1 A SYSTEM AND METHOD FOR SUPPORTI NG DUAL SPEECH CODECS Fi el d of the

I nvention [0001] The present invention generally relates to fixed codebook
search of codecs. In particular, the invention relates to a nethod and
system supporting dual speech codecingy nodi fyi ng fixed codebook search of
one of the codecs, thus allowng co n hardware inplenentation on for
exanpl e a co-processor. Background of the Invention [0002] Support for
mul ti pl e speech codecs is a necessity in many conmuni cation systens, for
e.g. in applAdYSdEM AND MY HOD RORSUBRERATNG Ddad. SPddcSHar e

i npl enented in software on a digital signal processor (DSP). Different
codecs take different processing t€ @&endi ng on their conplexities as
wel | as processor speeds. [0003] G 723.1 and G 729A are speech codecs
that are widely used in various applications. These are conpl ex codecs and
usual ly take | arge anounts of processing tinme and nenory of the processor.
Bot h speE@Hhaﬁg%%§QWWn(i723.l and G 729A use Al gebraic-Code-Excited

(ACELP) coder 0B, TR RSt RESSARRS A ek 8 coBehaekFaRR CLELSH codi ng
del . [0004 : | . ' '
oroquet s have thrgep iR olac TR KRhenoGald SpEnP D20, HEdpaRe ¢,

gat eway appl i geet9B$ . medifyind 8ged CodYHROESardiUbE b 6f GlRapsRLS thfis WlbwingA | Ot
of processing power and nenory is needed to support these higher en

sol utions. 2 ¢&0M6h hdrdivarecihipberadntdiionak fdi egeaie oéo-procygsocal ACELP encoder
is showmn in FIG 1.

Background of the Invention

[0002] Support for multiple speech codecs is a necessity in many communication
systems, for e.g. in applications like DSVD and VoIP. Generally these codecs are
implemented in software on a digital signal processor (DSP). Different codecs take
different processing times depending on their complexities as well as processor

speeds.

[0003] G.723.1 and G.729A are speech codecs that are widely used in various
applications. These are complex codecs and usually take large amounts of
processing time and memory of the processor. Both speech coders for G.723.1 and
G.729A use Algebraic-Code-Excited Linear-Prediction (ACELP). The Algebraic-
Code-Excited Linear-Prediction (ACELP) coder is based on the Code-Excited
Linear-Prediction (CELP) coding model.

[0004] Due to growing VolIP market, VoIP and DSVD application products have to
support multiple speech codecs for the applications. For gateway applications, one
has to support multiple channels as well. A lot of processing power and memory is

needed to support these higher end solutions.



The three main functional blocks in an ACELP encoder that consunes the

hi ghest proportion of processing power and nenory are: Linear Predictive
coding (LPC) analysis, Adaptive codebook search, and Fi xed codebook
search. [0006] I nplenmenting these thre§ maj or bl ocks on a co-processor
woul d advant ageously free up on the processing capacity of the DSP for

ot her conputations and functions. However, the disparity between the

di ff erent spefpons] Adisaondi HackvdingragedasyyicaleGELRntbdzk id stwnaini . 1.
functions to be performed on each codec be inplenmented on one separate
co- processor . Tharagymein fungtienat blesks incamPEELB dniceder weas| constsags thehighgst

mul tiple co-processors.for handling the nmultiple  codecs. . [0007 he fi xed
codebook sear BYPPTHSY Pk Hiogess e p@xwf’gsang "@@T’@P{t?g?)h&??ddlﬁe‘;?@‘ﬁ ¢ (-:Eé)(ar e
bot h based on & C: €O o .. By ssibly .inplenmenting fixed
codebook sear %‘g%}gs?%é%ﬁ%ttl‘% %ﬁgﬁs)og)lf{c% g@sﬁgﬁlgﬁsﬁoﬁ%oékg%%g}ocessor can

advant ageousl y reduce the conplexity of the system and al |l ow unused
processing power and nmenory of the DSP to be used for supporting multiple
channel s and [oobéjelBplapphtingatthess sheei igormadodkes .on[ G008 -plocéser cagaidook
searches in G 729A adopt a "Depth-first tree search" algorithm which is
wel | di scusseadvantagousht dree Np. o1b, thO 1p@esing Aty evf athe DSPxdor adlrbook
searches in G 723.1 however adopt _a "Nested-|oop search” algorithm which

has since beefPMPHRERASENE Srrtiqas-nflosever thesdigpaudy thetweeadpe diffsaentispeech
| ith Th \r ch t echnj 1 d ted .i | JU-T
Recommendat i ofoes SgndnpEEsly e Wiy e vased FE o 0 b6 RESRADN LaEsBns
t itti . ' . " - 5 h"
and "t he.  Dapider ;e BAflefertclRn Bre Lohddl: oL BrocebREYC FEMABNY bl ShugPar ©

Attenpting t ocorhpatibity Aould @fan hiting inidehle alphnRksore dsraladlinf thdidifiapent
search algorithnms of two 3
codecs.

[0007] The fixed codebook search algorithms for G.723.1 (5.3kbps) and G.729A
codecs are both based on algebraic codebook searches. By possibly implementing
fixed codebook searches of both these codecs on a single co-processor can
advantageously reduce the complexity of the system and allow unused processing
power and memory of the DSP to be used for supporting multiple channels and

others application specific modules.

[0008] Fixed codebook searches in G.729A adopt a “Depth-first tree search”
algorithm, which is well discussed in US Patent No. 5,701,392 by Adoul et al.
Fixed codebook searches in G.723.1 however adopt a “Nested-loop search”
algorithm, which has since been improved upon using a “Focused Nested-loop
search” algorithm. These search techniques are well documented in ITU-T
Recommendation G.723.1: Dual Speech Coder for Multimedia Communications
transmitting at 5.3 and 6.3 Kbits, 3/1996. The “Focused Nested-loop search” and
the “Depth-first tree search” algorithms are distinctly different. Attempting to

implement these two fixed codebook searches of different search algorithms of two



different codecs would not result in the desired effect of freeing up
processing power or nmenory. |Instead, additional processing burden woul d
have been i nposed on the co-processor, and inplenenting the fixed codebook
searches on two co- processor would have been nore effective but not
necessarily nore efficient. [0009] ThePefore, a need clearly exists for a
nmet hod and system for inplenenting efficient support for dual or nultiple
codecs or at Hiffesdntaloevsi wdedd troe résult inatheodssired effext 6f ifioging Yt pressignar y
of the Invention [0010] The present invention seeks to provide a nethod and
syst em suppor powef orduethoryp dast¢adcadibizanabyrovesingytiundenfwoudd hevadedso dinpssedr ch  of
one of the codecs [ 0011] Accordingly, . in one aspect,_ the ﬁresent i nvention
provi des, a n@RRbY C?'(PFOC%%’H @?‘i:d engeritingete {ivad trodrbogk aseatshest on tWedeook of

G 723.1(5. 3Kb for mn timum cod ect or . accordance
with a predet gls&&esﬁgtdwgglg}lgﬁe ByeRRgE gﬁaafvﬁg’uﬁﬂ? H&P@%F#ﬁgm&gmri sing a
first pulse, a second pulse, a third pulse and a fourth pul se, each pul se
assignable to a predeterm ned pul se position in the optinmm codevector and

each pul se hajiong Therdfdré, dded fearly Relisgafol agnanocpaidi %@&mt ifeN impléfentHt hod
conprising the steps: providing the codebook of 3. 1(5. 3Kbps) codec
conprising a éfficent suppokt, foax duelcandultipécéqdees dnhatrlelast nbokhatatid Amitetiotshoft r ack,
each track conprising eight predeterm ned even pul se positions;

partitioni ng EHEINGYSEMIM codevector into a first subset conprising the
first pulse and the second pulse, and a second subset conprising the third
pul se and the fourth pulse; performng a first search for determning a

first pog e positions of the optinmm codevector;
agreéie&xe veliti xﬁ O .

perform ng a second search for determ ning a second possible set of
positions of the optinmm codevector; and form ng the opti mum codevector. 4

[0010] The present invention seeks to provide a method and system supporting

dual speech codecs by modifying fixed codebook search of one of the codecs.

[0011] Accordingly, in one aspect, the present invention provides, a method for
performing a fixed codebook search of a codebook of G.723.1(5.3Kbps) codec, for
forming an optimum codevector in accordance with a predetermined search criteria,
the optimum codevector comprising a first pulse, a second pulse, a third pulse and
a fourth pulse, each pulse assignable to a predetermined pulse position in the
optimum codevector and each pulse having a shift bit for indicating an odd position;
the method comprising the steps: providing the codebook of G.723.1(5.3Kbps)
codec comprising a first track, a second track, a third track and a fourth track, each
track comprising eight predetermined even pulse positions; partitioning the
optimum codevector into a first subset comprising the first pulse and the second
pulse, and a second subset comprising the third pulse and the fourth pulse;
performing a first search for determining a first possible set of pulse positions of
the optimum codevector; performing a second search for determining a second
possible set of positions of the optimum codevector; and forming the optimum

codevector.



[0012] In another aspect, the present invention provides, a nethod for
performng a fixed codebook search of a codebook of a first codec, for
form ng an opti num codevector in accordance with a predeterm ned search
criteria, the optimum codevector conprising a first pulse, a second pul se,
a third pulse and a fourth pul se, eacH pul se assignable to a predeterm ned
pul se position in the opti mum codevector and each pulse having a shift bit
for indicatin{pod?] buehopessiaspesh;the presene itveotiorcopides iangethdd fatperfermipg avi di ng
t he codebook qf the first codec comprising a first track, a second track,

a third track codepenk saqraly alci codehonk tafae kirgtoenste.sforgfornigatan optimum
predeterm ned eyen pul.se positions: partitioning the optioum codeyector
into a first“SE ‘?r Hbr‘?ﬁS réqnﬁa YHR ?il?rg@etf}ﬂ?geépé?ﬁfa? f@ltg‘éaeo PRAERM and a
second subset I S4-NG: [ I he.k | se; formng
a first sear cﬁocfegga&:ﬁ;dtngglmsg anfgiggf) @?gs%tsg;‘%og?}%ﬁteé&é}%@%“;&ﬁ@ & ng%gﬁr‘lf%ns of
the optimim cegds\ale signaBR! th PR ddErRIRAGRIN RRAIGMNNIRE of8haEdlcREtd
second possi ble set of positions of the “opti'mum codevector; and form ng

t he opti nmum camtkeadht pulse AGhG]a bftyeit fomointiestings peaidd pbdtipi;egeninethivdent i on
provides, a systemfor supporting fixed codebook searches for

G 723. 1( 5. 3Kbpempiveethestaps: movirug thedwdeboolroffthe firstgodes epmirising ¢ fdsvect or
in accordance wi.th a predeternmi.ned search criteria, the_ optinmum caodevector
conprising a FRfse Sﬁfff) ,ra%s g‘]esﬁfmaa%@@e% foprihfracl, eanly Erekasrmpismg s

pul se, each p Ssignabl e .t o a.predeter.nm.ne ulse position in  the

opti mum the g{?é%%@%%‘?}%‘?ﬁ%spﬁﬁsge: poglt SR %r?l{lﬁl?elpg gP%%’ﬁméﬁb < 88Yeﬁfoﬁafpf°n6
functions andfeglsGhleftdBhSsih ' i f '

conmmuni cati on ' sisgngl S aglgls agf:hg?ﬂglr%g {élggé‘?@?%“??%g?‘% %rq%e’naﬁ({a&§b¥(?1§e5§bg%debook

searches for cdmpidhgl (He. BidIpphise cadede afadrtks pi2RA pefoftiag aviRsteidardhnfor

G 723. 1(5. 3Kbps) codec is searched with the follow ng steps: providing the
codebook of dtarBning B. Bikh peysible osbé cofcoutpr ipssitignsa of ithe toptimank codeveetonnd
track, a third track and a _fourth track, each track conprising eight

pr edet er mi nedPERERIRE A sseondssarghdas deterapiningiasgeang poswble set of positions of the

optimum codevector; and forming the optimum codevector.

