he speech reconstructed fromt hat
information. If speech is tr t he conti nuous
speech signal and quanti zi ngﬁwéﬁﬂ%ﬁéﬂé@l’l Epm&l}& data rate
around 64 kil obits per second (kbps) is required to achi eve a
reconstructed quggﬂﬂﬂ ln Infiehd’ to that of a conventional anal og

t el ephone. However roug e use of speech analysis, followed by t he

appropriate coding, t re

significant reduct [ onﬁ?{%sé%§é{éqﬁveﬁ%e{e%%§t&§g&§h§m(¥§ Cﬁoyeegp%gwygs
whi ch conpress spbediresgntcinvention iyanavehand, inproved ipgthed and @pphatatus for
speech produci orengbingALIE dosfliciefin’ifi-a Iual peditE6s based speecméwaaﬁgaﬁstefn an
encoder, which anal yzes the incom ng speech to extract the evant
paraneters and a decoder, which resynthesizes the speech using t he
par amet ers whi ch ILDesstiptioncofitheoRelated Aricoder over the transmi ssion 30
channel . To accurately represent the time varying speech signal, the nodel
parameters are updat e\al'rwmmhpoaifl yoiceThy digitalctechniquies hds become Vbﬂdgslkzeadf

time, or analysigp frﬁ@tﬂﬁﬂ ﬁkunbh gumh@éﬁ Ad) QiR 3FHIS beepHdheC
quantized. These e § X 2 1% nsrr?ﬁe i’éﬂiﬂaﬁ&ﬁéﬂ s

uant i gt nprers ar n,t.r
transm ssion charﬁ%’é rﬁ’h& B%edﬂ %Etﬁggﬁn%"fl?lﬁgt é’ﬁlnﬁ?‘éﬁ?tﬁ'@s@’ﬂﬁ‘éﬂh?fed
35 paraneters atmfdtmartmmemasnutted over a chamaelavhileenwiintadningnther quality of

o Sg'r.ci e ! 29‘*“ FRERARichA WO diat ‘“mmy‘h%”.%ssﬂlﬁgﬁ?%‘?‘ﬁ?‘ﬁat A
aor AT 8 Ron sl seppfingant ciampachs speelh ial AT QAT SRdnaEmBle

Tremai n et al 20 Prindepanidentiyod datacrateirionnd 44 kll@é!te Ipler E@coﬁdr(kbp&’)ns ceqfal toAn

exanpl e of a partichidvera felddstictid spchdghaldy similar to that of a conventional
analog telephone. However, through the use of speech analysis, followed by
the appropriate coding, transmission, and resynthesis at the receiver, a
significant reduction in the data rate can be achieved.

25 Devices which compress speech by extracting parameters of a model
of human speech production are called vocoders. Such devices are
composed of an encoder, which analyzes the incoming speech to extract the
relevant parameters, and a decoder, which resynthesizes the speech using
the parameters which it receives from the encoder over the transmission

30 channel. To accurately represent the time varying speech signal, the model
parameters are updated periodically. The speech is divided into blocks of
time, or analysis frames, during which the parameters are calculated and
quantized. These quantized parameters are then transmitted over a

- trarismission channel, and-the speech is reconstructed from these quaritized

35 parameters at the receiver.

The Code Excited Linear Predictive Codmg (CELP) method is used in
many speech compression algorithms. An example of a CELP coding
algorithm is described in the paper "A 4.8 kbps Code Excited Linear

Predictive Coder” by Thomas E. Tremain et al,, gmgge__mgs_q_gmgbﬂg
40 Satellite Conference, 1988. An example of a particularly efficient vocoder of
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2 " this type is detailed in U S. Patent No. 5,414,796; entitled
"Variabl e Rate Vocoder" and assigned to the assignee of the present
nvention and i ncor porated by reference herein. Many
speech conpression algorithns use a filter to nodel the 5. spectral

magni t ude of t ReooHeeeh signal. Because the coefficients of tRETAISHd12658
are conputed for each frame of speech using |inear prediction techniques,
the filter is referred to as the Linear PrediZtive Coding QEPC) filter.
Once the filter coefficients have been determ ned; the filter

coefficients nustthie type is detajlpchin 4§, Patent NendAddvRedentitled JVasiable Rgte
the LPC filter covbtodérnisd cmxgaeed to Ltheuagsighee AC EleaSsrebbiRt lih{reﬁﬁéﬁ and

required to encodg the a 01e met hod for
guanti zi ng the co'éﬁ’f%‘?é%?eb Fgff%é‘cﬁaﬁt% ter involve transform ng
the filter coeffici entMany apthpemessxmalalgqn_ms pwﬂaneféﬁer to model thend

quanti zi ng t hesl SBhdugaf Hﬁ%ﬁhﬁdem%a's Zhehdl SBecAlse thBRBefficients of the fil
transforned back to LPC f| r co |c ich are used Jj.n _the speec
15 synthesi s rmde?rea‘fmf‘ﬁ’ée ﬁtq ngpp uping flineay, prediction ﬁ"e‘i‘l‘}gﬂe

domai h because L%qﬁitarmireﬁen'eﬂameastt&ﬂmneamlﬁadxnue Codlig (BC) fikter.t Qave the
LPC parameters, afflePeoski m}} ehﬂé'%reéﬁgdé}éﬁﬂm{eﬁy Jﬁfe %ﬂ?r %@?ﬁéxé: f!s st be

par anmet ers guar ant ees_t hat e result

st abl e. quantizeg; Fefﬁﬁlgaf metheds g’éﬂ“&%‘t@s@ tba#&’ﬁ%@kﬁgcoefémrszmm
error in one 10 Zquahroad&Easelmybhesulrbquiﬂe@td&i@déthha @schi gighidle LPC

B e
anot her LSP par antassforming the £ilisr ceefficients to Iéﬂ? Specizpl Faim(LSPit pammetars,be
mnimzed by all Od!hdlgqﬁfé}{t?mﬁgaﬁﬁé Z28P QSarameters. erm@rqaéhtiz%a ngsmrsrﬁxen

which are less s S|t|ve t n err 5 deter
optimal distribut 5ﬂ5f8fm %3?## *‘%ﬁ ﬁ? ofzoef{a Rignts &WF%LPJF 4sed"in e SPeeCh
sensitivity ofldeasymthams paod\deatethmow d@uantization s perfoemeddinrthé AP

and apparatus for ¢atrsB Nogyeli e I
i n copending U.S. lc:lr%gt]hier{nrtsJE l'ica lrdan ﬂ‘%gﬁjgla .. &(E)IESB/ Iu%gﬁ%gﬁéhwgg&/&&eus

4, 1994, |R4fé{!1‘ é»n%‘?u hecayse\ e PrAeHngRIOFET iR g#ixezgﬁaaﬁz I-I_SF’ne
Spectr al 30 Feamnieters goacintees'thahthelresulting jugnszed hPGﬂﬁltaswﬂg beatable.t he

present invention For @%rhﬂﬁﬂ!’r%&aéfeﬁsﬁ drefRi&2BC gugﬁﬁﬁ?@on dé%

T hod and 20 parameter may resulp A bger & m ' Oth Alter responsecand fie

spectral square a larger pesceptusiSdegeadation, Thcn eswbange rprexdiiced by an sibaitars
the LPC filter amounPBPquuhﬁhﬁﬂﬁén leRtdd BaRbMher 18P YerathéteR! TR Pefbiptinll S
more easily quant Iflz'ecgI of quantization can be minimized by allowing more quantization
error in LSP parameters which are less sensitive to quantization error. To
25 determine the optimal distribution of quantization error, the individual
sensitivity of each LSP parameter must be determined. A preferred method
and apparatus for optimally encoding LSP parameters is described in detail
in copending U.S. Patent Application, Serial No. 08/286,150, filed August 4,
1994, entitled “Sensitivity Weighted Vector Quantization of Line Spectral
30 Pair Frequencies,” which is assigned to the assignee of the present invention
and incorporated by reference herein.

