1 A SYSTEM AND METHOD FOR SUPPORTI NG DUAL SPEECH CODECS Field 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 codecs by nodifying 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 appl,i j.ons like DSVD and Vol P. Cenerally these codecs are
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codecs take different processing tines depending on their conplexities as
wel | as processor speeds. [0003] é@@ﬁ@sand G 729A are speech codecs that
are wdely used in various applications. These are conpl ex codecs and
usual |y take | arge anbunts of processing tinme and nenory of the processor.
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solutions. 2 [0005] A functional block diagramof a typical ACELP encoder

i s shown in Fb@mbn hardware implementation on for example a co-processor.

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 VoIP 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] Inplenenting these three nmajor bl ocks on a co-processor
woul d advant ageously free up on the %cessi ng capacity of the DSP for
ot her conputations and functions. Ho er, the disparity between the

di fferent speech codecs disadvantageously requires that the varied
functions to K80HeArfgnetiomabblodadingranndfectyprai AQFEPencedtr dnslmven mcfiér At e

CO- processor. ?.Elavi ng nul tiple codec conpatibility would mean having
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processing power and nenory of the DSP to be used for supporting multiple

channel s and others application specific nodules. [0008] Fixed codebook

searches in QoUGH)Almyslementing’ Dagseh-thice S mdibeHISA3" A" a AdIplocéhmn whiah is
wel | discussed in US Patent No. 5,701,392 by Adoul et al.  Fixed codebook
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al gorithm ThHeERPuRigns and dengtions e Hosvexeruthy digersityrdetwetnithe diffsrant speech
Recomendati o 723. 1. Dual eech der for | timedia Co nj cati ons
transmitting %td%s_ %Saéjr%(an%.g%"“ﬁ]g%?g‘,mqgl%ﬁ%‘? Vaﬁﬁ@%ﬂe{}%@d’el‘@ gaed gbgrckear ch”
and the "Depiled ibkS ch rith re disginctl ifferent.
Attenpting to fénlglteeﬁnlé‘%%lﬁ?ﬁ%gg{nt \%e ?gleg eaeec 8%@_ °§8$§°g-eaﬁgwg§ %’Fﬁilafef F%C’I%Ent
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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 distiﬁctly 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] Therefore, a need clearly exists for a
nmet hod and system for inplenenting efficient support for dual or nultiple
codecs or at |least alleviate the limtations of existing systens. Sumary
of the I nvent diferdnd@adrcs Tmldp mes eatuli v drt deited efkst b0 fipsiny ivpepcessinpod and
system supporting dual speech codecs by nodifying fixed codebook search of
one of the coRRWS orpsmory. Mstesddadditignal procossimgdupteatyould bayer ke imposedent i on
provi des, a nethod for erformng a fixed codebook search of a codebook of
G 723. 1( 5. 3KoPE P BYB ,°e$)5‘8F’ a‘ﬁ?@ﬁqﬂaﬂ&wgo ¢ fradncedrhepk ceeichesnomdwer eance

with a predet 10659 riteriaes th ti mum cqodevect or. conprising a
first pul se, @Ejggescondaggpg‘&&ght (l)rfgffﬁfﬂv gnugﬁ%ne%qs fr}?r?)ﬁf%é@,m'each pul se
assignable to a predeterm ned pul se position in the optinmm codevector and
each pul se having a shift bit for indicating an odd position; the nethod
conpri sing t heoos] €Pterefpre) i rdbMglehilp eﬁﬁmpﬁlﬁléﬂiod%nﬁzsis%ﬁf’:ﬁ?bﬂﬁﬁlem&ﬁg C
conprising a first track, a second track, a third track and a fourth track,
each track ocdfigientsiupgorti fohtlugrardetleiphs cuddcscorein 14ust slievi@sitel WARations of
partitioning the optinmm codevector into a first subset conprising the
first pul se &¥FUHASYE@BONd pul se, and a second subset conprising the third
pul se and the fourth pulse; performng a first search for determning a
first possible set of pulse positions of the optinum codevector;