[0013] In yet another aspect, the present invention provides, a system for
supporting fixed codebook searches for G.723.1(5.3Kbps) codec and G.729A codec
for forming an optimum codevector in accordance with a predetermined search
criteria, the optimum codevector comprising a first pulse, a second pulse, a third
pulse and a fourth pulse, each pulse assignable to a predetermined pulse position in
the optimum, the system comprising: a DSP for performing and coordinating
functions and calculations for encoding and decoding of received communication
signals and a co-processor for performing the fixed codebook searches for
G.723.1(5.3Kbps) codec and G.729A codec; wherein the G.723.1(5.3Kbps) codec
is searched with the following steps: providing the codebook of G.723.1(5.3Kbps)
codec comprising a first track, a second track, a third track and a fourth track, each
track comprising eight predetermined even pulse positions; partitioning the
optimum codevector into a first subset comprising the first pulse and the second

pulse, and a second subset comprising the third pulse and the fourth pulse;



opti mum codevector into a first subset conprising the first pulse and the
second pulse, and a second subset conprising the third pul se and the
fourth pulse; 5 performng a first search for determning a first possible
set of pul se positions of the optinm,codevector; perform ng a second
search for determ ning a second possi BI e set of positions of the optinum
codevector; and formng the opti num codevector. Brief Description of the
Dr awi ngs [001n?rfwl}§mgeﬁglr$twa1@htf@ddqﬁmmng atfhrst pseiblenset iof vpeilrei positidins | ofnow be
nmore fully described, with reference to the drawi ngs of whjich: [0015]

FIG | illustrHCeSPUmimneqdessrior; MeHerniag £y serndsearch igr determipmera sgewder ;
[0016] FIG 2 illuystrates a.flowhart of a nethod for rform.,ng a.fixed
codebook seapgﬁﬂ)ﬁ?ﬁ sgtcgfzpaséﬁ%%s ﬁf] ﬁ}? ?pﬁgmbrpecfogwe‘g@r,e g‘?rf’f’é‘?gtn}he[ B%inﬂlmFl G 3
illustrates afl.oughart of the step of applying Depth First Tree Search of
FIG2; [0018] FIG4 illustrates a flowhart of the step of performng a
first search of FIG 3; [0019] FIG5 illustrates a flowhart of the step of
perform ng a second search of FIG 3; [0020] FIG 6A, FIG 6B and FI G 6C
illustrates respectively sinmulation results for PESQ MOS score, SNR and
SEGSNR performances (dB); [0021] FIG7A illustrates an original speech
sanpl e oBrighRescriptipn atithe Drayingsi ng; 6 [0022] FIG 7B and FIG 7C illustrates
respectively reconstructed signals of the speech sanple in FIG 7A using

:)re;[? gﬂ Ie\éela)r/rbt)og?ﬂg% : IePe?rledle&%ogin?eln %rfltlt*leh rfpreasgn }ngee:ntio%l Al Ingvbf eorfno}ehi%lly

described, with reference to the drawings of which:
[0015] FIG.1 illustrates a functional block diagram of a typical ACELP encoder;

[0016] FIG.2 illustrates a flowchart of a method for performing a fixed codebook

search in accordance with the preferred embodiment;

[0017] FIG.3 illustrates a flowchart of the step of applying Depth First Tree
Search of FIG.2;

[0018] FIG.4 illustrates a flowchart of the step of performing a first search of
FIG.3;

[0019] FIG.5 illustrates a flowchart of the step of performing a second search of
FIG.3;

[0020] FIG.6A, FIG,6B and FIG.6C illustrates respectively simulation results for
PESQ-MOS score, SNR and SEGSNR performances (dB);

[0021] FIG.7A illustrates an original speech sample of that is used for testing;




[0023] FIG 8 illustrates the processing flow for DSP and co-processor
system supporting the two speech codecs; [0024] FIG9 illustrates a
functional bl ock diagram of an encoder of ITUT G 723.1; [0025] FIG 10A
illustrates a proposed DSP and Co- procgssor design for G 723.1; and [0026]
FIG 1013 illustrates a proposed DSP and Co-processor design for G 729A
Detail ed description of the Drawi ngs [0027] A nethod and system for
supporting dumOZGbEEGHBcentb(FéG\MQ hilzstrptes frespeetively msoatistraeted isignale saft tsed. | n
the follow ng descriptjon, details are provided to describe the preferred

embodi ment . | SPeSAASPmBle 1B FiGr i psing f‘?fﬁ@“é"l@iﬂ thepriginal Ry elgorithawandethet hat
the preferred t ed wi thout such details. Sone of
the details n@%oﬂgwlggﬁﬁggﬁ%ﬁg§@ﬂ§ HP th so as not to obscure the
preferred enbodi nent. [0028] The preferred enbodi nent takes into
consideration the fixed codebook search portion in supporting two codecs

by a single cpops0ERS0illustrdtePeHet hrotdsding I fol WKIE QHE &B-prb&ssor 'Ktehn,
(5.3kbps) and G 729A. G 729A is a recommended inprovement over 729, one

of the i nprovesuppottingithe mgo speechdoddcson of an iterative "Depth-first tree
search" al gorithm being applied for the fixed codebook 7 search as conpared
to G 729 where "Focused Nested-loop search” was originally adopted.

Details of G ol ntations scussed in I TUT
Reconmendat i OZP%%A}?EE&B ﬁﬁfﬁgﬁte%:a %é‘lfﬂ %Vﬁl@%ld@m o B gnsodss. alcdderT
Speech Codi ngAgor.i thm 11/1996. [0029] By adopting a single fixed codebook

search al gori thmfdr both G 723.1 and G 729A, this advantageously
sinplifies the fixed codebook search process such that

[0025] FIG.10A illustrates a proposed DSP and Co-processor design for G.723.1;

and
[0026] FIG.10B illustrates a proposed DSP and Co-processor design for G.729A.
Detailed description of the Drawings

[0027] A method and system for supporting dual speech codecs with a preferred
embodiment is described. In the following description, details are provided to
describe the preferred embodiment. It shall be apparent to one skilled in the art,
however that the preferred embodiment may be practiced without such details.
Some of the details may not be described at length so as not to obscure the

preferred embodiment.

[0028] The preferred embodiment takes into consideration the fixed codebook
search portion in supporting two codecs by a single co-processor. In particular, the
two codecs are G.723.1 (5.3kbps) and G.729A. G.729A is a recommended
improvement over G.729, one of the improvements being the adoption of an

iterative “Depth-first tree search” algorithm being applied for the fixed codebook




a single co-processor running one such fixed codebook search al gorithm may
be used for both codecs. [0030] Modifying the fixed codebook search
algorithmof G 723.1 to be simlar to that of G 729A woul d advant ageously
result in a single fixed codebook seargh al gorithm bei ng used for both

t hese codecs. Present G 723.1 fixed codebook search algorithns are also
based on "Focused Nested-|oop search", proposing a new G 723.1 codebook
search al gori sdarht as ¢sanpsaeret® G729 Depre1~Foqused Nesteddemgr statchiowdsdorigibaly have

the desired effect, of having aone fixed codebook search for both G 723.1
and G 729A i ﬁé%%r dBRaEs vﬂ%t 1494 grwlensnéationshae etht disqussede it i1d il

G 723. 1 Fi xed debook ..Se [0Q31 .codebook, in th P o0 is an
i ndexed set OF%Q@E‘%‘%EQOIP 3%3?9 s‘e%‘(?@%f&é&f:ﬁ%ﬁﬁc%(ﬁ CWPI%X%% gﬁér P@&‘&ﬁgﬁggﬂ

L- di nensi onal r ofRigook conprises an index ~ ranging from
1to M wher esﬁﬂ&gggggg%ﬁ?goﬁﬁ@ @l ze of the codebook sonetinmes expressed as
a nunber of bits b: M=2b (1) [0032] An al gebraic codebook is a set of

i ndexed codevectors of which the anplitudes and positions of the pul ses of
the ~4' codevi9e%r Byadoptingle singledixkd ondebo8k searclealpanittinnigr bothe&. 723 t1handugh a
rule requiri n% m ni nmal ghysi cal storage. Therefore, the size of al gebr aic

codebooks ar eCn@OA; this adanipgeauisly ugplifesibe fixpd pedebaglasearch pipesss sugbdhagned
for efficient searches. [0033].Al gebrai ¢ codebooks conmpri ses a set of
codevectors v? Slé‘g{@ﬁoiﬁi?‘f % ngp‘ﬁl‘?ﬁ&&?ﬁ?‘ﬁqoﬁg?qoﬁéf’@ﬁlf Pthm BRsbHUsEdd N
non-zero anpl %&%gﬁ{scogl%ss_es, each assignable to a predetermned valid

position p of the codevector. [0034] The conventional G 723.1 (5.3 kbps)
code book search uses a | 7bit al gebraic

[0030] Modifying the fixed codebook search algorithm of G.723.1 to be similar to
that of G.729A would advantageously result in a single fixed codebook search
algorithm being used for both these codecs. Present G.723.1 fixed codebook search
algorithms are also based on “Focused Nested-loop search”, proposing a new
G.723.1 codebook search algorithm to be based on “Depth-first tree search” would
then have the desired effect of having one fixed codebook search for both G.723.1

and G.729A in accordance with the preferred embodiment.

Conventional G.723.1 Fixed Codebook Search

[0031] A codebook, in the CELP context, is an indexed set of L-sample long
sequences, which will be referred to as L-dimensional codevectors. The codebook
comprises an index & ranging from 1 to M, where M represents the size of the

codebook sometimes expressed as a number of bits b:

M =2° 1)

[0032] An algebraic codebook is a set of indexed codevectors of which the

amplitudes and positions of the pulses of the &M codevector can be derived from a




codebook for a fixed code excitation v[n]. Each fixed codevector contains,
at nost, four non-zero pul ses. The four pul ses can assune the signs and
positions as shown in Table. 1. [0035] Pul se Number TrackSi gnPosi ti ons
OToso: 1nmp: O, 8, 16, 24, 32, 40, 48, 856 1Tis1: 1ntl: 2, 10, 18, 26, 34,
42, 50, 58 2T2S2: 1n2: 4, 12, 20, 28, °36, 44, 52, (60) 3T3S3: 1nB: 6, 14,
22, 30, 38, 46, 54, (62) Table. 1 [0036] The codebook vector v(n) is
construct ed bgorresgoningaindex othyenghor rubé requirime msinioral by sicahdtapaget iTherefone f our
unit pulses at the found |ocations, nultiplied wth their correspondi ng

si gn:  v( n) =sOothersizewf slgerpis-cedybosks aig-nep Jimited by rstarage ieguirementsand &% algher e 8

(0) is aunit pulse. 9.10Q037] The positions of all pulses can be

si mul t aneousl 9&%@5{@&%615,%%1@65- occupy odd positions), which needs one
extra bit. Note that the |ast position of each of the last two pul ses
falls outside the subfranme boundary, which signifies that the pulses are
not present. {o8938h1 08hh4 i n ' [ a ghrﬁ;agc pul se
signis encodiedgziﬁn ﬁl‘t;;tin:t M%E?%&g?%/%%@gstazgﬁl &Eo)?(%%gb ?It%sp E):?cht Ee 4 p%l ses.
Further, an eylufaitpbf differdas positiéhs LAPRGohRrSihplitud &SpHlldes NGhch RssigrnbBlebi t
codebook. [0039] The codebook is searched by m nim zing the nean square
error bet weenta dhpredeteingh¢dhlsipmsitiongd gfithe codevgetdpr, and t he wei ght ed

synt hesi s speech given by:

[0034] The conventional G.723.1 (5.3 kbps) code book search uses a 17bit algebraic
codebook for a fixed code excitation v[n]. Each fixed codevector contains, at most,

four non-zero pulses. The four pulses can assume the signs and positions as shown

in Table. 1.
[0035]
Pulse Number | Track Sign Positions
0 To Se:x1 my: 0, 8, 16, 24, 32, 40, 48, 56
1 T, Siptl m;: 2, 10, 18, 26, 34, 42, 50, 58
2 T, Syt my: 4, 12, 20, 28, 36, 44, 52, (60)
3 T S;:t1 m;s: 6, 14,22, 30, 38, 46, 54, (62)
Table. 1

[0036] The codebook vector v(n) is constructed by taking a zero vector of
dimension 60, and putting the four unit pulses at the found locations, multiplied

with their corresponding sign:

v(n) = s5,0(n—my) +5,6(n—m)+s5,6(n—m)+ s,6(n—m,),n=0,..,59 @)

Where 6 (0) is a unit pulse.




Ey=l1r-Giv~112 (3) [0040] Wiere r is the target vector consisting of the
wei ght ed speech after subtracting the zero-input response of the weighted
synthesis filter and the pitch contribution, Gis the codebook gain; v4 is
t he al gebraic codeword at index ~; and9H is alower triangular Toeplitz
convolution matrix wth diagonal h (0) “and | ower diagonals h(l),..., h(L -
1), with h(n) being the inpulse response of the weighted synthesis filter
S1(z). [0041J0087] dhepbutietsoviallifhdtes chrebogiruttamouslyeshifted tysorenéy ovdvipyh
maxi m zes the term C2 ( dTi )2 (4) [0042] Were Ct is the correlation
val ue at i ndefdd positienspvighepepds gpe prigekit.-Note ghattherlast positioneofcegeh ef thei on
between the target vectar.signal, r and the i | se response, .h(n). c
2T H s ¢ helEO iR ae BRge the'sRiserf B it SeniEes Bal B sy " hno
the 10 matrix nmputed prior to the codebook search. The el enents of
the vector d %r;é)em%@gersr%gted by: 59 d (j) =1 r[n].h[n - j].0:5j:5 59 n=j
and the elenents of the symetric matrix 4D (i, j) are conputed by: 59 (i,
j)h[n-i].h[n- jl1.j>-1;and0<_i< 59 n= (5)

[0038] Each pulse position is encoded in 3 bits and each pulse sign is encoded in 1

bit. This gives a total of 16 bits for the 4 pulses. Further, an extra bit is used to

encode the shift resulting in a 17-bit codebook.

[0039] The codebook is searched by minimizing the mean square error between the

weighted speech signal, 7 [#], and the weighted synthesis speech given by:

Ee = |lr — GHvl[? 3)

[0040] Where r is the target vector consisting of the weighted speech after
subtracting the zero-input response of the weighted synthesis filter and the pitch
contribution, G is the codebook gain; v is the algebraic codeword at index &; and H
is a lower triangular Toeplitz convolution matrix with diagonal % (0) and lower
diagonals %(1),..., (L — 1), with A(n) being the impulse response of the weighted

synthesis filter Sy(z).