XD

£t i 5T GUNIMARY OF THE INVENTION

35 - - The présent ifivéntior 'is a novel and improved method and
apparatus for quantizing LPC parameters which uses line spectral square
root (LSS) values. The present invention transforms the LPC filter
coefficients into an alternative set of data which is more easily quantized
than the LPC coefficients and which offers the reduced semiﬁvity to



than the LPC coefficients and which offers the reduced sensitivity to
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3 quantization’errors that is a prinme benefit of LSP frequency
encoding. In addition, the transformations from LPC coefficients to
LSS val ues and from LSS values to LPC coefficients are | ess

conput at i onal | WO sess2i ve t han t he correspondl ng transf oPGHEUPLEIL658
bet ween LPC coefficients and LSP 5 paranete BRI EF
DESCRI PTI ON OF THE DRAW NGS The f atur es, objegfs, and '

advant ages of the S Qﬂ.ﬁ ,ﬁg ﬁgﬁg@ﬁg om t
detail ed descripti Bsﬁset fnlo ﬂ'ﬁﬁv}}é\lI f bg&?g@n L ﬁé‘g?‘ﬁ%‘ﬁ t

the drawi ngs in Wﬁgg jtiomy the trapsfopmations, L& Cscoet 1C1€n§e#¢tl values and from
correspondi ngly t L6Sughasst toaDHC\M‘mafﬁdnénts are less complifatichall§y ﬁt&ts%tﬁﬁr@ﬁ%am

coet i crent o; 1 CohspBidliB*RRktitmations bettEREL ERC R EMTRET, sl LS

function used t5b parametgrsi st ri but e the | i ne spectral cosine values in the

present invention; FIG 3 illustrates the bl ock diagram
Il lustrating the apparat usghg Ws for
encodi ng the |ine spectral Ba uarg%‘gﬁ?ﬁb@%E% tilké‘ Et
i nvention; and 20 FIG 4 is a block diagram |IIustrat|ngthe

overal | quantization The feathmes; objects, andcadivartagéscof ithe ‘.% S50t liavesdR Mall

ENBODI NENTS 250 become more dpbterf Sﬁ‘? debpie ?ES%EF* FI belon whep

generating and a@ﬁdﬁ&%@f*&qﬁ'@‘\f Y"Il thejdraywings de twshighnlike referencecharacters
coefficients {dentify a(;ﬂ}s dult(imit\km@l@nLPC coefficients

generating the LSP elq&kegc fs%%lkg th%ﬁ'r&{ll\éz%}{ epnoL' La&a@e)ratus for

t he nunber of filter c f|C|en
aut ocorrel ati on eE@FﬁE#ﬂngl_ oefficients; aut ocorr el at i on val ues,

R(0) to R(N), 15rom t heFIG. atzrﬁnatstram%eeﬂse Spﬁﬂt)'dfsthes n@tmalizing) fﬁﬁ@ﬁbﬁaaﬁé’d Ypth
equation (1) bel ofgyictribute the line s clral Lgsrx{xl values in the present invention;
(1) 35
FIG. 3 illustrates the block diagram illustrating the apparatus for
generating sensitivity values for encoding the line spectral square root
values of the present invention; and
20 FIG. 4 is a block diagram illustrating the overall quantization
mechanism for encoding the line spectral square root values.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the traditional apparatus for generating and
encoding LPC filter data by determining the LPC coefficients
(a(1),a(2),...,a(N)) and from those LPC coefficients generating the LSP
frequencies {w(1),®(2),....(N)). N is the number of filter coefficients in the

30 LPC filter. Speech autocorrelation element 1 computes a set of
autocorrelation values, R(0) to R(N), from the frame of speech samples, s(n)
in accordance with equation (1) below:

e s
Rm= Y s)-s(k+n), S ®
AP e .

PR

35
where L is the number of speech samples in the frame over which the LPC
coefficients are being calculated. In the exemplary embodiment, the number



where L is the nunber of speech sanples in the franme over which the LPC
coefficients are being calculated. In the exenplary enbodi nent, the nunber
WD 97/ 05602 - PCT/ US96/ 12658
4 of sanples in a frame is 160 (L—160), and the nunber of LPC filter
coefficients is 10 (N=10). Li near prediction coefficient (LPC
conput ati on el & BipsdpcONMput es the LPC coefficients, a(lpcrawsesiiss
fromthe set-of autocorrelation values, R(0) 5 to R(N) The LPC
coefficients may be obtained by the autocorref ation mgt*hod usi ng
Dur bi n"s recursion_as d| scyssed in Digital_ Processing of Speech
Signal s, Rabi ner ®f samples inm@ dramecisi#g] (L¥iR0), and7gthe lf/éﬂabg'omftm filter

i s described in ecpetfitions i§ 20 (N=(0)) bel ow. 10 E(0)= R(0), i = 1;
E 4213 15 g[l_:I:izmear prediction coefkid ent (LPC) gorrﬁpuga_l[x?n flement 2 cpgiputes
E(i) = (1-k[err])HhelEE roeffigients, a(1) to a(N), from the set-of autocorrelati®n valges, R(0)

1 i<10 then g8t oke lomhélrﬁécvude?fmxemslﬁé be obtained by the(di N
LPC coefficients ar mqmbeled b@é for err :sjr;laei?ﬁ#b e 4 tggr)gte}%%g\
of both el emehf r’tﬁ’“}g Flmﬁﬂ ¥n g&@)—iﬁﬁw&im
t he f or mant fipﬁm.h_iggd&t Babhemﬂd&haffet tRrenticeeHallnind. /119781 1The algorithm

autocorrel ati on vigldee&ibedin (, £ conput ed” by autocorrel ation
el emrent 1, and 10 LPC eﬁ?‘?lhgflé;n a(l to a(10), are conputed by LPC

comput atlon eéﬁrrent zrﬁ(o)‘R(O)' - 1-SP corrput ation elenment 3 converts thf set

of LPC coefficCrents i of LSP frequencies of values [err]
[err]. The operation of LSP . corrput ation element 3 is well known and
is described in detail inthe ore ntioned U. S. Patent No. 5,414, 796.
Motivation for the usé;ef{R(BR qu £ EES)i s gi ven in the article (3§| ne
Spectrum Pair (LSP) and eeclj-l Dat a JConpr essi on", by Soong and Juang,
| CASSP ' 84. The conputation of the ISP par ameters is shown bel ow
i n equations @ ., .
oy =k ' (4)
15 _ 3
(i i1 i-1 L
a; = 05( . kiai(_j ) forl<=j<=i1  (5)
EG) = (1-kj2) EG¢-1); and 6
20 If i<10 then goto equation (16) with i = i+1. )

The N LPC coefficients are labeled of , for 1 <j <N. The operations of both

element 1 and 2 are well known. In the exemplary embodiment, the

formant filter is a tenth order filter, meaning that 11 autocorrelation values,

25 R(0) to R(10), are computed by autocorrelation element 1, and 10 LPC
coefficients, a(1) to a(10), are computed by LPC computation element 2.