perfornﬁﬂgm?m?qggﬁqn§gﬁ&ﬁh for determning a second possible set of

posi tions of the opti mumcodevector; and form ng the opti num 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, eacb1 pul se assignable to a predeterm ned
pul se position in the optimum codevector and each pulse having a shift bit
for indicating an odd position; the method conprising the steps: providing
t he codebook BP13Inkn guother aspegb dhe preperitdivegtion prioviles, a methkd far peefonmidg tar ack,

athird track.and ourth track, each track conprising eight )
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t he opti mnum codevector. [0013] "I n yet another aspect, present 1 nvention
provi des, a syslteawhfmise hayipprd shig biixed @eldabEOkn SRIAT bGod;Othe method

G 723. 1(5. 3Kbps) codec and G 729A codec for form ng an optinum codevect or

i n accor danceCORRIFIng the sps:eproviden thearodbbook rof tter fisst cofiee amhprising « fissvect or

conprising a first pul ge, second pulse, a third pulse and a fourth
pul se, each pfA%ed %ﬂ’éﬁ’é’ﬁﬁeﬂ thardytragkotnsk @ fowrthetercku pash toaski edmmising eighite
optimum the . rising: a. DSP for..performng and cqordi nating
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G 723. 1( 5. 3Kpsjpricingethe thirdspdseand té tBultuise] peMbAdng RSt fhRHI &g the
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track, a thirdgtarmining adistapéssibie rset rofighulsee pasitiorsr of ithec opimugi BOIcvbEbY
predeterm ned even, pul se positions; partitioning the

performing a second search for determining a second possible 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 fqr 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 pulsé, 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 pulse positions of the optinum codevector; perform ng a second
search for determ ning a second possi tge set of positions of the optinum
codevector; and form ng the opti num codevector. Brief Description of the
Drawi ngs [0014] A preferred enbodi nent of the present invention will now be
nore fully dedfrmenga figgtisearch fer determninipg tehrstdpassiblegset aff putbsecositicd® 1]
FIG1 illustrates a functjonal block diagramof a typical ACELP encoder;
[0016] FI G 2 11 QYpReco V?qt%@ﬁﬁéfm@g @ Speond ogarch rfop defegnigingga $eeanded
codebook se 1 c aice W-t.h the preferred embpdi nent; [0017] FIG 3
i|lustrates ;ﬁcfs g\%\%ﬁ%rfpé?ﬁ{@bs éftlbe Gy, ?ﬂ%ﬁ C%éio?‘?fiog?rf‘%‘fg HiceBPUBYL, ch of
FIG 2, [0018]¢fgelacfor | lustrates a flowchart of the step of performng a
first search of FIG 3; [0019] FIGS 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] FIG 7A illustrates an original speech
sanple of .that is_used for testing; 6 [0022] FIG 7B and FIG 7C illustrates

respect i@’é?@?%@ﬁﬁ@t@%@éha\gingﬁal s of the speech sanple in FIG 7A using
respectively the original ITUT algorithmand the algorithmof the

f d | t: .
prererre enb[%’h?EX preferred embodiment of the present invention will now be more fully

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-processor design for G 723.1; and [0026]
FIGfOB illustrates a proposed DSP and £o-processor design for G 729A.
Detail ed description of the Drawi ngs [0027] A nethod and system for

supporting dual Sp?f I} cod(fcs with a preferred enbodinent is described. In
the fol I owi ngl%98&c <§1 BoAnd &d6eiG dllustiates: ipspastiviely orecenstrueted ssignals o Bfeer r ed
art however t hat

nbodi . Ll be .aj . Killed in ,
the.pr of er f ec TESE b ABRHA A0 o USPAEFREEEH Y firouiensl EfUdeelepriGm Sxbihe of
the details ng Oﬂ@}nmpgg%gﬂ#ee%%hl glﬂgth so as not to obscure the

preferred enbodi nent. he preferted enbodi nent takes into
consideration the fixed codebook search portion in supporting two codecs
by a single co-processor. In particular, the tw codecs are G 723.1