[0041] It can be shown that the optimum codeword is one, which maximizes the

term:

2 4
I, = Cé _ (dTli)2
¢ £ i;01, 4)

[0042] Where C¢ is the correlation value at index € and % energy at index E.

d = HT r is the correlation between the target vector signal, 7[n], and the impulse response,

h(n). @ = H' H is the covariance matrix of the impulse response. The vector d and the



(6) [0043] The al gebraic structure of the codebook allows for very fast
search procedures since the excitation vector vg contains only 4 non-zero
pul ses. The conventional G 723.1 (5.3 kbps) code book search is perforned
in 4 nested | oops, corresponding to eﬁih pul se position, where in each

| oop the contribution of a new pulse added. The correlation in equation
(4) is given by: C = aod[np] + ald[m] + a2d[nk] + a3d[nB] (7) where M
i's the posirki ®rarotompateld tpriquubstbe andetmiokissarch.sThé glenfedds. of Tthe veoter gl afeor
even pul se p03|t|on codevectors in equation (4) is given by: 3 ( 2 3 _ +2Y
j a,a; Q admpytpd by=0 ;=0 j=i+i (8) [0044] For odd pul se position
codevectors, the energy in equation (4) is approximted by the energy of

t he eqU|vaIent even pul se p05|t| n codevect or obtalned by shifting the odd

position pul ses to one sanpfgfpa *@j@%P-hkﬂgi sinmplify thﬁgfearch
“are

procedure, the functions nodified. T
sinplification perfo d as fol | ows rior to the codebook search).
First, the F‘@fjn%f: gaf’}ef‘tsm% he SmpeiEc S ’Eﬁ’eﬁﬁﬁﬁé"%’@’mﬂi%}’d[” is

const r uct ed. s[2 ] =s[2] + 1] :”S|gn(d[21]) if 11 [2)] ([2j + 1] |

(9) s[2j] =s[2] + 1] = sign% N 3 erw s 45] The signal d
is further given by d' [/] = h[n Ti‘f)é[”rrdﬁ’f’r% f’ﬁdqlé %8& her(©) nodi fi ed
by including the signal informatlo that is, ("(i, j) = s[i]s[j](Di,
j).The correlation in equation (7) iS now given by:

[0043] The algebraic structure of the codebook allows for very fast search
procedures since the excitation vector v contains only 4 non-zero pulses. The
conventional G.723.1 (5.3 kbps) code book search is performed in 4 nested loops,
corresponding to each pulse position, where in each loop the contribution of a new

pulse is added. The correlation in equation (4) is given by:

C = ogd[mg] + oydlm] + opd[my] + azd[ms] (N

where my, is the position of the kth pulse and o is its sign (£1). The energy for
even pulse position codevectors in equation (4) is given by:

E= E(D(m, >mi) + 22 Zaiaj(b(mi’ mf) (8)

=0 i=0 j=i+l

[0044] For odd pulse position codevectors, the energy in equation (4) is
approximated by the energy of the equivalent even pulse position codevector
obtained by shifting the odd position pulses to one sample earlier in time. To
simplify the search procedure, the functions d[j] and ¢(my, m;) are modified. The
simplification is performed as follows (prior to the codebook search). First, the

signal s[/] is defined and then the signal d’[}] is constructed.

s[2/] = s[2j +1] = sign(d[2 1) if Ii [2/] P «f [27+1] | )

S[27] =s[2] +1]= sign(d[2j +1]) Otherwise




C=d [mo] +d [ml ] +d [n] +d [nB] (10) and the energy in
equation (8) is given by: 32 3 EE10(m,m)+21 jO(m,n) i=0i=0 |+l

[ 0046] Which is further expanded to obtain: E _O (nmo,np ) + O(m ,m ) + 4
(m, mM) +Qn2,mM)+2[QnD,n2) +O (m,nR) ] +QnB,nB8)+2[ 0 (no, nB)+0
(m,nB)+$(nm2, nB)] (12) [0047] In convynti onal G 723.1 (5.3 kbps), where
there are four pulses divided into four tracks, each pul se position
corresponds t (poask The aiphal &ds futhied Ghvehdyi @@ et gl)s[/]P0Tkd Rlagixo® B efurther
positions. In "exhaustive nested-|loop"” search approach, there are then
four nested | omddied Homubdohgrbs tsepal mbéprmaam;cthit iss RiGed + o[ifsiiPliey). Bienpl i fy
the search procedure. A predeterm ned threshold is tested before entering
the | ast | ooporrelaipn in@qhasinn (Thisemwegieeh il y if this threshold is exceeded.
The maxi mum nunber of times the | oop can be entered is fixed so that a

| ower percentage of the codebook is searched. This threshold is conputed
based on the correlatri élr@las d'finvlen d'dmeljuad br](10). The maxi i) absol ute
correlation and the average «correlation due to the contribution of the
first three p r{gpggj- I nd prior to the codebook search.
The t hr eshol dL%ng%gei?/en b?%qgaﬁ?’\é’%@g\?gve&q’?haxi - av3) / 2 (13) 12 [0048] The
fourth loop is entered only Lf ;the absolute correlation (due to three

pul ses) exceeds=tEq8(mi,M9t+e22hE¢'(yhii,ﬁjy esults in a variable cor‘rqllg)xi ty

search. To i=0 =0 j=4

[0046] Which is further expanded to obtain:

€ =¢I(mo’mo)

+ ¢ (my,m,) + 20 (mqy, my)

+ ¢ (my, my) +2[9 (my, my) + ¢ (my, m,)]

+ @ (my my) +2[¢ (my, my) + ¢ (my, my) +¢'(my, m3)]

(12)

[0047] In conventional G.723.1 (5.3 kbps), where there are four pulses divided into
four tracks, each pulse position corresponds to one track. Each track having eight
possible pulse positions. In “exhaustive nested-loop” search approach, there are
then four nested loops. “Focused nested loop search” is used to further simplify
the search procedure. A predetermined threshold is tested before entering the last
loop, and the loop is entered only if this threshold is exceeded. The maximum
number of times the loop can be entered is fixed so that a lower percentage of the
codebook is searched. This threshold is computed based on the correlation C as
given in equation (10). The maximum absolute correlation and the average
correlation due to the contribution of the first three pulses, max; and avs, are found

prior to the codebook search. The threshold is given by:

thry = avy + (max3 — avs)/2 (13)




further control the search, the nunber of tinmes the last loop is entered
(for the 4 sub franes) is not allowed to exceed 600. (The average wor st
case per subframe is 150 tinmes. This can be viewed as searching only 150 x
8 = 2000 entries of the codebook, igngoring the overhead of the first three
| oops.). But in the case of exhaustive®nested -1oop search 84 = 4096

possi bl e pul se positions are searched. Conventional G 729 Fi xed Codebook
Sear ch [ 0049] [00A8]GIHE Jourtthdodp isechterod @nbokf the dbaslewd corrcdationl @abrtai three
codebook structure wusing an Interleaved Single-Pulse Pernutation (| SPP)
design. I n thpPulseddasesdk Freadinte totdyedgrswliscinop veorhlaicamplexity ssatehz dioo

pul ses. Each pul se can _have ejther the anplitudes +1 or -1, and can ,assune
the positi onsigHhgerontipl Qfmeérc >‘3ﬁé‘l=“é‘b%@ tng%srthefaaﬂ@%fs qfrged (fQ"egle(f‘oﬂ’é’book
is illustrated, Pul.se Nunmher TrackSi ositions 0ToSO:  1nD: 5, . 15,
20, 25, 30 steprya§ RoCHREG 1§ AR 8GR Th, 0GR NGRP soce B subranie 5113 15

12,17, 22, 2fimeg2Thid/cad BV jewed B 52 1=2§?0(§% trid® ¢ e 14,
19, 24, 29, 341],m639 Tab?e. 2 te(‘)NSSO S'I'ec cgdge’% oﬁﬁ)vecgor v(n Psr constructed

by taking a zgsRby¥&itighorRl thei FRARKONIAHPe BRE WS 1od}3.)! Mt fidUtheUBdst frul ses
at the found |locations, nmultiplied wth their corresponding sign: 13

v( n) =s08( n- no}xztanSive mesied s BBpseakh 8533006 pBsible pllse positithsWheseardBed) is a
unit pulse. (14) [0051] The fixed codebook is searched by m nim zing the
mean- squar ed error

Conventional G.729 Fixed Codebook Search

[0049] In G.729, the fixed codebook is based on an algebraic codebook structure
using an Interleaved Single-Pulse Permutation (ISPP) design. In this codebook, each
codebook vector contains four non-zero pulses. Each pulse can have either the
amplitudes +1 or —1, and can assume the positions given in Table 2 where the

structure of the fixed codebook is illustrated.

Pulse Number | Track Sign Positions

0 T Se: £ 1 my: 0, 5, 10, 15, 20, 25, 30, 35

1 T, Sp:x1 m;: 1,6, 11, 16, 21, 26, 31, 36

2 T, Syl my: 2,7,12,17,22,27,32,37

3 T S;:x1 mg: 3, 8, 13, 18, 23, 28, 33, 38
4,9, 14, 19, 24, 29, 34, 39

Table. 2

[0050] The codebook vector v(n) is constructed by taking a zero vector of
dimension 40, and putting the four unit pulses at the found locations, multiplied

with their corresponding sign:




bet ween the wei ghted i nput speech r(n) and the wei ghted reconstructed
speech as given in equation (3). The matrix His defined as the | ower
triangul ar Toepliz convolution matrix with diagonal h(O and | ower

diagonal h(1),...,h(39). The matrix f) = HHH contains the correl ati ons of
h(n), and the elenments of this symetr £ matrix are given by: 39 O , j) =
Y h[n- ].h[n - j],j > i;andO -<i <- 39 (15) n=j [0052] The correlation
si gnal d(n) isV(Giﬁad&{Edmor)dm&(wgmlér'gﬁeﬁ(mfgmh’rS3|5(m}nehd=t(he.,39 npul Elet)
response h(n) by: 39 d(j)=E r{nJh[n-jJ,0<j:5 39 (16) n=} If vv is the
nth fixed-codebook vector, then the codebook is search by maxi mzing the

term 39 ( d WakeS@huBitp@lsen=O E t i ,0i ; (17) [0053] The signal d(n)
and the matrix are conputed before the codebook search. Note that only the

has boon dosi Baed To° RS qeaePRCH A RE B0 B EhE o ShRlAfarcl! BRECLT €
between the weighted input speech r(n) and the weighted reconstructed speech as
given in equation (3). The matrix H is defined as the lower triangular Toepliz
convolution matrix with diagonal 4(0) and lower diagonal A(1),...,4(39). The matrix
@ = HH contains the correlations of A(n), and the elements of this symmetric

matrix are given by:

39
¢(i,j)=zh[n—i].h[n—j],jzi;and0.<_i.<_39 (15)
n=j
[0052] The correlation signal d(n) is obtained from the target signal #(n) and the
impulse response A(n) by:

39
d() =Y, An)hln—-jl,0< ;<39 (16)

n=j

If v is the &th fixed-codebook vector, then the codebook is search by maximizing
the term:

c O oy

— n=0
Tf =:€—§-— liOI‘i (17)

[0053] The signal d(n) and the matrix ® are computed before the codebook search.

Note that only the elements actually needed are computed and an efficient storage

procedure has been designed to speed up the search procedure.



[ 0054] The al gebraic structure of the codebook allows for a fast search
procedure since the codebook vector v4 contains only four non-zero pul ses.
The correlation in the nunerator of Equation (17) for a given vector v, is
given by: C = aod[nmo] + ald[m] + a2d[ﬂg] + a3d[nB] (18) where m is the
position of the ith pulse and al is its anplltude The energy in the

denom nator of Equation (17) is given by: 23 E=10m,m) +211
aiajo(m, njj0054l=he¢ sigehraic strugtucy) of tblesis]iebpoks:ﬂm iferya fare swah @qud@medur e,
t he pulse anplltu es re redet er m ned quantizing the_signal d(n). This
i s done by sePPfhiderpdeby I"?Ctt‘ﬁfd‘é CBP"aH‘Sﬁ&B’s@“éPO%Z@r@éHlSﬁn §W‘?1%§FPne‘Hual to

the sign of d{n) at e codebpok. search, the
fol l owing ste attﬁ‘a'r?g t?@t@”cﬁéaﬁvﬁﬁé@“ﬁliﬁ)ls lg’é'e’aBXonposed into two
parts: its absolute value jd(n)l and its sign "sign [d(n)]". Second, the

matrix ~is nodified 7 ng d& n magy, that is i, ]
:s.'gﬁ[d'(l)]m's;n'[du?]yg(%m]g mﬁ"ﬂ?,%ﬂm 54{5?173?-,39(28%'9 \

mai n- di agonal vetlefn®is Shedposikonasfethe el tdsetaad g OIS atnbRul@CTRr erdrdyninEgieat i on

(19) O (i, l)denoQuna’é)Qoquudtlbn(n)-rsQvenb .39 The correlation in Equation (18)
is now given by: C=l d(nmo) | + | d(rrfL)I + 1 d(M)1+ 1 d(nB)Il and the
energy in Equatlon(19) i's given by3323X—E(m m)+EEQ(m 'm) 1=0 i=0

j=i+1 g= 2¢(mi,mi)+22 N a0 0(m,,m)) (19)

i=0 =0 j=i+l

[0055] To simplify the search procedure, the pulse amplitudes are predetermined
by quantizing the signal d(n). This is done by setting the amplitude of a pulse at a
certain position equal to the sign of d(n) at the position. Before the codebook
search, the following steps are done. First, the signal d(n) is decomposed into two
parts: its absolute value |d(n)| and its sign “sign [d(n)]”. Second, the matrix ¢ is

modified by including the sign information; that is,

&', j) = sign[d (@)]sign[d()H]e(, ),i=0,..,39/ =i +1,...39 (20)
The main-diagonal elements of @ are scaled to remove the factor 2 in Equation (19)

¢'(d,i) = 0.5¢'(3,i),i= 0,...39 Q1)
The correlation in Equation (18) is now given by:

C=| d(my) | +| d(my) | +| d(my) | +| d(m,) | (22)

and the energy in Equation (19) is given by:

/; 2¢(m,,m>+22¢<m,,m) 23)

=0 j=i+l

[0056] It is further expanded to obtain:

& 2= 9 (my,my)

+¢'(my,my)+ ¢ (my, my)

+¢'(my,my) +¢ (my,my)+ ¢ (my,m,)

+ ¢ (my,my) + ¢ (mg,m;) + @ (my ,my) + ¢ (my,my)

)



[0056] It is further expanded to obtain: 8/2=~(no,no) +Q(ni, m)+0(n0, m)
+0(n2, nm2) +O (0, nR) +0( L, n2) +0 (nB, nB) +O (nD, nB) +I (i, nB)+l p (n2, nB) (21)
(22) (23) (24) 15 [0057] A focused search approach is used to further
sinplify the search procedure. In thif approach a preconputed threshold is
tested before entering the | ast |oop, And t he loop is entered only if this
threshold is exceeded. The maxi mum nunber of tinmes the |oop can be entered
is fixed so t67IaAl loanssdscanh apmoadh is Iueeddocfmtbhmlcimplifystbarscztrdupro'mhfe.
threshold is conputed based on the correlation C _The maxi mum absol ute
correl ation aHythiharproeshay recamputedtthissheldds destady befernentening therasifloppe

first three pulse naxi . an v3,  are f d before e codebook search.
Thethr oo o B oo el orty S nfY BresRitlin BRE2AG, THS meGRe BB
fourth | oop i i . | j

Ul se0) | exteenmey fEopRahbe schicttis ERL e SODLEIHnRle of e LRebHICR

percent age of scaédhd@OVRK tis8sHOI iABsmpiited Dase@t ol el cdrfelftioch. CNAhE hbddhuhhi S
results in a variable search tine. To further control the search the

nunmber of ti nelsotute comalatidroapl the aserhgr @dre{dtion dut he thencomstibitioanthe dastnot
exceed a certain maxi num which is set here to 180 (the average worst case

per subframe thsecpnlsaspeay3 andvn, agtfeyndhedereithecqsigheck spaepheRhe threshold is

given by:

thry = avy + K3(maxz — av3) (25)

[0058] The fourth loop is entered only if the absolute correlation (due to three
pulses) exceeds thr;, where 0 < K3 < 1. The value of K3 controls the percentage of
codebook search and it is set here to 0.4. Note that this results in a variable search
time. To further control the search the number of times the last loop is entered (for
the two subframes) cannot exceed a certain maximum, which is set here to 180 (the
average worst case per subframe is 90 times), that total possible pulse search
combination would be 180*8 =1440, but in exhaustive “nested-loop search “

approach takes 8**2 = 213 = 8192 positions.