LSP computation element 3 converts the set of LPC coefficients into a

set of LSP frequencies of values ®1 to wy;. The operation of LSP

computation element 3 is well known and is described in detail in the
30 aforementioned U.S. Patent No. 5414,796. Motivation for the use of LSP
frequencies is given in the article "Line Spectrum Pair (LSP) and Speech
Data Compression”, by Soong and Juang, ICASSP '84. ST
The computation of the LSP parameters is shown below in equations
'~ {8) and (9) along with Table I. The LSP frequencies are the N roofs which
35 exist between 0 and = of the following equations:

p(e) = h’.& +PN/2.1 COSO+.. -§;p1 cos [(%I-—l)»w}-i-eos l:—_m (8



(8) and (9) along with Table I. The LSP frequencies are the N roots which
35 exist between 0 and [err] of the foll ow ng equations:

P([err])=[err]+P[err]+...+P[err][[err]]+[err] (8) WO 97/ 05602
PCT/ US96/ 12658 _ 5

[err] : where the p[err] and g[err] values for n =1, 2, ... N2 are
defined recursiweloyosepz 5 Table |. PCTUS96/12658
TABLE | Plerr] = -(a(l) + a(N)) - 1 glerr] = -(a(l)
-a(N)) + 1 Plerr] = -(a(2) +a(N-15) - Plerr] sfqlerr] = -(a(2)
-a(N-1)) + g[err] Plerr] = -(a(3) +a(N-2)) - &rr] glerr] =
-(a(3) -a(N-2)) + qg[err] In Table |, thé a(1l), ..., a(N)y
val ues are the scal ed cpeffggpents resulting 10 fr heyLPC analpysis. A
property of the LSP fr@QU&nches™ fAn/pn&PS O -+ A PE gz;"‘l)'i"? é‘rCOPsisq.ab?)e,
the roots of the two functions alternate; i.e. the [FOwest”r [err],

t,
i

oot of o [ oliere T Pectian VERREr 1P o /o2 Abfined e siveH s

are the roots &f Tablelf he p([err]), and the even frequencies are the roots

of the g([err]). 15 Sol ving equatipagLEy) and (9) to obtain the LSP
frequencies is a conmput ational l'y intensive operation. One of the
primary source of cQ | l4loading iy 1t f ' the LPC
coefficients to LSP P1 F??%ﬁleér{ﬁw);sland back cﬁr or%QQZFﬂmeggenci es to LPC
coefficients results fPpm @l +*alNds®@ensi ve o= ¥R éNeDY ddijoret ric
functions. 20 Bye -(ad) ta@N«2)duse the c H{a3) quz)u;@rqil exity is to
make the substitutT on: . X = cos [err] .

(10) : :

In Table I, the a(1), ... , a(N) values are the scaled coefficients resulting

10 from the LPC analysis. A property of the LSP frequencies is that, if the LPC
filter is stable, the roots of the two functions alternate; i.e. the lowest root,
@1, is the lowest root of p(w), the next lowest root, w,, is the lowest root of
q(®), and so on. Of the N frequencies, the odd frequencies are the roots of
the p(w), and the even frequencies are the roots of the g{w).

15 Solving equations (8) and (9) to obtain the LSP frequencies is a
computationally intensive operation. One of the primary source of
computational loading in transforming the LPC coefficients to LSP
frequencies and back from LSP frequencies to LPC coefficients results from
the extensive use of the trigonometric functions.

20 One way to reduce the computational complexity is to make the
substitution:
X =Cos @ (10)

25 Values of cos(nw) for n>1 can be expressed as combinations .of powers of x,
through recursive use of the following trigonometric identity:

e = - cos{in+l)w) = 2¢ cos{m) cos(nw) -cos {(n-1)®). - o ALy

30. By extension of this identity, it can be shown that:

cos(20) = 2¢ cos{m) cos{w) - cos (0) =2 x2 -1, o {12}

cos(30) = 2* cos(w) cos(2e) - cos () =2 x(2x2 -1}-x =4x3-3x, -~ (13)



25  Val ues of cos(n[err]) for n>1 can be expressed as comnbi nations of

powers of X, t hrough recursive use of the follow ng trigononetric
identity: cos((n+l)[err]) = 2[err] cos([err]) cos(n[err]) - cos
((n-1)[err]). (11) 30 By extension of this identity, it can be shown
t hat : cos(2[err]) = 2[err] cos([err]) cos([err]) - cos 02 = 2
x[err] -1, WO 97/05602.2) cos(3[err]) = 2[err] coRGEI§IpH2658,
tos(2[err]) - cos ([err]) 2 x(2 x[err] -1)-x = 4x[err] - 3X, (13) :
WD 97/ 05602 6 »7 PCT/ US96/ 12658
6 and so on. By making tlése substitutions
and grouping terns with conmon powers of x, “equations (8) and
(9) can be reducandts® ¢l ynomi als in x given 5 by: _
[err] akin e ituti ing® ;

(35) 10 e ey e L TR i common,
provi ded by the Pgwers ofx, equa lq‘ﬁéhhé%l cany be reduced to polypgmials in o given he
values (x[err]5.byferr]), which are referred to as the line

spectral cosines (x[err]...x[err]). Determning the N line spectral cosine
val ues involves finding the N roots of equationsy(14)yand (15). This

15 procedure requi re;t(%klhggﬁngi_? C @I:Elehlg%’l s_Px'f&,hi ch greatly re(gﬁ)ges

t he comput nag obl em wit h quanti zi ng
| i ne spectral cosi ne &val ue& as opposed to the LSP frequencies,
Is that the |line spectral cosine values with values near +1 and

-1 are very sensitive _to atization » _ =-10i sk. 20 I'n
t he present inventionH(is)ﬁgf—rﬁﬁ_tgs_pétgﬂa;xcbsfﬁézvam@s are made (15)
nore robust to quantization noi e by kransformng themto a set of val ues

referred herejgn as |ine spectral square root (LSS) values (y[err]..y[err]).

e 1 xperr STERE 3L poiSRe 8 bROVIRLOR hforklabr BSSUiRa B3 S Lop
frequencies {0]...0N) by providing the values (x1..xN), which are referred to
as the line spectral cosines (x1...xN). Determining the N line spectral cosine
values involves finding the N roots of equations (14) and (15). This

15 procedure requires no trigonometric evaluations, which greatly reduces the
computational complexity. The problem with quantizing the line spectral
cosine values, as opposed to the LSP frequencies, is that the line spectral
cosine values with values near +1 and -1 are very sensitive to quantization
noise. S

20 In the present invention, the line spectral cosine values are made
more robust to quantization noise by transforming them to a set of values
referred herein as line spectral square root {(LSS) values (y1..yN). The
computation used to transform the line spectral cosine (x1..xN) values to

line spectral square root (y1..yN) values is shown in equation (16) below:

1
—fl—-%x; ; 0<€x3;<1
5 i i

1 , (16)
1--5 1+x; ; -1<x3<0

Yi=

it ot whererxg is the ith line spectral cosine-value and yj is the corresponding ith = "7

line spectral square root value. The transformation from line spectral
- 30 cosines'to lirie spectral $quare-roots cari be viewed as a scaled approximation
to the transformation from line spectral cosines to LSPs, @ = arccos(x). FIG. 2
illustrates a plot of the function of equation (16).
Because of this transformation, the line spectral square root values
are more uniformly sensitive to quantization noise than are line spectral



line spectral square root (y[err]..y[err]) values is shown in equation (16)

bel ow: 25 [err]

(16) where x[err] is the ith |ine spectral cosine val ue and
y[err] is the corresponding ith | i ne spectral square root val ue.
The transformation fromline spectral 30 cosines to |ine spectral

square-roots c jewed as a scal ed approxi mation PCTAS0¢ 3658
transformation Tromline spectral cosines to LSPs, [err]= arccos(x). FIG 2
illustrates a plot of the function of equatio® (16).