(5. 3kbps) and[0G23]2BKG.8Gllugietes theaproe&OIMEENSR dfor IDSY AHEBHroQ4er Fsted?, One
of the inprovenents being the adoption of an iterative "Depth-fi'rst tree

sear ch" al gorsuppertingi the twg ppdceld codacst he fi xed codebook 7 search as
conpared to G 729 where "Focused Nested-| oop search” was originally
adopted. Details of G 729A inplenentations are well discussed in ITUT

Recomendat i 7 z nex A: Reduced conplexity 8 bit/s CS-ACELP _Speech
Codi ng Al gor ?@ﬁﬁl 1%%189@{&5?%6529"] ﬁﬁvu%egp lofly dingsnh, fifean  spspdes o Hdbk Tsear ch
al gorithmforgbBegh.G 723.1 and G 729A, this advantageously sinplifies the
fixed codebooﬁ seafch process such t hat

[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 search algorithm being 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 % i 9s ?S‘rﬁgﬁ%&% @75%9%%“?8%@%8%&%@6 § 'rc}}"odéésdo@ig%gr have

the desired effect o Vi ng one ok searc or both .1

and G 729A i nadoued.dabeeilsi df G.fA294r efdementattodso diamevell. diSowssedtinolA-T

G 723. 1 Fi xed _Codebook Search [00311 A codebook, in_the LP context, is an
i ndexed set ofefomREKAIAIN,Gy 2958 & Reduchd \omplexdtyy gﬁéﬁ &P-AGELR

L- di nensi onal : : ok conprises an index ~ ranging from
SB?%%I%%?OE% $9H968

1to M where repres the size of the codebook sonetinmes expressed as
a nunber of bits b: M=2n (1) [0032] An al gebraic codebook is a set of
i ndexed codevectors of which the _anplitudes and positiaons of the pul ses of

the ~ h codevE%®8k Bysdopingiesingleditedsiodsbapk ssaich algontiem iy hotyex/23:1 1k ough
a rule requir YHJR th%hvé?@é’%%b&@ sig{"pglrﬁég ?‘le ﬂ}ﬁrcgﬁafogk sea&af}%l%hgsg sﬁ)éh tha
rmte y stor q n

al gebrai ¢ codebooks ‘are not age requirene and are atl SO
desi gned for eafdinglé eotpreeadot resning 008 3hctAfiged cadébook dekctokigotithip asese a set
of codevectors vi, each defining a plurality of different positions p and
N non-zero arTBF‘?dthHB%thrfGFl%“és, each assignable to a predeterm ned valid
position p of the codevector. [0034] The conventional G 723.1 (5.3 kbps)
code book search uses a | 7bit al gebraic codebook for a fixed code

exci tation v[ rdozojEadddifyingethe fxdé codébook comtiRalz®rithith of 0S123.1 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° )

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

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




four non-zero pul ses. The four pul ses can assune the signs and positions as
shown in Table. 1. [0035] Pulse Nunmber Track Sign Positions 0 To So: 1
no: O, 8, 16, 24, 32, 40, 48, 56 1 Tt SI: 1 m: 2, 10, 18, 26, 34, 42,
50, 58 2 T2 S2: 1 n2: 4, 12, 20, 28, 36, 44, 52, (60) 3 T3 S3: 1 nB: 6,
14, 22, 30, 38, 46, 54, (62) Table. | J0036] The codebook vector v(n) is
constructed by taking a zero vector of " di nension 60, and putting the four
unit pulses at the found locations, nultiplied wth their corresponding

si gn: v(n) =s0SEspRding igdex & thryugdesule mejuira@Shinima phpdcal . storsge. [hyreforer e 8
(0) is awunit_pulse. 9 [0037] The positions of all pulses can be

si mul t aneous| $re sizeof algebrpicaiodeliqoks arecngslimited bypsierags equirementts eid mealie one
extra bit. No&e.thg%ﬂﬁe%g.la%st osition of each of the last two pul ses
falls outsi de®PHE® FEALSEARESr y, which signifies that the pul ses are
not present. [0038] Each pul se position is encoded in 3 bits and each pul se
sign is encoded in 1 bit. This gives a total of 16 bits for the 4 pul ses.
Further, an idebi [ I §i [ .17-bi t
Codebook. 10058 TTRE RaR HARRolS cBHERNE A 38 B ebdevbiRy' be M Dokl
error bet weenplutaliey ¥Ediglat @,{Slb i _ : I