[0059] In fixed codebook search of G.729A, “depth-first tree search” algorithm is
used in place of “focused search”. In G.729, a fast search procedure based on
nested-loop search approach is used. In that approach only 1440 possible position
combinations are tested in the worst case out of the 2! position combinations (17.5
percent). In G.729A, search criteria C/€ is tested for a smaller percentage of
possible position combinations using a depth-first tree search approach. In this
approach, the P excitation pulses in a subframe are partitioned into M subsets of
N pulses. The search begins with subset 1 and proceeds with subsequent subsets

according to a tree structure whereby subset m is searched at the m™ level of the




conmbi nati on woul d be 180*8 =1440, but in exhaustive "nested-|oop search
approach takes 84 *2 = 213 = 8192 positions. [0059] In fixed codebook
search of G 729A, "depth-first tree search” algorithmis wused in place of
"focused search”". In G 729, a fast seaggh procedure based on nested-I|oop
search approach is used. In that approach only 1440 possible position

conbi nations are tested in the worst case out of the 213 position

conbi nati ons @t Bhe gercbantqpeated b AROging teaordér inrvhiel pals€R4rE assighedstoed f or
a small er percentage of p033|ble position conbinations using a depth-first
tree search aHﬁﬂE& jon tragks.hi s approach, the P excitation pulses in a
subfranme are partitioned into M subsets of Nm pul ses. The search begi ns

wi th subset 1 and proceeds with subsequent subsets according to a tree

structure Whe[drag%]ea hﬁ?%};}hﬂulﬁ BIHBR a8 O?iéu’é Iﬂ:fae Hﬁvﬁescﬁy pe:lz}rf){loﬁelaem:}.’o t%vroee

The search is changing t Sés are assigned
to the positkgiels'@EKD) of GREPulded (Nhl—?z)Pa{fHe'&%ﬁfosz@Q%ﬂ?@sO&aﬁéd Waiufe the
pul ses are partitioned into two su bSet s (M of two pul ses (Nm =2). The
codebook sear ffilowingspulsd ediganteht tm&ackfsoiam@w:d’lg Puiga&l as shahmgnpuleoi ttoacks:
pulse io is assigned to track T2, pulse il to track T3, pulse i2 to track
To, pul se i3 ftrack Ta@RlSﬂztO[tmbi’]) istodrash Rtarts with deternining the

pul se positions (io, i1l) by testing a predeterm ned search criteria for
2x8 =16 position combinations, i.e. the positions at two maxima of Id (n)l

0 7ok T gl SO ot BB R s "
det erm ne the,RAskihnes sédral critShia RY fxgiil'g;lg) %ﬂlb?l ‘%ﬁxﬂﬁﬁﬂmﬁg teefHea]%(js(i)t'iorfshe 8x8

64 p03|t|on conbination in tracks T proce ure i's repeated
by cyclical | yat sio frhixitga tofed Q)| S @eki B aRMeste@ fhevnitiagios; withathe! éiﬁh tpul se
io is assigned to track T3, pulse it to track To, pulse i2 to trac
pul se i3 to tpesttons2in tidekrilst Pacatiel msitions (i, ;) are found, the search proceeds to

determine the positions (i, i3 ) by testing the search criteria for the 8x8 = 64
position combination in tracks 7 and 7;. The procedure is repeated by cyclically
shifting the pulse assignment to the tracks; that is, pulse iy is assigned to track T3,
pulse #; to track T, pulse i, to track 7y, pulse i3 to track 7,. Then the whole
procedure is repeated twice by replacing track T3 by 7T, since the fourth can be
placed in either T3 or T4. Thus in total (64+16=80)* 4 = 320 position combinations
are tested, about 3.9 % of all possible position combinations. About 50% of the
complexity reduction in the coder part is attributed to the new algebraic codebook
search. This was at the expense of slight degradation in coder performance about 0.2

dB drops in signal-to-noise ratio (SNR).

[0062] The pulse positions of the pulses iy, i; and #,, are encoded with 3 bits each,
while the position of i3 is encoded with 4 bits. Each pulse amplitude is encoded
with 1 bit. This gives a total of 17 bits for the 4 pulses. By defining s = 1 if the sign

is positive and s = 0 if the sign is negative, the sign codeword is obtained from:

S =50 + 251 + 459 + 8s3 (25)

and the fixed-codebook codeword is obtained from:




procedure is repeated twice by replacing track T3 by T4 since the fourth
can be placed in either T3 or T4. Thus in total (64+16=80)* 4 = 320
position conbinations are tested, about 3.9 % of all possible position
conbi nati ons. About 50% of the conplexity reduction in the coder part is
attributed to the new al gebraic codebobk “search. This was at the expense
of slight degradation in coder performance about 0.2 dB drops in

si gnal -t o- noi $é = &mv/d) +SRIRY1/5)[ 008R2/Fhe PuR@enyDsi-t/kbns of t h€{ul ses i o,
it and i2, are encoded with 3 bits each, while the position of i3 is
encoded wit h whiyietix= Ofbish=pF\8. s 38aandljk FUdéms 5 4dhedBed with 1 bit. This
gives a total of 17 bits for the 4 pulses. By defining s =1 if the sign is
positive and s = 0 if the sign is negative, the sign codeword is obtained
from S = so (0083 FacussestedSb®p( 2Bjch” aalgbrithre ifi cuetndy debd dior codeentiodali s
obtained from 17 C = (nm0/5) + 8(nml/5) + 64(nP/5) + 512(2(nB/5) + jx) (26)
where jx = 0 723gl an3Gg29 codgmoksaarchss. A 1 dppthrigsttrge gearch’3gjgory S Focus
nested | oop sgarch” ag)?ori tiﬁ i7§ urrently used for conventional G 723.1
and G 729 codBBBSHBUy Byddor X 72880t h-first tree search” al gorithm has
been currently used for G 729A. [0064] By adopting a single fixed codebook
search algorithmfor both G 723.1 and G 729A, this advantageously
sinplifies thpobdxB§ aaestaipos Kingle%@@ cHADOEIS SeaPdiCAlgdrithth foRb8thNG!783.1 and

co- processor running one such Tixed codebook search al gorithm may be used
for both codeGsi29A)@65idviebaEgstygsimpkfids the fixedbcelebodk ssarmhgliocebgaich tthan of

G 723.1 to be simlar to that of G 729A woul d advantageously result in a
single fixed @&daglssotpressos pnniigymeisu¢iniikesi codehookdedrdr alporithm hasske ssedecs.
The present péﬁtberre enbodi nent proposes a new G 723.1 codebook search

al gori t hm bask b8 8Est h-first tree

[0065] Modifying the fixed codebook search algorithm of G.723.1 to be similar to
that of G.729A would advantageously result in a single fixed codebook search
algorithm being used for both these codecs. The present preferred embodiment
proposes a new (.723.1 codebook search algorithm based on “Depth-first tree
search” thus having the desired effect of one fixed codebook search for both G.723.1
and G.729A.

New proposed G.723.1 Fixed Codebook Search

[0066] A “depth first search algorithm” has previously also been proposed for
G.723.1 (5.3Kbps) Codebook search by Huijuan Cui, Kun Tang and Taiyi Cheng
in, “Audio as a suppport to Low Bitrate Multimedia Communication”,
International Conference on Communciation Technology, ICCT 1998, Vol.l,
Pages”544-547. This previously proposed codebook search involves the following

steps:

a. Search first two pulses in full range.
b. Search last two pulses in full range after the first two pulses are fixed in stepl.




search” thus having the desired effect of one fixed codebook search for
both G 723.1 and G 729A. New proposed G 723.1 Fi xed Codebook Search

[ 0066] A "depth first search algorithn has previously al so been proposed
for G 723.1 (5.3Kbps) Codebook search, by Huijuan Cui, Kun Tang and Taiyi
Cheng in, "Audio as a suppport to Lo itrate Mul tinmedi a Conmuni cation”,
I nternational Conference on Communcj ation Technol ogy, | CCT 1998, Vol.1,

Pages" 544- 547. Thi Begsach g diss typ pplseseadtcs igdass bro REEss @re fxpdldn §eB2-t he

foll owing stepsl. Re-s&feh B Idst fvid pullwdd afted tE Firsk fivd pillkesadd@eod iR stePRar ch | ast
two pulses in full range after the first two pulses are fixed in step 1. 18

C. Re-search the first two pulses after the last two pulses are fixed in
step2. d. Rel99&H bythe ghoyeappreagh, ip prglestenftwerpulses arq sesrcheduin phplsaangsr e

fixed i . 0671 | b h, i h step, t. I
(e e kRIS hohghes ERE SRR REl LISEaR,B 5B, (iR PRLees o
conby nat s, TE5udkd Leisod e WG, RECRRRSaRALRAE, Bl Bhitied

and not in fukde seREEER in ORISR track EnRRRAFANrafe. t h@_suas,etﬁ@af)%ﬂowm ihen,
i nvol ves | ess nunber of possible pulse positions being searched as

conpar ed to tpesaht smlenton, eantlveduiess @mnten iof @bssiblle plilve pdeitidns deidf séddched
proposed codebook search of the preferred enbodinent for G 723.1
(5. 3kbps) is #ueamkpared i thelisedasure g0 bigjjiamtaui it ral.| dihiet detajlsaefdthdifrbpesedces

bet ween G 723. n G 729A speech codecs . fixed codebook searches are
shown bel ow. ﬁ?]@@g@q‘a?e@r‘;‘ ?é\ﬂ?@rp ergsh PRhediment ?‘Hrgﬂggﬂ 3PEash 1§ dutha: A
Nunber of pu'&i@éusgéﬁ).: 4 (in both speech codecs)

[0068] The similarities and differences between G.723.1 and G.729A speech codecs
fixed codebook searches are shown below. There are a few fixed parameters for both

speech codecs:

* Number of pulses (N): 4 (in both speech codecs)

=  Number of samples per Subframe: 40/60 (G.729A/G.723.1)

= Number of Tracks : 4( in both speech codecs)

* Number of pulse position in each track: 8 (in both speech codec)
= Step for both speech codecs : 5/8(G.729A/G.723.1)

[0069] Furthermore, the initial pulse positions for both speech codecs are different.
For G.723.1 it is (lo :0, i1=2, i2=4, i3=6) and for G.729A, it is (ZO =O, i1=1, i2=2,
i3=3). This can be seen by comparing Table 1 and Table 2.

[0070] Referring to FIG.2, the preferred embodiment adopts the “depth-first tree
search” algorithm approach for G.723.1 Fixed Codebook search. The method 200
in accordance with the preferred embodiment has the following steps:

. Sign of correlation signal d [n] is computed 210 in similar manner as in

conventional ITU-T G.723.1;



A Nunber of sanples per Subfranme: 40/60 (G 729A/G 723.1) " Nunber of
Tracks : 4( in both speech codecs) ™ Nunber of pulse position in each
track: 8 (in both speech codec) ~ Step for both speech codecs :

5/8(G 729A/ G 723.1) [0069] Furthernor e1 the initial pulse positions for
bot h speech codecs are different. For E?:—1723. 1it is (i0 =0, i1=2, i2=4,
i3=6) and for G 729A, it is (io =0, i1=1, i2=2, 13=3). This can be seen
by conparing ¥abl eDepemtinglabite sign, c8B7Cprr&atfier vilugy d(o) b¢t@ed) targdhsigpalaf er r ed
enbodi nent adopts the "depth-first tree search” algorithm approach for

G 723.1 Fixed Codebdswdiwpylsnresponse fdblwse npdiiedi2dSaccor dance with the
preferred enbodi nept .has th ol | ow st eps: {gn of correlation,.signal d
[n] is conputéd 21&‘11’?1%%%%?3[6 }%rféjr]&a)safﬁﬁ‘?al%%gm NI E (% tﬁ"l’b"t@r@?%. 1; 19
Dependi ng on the si . C[ caortel ation val ues d(n) between target signal
r [n] and inpul segg’grslﬁlo%cg%ﬁ%n@rﬁ’ are nodified 215; Main diagonal elenents
of X(n) are gcale t i N ely!
(115 Apply 225 AePR FryorPES GameRh il o Bd (B, KO o B e b1
pul se positions, pheitidhsakicHinZ&SmiZBEths 8edréicratetid;@hia; and Conpute 230 the
17-bit codebook vector. [0071] Depth first tree search algorithmof the
preferred enbedi nefompote 230788 17-bit(cddSdokskctor.s furt her di scussed in

detail. Table 1 shows the ACELP codebook for G 723.1 (5.3kbps), in which
4 pul ses have to be searched in four tracks. Referring to FIG3, the

t hod 225 f i t he depth fi t h i .cor d i.ith th
e 22 P RE RSB ke Seahon pmoREsen B el " e
pul ses of theRldpl'R fOHEY BRERSedluddif. STar?h 'shbh8 U AP BBl ;5!