Because of this transformation, the |line spectral squar/,ﬂobt val ues

are nore uniforn yeoshmsvalues dril Rave prapérties sinilacts DSR faéq'udﬂcia S PH6edbr,
WO 97/ 05602 596/ 1265

; cosihE \aRsfamatons hefveeh LG rfciahepd L%, biilges Fequire oaly

f requenci es. Howevewoduct and squargsreetincompwiations, buthichn areC much less
coefficients and Lc%&yadaueﬁam;em&ﬁﬁve thin the tngonomeﬁ'kOMhaﬁGH? 164G e tﬁgt
i ntensive than

Che L1 gonomb rPc 186 AATAIHERECRS distweer hPC cocfactbil 3h 44, ianencien | ons

bet ween LPC coeffici entls amdn@Bbvedecembodiment of the present inventionanthe line
| mpr oved embodi meripepiral RuBFE S0 VRS ieOBncdded iﬂ rdance with® RBfipitkd

square root val ues arg, en

sensitivity val ueSeRfEvEy Bﬁég%l%éé&ﬁngéﬂm ‘éﬁ'ﬁ ﬁ‘é mrﬂ%@cﬁiﬁﬁb“

herein. The met hochexaih. afharmethedf and eppartitng fohentoding thedirniek; uare
10 t I f

the o Lhod %E%gﬂfe%%ﬁ’*f'e PRRERL WVErkRA agifhd g Bpephid i)

FIG 3 illustratefncad e‘iﬁ with grminjauym awamberigf\Ritst i on for generating

the l'ine spectral cosi rmcvahmmraées(thh atus of&(é\bx)esa&dniréﬁn&&'&@ﬁ péttrh @iy

(Slerr] Sierry. .. hg b peegi cg’ﬂn%q*fifu%a DA and the s amptizasinn.

of filter coeffi C|5§HP‘§1V|1%\E% g€ thedine | spectral square rootyadues £51.600++8INAt i A%
el enent 101 cobputdeBcHbédieaflieraAN O thd audibe?of filter coefﬁdéﬁi:él%:thg(@ctﬁlter

R(N), fromthe f r@ﬁ%e?f\ SRGEGH BT Efeméx(tn)mi dcoq'ﬁﬁg%ga% SEt °cf| gmoceﬂggtmn

equation (1) abov ear pre
conput ati on el errer?[ah_{@z R(0) to R, framthe Srame of EP@CBMPJQ&GS(BE in ac¢yrdance

a(N), fromthe setwith eguitesio(1) @bave.on values, R(0) to R(N), as
descri bed above in equ S ) L al . 0sSi ne
corrput ation el ement 10 %%a%v %%amflﬁ cofhléiglﬁégiﬁggf FPTPELRROR ane’Bent 102
20 computes the LPC coefficients, a(l) to a(N), from the set of autocorrelation
values, R(0) to R(N), as described above in equations (2) - (7). Line spectral
cosine computation element 103 converts the set of LPC coefficients into a
set of line spectral cosine values, xj to x);, as described above in equations
(14) - (15). Sensitivity computation element 108 generates the sensitivity
25 wvalues (S1,..., SN} as described below.
P & Q computation element 104 computes two new vectors of values,
P and Q, from the LPC coefficients, using the following equations (17) -(22):

P(0)=1 (17)
30 P(N+1) =1 (18)
P(i) = -a(i) - a(N+1-i) 0<i<N+1 (19)

e e QY 4 e BT
QN+1)=-1 | | @1)
S35 Q) =-a() #a(NHL); T 0<i<N+ ™

Polynomial division elements 105a - 105N perform polynomial
division to provide the sets of values Jj, composed of Ji(1) to Ji(N),.where i
is the index of the line spectral cosine value for which the sensitivity value



set of line spectral cosine values, x[err] to x[err], as described above in

equat i ons (14) - (15). Sensitivity conputation elenent 108
generates the sensitivity 25 wvalues (S[err],..., Slerr]) as described
bel ow. P & Q conmputation el enent 104 conputes two new
vectors of val ues, [err] and [err], fromthe LPC coefficients

usi ng the fol | wibomseguati ons (17) -(22): p(PT/USHH12658,
(17) 30 P(N+1) =1

(18) P(i) =-a(i) - a(N+1-i) 8  O<i<Ntl #/

(19) QO0)=1 , . s (20)
QN+1) = -1 is being computed. For the line spectral cosine values withoadd index Gy,
Qi) =-a(i) + a( Nﬁ,lﬁ etc.), theOohg Miviision is performed as follows: (22)

Pol ynom al divisio enents 105a - 105N perform pol ynom al

disvision to provide the sets of values [err], conposed of J[err](l) to

Jlerr] (N), where i is ]it;q_im\g%';équhQﬂN-ﬁe,_s,gﬂq;zrqi(g;osi ne val ue
for which the sensitiyity val ys N+ 'vxﬁg 662
PCT/ USO6/ 12658 220 z+ PN+ 1N+ PN g Pz 4BO)ei g 23)

conput ed. For t§1e | i ne spectral cosine values with odd index (x[err],
x[err], x[err] “etc.),,.the Long division is ,perfqinmed-as fol]ows:

fore] " (53 5 ankltor dhe dReipecteost LAREF WL PR e banret Ko . the
i ndex (x[err], x| %ﬁé divisiBh'ib peffofmed akMfBllows: | ong division is performed as
fol | ows: [efr] (24) 10 If i is odd, Jlerr] (k)

= J[err] (N+1-Kk). (25) 15 Because of
this symmetry only half of the q";(\N-sEbﬁ”hew-tﬁz’ﬁ'ézﬁefli(iozm@(ﬂb

determ ne the entir ezzg(nzt.xlp.fz_{_l\i)d(Nv_'_aiﬁuea. + ALY, U A+ B 24)
10

Ifiis odd,
Ji() = Ji(N+1-k). - (25)

15 Because of this symmetry only half of the division needs to be performed to
determine the entire set of N Jj values. Similarly, if i is even,

Ji(k) = Ji(N+1-k), . (26)

20 because of this anti-symmetry only half of the division needs to be

performed.
Sensitivity autocorrelation elements 106a - 106N compute the

autocorrelations of the sets Jj, using the following equation:

N-n-1
25 Rji)= 2 Jitk)-Ji(k+n). @7
k=0

Sensitivity cross-correlation elements 107a - 107N compute the

_ sensitivities for:the line spectral -square root values by cross correlating the

Ryj sets of values with the autocorrelation values from the speech, R, and

- 30 weighting the results by 1-1xj|. This operation is performed in accordance
with equation (28) below:

N
s, =(1-]xi[)~[R(0)-RJi(O)+2- ZR(k)-RH(k)} L e
k=1



Jlerr] (k) = -J[err] (N+1-Kk), (26) 20
because of this anti-symretry only half of the division needs to be

per f or med. Sensitivity autocorrelation elenents 106a - 106N
conmpute the autocorrel ations of the sets [err], using the follow ng
equati on: 25 R[ err]=[err] . (27)
Sensitivity cr 97?(%@% ation el ements 107a-107N conpute t hepcrysosnagss
sensitivities | i ne spectral square root values by cross correlating.
t he [err] sets of values with the autocorgel ation val ugd fromthe
speech, [err], and 30 weighting the results by 1- | x[ergl 4. This
operation is perfor med i n accordance w th equation -~ (28) bel ow

E[C%r [J]S 9 g ) [132;5]8 FIG. 4 illustrat@g He apparatus of the presen? mvegnon for generating

FsG. 4 illustrateand mmam seff of fimepspsciral aqmmmmvﬂmsge'ﬁhe qnesagu

and ‘quanti i ng thﬁv&ﬁhoﬁfcahl xrﬁﬂéﬁieh?éd %ﬁll&aﬂ%xfa!)%i‘ f M an
i nvention can

d
5" appl | cat| on SpeARRUHRR, Sneift. Recardlad cirtudd stE) 8?35&%%&&5 otopeerfca%mf'q thRe
function as descriumetiohesalescritieddeseins EléthentsI PlianI aricBllaoepérhfe ﬁdescribed
descri bed abgesvel B bICRS K61, 107 @ 408 0F FIESs. f.u{%' fal dosh BRSEhRon

cosi ne conputatio rQVi I.ne
val ues (x[err], rien'sg[né f PLIBV’IdF?l ¢'line Specka Foﬁaﬁéfaguﬁsoé?ﬂ'c@m)t& liog
el ement 121, V\:hl qeard beotl computdliors phahérdl 121 URRRK é&hpﬁ?ésuﬁé line

I 8, S e SRS 90 f s i pon 0

val ues (x[err], .ab YOVg- err]) fromline spectral cosine conputation el enent

llg 1I§PC t val ues S@l(slil)lvm ,(o?( fiohr elemdritCl 14 Q6deifeat !F]Ré‘ SpeLiSAE Blsithd 2
clonent " ““T01 VARG HG5 £ theisnssod) Shbne DHPGER sitheti L abG "
sensitivity values (a(I), -, a( from LPC computation element 112 and
15 autocorrelation values (R(O), .» R(N)) from speech autocorrelation element
111. Sensitivity computation element 114 generates the set of sensitivity
values, Si,..., 5N, as described regarding sensitivity computation element
108 of FIG. 3.
Once the set of line spectral square root values, y(1)...y(N), and the set
20 of sensitivities, 51,..., SN, are computed, the quantization of the line spectral
square root values begins. A first subvector of line spectral square root
value differences, comprising Ay, Ay», ... AyN(1) is computed by subtractor

elements 115a as:

25 Ay1=y1 (29)
' Ayi =¥i-Yi-li 1<i<N(1)+1 (30)

The set of values N(1), N(2), etc. define the partitioning of the line spectral

square root vector into subvectors. In the exemplary embodiment with

30 N=10, the line spectral square root vector is partitioned into 5 subvectors of 2

elements each, such that N(1)=2, N(2)=4, N(3)=6, N(4)=8, and N(5)=10. V is

deﬁned as the number of subvectors In the exemplary embodxment V=5, |
WS 1 Slterniate efbodiments, the line spectral square Toot vector can be

partitioned into different numbers of subvectors of differing dimension,

“ 7" 35" For examplé, a partitioning into 3 subvectors with 3 elements in the first

subvector, 3 elements in the second subvector, and 4 elements in the third

subvector would result in N(1)=3, N(2)=6, and N(3)=10. In thls alternative

embodiment V=3. -



val ues, S[err],..., S[err], as described regarding sensitivity conputation

el enent 108 of FIG 3. Once the set of |ine spectral
square root values, y(l)...y(N, and the set 20 of sensitivities,
Slerr],..., S[err], are conputed, the quantization of the |ine spectral

square root values begins. A first subvector of |line spectral square root
val ue differenc&esmesspprising [err], [err], [err], is conputedCIyUSI6/12658
subt ract or el enents 115a as: 25 [err]

(29) [err] 1 <i <N(1) +#1 10 #7  (30)

The set of values N(1), 2), : fi th rtitioni pg b6f the line .
spectral squar e r&fg_r veahc?t @%sgisrﬂ%gegt_g’gvoefﬁ%?%Pteft%agggy%fe?ﬁﬂtta‘f‘#erences 15
embodi ment wi t h 3gomputed in pubtracter BiFacit isquantizeddy eJementsckién, 172, 118a, and
Rf(mz ; i Z i orl\ilfrg) i gt ONi;{QHgVEléh{déhﬁl (1§8a iz% a c\:/ode%em an@%ﬁé%trélusj:nhérb%gg(d]ilfé nce
*2) =4, =6, = = IS .. efji ned as,{he nunber o

subvectors. In th&eé'i?éﬁ‘p?fi‘r g’eeﬁ%%ﬁPMte,m%.me’&' there are 6 s&FQe‘ﬁ?g‘?’@' The
enbodi nents, tHe kodebogieof lint spectralesquare rowicdifferenae vectors capabé ideterntifed
into different nu S ' ' ' O r

exanple, a part'it:igc%ﬁrliig{%ife%\lt %ﬁ ge\gjg‘{/e;cé?{)r@%{n{ﬁtg&leﬂéggﬁ?g ??got}ﬁglglg’rsthdex
subvector, 3 el em8SREr3tAr i1 gleagrinilZa  \Raevides 3 cgdebegic index mp tergodehopk

s lr:gvgct or vvoul3d r eleshént T18%( 1Jodebodk ZlefientadiBaNN3esponsel 1 inldies il grovithisithe
enbodi nent V=3. th 7

PCT/ US96/ 12658 m codevwog, 1419&@98 of elements Ayy(m),..., AYI\K@;)(m)' After
the first subvlktor of Erfarecopputatin sgdaminimizationf élememt ekl 6as computes the

conput ed i n subtragtlfvi iohfed! Srdlu h Z& s J9:=I08 ]
and 119a. El rrenfwﬁgéel s{teg i‘g éboEoL)' %ﬂlﬁﬁﬁrg ect f’éﬁ’lg‘égﬁ’é‘?’éz’?%%ﬁ&‘a“
di fference v istertion whighwould k| BFyrred by AYANZIng tae erigmal subyeetnr of
vectors. The 5 (indepeotrabéquareeospdifferahces oathis hﬁhtcdﬁeﬁé&bﬁ@ﬁiﬁéﬁﬁ’é&ftﬁal

can be determ ned | Kk i i trai ning:
ol gor  t s, 1 e sauare 143} BfictEhcer 13 th Kk lard oGS AEhE B 3 Bphpted as
index, m to ckdedesibed by thedpllowing equatiossiebook el ement 118a in response
to index m provides the nt h codevector, made up of elements
[err](m,.., [err](m. 10, Error conmputation and minimzation el nt
116a conputes the e%P(si tivity weighted error, E(m, which represe
t he approxi mate spectrB(m=0; distortion which would be incurred by {32)
gu?;\t I zing the OLi gi nn{afors?b\;egﬁml) of | i ne spect rial square root 33)

i fferences t S err Chor _ e spectra square roo
di f f erences. %r?tthe exenpl aérp'g%%béﬁ‘re% khlé?n) i's conmputed as 15 descri }ed
by the fol | owi ng equati ons.E(m) = E(m) + Sk err? (35)

end loop _ o (36)

E(m) is the sum of sensitivity weighted squared errors in the LSS values.
25 The procedure for determining the sensitivity weighted error illustrated in
equations (31} - (36) accumulates the quantization error in each line spectral
square root value and weights that error by the sensitivity of the LSS value.
Once E{m} has been computed for all codevectors in the codebook,
error computation and minimization (ERROR COMP. AND MINL) element
30 116a selects the index m, which minimizes E{m). This value of m is the
selected index to codebook 1, and is referred to as 13. The quantized values
e OFAY1.-ANG) are denoted by Ay)--AyN(), and are_set equal to
T Ay Ayngy D).