synt hesi s sper}z-:-ch gi,veng%ye;wgg_}ﬁl r-G%l&N%gu?{lon(%fg &n@&ﬂ@%@@%ﬁé&'gﬂ%& }élet ar get
vect or consi stbianeddterhtiredveilighiostlicaeetie abdetctor.

[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 Sp: £ 1 my: 0, 8, 16, 24, 32, 40, 48, 56
1 T, Sitl my: 2, 10, 18, 26, 34, 42, 50, 58
2 T, Sy +1 my: 4, 12, 20, 28, 36, 44, 52, (60)
3 Ts | Sp#l ms: 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) =50(n—my) +5,0(n~m)+ 5,6 (n—m,) + 5,8 (n— m,),n=0,...,59 ?)

Where & (0) is a unit pulse.




subtracting the zero-input response of the weighted synthesis filter and
the pitch contribution, Gis the codebook gain; vg is the al gebraic
codeword at index ~; and His a |lower triangular Toeplitz convolution
matrix with diagonal h (0) and | ower diagonals h(1),..., h(L - 1), wth
h(n) being the inpul se response of the weighted synthesis filter S, (z).
[0041] It can be shown that the opti mfn codeword is one, which maxim zes
the term C (dTv~)2 [0042] Where C, is the correlation value at index ~
and st ener gyoa87] i Tieepositiots of BIl polsescaniee simultedeatisly shified ivg @ne (toeoctepyget

vector signal, r[n], and. the inppulse response, h(n). b.= HI_H|s._the
covari ance ié@s’k‘t"ngh@'hi‘w 09%%’%1@58\?%@“ 3@3@%p0§t1%8f ¢968 of e nat ri x

4) are conput i ;&qF tor d
are conput edgﬂﬁ ng[s8§ ?All]%r&?ts‘ r E?ﬂﬁfagﬁéﬁﬁh : 5%@511%%{1%%tﬁ&n@?§gﬁg§t he
el emrents of tanenstymesnt.ic matrix 4) (i, J) are conputed by: 59
(i,j)=Eh[n-i]h[n-j],j?i;and0<_i559 (6) n=} [0043] The al gebraic structure
of the codebook allows for very fast search procedures since the
excitation veggdaay E’d&hgﬂ&%%ﬁiﬁoﬁﬁﬁ SheBdQPH ¥ BHCadWask pulsd Sign iC@RY&A inqnal

G 723.1 (5.3 kbps) code book search is performed in 4 nested | oops,

cor r espondi ndit. Thimgivepaltetal pbdb thitsrfor deet pulises. Facther, oo sxtriditdemsed tsut i on
of a new

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 [n], and the weighted synthesis speech given by:

Eg = ||r - GHw|P 3

[0040] Where r is the target vector consisting of the weighted speech after
subtracting the zero-input response of the weighted synthesis ﬁltef and the pitch
contribution, G is the codebook gain; ¢ is the algebraic codeword at index &; and
H is a lower triangular Toeplitz convolution matrix with diagonal 4 (0) and lower
diagonals A(1),..., K(L — 1), with h(n) being the impulse response of the weighted
synthesis filter S(z).