G.723.1 (5.3kbps), in which 4 pulses have to be searched in four tracks. Referring

to FIG.3, the method 225 for applying the depth first tree search in accordance
with the preferred embodiment is shown. In the present codebook structure, the
pulses of the optimum codevector are first partitioned 310 into a first subset and a
second subset (M = 2), the first subset having a first pulse and a second pulse,

while the second subset having the third and fourth pulse (N, = 2).

[0072] The method 225 then proceeds with performing a first 315 search for
determining a first possible set of pulse positions, followed by performing a second
320 search for determining a second possible set of pulse positions. The two
searches, where each search comprises of two phases A and B. For each search, the

algorithm flow should be as follows:

Search 1 and Phase A
Search 1 and Phase B
Search 2 and Phase A
Search 2 and Phase B

[0073] Start the codebook search with the following pulse assignment to tracks:
pulse i, is assigned to third track 75, pulse i, to fourth track T3, pulse i, to first

track T, pulse i3 to second track 77.



second subset (M= 2), the first subset having a first pulse and a second
pul se, while the second subset having the third and fourth pulse (Nm=
2). [0072] The method 225 then proceeds with performng a first 315 search
for determning a first possible set @L pul se positions, followed by
perform ng a second 320 search for determ ning a second possible set of
pul se positions. The two searches, where each search conprises of two
phases A and B. For each search, the algorithmflow should be as foll ows:
Search 1 and Phase A. .Search 1 agnghase B Search 2 and Phase. A _ Search
o]

2 and Phase BI90A# Befeging to (H{G-4othenstp o€apeforming, thandissloiseasah ntSprse

assi gnnment to.fracks: |lse 16.s .assigned to third track T2, pulse it to
fourth track ﬁ%t?%ﬁlﬁfr@eth?girﬁ 80§sl?l?lgtset ofrfpggﬁ p?gl?aoBmssséoyv%. to second track TL1.
20 [0074] Referring to FIG 4 , the step of performng the first search 315
for determning the first possible set of pulse positions is shown. [0075]

In search 1 apd75hasscafch Deh®PhRASE AOddidiminitid SR MAS postishs((H,Di;) b¥)tekting
testing the search criteria for 2x8 =16 position conbinations, i.e. the
positions at theosearchxdriteriaofor|2k8(hd positiom avknblitations; | ikedithgy pevieonsarat todd

i ndexed pul se positions and tested in conbination with the eight positions
in track T3 i AaKimg ofgd 68 imfracke Ve inclydingeses and| edsl indesiedinstss. pasitiansi andnanner
(i0, i1) is f ug..[oo %.The.t 315 starts. wi t he determ ning 410 of
the two muxi P camEgbapt vofER g potfipsin ik bl Ghrard #ECeWE 111 st
pul se i 0. Nex i -al . ulses in the fourth track

fnd&mﬁétzﬁptg% sgion%ﬁgtﬂkjgglanﬂéﬁ%m 1spu P

i n conbi nation WO naxi Sé positions in the third
track for one maxi mum pul se assignable to the second

[0076] The step 315 starts with the determining 410 of the two maximum pulse
positions in the third track assignable to the first pulse i,. Next, the step of testing
415 all the pulses in the fourth track in combination with each of the two maximum
pulse positions in the third track for one maximum pulse assignable to the second
pulse i;. The pulse positions (i, i;) for the first set of possible pulse positions are

then determined 420 in accordance with the predetermined search criteria.

[0077] In search 1 and Phase B, the search proceeds to determine the positions (i,
i3) by testing the search criteria for the 8x8 = 64 position combination in tracks 7
and T including odd and even indexed pulse positions. The step of testing 425 all
the pulse positions in the second track in combination with each of the pulse
positions in the first track for assigning the pulse positions to the third pulse and
the fourth pulse of the first set of possible pulse positions is thus performed. The
determining 430 of the pulse positions of the third pulse and the fourth pulse of the
first set of possible pulse positions in accordance with the predetermined search

criteria is then performed.

[0078] So, in this manner (i, i3) are found and this gives a total of (16 +64 =80)

possible pulse positions combinations are searched.




pul se il. The pul se positions (i0, il1l) for the first set of possible pulse
positions are then determ ned 420 in accordance with the predeterm ned
search criteria. [0077] In search 1 and Phase B, the search proceeds to
determ ne the positions (i2, i3) by tzfting the search criteria for the
8x8 = 64 position conbination in track§  To and Tl including odd and even

i ndexed pul se positions. The step of testing 425 all the pul se positions
in the second track in conbination with each of the pulse positions in the
first track for assigning the pulse positions to the third pulse and the
fourth pul se 078hEomenes foydetter peplosmpineeths fozelages sighd rvglues of pagh pulse
perfornmed. The .detergni.ng 430. of .the pul se positions of the third pul se
Bnd the four t ROPAPRECIGhe fiFd sehhagpsiblp RSLORE FEs GiEEd Aot 1
accordance w . r [ it.eni.g | n Lfor
[0078] So. 1 noghexEl RESE FOUORE WERLER, Ak S it I IFCIBNEHT Y (16
+64 =80)  posgidhRd Y HRGHURRSIobHBAS ICARYIABhAQEE cHGatRBNSERE dalud & KISR0l
However, for better performance, the correlation signal Vvalues of each

pul se posi ti drs‘shift bittevalue is fursledr sexf atplosthetivise [fiths evaposiriel 0108 siphel watugpar ed
at both even and odd indexed pul se positions. Whichever value is higher is
t hen sel ect edisdrighar¢hangsisisgrasd. as t he pul se position. If the odd indexed
correlation signal value is higher, the "shift bit" value is further set
at 1 otherwise if the even correlation signal value is higher than it is

set at 0. [00 T orithmis own below. if (dn[i] > dn[i+l]) Il
where i 1is ev@ﬁb?]nggi%lg?n@m]I’Stg}l%‘@]?%%?%l] Referring to FIG 5, search 2,
which is the step of performng 320 the second search for determ ning the
second set possi bl & (dei] >odn[prll])s # wiesd itis v, inddxarts with the

{

shift =0;
} else
shift = 1;

}

[0081] Referring to FIG.5, search 2, which is the step of performing 320 the second
search for determining the second set possible set of pulse positions, starts with the
step of performing 510 a cyclical shift of the pulse assignment to the tracks; that is,
pulse iy is assigned to track 73, pulse #; to track T, pulse i, to track T, pulse i3 to

track 7.

[0082] In search 2, Phase A, a similar procedure is repeated to find the second
possible set of pulse positions. The step 320 then proceeds with the step of
determining 515 the two maximum pulse positions in the fourth track assignable to
the first pulse 7. Next, the step of testing 520 all the pulses in the first track in
combination with each of the two maximum pulse positions in the fourth track for

one maximum pulse assignable to the second pulse i;. The pulse positions (i, i1)




step of performng 510 a cyclical shift of the pul se assignnment to the
tracks; that is, pulse iois assigned to track T3, pulse it to track To,
pulse i2 to track T1, pulse i3 to track T2. [0082] In search 2, Phase A a
simlar procedure is repeated to find e second possible set of pul se
positions. The step 320 then proceeds th the step of determ ning 515 the
two maxi mum pul se positions in the fourth track assignable to the first

pul se i 0. Nexfor thtdirsttsep obpodsade ipnlye pRitiahs atchtherpdetsmsined52h e fdcoslander ack
in conbination with each of the two maxi mum pul se positions in the fourth
track for ondithdhe pigdeteumised sparshiligniae to t he second pulse il. The pul se
positions (io, i1l) 22 for the first set of possible pulse positions are
then determ ned 525 in accordance wth the predeterm ned search criteria.
[0083] In sea ] sgar. t r.m 1. 0sj tions
(2 13) by 105 LSRG Tpublip R EREbREERRRS GuiRhRAt JEahiR R

conbi nati on_i By tdsafig the 53ardR eritefia foriht BL8 BG4qditRACBEMtoRG8 XatksPH Sf
positions. The step of testing 530 all the “pulse positions in the third
track in conbpakludimgwddane@edn ditletedguisel mRitionsi tThensep of testuge SIEalhchet r ack
for assigning the pulse positions to the third pulse and the fourth pulse
of the secondpslee pofitignsgsitind third tagk imesnhinagivn with edvhoffes pulserpdsitiqirein
determ ning 535 of the Eul se positjons of the third B_ul se and the fourth
pul se of the theseenddgackder grsigaing|the pulse gosiBens fos thisd pulssraad tbefawtn ¢ he

det 1 ned iteria is th d. [0084) For Dbett
per f or mance,  PHGS ci 1e MPE & FapeSEae S PRl ds, PR T 1 ne
d set of i 33Ul [ 1 ' d
odd i ndoxed piTen DG T onare Hiae) AR BE iRl PuRRARAUS Tofiy BN oFHRE .

conbi nations &k sseaf pdrsibld Bulsh §obitidhe i QEcorddIes WIBNthedSre&ABMAR&ET sdafth
approxi mately 2000 positions searched in original ITUT G 723.1 Fi xed

Codebook criteria is then performed.

[0084] For better performance, the correlation signal values of each pulse positions
of the second set of possible pulse positions are again compared at both even and
odd indexed pulse positions. Thus in total (64+16=80)* 2 = 160 position
combinations are searched in the preferred embodiment as compared to,
approximately 2000 positions searched in original ITU-T G.723.1 Fixed Codebook
search. This is about 8% of the original ITU-T G.723.1 Fixed Codebook search.

[0085] The first and second sets of possible pulse positions are then further
compared. The four pulse positions from the first and second set of possible pulse
positions are then selected and together with their sign and shift values, the 17-bit
codebook vector is computed in a similar manner as the original ITU-T G.723.1.

This way the decoder compatibility will not be lost due to the change in algorithm.

[0086] Using the method of the preferred embodiment, there is up to 50%

reduction in complexity of G.723.1 (5.3 Kbps) algebraic codebook search.



search. This is about 8% of the original ITUT G 723.1 Fi xed Codebook
search. [0085] The first and second sets of possible pul se positions are
then further conpared. The four pul se positions fromthe first and second
set of possible pulse positions are then selected and together with their
sign and shift values, the 17-bit cod&book vector is conmputed in a simlar
manner as the original ITUT G 723.1. This way the decoder conpatibility
will not be |lost due to the change in algorithm [0086] Using the nethod of
the preferred enbodi ment, there is up to 50% reduction in conplexity of

G 723.1 (V3lidatigndiesully gebr ai ¢ codebook search. 23 Validation Results [0087]
Results for the new fixed codebook search for G 723.1 (5. 3kbps) of the
preferred enbodi nent are shown in FIG 6A FIG6B and FIG 6C. Sinulations

wer o Per 1107 Teihakf RRGHR foF nd k! SICANCALARK L BB RUELLLSAIBD b

preferred e test vectors

vectors are t gk@&red érﬁ%dlfﬁbht'rar? sﬁ@&n%%@%&s FIWB8' 8nd Me8BC eimMRESRY S are
generated fromdifferent sources ranging fromwonen, men, and children as
wel | as diffemerd pdrforgiedder bathdakeT sveréibh algotithing @nd efforithee obitise preferserinpl e
test speech vectors of about one mnute each. For these test vectors,
three types ofmbedimgat fO@ﬂ3tS@QQ®—t€§tPE®@rmb<sﬁcﬁOeSpeSNRt%hd/eSE@SNR)ta@ne
carried out and t lts, are in FIG 6. [0088] Fig shows
the PESQ MOS gremﬂqiﬁnéggf stapdardy Wsh?éemﬁue@fom MFRLRRS o genepiesk Pleorm e
enbodi nent an LT & arithmfor 23 test vect orsg a 5- 8%
degr adati on o? %&egdaﬁ%g e Sk N8 8@9’ ﬁﬁlﬁ”bfast it5 palsefllééf;eé‘gﬁw ment
as conpar ed tQpetaE@rsorOﬂiePaﬂl)reé T TeBlo80Lit S lé I@éﬁ@‘éﬁé@cﬁ@e@t@@%ﬂ%ﬂaﬁt ofen in

performance i s bal anced by nore than 50% sa Ings o e conplexity. PESQ
MOS score for nilmgé eadd Bdrghédettbsn Mfdr@&hﬂeé@ﬁlbé% éf vidatidrbtebor (PESQaviost test
vectors as conpared to the original ITUT algorithm (3.5 to 3.8).

score, SNR and SEGSNR) are carried out and these results are shown in FIG.6.

[0088] Figure 6A shows the PESQ-MOS score comparison for the algorithm of the
preferred embodiment and the ITU-T algorithm for 23 test vectors. It shows a 5-
8% degradation of PESQ-MOS score on the algorithm of the preferred embodiment
as compared to the original ITU-T algorithm. However, 5-8% degradation in
performance is balanced by more than 50% savings on the complexity. PESQ-
MOS score for modified algorithm varies from 3.4 to 3.55 for different test vectors
as compared to the original ITU-T algorithm (3.5 to 3.8).

[0089] FIG.6B and FIG.6C, show respectively the SNR and SEGSNR
performances (dB) respectively for both algorithms for the 23 speech test vectors.
The results show around 2dB SNR degradation and 1.5dB‘SEGSNR degradation in
the algorithm of the preferred embodiment as compared to the original ITU-T
algorithm.