35 values in the first subvector are computed as:

1
vi= 3 4yj. .. @D
k=1

. . .In summer element 119a, the_quantized line spectral square root - - -



err=0; ) (31)

E(m =0; ' (32)

for k=1 to N(1) (33) 20

err = err+ [err] - [err](m (34)

E(m = E(m + Sk err[err] (35 _ end

| oop (36) S
tthe sum of sen3|?| Vi ty wei ghted squared errors in the LSS val ﬂesmsgfggﬁh :
procedure for determning the sensitivity wejighted error ilFustrated in
equations (31) - (36) accunul ates the quantization error_#néeach |ine
spectral square root value and wei ghts that error _bﬂhe sensitivity of

the LSS value. Th tize®liee é’&l &efdbt%lﬂwgﬁ? f S
in the codebook, equarnr o? cqnﬁuﬁgga and nim z Hn @Wﬂf

MeNI, ) el enent snd the FolfGE Aot | 3¢ }eed 0 <ompyte) theriseeond
value of mis theubvectorlofclir spacteal $quare dﬂimcﬂﬁfﬁbreﬁd%d bémp ?i%ﬁ[%@ﬂyﬁ? as
I[err]. The qtsan Ezed val u&s s?&lk{v%r ,[err] are denoted nt>
[err]...[err], N{ 255t O P [err]....[err](I[err]). I'n
sunmer elenent 119a the quantized |ine spectral square root 35 values in

the first subvector are cogput ed -as— [er_r]
(37) WO 97ABEBIN(1)+1 ~ YN(1) (38)

PCT/ US96/ 12658 The
quanti zed |ine spect AT Sdia¥elr oot val ueq)err]<Nc%)n’put ed in bl ock 11989
and the [err] for i fromN(1)+1 to N(2) are used to conpute the second

subvector of g NenENGdahbn 16 3IEHAL kéédricﬁﬁfu%i vAAR5 38 ' drfildd in the

Egg;] ...[err] as g;xg]wayasdescquegah\ovieﬂz eit}dmgll (39) 10
The operation for sel Théiremaliagsanediors e qﬁimezeld[ Séquentiallpeir Q" SRNilAr"
the Same wa %ege%” ? BR0KG dif £ & ?@‘}e@%}rgnssﬁ#pg?ﬂy the ﬁ%‘ﬂﬁél“g

remai ni ng subvectors are 17ed Sequ g
The operation fo OIdPFtaaFe Gﬁféfrsthf?é’ ﬂ’é‘l e¢ter,|iy quantizednaftenall of thef or

i nst ance t he I5asutsedorss tfedm I be W] diake behV@eingized] STt isaBdedbt @F 1file

of the spectral square root differences is computed by an element 115V as
AYN(V-1)+1 =YN(V-D+1 - YN(V-1) (40)
Ay; = Ay - Ayip; N(V-D} <i<NV) 41 (41)
20
The V!B subvector is quantized by finding the codevector in the VIt
codebook which minimizes E(m), which is computéd by the following loop:
err=0; | (42)
25 - E(m)=0; (43)
for k= N(V-1)+1 to N(V} (44)
err = err+ Ayy - Ayp(m) (45)
E(m) = E{m) + Sk err2 (46)
end loop 47
30

] Once the best codevector for the Vth subvector is determined, the quantized

Tt - - line spectral quare root differenicés and the quantized line spectral square
root values for that subvector are computed as descnbed above. This

" "procedre i§ repéated seqiientially until all of the subvectors are quantxzed .

35 In FIG. 3 and FIG. 4, the blocks may be impleménted as structural
blocks to perform the designated functions or the blocks may represent
functions performed in programming of a digital signal processor (DSP) or
an application specific integrated circuit ASIC. The description of the



15" subvectors from1l to V-1 have been quantized. The V[err] subvector of

l'ine spectral square root differences is conputed by an el enent 115V as
[err] : (40) [err] N(V-1)
<i <N(V) +1 (41) 20 The V[err] subvector is quantized by finding the
codevector in the V[err] codebook which mnimzes E(n), which is

conput ed by t hevo windseazi ng | oop: err=0; PCT/US96/12658
(42) 25 E(m =0; _

(43) for k= N(V-1)+1 to N(V) 12 Y4

44 err.=err+ Jerr] - [err i

E 453 funcﬁgﬂjty;o%g@mgrgseg{tépyént&xl %Ng?p,lc} enal:_ole-'&/le of ordinary skill to
(46) enithplement the present invention in a DSP or an ASIC without undue
(47) 30 Once evector for the V[err] subvector is

det erm ned, the q%%%f?géﬁcfaﬁg "line spectral square root differences and the

quanti zed |ine spect r dibespreyiqus descripdion,of thes preferved ambodiments is previded
conputed as descriohamhbibame perbhskilled P BRE&H S makeCHCase theSHRNaR indbhtion,
until all of the ﬂJbvect ors ?&i %ganisl d. 3n5\b ds IanIG a and FI G 4,
the bl ocks may belTBRaRNsmodications to Higse embodigients wil be read{ly Appazent to
desi gnat ed f unct ithose skilledeinbthecart, ang ﬁ\epgmg’ntprincipia{mﬁtmuEhpmiﬂ anayetei n
programming of a ﬁgﬂlédako DHRLmBOARASHA’ wiffiolt e use ofth@RRVERAE Feulty.
specific integrat circuit ASIC., The .dESCI‘IlPtI on of, the ..