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

term:

Ce  (dv,)?
T, = = ©)
¢ VeV

[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{#], and the impulse
response, h(n). ® = HT H is the covariance matrix of the impulse response. The

vector d and the




pul se is added. The correlation in equation (4) is given by: C = aod[np] +
aidfm] + a2d[n2] + a3d[nB] (7) where nk is the position of the kth pul se
and ak is its sign (1). The energy for even pul se position codevectors in
equation (4) is given by: 3 2 3 EQQm,nl) +21 Ea,afAnn) (8 ,=0,=0

j =i+l [00441 For odd pul se position cogdevectors, the energy in equation (4)
is approximted by the energy of the gguivalent even pul se position
codevector _ obtained by shifting the odd position pulses to one sanple

ear | i er marKj$nare qumpeednypirior yiotthe codetrook seambr.eThe elentechs dfithe tviectns ddird] and
O(m, m) are nodified. The sinplification is perfornmed as follows (prior
to the cugéskbsearch). First, the signal s[j] is defined and then the
signal d[j] is constructed. s[2A=s[2]+1]=sign(d[2J]) iff[23] r f[2)+1]1 (9)
s[2j] =s[2] + 1] = sign(d[2] + ]]) Otherwise 11 [0045] The signal d is

)

further given by d[j] = d[]j j t ik 4L oS further nodified b

i ﬁcl udi ngl ;/he siygnc[all ] i nf opngﬁ)]ozl =t K;EEE{I[%?S}]EG%{ES?) :us[i 1s[i] $), | i). T%e
correlation in uati on is now.given bhy: C=d'[m] + d [nt] + d[nR] +
d' [n8] (10) a&ﬁgﬁ"rﬂsmeﬂféfog%hq%anleﬁ&a?gn@mé’}/(i,v)sargm@%québyg 2[3 ]C=EO L]
(n1,n1?+2X go (m,m) (11) ;=0 129i:+i [0046] Which is further expanded to
obtain: 8 =0 (n0, nd) 0G, /)= Y Hn—ilHn-jlj2i;and0<i<59 ()

n=j

[0043] The algebraic structure of the codebook allows for very fast search
procedures since the excitation vector ve 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 = apdlmo] + ayd[my] + oad[my] + azd[ms] )

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

e= ¢m,m) +23 Yot p(m,m,) ®)

i=0 i=0 j=itl

[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 ¢(m m;) are modified. The
simplification is performed as follows (prior to the codebook search). First, the

signal s[/] is defined and then the signal &[/] is constructed.

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

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




+0(m, m)+20(m0, n) +O (n2, m2) +2[[' (D, n2) +0(munR)] (12) +Q(nB, nB) +
2[0'(m, nmB) + O(ni, nB)+knR, nB)] [0047] In conventional G 723.1 (5.3
kbps), where there are four pulses divided into four tracks, each pul se
position corresponds to one track. Each track having eight possible pulse
positions. In "exhaustive nested-I|oop" ?earch approach, there are then
four nested | oops. "Focused nested | oop"search” is used to further sinplify
the search procedure. A predeterm ned threshold is tested before entering
the last | ooff048indhe Isignhlod s ifertlamtgivencbyodi[)] = W[ f]s{ils . Thé mesrbotidisi farther
exceeded. The maxi mum nunber of times the |oop can be entered is fixed so
that a | ower Pwdtedtbygimclyingibe signakidorimationsthat iheB((i, Nhi s[ANASEhHI Thei s
conput ed based oq t he correlation C as gi ven in equation (10). The maxi num
“absol ut e cor r EPERN 18LguatiR () ismeyegivemby:el ati on due to the contribution
of the first three pulses, maxi and av3, are found prior to the codebook
search. The threshgld is given by: thr3 = av3 + (maxi - av3) / 2 (13) 12
[0048] The fourth Fodpdilgradm of &tiloml ¢’ 2] thed Edol ute correl ati@® (due to
three pulses) exceeds thr3. Note that this results in a variable

conpl exity seangkhe eher M@h@ﬁ{onc(gy%rgg}mt e search, the nunber of tinmes the
| ast I oop is entered or the 4 su frames) is not allowed to exceed 600.
(The average worsi case per subfranme is 150 times. This can be viewed as
sear chi ng onl yeigq»'((nﬁ,mi) Shy'(Aem, pf the codebook, ignori ng e
overhead of the fisorst three fogops.). But in the case of exhaustl\)e nest ed
-l oop search 84 = 4096 possi ble pul se positions are searched. Conventi onal
G 729 Fi xed Codebook Search [0049] In G 729, the fixed codebook is based on

an al gebrai c o4k bWichsts tehdl bparldedl Botin! Nt er | eaved Singl e- Pul se
Permutation (1SPP) design. In tlr)ﬂ s codebook, each