[0090] FIG.7A shows the original speech sample that is used for testing the original
ITU-T algorithm and the algorithm of the preferred embodiment. FIG.7B and




[0089] FIG 6B and FI G 6C, show respectively the SNR and SEGSNR
performances (dB) respectively for both algorithnms for the 23 speech test
vectors. The results show around 2dB SNR degradati on and 1.5dB SEGSNR
degradation in the algorithmof the péfferred enbodi ment as conpared to
the original ITUT algorithm [0090] G 7A shows the original speech
sanple that is used for testing the original |ITUT algorithmand the

al gori thm of FHe.70r elievs ecconntradedrsignals Fo1GtHeB spexth 2 darkplS. ilCFIGHAWsusing
reconstructed signals of the speech sanple in FIG 7A usin respectively
the original Feppectivalyg#ie orginahdTVhle aggbhmt and dfe elgerinefodr thedprefastsddi nent
[ 0091] Listening tests were also carried out for different speech test
vectors by dF’i"g% Bt subj ects. There was general |y no significant
degradation in perceived speech quality as conpare to the standard ITU-T
algorithm So, the algorithmof the preferred enbodi ment while providing

sl ight degradpobfNLisRnfReRSH Wl carrié Lo ot differe@l %ﬁbgcl?ftes@'o&re%torréq%'j} 50%
of processing power over the standard ITU-T algorith [ 0092] Based”on
these al gori t Giffefent babiges. | Théte 7Ras Let@alBL OO kigiadagh dedrgditioh N perdeivelds
possible to inplenent a single co-processor solution, which allows the
supporting of spesckequdiy seapipers tbcahe sahdirg | 1EUsp exdgrhitivnd Sos thewt gartthinrof
accordance tqQ the _preferred enbodjnent are: G 723.1 (5.3kbps) and G 729A
Har dwar e | npl BiSepiciiednemabriimens whis puusdingyslishic degsadaden iy SPRechaIvadion

ohi 1o i o the UG HERaREC S SR & rittsoti e by s Sandue AT 0L ° T

per f or ned fougl bigs in a frame. This does not present any concerns in
CO- processor ¢§S|gn, as it is the nunber of tinmes this is called by the

[0092] Based on these algorithmic changes in G.723.1 codebook search algorithm, it
is possible to implement a single co-processor solution, which allows the
supporting of codebook searches for multiple speech codecs, which in accordance

to the preferred embodiment are: G.723.1 (5.3kbps) and G.729A.
Hardware Implementation and Design

[0093] When considering the G.729A speech codec, the fixed codebook search is
performed twice in each frame, while in the algorithm of the preferred embodiment
of G.723.1; it is performed four times in a frame. This does not present any

concerns in co-processor design, as it is the number of times this is called by the

DSP is different.

[0094] The re-configurable parameters of both speech codecs can be configured
before the start of co-processor processing by the DSP and passed to the

coprocessor. These re-configurable parameters of concern are:

e Number of pulses (N): 4
e Number of samples per Sub frame (SubFrLen): 40/60 (G.729A/G.723.1)




DSP is different. [0094] The re-configurable paraneters of both speech
codecs can be configured before the start of co-processor processing by
the DSP and passed to the coprocessor. These re-configurabl e paraneters of
concern are: Nunber of pulses (N): 4 Nunber of sanples per Sub frane
(SubFrLen): 40/60 (G 729A/ G 723.1) 252Nunber of Tracks: 4 Number of pul se
position in each track: 8 Step for both speech codec: 5/8 (G 729A/ G 723. 1)
Initial pulse posi Numbsr éioFrapist h speech codecs are different. For G 723.1
LIS (10 =0 1 1E2Nubdafor hikeGhoBBflil Glon Gade$A it i's (10 20,1121, i2=2,

i 3=3). [0095] In addition ove here is an additiona

reconfi gurabl e far 2Rt e#botbwqe@ac@fsﬁlﬁéﬁﬁ?w@3793 1. SubFrLen is fixed
at 40 for G 729A anﬁuﬁ ufselpos1£ﬁn7s2}8raothk&&er{@csdecmemff@aﬁl dering track T2

and track T3 of G Q e position index
of 60 and 62 respe Pfg 93 Em? mh"ﬁz abﬁgaggiggggbﬁgﬁgm(g'§eh t 62. As
such, during a codeb@,a]g:?éear ch of Gr32. 1, pulses searched in track T2 and
track T3, ends at SubFrLen2 i.e. 62 instead of SubFrLen i.e. 60. But, if
the pul ses are found at positions 60 and 62, it will not be considered.

| 0096] From t e 0fieRaRN0S 16 46 Whud UherBOk M RERGIhoF B G Rl bid 3l ncher?n

Tabl e 2, be seen co nuous
pul se posi ti oealearmr&né%p@ . \Mﬁbi:ﬁeﬁlzzf&e& a$ io%b@ﬁ%zgz@%aoa#for
structure has only even 1 ndexed pulse positions fromO0-62. Odd i ndexed

pul se posi ti oGs7230ndi Hb@Beerafshehad@RideAsie tradk Dy asdrprki T of h@. 728111 edoat i on
signal jd(n)l values at both indexes. Dependi ng on
accommodate the maximum pulse position index of 60 and 62 respectively as

shown in Table 1, SubFrLen2 is set at 62. As such, during a codebook search of
G732.1, pulses searched in track 7, and track T3, ends at SubFrLen2 i.e. 62 instead
of SubFrLen i.e. 60. But, if the pulses are found at positions 60 and 62, it will not

be considered.

[0096] From the codebook structure for both speech codecs in Table 1 and Table 2,
it can be seen that G.729A codebook structure has continuous pulse positions from
0-39 pulses, while G.723.1 (5.3kbps) codebook structure has only even indexed
pulse positions from 0-62. Odd indexed pulse positions conditions are taken care
of by comparing the correlation signal |d(n)| values at both indexes. Depending on
this comparison, a “shift” value is computed, as explained previously. But in
G.729A, there is no concept of even and odd indexed pulse positions and is

therefore unaffected.

[0097] In the co-processor design for supporting both codecs in accordance with
the present invention, a codec flag would be implemented for identifying to the co-
processor which codec is to be handled. The codec flag would also indicate to the

co-processor which codec is used and hence which parameters to adopt. As such,




this conparison, a "shift" value is conputed, as explained previously. But
in G 729A, there is no concept of even and odd i ndexed pul se positions and
is therefore unaffected. [0097] In the co-processor design for supporting
bot h codecs in accordance with the prgsent invention, a codec flag would
be inplenented for identifying to the €Co- processor which codec is to be
handl ed. The codec flag woul d al so indicate to the co-processor which
codec is usedﬂﬁh&ﬂﬁ%ﬁ@gmwﬁ¥hhwﬁaﬂ&nb@éﬁgdﬂ@lﬁmdbﬂheﬁﬁd dhdexod pubrss sefrre
codec fl ag na¥%ﬂ%§£ be used to handl e the added i ndexed pul ses of G 723.1.
[ 0098] During ‘todebook search of G 729A , the fourth pulse i3 is
selected from track T3 and track T4. The whole algorithmthus starts from
track T3. Then, the process is repeated by replacing track T3 by track T4.

When consi der | hSinl - ﬁﬁ?ﬁ : e used
to indicate f({)d;b@s%\@% ﬂ%eﬁl%aﬁlje(%gts%?%ﬁﬁgﬂwﬁigﬁe ol e %Fgf);r%il% he;}n&géy@?g% aci ng

track T3 by tgack7T4nd (rB€O%]. Yhé hWhormdigdrahmithes tthes deepaack goNPkHehptte ty
wWith ITUUT G723.1 and ITU T G 729A decoders, other portions of the fixed
codebook sear ptocessnmrapsateti by seplecing Thek B4 yetraghkof4 | When oénsidesing ity rin tHem
conprises: conputing the sign of correlation signal d(n modi fication of
cross corr el afP-BrPcgsondhe sime wdppliegmay ke @ﬁeqtﬁémﬁqal@fqr ESHe hsoRDRIENOT |

[ 00100] Codebo sea c&fo ot h speech g.d cs i,ngcludes conputation of the
autocorrel ati Bﬁﬁ\‘?éﬁﬁ’ie ?f)“i‘B’f XWB%E%%%E é)ﬁ%%aﬂifﬂ, and al so the cross
correlation value d(n) by using target signal r(n) and inpul se response
h(n). These values are conputed before the start of codebook search. The

way these val [oegjaMehileGRATRING the d8dodt FmaabilidP WihSIRRTNGCRIgCHmd EXRept
for the difference in subfrane size, which is a reconfigurable paraneter.
T G.729A decoders, other portions of the fixed codebook search remains the same.
The other portions of the algorithm comprises: computing the sign of correlation
signal d(n), modification of cross correlation values and computation of the 17-bit

codebook vector.

[00100] Codebook search for both speech codecs includes computation of
the autocorrelation value ¢(n) of impulse response h(n), and also the cross
correlation value d(n) by using target signal r(n) and impulse response h(n). These
values are computed before the start of codebook search. The way these values are
computed is similar for both speech codecs, except for the difference in subframe

size, which is a reconfigurable parameter.

[00101] Using the new proposed algorithm of the preferred embodiment of
G.723.1 (5.3kbps) fixed codebook search, a single implementation of G.723.1 and
G.729A codebook search on the co-processor is made. Referring to FIG.8, the
processing flow for the system of the DSP 10 and co-processor 20 supporting
these two speech codecs is shown. The codec selection being made by using the

codec flag and re-configurable parameters, but controlled by the DSP 10. The co-



[ 00101] Using the new proposed al gorithmof the preferred enbodi nent of

G 723.1 (5. 3kbps) fixed codebook search, a single inplenentation of G 723.1
and G 729A codebook search on the co-processor is nade. Referring to

FIG 8, the processing flow for the systemof the DSP 10 and co-processor
20 supporting these two speech codecs”fs shown. The codec sel ection being
made by using the codec flag and re-configurable paraneters, but

control | ed by prdeessoSR0 roainiphlsndiingasppete of slsofixedocadabavkyserahd(Tiba pomspact s of
the fi xed codebook search. The commpn functionality of the co-processor 20
are: i. Check%@fﬂ@EaIﬁYQE)ﬂ!ed%o'@?qeéﬁqrfocﬁrei G 729A Encoder; ii. Configure

Go-vari ance. Q) "and Er ?&E@%@B&@%ﬁ&?&g@ﬁ%‘@%&rﬁk?j%ﬁ#%ﬁrﬁﬁ?? g Si'gn and d
dify co-vari ' entling® i
Tdepth 1175t tree: debecariRion Coenpar et Aeiog SR PR " Cear ch

wi Il be repeated for iii.r @kphing @odafiflice n)/2hd closs-coitblhtion Vahd@n);s conput ed
dependi ng on even and odd index value; vi. Conputing 17-bit codevect or

based on the pul se pdwi Uoarputing 8igasind amsllifyl @geariah€0ildads depeidisg oh ebésa i ng
to disclosure made by SSM Mshra and A. Balaram in "Efficient
Har dwar e- Sof t war e Co- dedlagin for the G 723.1 algorithmtargeted at Vol P

application", IEEE International Conference_in MJtinedia and o, 2000
(1CVE 2000), vol 3, phs PUBvessiigmment ped clapfihgret o ofing o Gl 48 (FOr

functional block diagr a ,723. 1 engod I S_shown. Wt rtai
modul es grouped into Bl W&’ %%Plﬁﬁa&‘gﬁﬁ%aé gﬁgge rmegﬁﬁo%{ra% %?oﬁ‘é‘? g%rr ed
i mpl ementing Bl ock A 30 @t Bl Balue is computed depending on even and odd index
value;
vi. Computing 17-bit codevector based on the pulse position indexes

and flags.

[00102] Further referring to disclosure made by S.M. Mishra and A. Balaram
in “Efficient Hardware-Software Co-design for the G.723.1 algorithm targeted at
VoIP application”, IEEE International Conference in Multimedia and Expo, 2000
(ICME 2000), vol 3, pgs 1379-1382. Referring to FIG.9, a detailed functional block
diagram of a G.723.1 encoder is shown with certain modules grouped into Block A
30 and Block B 32. Mishra et al considered implementing Block A 30 and Block B
32 independently. As such, one of the blocks may be performed on the DSP 10

and another on the Co-processor 20 simultaneously.

[00103] Mishra et al disclosed the processing of Block A 30 on hardware and
Block B 32 on the DSP 10 via software. Block A 30 contains pitch estimator,
Formant Perceptual Weighting filter and the Harmonic Noise Shaping module, and
Block B 32 contains LSP routines. Both Block A 30 and B 32 is synchronized such

that the weighted speech W(z) and noise shaper response P(z) are available for the



32 independently. As such, one of the blocks nmay be perforned on the DSP 10
and anot her on the Co-processor 20 sinultaneously. [00103] Mshra et al

di scl osed the processing of Block A 30 on hardware and Block B 32 on the
DSP 10 via software. Block A 30 contai 0 pitch estimtor, Formant
Perceptual Weighting filter and the Harnoni c Noi se Shapi ng nodul e, and

Bl ock B 32 contains_LSP routines. Both Block A 30 and B 32 is synchroni zed
such that thémpelseRearpnsyederatiqny ) Ingthis mannes abaupE7%6rof Hsesessngpoyeraine
avai |l abl e for _t 28 | l s sponse .cal.culation. In this manner, about
17% of pr oceséiﬁﬁ%ﬂ\ﬂeﬂ%ﬁlg‘%ﬁggRgﬁgereQW‘chil%i n 6.3 kbps, are reduced.

[ 00104] Presently, the proposed efficient Hardware-Software co-design in
accordance with the preferred enbodi nent for G 723.1 is shown in Figure

102, Were (e8P 10 pdsbndy. hE (6pdise dorfidbnt biRRSSofthieoto Adkn C

anal ysis before the co-procéssor takes over tor the processing of Block

A 30, whil e Bhaokdabc#ithcthatpréfeasd letbodinibnd aseeR31yist eovidShh Fgurd hea.
co-processor 20 can then perform the fixed codebook search upon conpl etion
of processi ngWlesxthe DS 10 Till irsll beowsed oo HighhRass iFiitar taad d NS amalysie beforeg  of
both Block A 30 and Block B 32. It is estimated _that b usi,n%this
proposed desi HI§,cogwacessey ks ovenifon thropreemsine of dleskngy 3o wdile BlegkB133r | v,

P d Hard - Sof t - [ G 729A i h in Ei 10b d
1 ban save af BURECSBS P asesed Ry HORSE 10 Thdemrisier Pt ihdhiGione 2o
f H gh P [ ' : t d k

Coar chas whi | bt ca POk SR e ol b P D RN IR BRI .