97/ 05602 us, the present invention is not intended tp be limitedatog the
12 f unct i 3B aldmiodifnentzeshmvers batein bue i toobe aerotded: tradividest écapfe ndistaty
skill to i mpl i W&h%s' ..an ASI C wi t hout
undue experi n\gﬁf?gﬁﬁ_ﬁm&fl@é% rioY e pr ev%d%ﬁgosgés%ggl&gti on of the
preferred enbodi nents is provided 5 to enable any person skilled in the art
to make or use tIWEXEARVE i nvention. The various nodifications to

t hese enbodinents will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other

enbodi nents w thout the use of the inventive faculty. Thus, the present
invention is not intended to be limted to the 10 enbodi nents shown herein
but is to be accorded the w dest scope consi stent with the principles
and novel features disclosed herein. VE CLAI M
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pred| ctiv & sdbsystem for generating and 2 encoding |inear

predi ction coding (LPC) coefficients, conprising: LPC gener at or
means for receiving digitized speech sanples and 4 generati n% a set of LPC
coefficients fWO¥MSEI2di giti zed speech sanples in accord 2658,
[inear prediction coding format; 6 | i ne spectral cosine generator
means for receiving said set of LPC coef ¥ ci ents and ggherating a set
of line spectral cosine values in accorda&g a | et spectral cosine
transform format; and i ne spec are ot neans for

recei ving said2set of [line spectral 10 cosine val ues and for generating a

set of line spectral slquar @nrgﬁhey@bfmcﬁ% code@cacgﬁﬁkz@&?n%f fie m%\%’ &nd

reote transfornation for appar at us_of
wherein said gguzﬁ%'oﬁi an riprediction ﬁﬁ@%d‘-ﬁ’g} ts, copprising:
[err] 6 where x[ eHC igenetutor trhedrisnforspeeeiving d:xgsﬂzz&d spéach safipldseand

> The cor teSPprlll  serl b EPEPERHAn A" Gid Whicsh poech samples in

The appar at us of er conpr| om al™ di*vi'si on
means for recei vmrgomeyét ® mﬁ?ﬁﬁfeﬁlﬁé@ﬁr% ing forma; ne vaI ues and a set

0]1: l'inear preds ]El]'E i on gR{ %&h?@bsﬁﬁegéﬂe%mtxﬁeﬂmfézoiecén@ﬁg'%ﬁ ls@ﬂoﬁ I§P¢|
of quotient coefficients in.a er. [ npm a
di vi si on fornmat; c&ﬁ? 5 g%%ﬁ%%% ‘gﬁ“g%gp%gf éP%EPFS’RIH‘Fédﬁ %;cﬁmc
recei vi ng sai d8sewithfa inespestal cosm@g@n omefiormat;andd set of |ine spectral
COSi nte' val ues, an](cj f‘ e ctﬁ-ﬁﬁ ré%@t &ea{i@'fé:eie%bi Qﬂfiétcdfeiﬁé fél‘i‘raflor
conputing a sep of line spec r 00 sensi coefficient

in accordance tq‘i’ e, yaly d?#"éé“ glaaf?to‘?‘f ling ¥ ‘%l"’(fﬂ rppt ﬁﬁlf‘lesm
4, The appar at mcmfdaﬁlcamleafsqmotmfpmgoa fernmati t i vi ty 2

aut ocorrel ati on neans di sposed between said pol ynom al division neans

n i nsitivi r rrel i on r.r i vi.n f
and said sensit ty C2 OSST?\% a%paatrat?xs mfa@lagnq 1 ecﬁeremgsgfad ds«fue;reo root

quot i ent
2 transformation format is:
1
SVl-xi 3 0sx<l
4 Yi= 1 ’
1-3 1+x; ; -1<x3<0
6 where xj is the ith line spectral cosine e value and yi is the correspondmg ith
line spectral square root value.
3. The apparatus of Claim 1 further comprising:
2 polynomial division means for receiving said set of line spectral
cosine values and a set of linear prediction coding (LPC) coefficients and for
4 generating a set of quotient coefficients in accordance with a predetermined
polynomial division format; and
6 sensitivity cross correlation means for receiving said set of quotient
coefficients, said set of line spectral cosine values, and a set of speech auto
8 correlation coefficients and for computing a set of line spectral square root
" sensitivity coefficients in accordance with a welghted cross-correlation
~ .. .10 computation format. .

4. The apparatus of Claim 3 further comprising a sensitivity
2 autocorrelation means disposed between said polynomial division means
and said sensitivity cross correlation means for receiving said set of quotient
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14 4 coeﬁ!lmyfm Is",ﬂugﬂgm\eratl ng a set of sensitivity autocorrelation
val ues for guotient coefficients in accordance with a
predeterm ned 6 aut ocorrel ation conputation format. . 5. The
apparatus of Claim 3 further conprising a vector 2 conputation nmeans
di sposed bef or wagds6g20l ynom al di vi si on neans for recei vPEHUS2/1368Bet
of LPC coefficients and generating a set of vectors in 4 accordance with a.
predet ermi ned vector generation fornat. 14 : The ,#ppar at us of

I m5 wherei I d.. V. r - v n
Qin said set B GEHEYPAs B R 8 et a%?t?i“fvftﬁf" bete i R e Bl
P(O) =1 6 sé!( Itbfl)qwotxknt coefficien®§i jin —aceqrdancea@ithi - a) prederérainkd 8
Q0) =110 ¢ %b%%laﬂonjco utation A= -a(i) + a(N+l-i);  O<i <N+l
7. The appar at us 0 alm 6 wherein sald polynom al division 2 neans

provi des said set of quotient coefficients J[err] f-or odd |ine spectral
square root val uess.i n Jheongparatusi ofi Clemefidurtier ¢omprising a [vettdr 6

where z is they po&éﬁéma‘ﬁ on ﬁ{ehﬁg T;ﬁsﬁd&kﬁrﬁéfoi'es sﬁi}aepbfﬁ\ohgxg? di?.ﬁ%r{ & frésts B}ne

8 value, and Nis't
of O aim6 wherejfeceiving p')éldyﬁ@n?fai-l)@ W%fflﬁﬁmﬁs aBdngensrating e sghp& @gtorefm

quoti ent coeff4CIﬁ&bﬁda}1cefvﬂme§ﬁedéteﬁﬁn&aeféct@Hgenera&mta‘fcﬁn{aeot val ues in
accordance with the equati on: [err]

6.  The apparatus of Claim 5 wherein said vector computation
2 means computes two vectors P and Q in said set of vectors in accordance
with the equations:

4
PiO)=1
6 P(N+1) =1
P(i) = -a(i) - a(N+1-i) O<i<N+1
8
QD)=1
10 Q(N+1) =-1
Qi) = -a(i) + a(N+1-i); O<i<N+1.

7.  The apparatus of Claim 6 wherein said polynomial division
2 means provides said set of quotient coefficients Jj for odd line spectral square

root values in accordance with the equation:

Ji(N-D2N1 4+ (N - 2)2N"24. . +];(D)z+ J;(0)
zz-z-xi-z+1)1>(1~1+1)z"‘+1 + PN)ZN + ... + P(1)z +P(0),

where z is the polynomial variable, xj is the ith line spectral cosine
8 wvalue, and N is the number of filter taps.

. ... 8  The apparatus of Claim 6 wherein said polynomial-division
2 means provxdes said set of quotient coefficients Jj for even line spectral