[00105] Whi | efdrhige angifteidoasp@abRiioE ot Blok 3 30Carsiisietl BC3Y. Iy ist d@infawd
codecs: G 723.1 and G 729A, it will be appreciated that various

modi fi cat i onsthahbly using thivprvpoted designbenervad saveyaraunk3 G-40%sbtdseidg ipowiehe art
w t hout departing fromthe scope of the present invention. Particularly in
consi deri ng obh arléroﬁ@@gsqqiaﬂpﬁdgvare—Soﬁware co-design for G.729A is shown in Figure

10b and it can save around 30% processing power. The DSP 10 will similarly be
used for High Pass Filter LPC/LSP analysis as well as for Adaptive Codebook

searches while the co-processor would be used for fixed codebook searches.

[00105] = While the preferred embodiment refers to specifically the two
codecs: G.723.1 and G.729A, it will be appreciated that various modifications and
improvements can be made by a person skilled in the art without departing from the
scope of the present invention. Particularly in considering other codecs having
ACELP coding which have substantially similar structure to the above codecs

described.




ACELP codi ng which have substantially simlar structure to the above codecs
described. 29 Cains 1. A nethod for performng a fixed codebook search of
a codebook of G 723.1(5.3Kbps) codec, for form ng an opti nmum codevect or
in accordance with a predeterm ned seag&h criteria, the optinmum codevect or
conprising a first pulse, a second pul a third pulse and a fourth

pul se, each pul se assignable to a predeterm ned pulse position in the

opti mum codevector and each pul se having a shift bit for indicating an odd
position; the nethod conprising the steps: a. providing the codebook of

G 723. 1(5. ) codec conprising a first track, a second track, a third
track and a fourth track, each track conprising eight predeterm ned even
pul se positions b partitioning the optimm codevector into a first subset

corpr sing the T4 risfofubse @Atk iHE §eRARC ARG AR FOROBRAE Gt

conprising the t pul se ourth pulse; c. per orm ng i rst

search for Galezm(rsn 31(133) Q:oﬁéd For RRESIgOhe opBinuel cBEdeBioP a8 idbéRidhce Ghith e
opti mum codevect or perform ng a second search for determ ning a second

possi bl e seredsferposidiscanh aiterid, fbe oppiimum codteeeot oomprising e. fifsorpuiseg at he
opti mum codevector. 2. The nmethod in accordance with claim1, wherein the
met hod may Seeandpalserthirdsudperand adawrinpyles, eatﬂbpmiefr ass;gnablam equedetrminedof a
codebook of . G 729A codec with m n r chan ters he .nmet hod
in accor dafelC\WREHIM B 21?62 Opﬂﬁlélpblcﬂ ¢Vqeto o?f‘c ffe Y‘ﬁ%l%ﬁé‘lﬁ‘t gﬂl foron a

processor fu?dlcﬁfﬂg%ﬂ tdd%gSIB&tt r’{he %eﬁ%ﬁ ﬁl%rlél BQEQ stCOdeC and

a. providing the codebook of G.723.1(5.3Kbps) codec comprising a first track, a
second track, a third track and a fourth track, each track comprising eight predetermined
even pulse positions;

b. partitioning the optimum codevector into a first subset comprising the first
pulse and the second pulse, and a second subset comprising the third pulse and the
fourth pulse;

C. performing a first search for determining a first possible set of pulse positions
of the optimum codevector;

d. performing a second search for determining a second possible set of positions of
the optimum codevector; and

€. forming the optimum codevector.

2. The method in accordance with claim 1, wherein the method may further be
used to search for another optimum codevector of a codebook of G.729A codec with

minor changes in parameters.

3. The method in accordance with claim 2, wherein the method may be
implementable on a processor for supporting both G.723.1(5.3Kbps) codec and
G.729A codec.




G 729 A codec. 30 4. The nethod in accordance with claim1, wherein step c.
conprises the steps: - ci. assigning the first pul se, the second pul se, the
third pulse and the fourth pulse of the first possible set of pulse
positions respectively to the third tra% , the fourth track, the first
track and the second track of the codebook of G 723.1(5.3Kbps) codec for
searching; c2. determ ning two maxi mum pul se positions in the third track
assi gnabl e 4t o t Hée nidthat inputadance3vitht daim hgviairéintstep cpedrsprigs dietstepss i n t he
fourth track in conhination with each of the two maxi mum pul se gositions

in the thircd trfe%emes the destrpilsenths srepadpalsethe dErdpelse andthesforshpuisal se;
c4. determ ping.the l.se positions.of the firs uj,se, a t he ,seco pul se
of the 11 oot BoRE SERErtT BEs i FonravEl Bolts wi ey 15 ERED

pr edet er m i | A, i | {1 i.n the
Cecond t racgoinne Sl ek b Urcctits LS b ool of 0781 RATIUAT Bl | 15,
track for assdegiohing the pul se positions to the third pulse and the fourth
pul se of the first set of possible pulse positions; and c6. determ ning the
pul se posi tR2ons determiningt thior Mlayinmusepdsedpdditdordfsoinr thl thiud smackfasdifreblef for he set
of possible pulse positions in accordance with the predeterm ned search
criteria. giustpwsepet hod in accordance with claim4, further conprising the

. Cc7. i. | ati on. si I I f I it f
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first the second pulse;

c4. determining the pulse positions of the first pulse and the second pulse of the
first set of possible pulse positions in accordance with the predetermined search
criteria;

c5 testing all the pulse positions in the second track in combination with each of
the pulse positions in the first track for assigning the pulse positions to the third pulse
and the fourth pulse of the first set of possible pulse positions; and

c6.  determining the pulse positions of the third pulse and the fourth pulse of the

first set of possible pulse positions in accordance with the predetermined search

criteria.
5. The method in accordance with claim 4, further comprising the steps:
c7. comparing correlation signal values of each pulse positions of the first set of

possible pulse positions with the correlation signal values of each corresponding pulse
positions incremented by one; and

c8.  re-assigning the pulse position to the corresponding pulse position of the first
set of possible pulse positions and setting the shift bit of the pulse position to one, if

the correlation signal value of the corresponding pulse position is higher.




set of possible pulse positions and setting the shift bit of the pul se
position to one, if the correlation signal value of the correspondi ng
pul se position is higher. 31 6. The nethod in accordance with claim4,
wherein the step d. conprises the step§' dl. perform ng a single position
cyclical shift of assignnments of pulses Bf the second possible set of
pul se positions to the tracks of the codebook of G 723.1(5.3Kbps) codec
for searchitng; de wethedm rmcogddnse with ickairm 4 uWhereipothie t stepn sl. icontphisest ther t h
track assignable to the first pulse; d3. testing all the pul se positions
inthe fird$tePSrack in combination with each of the two maxi mum pul se
positions i the fourth track for one.maxj. ul se assignable to the
Second pul &l;  aAeriEpInE A A PeHoneLEt S oliaSH ey wettres of s feernchng
t he second : S t.0f i pPQSht I

accor dance Part e s L PRire BRI 38 08 RS B e BULEGK RSO SRS sRoP
pul se posi tch@Sot atchfet hi rd track in conbination with each of the pulse
positions in the secon§ track for assigning the pul se positions to the
third pul se2. andetehminimputwtchmpxihsien pilsé pesifibissin thetfowth packsadsigratie ks ehe
positions; and d6. determ ning the pul se positions of the third pul se and
the fourthfigsfimédsesf the second set of possible pulse positions in
accordance with the predeterm ned search _criteria. 7, The nethod

accor dance % t h 1RHA8 A1l éhe peise H%%ltler&rﬁarf#cl% ifi5ef track 18 capbinatjon witheach ﬁ@‘ﬂw

correlatio iLan val ues of. each S osi tions of .the second s of
possi bl e pEYV §é‘% p})%lgl ifons R lttlﬁnﬁ Wethgg??@ grﬁﬁgﬁorsqnaﬁgqu&lgpgggse@ﬁmg}é% to
cor r espondignGseRHhBFuls@0Si tions incremented by one; and

d4.  determining the pulse positions of the first pulse and the second pulse of the
second set of possible pulse positions in accordance with the predetermined search
criteria;

ds testing all the pulse positions in the third track in combination with each of the
pulse positions in the second track for assigning the pulse positions to the third pulse
and the fourth pulse of the first set of possible pulse positions; and

d6.  determining the pulse positions of the third pulse and the fourth pulse of the
second set of possible pulse positions in accordance with the predetermined search

criteria.

7. The method in accordance with claim 6, further comprising the steps:

d7.  comparing correlation signal values of each pulse positions of the second set of
possible pulse positions with the correlation signal values of each corresponding pulse
positions incremented by one; and

d8.  re-assigning the pulse position to the corresponding pulse position of the
second set of possible pulse positions and setting the shift bit of the pulse position to

one, if the correlation signal value of the corresponding pulse position is higher.




d8. re-assigning the pulse position to the correspondi ng pul se position of
the second set of possible pulse positions and setting the shift bit of
the pul se position to one, if the correlation signal value of the
correspondi ng pul se position is higher.,32 8 A nethod for performng a

fi xed codebook search of a codebook of first codec, for formng an

opti mum codevector in accordance with a predeterm ned search criteria, the
opt i num codev ec thomethodber peiformingfaifrst cpddbsek saarcherf arvddghrokef adirsthéadde,pul se
and a fourth, pul se, each pul se assignable to . a predeterm ned pul se.

posi ti on i fOtiRENHS AN eRHMUELeRAPEester inserrdanch With & eradsigraiged seaeh eritgiia, f or

i ndi cating_an odd position; the metho conprising.the steps; a. providing
the codebadie SPUMEY FodeBitor trtfrRiient fast PGV  Srond ifiers TRl B BEH ack.
athird tr : I.Si 06 el pL&dstgr m ned
even pul sg&ggg tls%nefg;ewg‘?lg%tgés?ﬁépgﬁ?% 1rtg(ae oé%@%%i%%%@@c?ﬁhei {)11?0 a first
subset compbd&iedtdr drddeath pelke hiths & sBifdbit ey DEeARS MbREposAth; T pedd

subset conprising the third pulse and the fourth pulse; c. performng a
first sear chmpasingdteestepsni ng a first possible set of pulse positions of
the optinmum codevector; d. perform ng a second search for determning a
second posé&i bl e previdipg thenspdebepls obfthe firsd coded eamprisinge ¢ dfdtsb tracknd seconflor ni ng
t he opti mum codeyecgtor. 9. The nethod in accordance with claim8, wherein
he et hod T & T e 380 2 08Hh TooRaart Hraglo PO e FIebigRTF BBt or of
a codebook gfse% Sfcend codec with mnor changes in parameters. 10. The

met hod in Zccordance with clai m 9, wherein the nethod nay be inplenentable

on a procepsor hLarkitidHRBaht iopanket RoddiRetbl ith £FHQCsARG LHRpISELME Fipdec.

pulse and the second pulse, and a second subset comprising the third pulse and the
fourth pulse;

C. performing a first search for determining a first possible set of pulse positions
of the optimum codevector;

d. performing a second search for determining a second possible set of positions of
the optimum codevector; and

e. forming the optimum codevector.

9. The method in accordance with claim 8, wherein the method may further be
used to search for another optimum codevector of a codebook of a second codec with

minor changes in parameters.

10.  The method in accordance with claim 9, wherein the method may be

implementable on a processor for supporting both the first codec and the second codec.

11.  The method in accordance with claim 1, wherein step c. comprises the steps:
cl. assigning the first pulse, the second pulse, the third pulse and the fourth pulse
of the first possible set of pulse positions respectively to the third track, the fourth



11. The method in accordance with claim1l, wherein step c. conprises the
steps: cl . assigning the first pulse, the second pulse, the third pul se
and the fourth pulse of the first possible set of pul se positions
respectively to the third track, the fowth 33 track, the first track and
t he second track of the codebook of the Tirst codec for searching; c2.
determ ning two nmaxi mum pul se positions in the third track assignable to
the first tjpakstbe fost trads anditheabdconddrapk| afethp omidebairsof thet fiest f @odechfarr ack
in conbination with each of the two maxi nmum pul se positions in the third
track for &¥&C 'inun1pu|se assignable to the second pul se; c4.

det er m ni ng4t he se.positions of the first pulse e sec plse of
the 111t ot SPepRBue BARDuS R poilss RubE hR sk R tplicio the
predeternlqﬁglﬁmérch criteria; c5 testing all the pulse p03|t|ons in the
second tra i'n conbination with each of the pulse positions in the first
track for assi gmdstiflg bhehdpiliseepdRRRNG irPMhs fhath facktifcbfbREtisewithREcH Betheour t h
pul se of the first set of possible pulse positions; and c6. determ ning the
pul se posi ttwormamhumtpalwpasmopmlm dmaﬁhddtth&kffouommmpxﬂmm pilsd hssignhbledd set
of possible pulse positions in accordance with the predeterm ned search
criteria. Mescvprd pHsdiod i n accordance with claim 11, further conpri si ng

h I I f h
of the fir&t seﬁ"@?nru‘n%%s F P %ta%@ﬁnibgrq’e%ﬁp S8 o0 B SePAIREG CFgnal
val ues of - gaghed ol GSRRNOLNGC AlRfns PRSILLANR.S MEHENRILESI N 008! s c8.

re-assigning t e pul sé po he correspo ing p Sé p05| i'on of the
first setcgferiossi bl e pul se positions and setting the shift bit of the
pul se position to one, if

c5 testing all the pulse positions in the second track in combination with each of

the pulse positions in the first track for assigning the pulse positions to the third pulse
and the fourth pulse of the first set of possible pulse positions; and
c6. determining the pulse positions of the third pulse and the fourth pulse of the

first set of possible pulse positions in accordance with the predetermined search

criteria.
12.  The method in accordance with claim 11, further comprising the steps:
c7. comparing correlation signal values of each pulse positions of the first set of

possible pulse positions with the correlation signal values of each corresponding pulse
positions incremented by one; and

c8.  re-assigning the pulse position to the corresponding pulse position of the first
set of possible pulse positions and setting the shift bit of the pulse position to one, if

the correlation signal value of the corresponding pulse position is higher.

13.  The method in accordance with claim 11, wherein the step d. comprises the

steps:



the correlation signal value of the corresponding pul se position is higher.
13. The nmethod in accordance with claim 11, wherein the step d. conprises
the steps: 34 dl. performng a single position cyclical shift of
assignnments of pulses of the second po @ible set of pulse positions to the
tracks of the codebook of the first codet for searching; d2. determ ning
two maxi mum pul se positions in the fourth track assignable to the first
pul se; d3. diest ipafomhing bsmghrupeseionayili¢ab stsftiof assgnmdntsef gulses kf tha second

conmbi nation wi_th each of the two maximum pul se positions in the fourth
track for dassiblasehempylse sosiions gadbe dragks of the eedeberk pfitheefirsgigodec for
deternining tgﬁmgulse positions of the first pulse and the second pul se of
the second® f possible pulse positions in accordance with the

| Second™ BT possibl e pulse positions i ance with the
Phia trackein caennaf S ppfmtpd S0 b ARl SRICATEMT bR o

track for qisigit]ﬁ[gepg the pul se positions to the third pulse and the fourth
pul se of the first set of possible pulse positions; and d6. determ ning the
pul se posi WdBons tating hkk tHehpulsk peditbensaindhé fiest fteagk tifh comibinetiaf witheaclsetthied set
of possible pulse positions in accordance with the predeterm ned search
criteria. 190 mpxEnwBklsE positianciortiedewthniratk foir ainenntegimyny pulse asignapleitei ng

the steps: V. corH)arl ng correlation signal values of each pulse positions
of the seclFecd BHIse; hossibl e pul se positions with the correlation signal

s ' I Lt i db , d ds.
(o~ acsi oni 19 1 ngCRREREHE PHeE PoRforR BT s PREpURGIFE tht Few T atE o6 Ui

second set of possible pulse positions in accordance with the predetermined search

criteria;

ds testing all the pulse positions in the third track in combination with each of the
pulse positions in the second track for assigning the pulse positions to the third pulse
and the fourth pulse of the first set of possible pulse positions; and

d6.  determining the pulse positions of the third pulse and the fourth pulse of the
second set of possible pulse positions in accordance with the predetermined search

criteria.

14, The method in accordance with claim 13, further comprising the steps:

d7.  comparing correlation signal values of each pulse positions of the second set of
possible pulse positions with the correlation signal values of each corresponding pulse
positions incremented by one; and

d8.  re-assigning the pulse position to the corresponding pulse position of the
second set of possible pulse positions and setting the shift bit of the pulse position to

one, if the correlation signal value of the corresponding pulse position is higher.

15. A method for performing a fixed codebook search of a codebook of a first codec,
for forming an optimum codevector in accordance with a predetermined search criteria,

the optimum codevector comprising a plurality of pulses, each pulse assignable to a




second set of possible pulse positions and setting the shift bit of the

pul se position to one, if the correlation signal value of the

correspondi ng pul se position is higher. 15. A method for performng a fixed
codebook search of a codebook of a fi rsé codec, for formng an optinum
codevector in accordance with a predete i ned search criteri a, the optinmm
codevector conprising a plurality of pul ses, each pul se assignable to a 35
predet er m pesiefpuingredpodsetposition fin theeoptphumuovdeadey and eachapudseckavingpuitsf

having a shift bit for indicatin n odd position; the nethod conprising
the steps: afowdwang@@d;bpqsﬁmgmn@hodh@npmsamthewge conpri si ng a
plurality of trac tra rising ae{)lurallt

f
posi tions; %b. pé’FQVl‘#lP%ﬂ%erd?l??@ 6’5@%@@8@?&@ pEising 3 i) 1F3f Sggg b and a
second sub_ kcorg gggﬁlzgen%%fe e% querg%sg%oﬁ%fl rst search for determning a

first possi e se 0S| opti mum codevector; d.
perform ngpa Se%’%ﬂloﬁﬁérﬁi@ Jpﬁimﬂ?fc%éve%f‘%ta SERORHLRP 2R B &cSid s%set

positions of e optinmum codevector; and e. formng the optinm

codevect or eadkbsubddte net hod in accor dance with claim 15, wherein the nethod
may further be wused to search for another optinmum codevector of a codebook
of a second. codgerfoiming arirstorearch dogdeernninipg adirst prssiblel et of palseepdsibnisn
accordance wi.ith claim 16, wherein the nethod nay be inplenentable on a
processor PgF eOPHEWM £od5VEsOth the first codec and the second codec. 18. The

Cl - assi gniing. a PBRCRANE ¢ eGpa ST aLior BFrREe 4 SpopSSH DR SeLe: POTOSRI Co
positions tﬁee%’?ﬁg{é%}régi&e&& tdﬁ(g plurality of tracks of the codebook of the

first codec f I Ng; determ ning two nmaxi mum pul se positions in

one of theefracksmifsihedphhfn &dettor.

16.  The method in accordance with claim 15, wherein the method may further be
used to search for another optimum codevector of a codebook of a second codec with

minor changes in parameters.

17.  The method in accordance with claim 16, wherein the method may be

implementable on a processor for supporting both the first codec and the second codec.

18.  The method in accordance with claim 15, wherein step ¢. comprises the steps:
cl. assigning a plurality of pulses of the first possible set of pulse positions
respectively to the plurality of tracks of the codebook of the first codec for searching;
c2. determining two maximum pulse positions in one of the tracks assignable to the
one of the pulses of the first subset;

c3. testing all the pulse positions in a successive track in combination with each of
the two maximum pulse positions in the one of the tracks for one maximum pulse
assignable to another pulse of the first subset;

c4. determining the pulse positions of the first subset of the first set of possible

pulse positions in accordance with the predetermined search criteria;




one of the pulses of the first subset; c¢3. testing all the pul se positions
in a successive track in conbination with each of the tw maxi num pul se
positions in the one of the tracks for one maxi num pul se assignable to
anot her pul se of the first subset; c4. giternining t he pul se positions of
the first subset of the first set of possible pulse positions in
accordance with the predeterm ned search criteria; 36 c5 testing all the
pul se posi cbons téstingrabitthe pulsel positions &1 dnodiede suocessimbitnack i nombinhtiorewath of

t he pul se positions in yet another successive track for assigning the pulse
posi tions teach pltheepdsriPasitigrs ibiyet prother syccessiveoragkofasi aspignipg|the pulse
positions; and c6, determ,.ni t | se positions of the secand subset of
Phe fira: Sapiiges iodBE sl Spitsal Gediferen M bBrd Farmsd a0 he

predet er m ngd SRt e e piSrioff1st (E L84 InAF CPIARSE s dithosligle™ 18.
further conprising he eﬁ%. &7 conparing correlation signal values of

each pul se paRgpbiAOSs AfactdiBarce hth tE bredbterRRSS s&dkéh Ritb£ POSitions with the
correlation signal values of each correspondi ng pul se positions

i ncrenented by one; and c8. re-assigning the pulse position to the
correspondi ng pul se position of the first set of possible pulse positions
and setti nd9t he Tdhintatha in ageordanse prithsdaipoll, firdher romprising the stephie correl ati on

signal valug of the correspondin ul.se position is higher, 20, The nethod
in accor daﬁ?e WICPHPRg ‘Fﬁr@?@tlomé%%éﬁo ﬁal\‘:‘??egfs‘faéé HS‘?SCWH@e@ thpdirsigged - g
erformn N 1tion. Lical, shif.t of assignnents of | s of the
Pecond " podr e BuleBRbh? Lt Be bRl shed ao PRSP ERRRoBr Topdlk 350 ! he

codebook Q?yp&iﬁ@nsfih&%hlen&-ﬁ GnkO4ngsear ching; d2. determ ning two maxi mum
pul se positions in one of fThe tracks assignable to the one of the pul ses

of the firgB. subsgdsigning the pulse position to the corresponding pulse position of the first
set of possible pulse positions and setting the shift bit of the pulse position to one, if

the correlation signal value of the corresponding pulse position is higher.

20.  The method in accordance with claim 15, wherein the step d. comprises the
steps:

dl.  performing a single position cyclical shift of assignments of pulses of the second
possible set of pulse positions to the plurality of tracks of the codebook of the first
codec for searching;

d2.  determining two maximum pulse positions in one of the tracks assignable to the
one of the pulses of the first subset;

d3.  testing all the pulse positions in a successive track in combination with each of
the two maximum pulse positions in the one of the tracks for one maximum pulse
assignable to another pulse of the first subset;

d4.  determining the pulse positions of the first subset of the second set of possible
pulse positions in accordance with the predetermined search criteria;

c5 testing all the pulse positions in another successive track in combination with
each of the pulse positions in yet another successive track for assigning the pulse

positions to the second subset of the second set of possible pulse positions; and




d3. testing all the pulse positions in a successive track in conbination
with each of the two maxi mum pul se positions in the one of the tracks for
one maxi mum pul se assignable to another pulse of the first subset; d4.
determ ning the pul se positions of the first subset of the second set of
possi ble pulse positions in accordance’ i th the predet er mi ned search
criteria; c5 testing all the pulse positions in another successive track in
conbi nat i or6w t ldetempiningothet fidse pbsiionO Dif ttherscond Yidketasd theesecdnd ces sifve
track for assigning the pulse positions to the second subset of the second
set of pos @DSﬂﬂge pulse pogiidesistin eecordanee with thépredesemminedsaarcht driderppul se posi ti ons
of the second subset of the second set of possible pulse positions in
accordance with the predeterm ned search criteria. 21. The nmethod in
accordance with.elaim 20 further c¢ r.i si he steps: VY. conparing
correlatiO%Tgigggf%%%(ﬁgga'#né gﬁVVﬁﬂggnﬁ%gﬁpﬁﬁﬁgm’ ”?W%E%Q%Qﬁd set of
possi bl e pubse i+ b B b i I :val

correspond?zg psﬁgg&h%§§P%?§§%E?ﬁ%ﬁ@%%ﬁ%ﬂ%kggmgﬁg?§%ﬁ§§33?§?§¥g§§%gﬁ¥ng t he
pul se posi posyible Pulsd PosiconiL SMBNEE RErreleti G sip@s ValueoPéach kBrrespaiding paRt Of
possi bl e pul se positions and setting the shift bit of the pulse position to
one, if theosibonssheareimentedibyroak; andl ue of the correspondi ng pul se position is
hi gher. 22. A system for supporting fixed codebook searches for

G 723. 1( 5. SkbpsYe-asigring thepulser position Gaethef enrraspendingy palseopesiiematodevect or

o o eSSt e SR TSRS TGS o e SRl RGeS o
| se. . . PR ‘noth

Opt i mum ¢ AEb BE SARaRABRTL Rl LB o EGE pu R b BPR LR, T 1 g°

functions and cal cul ations for encoding and decodi ng of received

communi cation signals and a co-processor for performng the fixed codebook
searches f@2. GA733tehf For3stippsitingofbed codebook searches for G.723.1(5.3Kbps) codec

and G.729A codec for forming an optimum codevector in accordance with a
predetermined search criteria, the optimum codevector comprising a first pulse, a
second pulse, a third pulse and a fourth pulse, each pulse assignable to a predetermined
pulse position in the optimum, the system comprising:
a DSP for performing and coordinating functions and calculations for encoding and
decoding of received communication signals and
a co-processor for performing the fixed codebook searches for G.723.1(5.3Kbps) codec
and G.729A codec;

wherein the G.723.1(5.3Kbps) codec is searched with the following steps:
a. providing the codebook of G.723.1(5.3Kbps) codec comprising a first track, a
second track, a third track and a fourth track, each track comprising eight predetermined
even pulse positions;
b. partitioning the optimum codevector into a first subset comprising the first
pulse and the second pulse, and a second subset comprising the third pulse and the
fourth pulse;
C. performing a first search for determining a first possible set of pulse positions

of the optimum codevector;



and G 729A codec; wherein the G 723.1(5. 3Kbps) codec is searched with the
follow ng steps: a. providing the codebook of G 723. 1(5. 3Kbps) codec
conprising a first track, a second track, a third track and a fourth
track, each track conprising eight predg§errri ned even pul se positions; b.
partitioning the optinmm codevector into’a first subset conprising the
first pulse and the second pul se, and a second subset conprising the third
pul se and tde fpetfotrhingalssendsearplefdrdetermming 4 sacend pasaibiasef of pabitiesnofni ng a
first possible set of pulse positions of the opti num codevector; 38 d.
per f or ni ng the QRtEBHY cadsyieetr;fABA det ermi ning a second possi bl e set of
positions of the apti,num.codevector; and e. form ng the optinum

codevect or . 23. E}?W@B%%W‘Wﬁ gd%nce with claim22, wherein a codec
flag is used to indicate to the co-processor which codec is used. 24. The
systemin accordance with claim 22, wherein re-configurable paraneters are
confi gur ed 23ccordhieRgstéA ih A& oFRAESWHE BRim 22, wHdSin 2DH& Mdghis FREP T RAREEW T N
claim 23, wherein sub frane length for a third and fourth track of a
codebook ofto tHe. coABoddsSor3Miipls fodwodeaseds set to sixty two. 26. The systemin
accordance with claim 22, wherein a pitch estimator, a Formant Perceptual
Wei ghing filter and a Harnoni ¢ Noi se Shapi ng nodul e may be inplenented on

t he co-processor_for sinultaneous ocessing. with the DSP functions.
P Cﬁ The system in accordance w%[l c a(lam 22, vgvhere{n re-configurable parameters are

configured according to the codec used.

25.  The system in accordance with claim 23, wherein sub frame length for a third

and fourth track of a codebook of G.723.1(5.3Kbps) codec is set to sixty two.

26.  The system in accordance with claim 22, wherein a pitch estimator, a Formant
Perceptual Weighing filter and a Harmonic Noise Shaping module may be implemented

on the co-processor for simultaneous processing with the DSP functions.