. square root values in accordance with the equation: e

LIN=-12N 4+ TN - 22N 24+, (D)2 + J,(0)
zz-z-xi.z+1)Q(N+1)zN+1 + QN)ZN+ ... + Q)z +Q0),
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15 m\‘t \m\!““\}m‘“u“z I's the polynomal variable, x[err] is the ith
i ne spectr value, and N is the nunber of filter taps.
9. The apparatus of Claim 3 wherel n said sensitivity cross 2
correl ation neans provides said line spectral square root sensitivity
val ues wo97issezaccor dance with the equation: 4 PCTAUSI6/12658
[err] 6 where x[err] is the ith |ine spectral
square root value, R(k) is the kth 8 ®peech aut ocorel ati on
coefficient of the set of speech sanples and R err] (k) }f‘ J t he
kth autocorrel ation codMhereizis ther palynemial variabjeoxi isnthecitie flfriecspeatral cosine
10.  In a lineag Rrdek, @ndVN i€ BchumbBes BPARYSEPR f or generating and
2 encoding linear pr edi cti on codi ng (LPC) coe icients, conprising:
LPC generator having an input for receiving digitized speech sanpl es
4 and havi ng an out put 9t o pTheiajparatiet off Clafm GOM&:Q&@%S& sensmwty Cross

line spectral CPS'cB&eWﬁEQﬁS provites 34id! ngpec k ga %esepgxgtwty values

6 geherator output,

gener at or havi ng a’tﬂ é@%ﬂ&héheteaué*awa 8 I|ne spectral cosine
‘generator output and having an out put. ] ‘11. The system of
G aim 10 further conprising N polynomyal division

cal cul ator having an i Sput(l-ejaﬂpLR@)tm‘l ©Op 2. %Rﬁc)oRﬁ(k’;}, spectral square
root generator output and having an output;k=gnd sensitivity

cross correlatign cal culator having an input coupled to sai d

pol?ynom' al division caI ul ator Q tpgP and hawﬂg an out put
12." The system of a¥% £t lins speckn gqaa@emttvalue,yR(k) is theZkth

aut ocorrel ati orB capwhaﬁmocdrdmaedoéfﬁthﬁemm Setdof ¥p5eeth dhmil &i&"k%k) is
Chput o 2"g o RENRbLIaSH SaEhl 6F a3 OF pibhh ?;ﬁr"SE}‘%]%ut and

i nput coupled to sard polynom a
havi ng an output coupled to said sensitivity cross correlation

cal cul ator i nput 10. In a linear predictive coder, a sub-system for generating and

2 encoding linear prediction coding (LPC) coefficients, comprising:

LPC generator having an input for receiving digitized speech samples
4 and having an output to provide a set of LPC coefficients;

line spectral cosine generator having an input coupled to said LPC
6 generator output; and

line spectral square root generator having an input coupled to said
8 line spectral cosine generator output and having an output.

11 The system of Claim 10 further comprising:

2 polynomial division calculator having an input coupled to said line
spectral square root generator output and having an output; and
4 sensitivity cross correlation calculator having an input coupled to

said polynomial division calculator output and having an output.

12 The system of Claim 11 further comprising a sensitivity

2 autocorrelation calculator disposed between said polynomial division

s o .calculator and said sensitivity cross correlation calculator having an input
T 7747 coupled fosaid polynomial division calculator output and having an output
I, SOUpled o said sensitivity cross correlation calculator input. .

13.  In a linear predictive coder, a method for generating and
2 encoding linear prediction coding (LPC) coefficients, comprising the steps of:

generating a set of LPC coefficients for said digitized speech samples in
4 accordance with a linear prediction coding format;



13 In a linear predicti coder, a method for generating and 2
encodi ng | l“ﬂf“‘mﬁ‘é‘ Qtﬂﬁ‘mdi ng (LPC) coefficients, conprising the steps
of : BRINE L Ing a set of LPC coefficients for said digitized

speech samples In 4 accordance with a linear prediction coding
format ; WO 97/ 05602 .
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generating a set of line spectral cosine values in accordance with a 6
l'ine spectral cosine values in accordance withba |ine spect,,gal cosi ne
transformformat; and 8 . enerating a set of. lin getral ,square
root values in accor darEBeIRtng 4 s€ 023%%1’9"2’5@ cf’?’ﬁﬁs‘ﬁ&‘%m grcard with a
14. The net hodé oflir@ sipectral wosinei rabudsd instanecordangenwith iandire spectodl 2osinae
spectral square rqg;ngf@ﬁLd‘lqg HmhEses: 4 [err] 6 where x[err]

uh dé;é[re rcl

PECII) Squ

isethe ith line spectral cosjné val el,an IS the gorresponding ith
line spectral sBuare r @Snetplingea set of line s afeZoolYaYEs gt aesosdancewith
further conprising bdearetrepstrafisfoPmation formatnerati ng a set of quotient
coefficients in accordance with a predet ermi ned pol ynom al division
format; and 4 conputing a set of |jine spectral square root
sensitivity coefficientld i nThe methed of {dainy18 whereipisgid stepaf geserasinga satiofn
conput ati on f orpatline spectral squa}EmotTMu@E&ﬁﬂriﬁés: Claim*14 further
conprising the step of 2 generating a set of sensitivity autocorrelation

val ues for said set of quotient coefficients in accordance with a
predet erm ned autocorrel at oﬂaﬁ__;’onpugg Lo format. 16. The
met hod of Claimy 14 furgher @ rrprllsi ng t & step of 2 generating a set of

vectors in accordance with . br er mln@,ge/@'ct or generation format.
17. The nethod of daim 1 wp&reih Sai'd step of generating a set of

6 where xj is the ith line spectral cosine value and yi is the corresponding ith
line spectral square root value.

14.  The method of Claim 13 further comprising the steps of:

2 generating a set of quotient coefficients in accordance with a
predetermined polynomial division format; and
4 computing a set of line spectral square root sensitivity coefficients in

accordance with a weighted cross-correlation computation format.

15. The method of Claim 14 further comprising the step of
2 generating a set of sensitivity autocorrelation values for said set of quotient
coefficients in accordance with a predetermined autocorrelation

4 computation format.

16. The method of Claim 14 further comprising the step of
2 generating a set of vectors in accordance with a predetermined vector
generation format.

| 17. . The method of Claim 16 wherein said step of generating a set of .-
2 vectors comprises the steps of:
4 P@)=1
P(N+1)=1
6 P(i) = -a(i) - a(N+1-i) 0<i<N+1



2 vectors co ﬁrlses the steps of: 4 P(O) =1 P(N+1) =16

S L A S L
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Q N+1) = -1 1d = -a(i) + a(N+1-i); O<i <N+1. 18.
The nethod of Claim 17 wherein said step of generating a set of 2 quotient
coefficients. Jwapejeséedr odd |ine spectral square root val ues W’g@%@&
perform ng the follow ng polynonial division: 4 [err] 6 :
where z is the polynomal variable, x[err] id7the ith lines&pectral cosine
8 wvalue, and Nis thegr@nbﬁr of filter taps 9.4 The nmet hod of
d ai m 17 whereith said p bf generating a set of 2 qubtient coefficients
J[err] for even line sQeNM)a#-lsquare root val ues conpri ses perform ng
the foll ow ng Iynom ; 6 where z is
t he ol ynom al var| abl ?(I)X[ e q|ms\1-i‘tiﬁ)é ith [i ne<Ji g?)\g%lt ral cosine 8 val ue,

and N is the nunber of filter taps -
18.  The method of Claim 17 wherein said step of generating a set of

2 quotient coefficients J;i for odd line spectral square root values comprises
performing the following polynomial division: _

L

&

Ji(N=1zN 4+ TN~ 2)2N"2 4+, (Dz + J;(0)
zz—z-xi-z+1)P(N+1)z_N+l + PN)ZN + ... + P(1)z +P(0),

where z is the polynomial variable, x; is the ith line spectral cosine
8 value, and N is the number of filter taps.

19.  The method of Claim 17 wherein said step of generating a set of
2 quotient coefficients Ji for even line spectral square root values comprises

performing the following polynomial division:

N = )z 4 (N - 2)2N2 4. +]3(1)z +J5(0)
zz-z-xi-z+1fQ(N+1)zN+1 + QNN + ... + Q(l)z +Q(0),

where z is the polynomial variable, xj is the ith line spectral cosine
8 wvalue, and N is the number of filter taps.