£ =¢ (my,my,)

+ ' (my,m;) + 29 (m,, m)

+¢'(m,,m,) +2[¢'(m0,m2)+¢'(m1,m2)]

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

(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 av,, are found

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

thry = avz + (max3 — av3)/2 (13)




codebook vector contains four non-zero pul ses. Each pul se can have either
the anplitfudes +1 or -1, and can assune the positions given in Table 2
where the structure of the fixed codebook is illustrated. Pul se Number
Track Sign Positions O To So: 1 no: O, 5, 10, 15, 20, 25, 30,35 1 Tr Sr:
1nm: 1, 6, 11, 16, 21, 26, 31, 36 2%8 1n2: 2, 7, 12, 17, 22, 27,
32, 37 3 T3 S3: 1 nB: 3, 8, 13, 18 28, 33, 384914 19 24 29
34, 39 Table. 2 [0050] The codebook vector v(n) is constructed by taking a
zero vector of0048]i T dowth Ayp enentpret tanhy if the dbsmlntwmxfelqmdnsetaeab thiee f ound

| ocations, nultiplied wth their corresponding sign:

v(n) =sob(n- nnpulgeSb@ﬁc% a3 sPtenthyat dhis (ieswfs) imaovariable wn(piegty sweheTo(0) is
a unit pul se. 51&“@? fixe odebook |s searched by m nim zing the

mean- squar ed e‘-‘ﬁalic etDGEuBIveRef timesthe @pblééhlsrmreéfféfﬂlﬁé sHei ght ed

ltr ﬁgc’rgtggycg i ﬁ?% ndf3ughe ﬁ”@'%s%ﬁ%ﬁﬁt@ﬁnﬁ&?%sexTaﬁf R et HblF 6)1Slng
correl at ?gggaﬁm% (s -can b owclofs, oGl oy 0150 1 8O, 0O bty of e ven
by: 39 (i, ])codebodk] ri%xiorink S rbvegielid df ﬁ?r st eéth'.é rp%(f’%u(t 1R) the %s% Q$52]

The correlation signa I's obtal ned e sl gna and the
exhaustive nested —loop search 8* = 4096 possible pulse positions are searched.

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 So:t1 my: 0, 5, 10, 15, 20, 25, 30, 35
IE T, Sp+1 my: 1,6, 11, 16, 21, 26, 31, 36
2 T, S+l my: 2,7,12,17,22,27, 32,37
3 T; S;:t1 mjs: 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:




i mpul se response h(n) by: 39 d (j) _ 1 r[n].h[n - j],0 s j :s 39 (16) nj
If vt is the ith fixed-codebook vector, then the codebook is search by
maximzing the term 39 C2 ( d(n)vg(n))2 a=" (17) vOv~ [0053] The signal
d(n) and the matrix 4) are conputed before the codebook search. Note that
only the elenents actually needed are conputed and an efficient storage
procedure has been designed to speed Ud the search procedure. 14 [0054]
The al gebraic structure of the codebook allows for a fast search procedure
since the COd@bﬁ)OJ(so‘éQﬂt-Qﬁo)\Hsl&(Wu ﬁi)nlsszﬁ(uzynf Puls, S1RR-M Y[ H= 0y 3¢S. T@q)
correlation in the nunerator of Equation (f?) tor a gl ven vector vt is
given by: C = aod[nol + atd[m] + a2d[n2] + a3d[nB] (18) where m is the

posi tion of tehdré B saniapdlseal is its anplitude. The energy in the
denom nator of Equation (17) is given by: 3 2 3 Efjo(nfrn) +2X

(he. pul'se. amdyv bt HXE0 ool dediyhol iCmBliRahd nd HiaRRLER BHRFECLLE,
i s done by séictwenp thheveagitbd inpbe spdech r(n)lané tlad waighted reconstructed speech as
given in equation (3). The matrix H is defined as the lower triangular Toepliz
convolution matrix with diagonal A(0) and lower diagonal A(1),...,4(39). The
matrix @ = HH contains the correlations of /(n), and the elements of this

symmetric matrix are given by:

39
oG, j)= zh[n —il.h[n- jlj= i: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(j) = zr[n].h[n -j1,0=j=39(16)

n=j

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

- (2 d(nyv, (n))’

T
Ee VeV,

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.




certain position equal to the sign of d(n) at the position. Before the
codebook search, the follow ng steps are done. First, the signal d(n) is
deconposed into two parts: its absolute value Id(n)) and its sign "sign
[d(n)]". Second, the matrix $ is nodified by including the sign
information; that is, O (i, j) = sign &I&i (i)lsign[d(j)}qi, j), i =

o,..., 39) =i +1,..., 39 (20) The nmai n“di agonal elenents of 4) are scal ed
to renove the factor 2 in Equation (19) ('(i, i) = 0.50" (i, i), i =
0, , 39 (21) [0053je Thonigebraici struciune Bf that d:dmbcﬁoki’éllokxs foow fadt sesrch rocedure

C—I d(rm) l+ld(md )l +ld(n2)|l +ld(nt3)l (22) and the energy in Equation (19)
is given by: $nee thgcedebook WCtOWg)GQntamS ($11X fiour mop-z¢@3)ulsds=Phe carr¢lationl in[ 0056]
It is further expanded tQ obtain. E= mo, n0) +Q(m , nl) +0(nMO, M  +

(2, n2) +0( no, We)ml@e{qwrQ#?d%quetm(m@r@ra;vmem(nﬂswmbm (m, n8) +0(n2, nB) 15
[ 0057] A focused search approach is used to further si rrpllfy t he search
rocedure. In this a Qa rec t hres I ested b

gnt ering the |ast |OOBF& wd?’ﬁ@ %o‘g’gﬂﬁhéf %‘ﬂ af]q' %d[{sq@ this th?i@hol dis
exceeded. The H&% 4l r ed so
that a | ow pe(g‘f;ma yel:gigg;w &até)ngégt?sheﬂfimgeh se‘%ﬁgﬁg%gp ﬁ'ﬁl rﬁh% 9,% I!sh)é

conput ed base he °cof ' maxi mrum absol ute correl ation and
the average correlation due to the contribution of the first three pul ses,

maxi and av3, are fou bef ore t iodebook search. The threshold is
¢(m;,m;) +2 a0 ¢(m;,m,) (19)
=0 =0 j=i+l

[0055] To simplify the search procedure, the pulse amplitudes are predetermined
by quantizing the signal d(r). 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(r)| and its sign “sign [d(n)]”. Second, the matrix ¢ is

modified by including the sign information; that is,

¢'G, j) = signld D]sign[d (N1, j),i=0,...,39] = i +1,...39 (20)

The main—diagonal elements of ® are scaled to remove the factor 2 in Equation (19)
¢'(,1)=0.5¢(i,i),i=0,...39 @D
The correlation in Equation (18) is now given by:
C4 d(m0)|+|d(ml)|+|d(m2)|+|d(m3)| 22)

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

gﬁ/ 2(1" (m,,m)+22¢(m,,m ) (23)

=0 j=i+l

[0056] It is further expanded to obtain:

& 2= (my,my)

+ ¢ (m,m) + ¢ (my,my)
+¢‘(mz:mz)+¢'(mo>m2)+¢'(m1>m2) ‘
+ ¢'(m3,m3)+¢'(mo,m3)+ ¢ (m, ,m3)+¢'(m2,m3)

(24)




given by: thr3 = av3 + K3(max3 - av3) (25) '..,. [0058] The fourth loop is
entered only if the absolute correlation (due to three pul ses) exceeds
thr3i where 0 5 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

vari abl e search tine. To further contigl t he search the nunber of tinmes
the last loop is entered (for the two'subfranmes) cannot exceed a certain
maxi nrum which is set here to 180 (the average worst case per subfranme is
90 tines), thiEeSHotdbcysed sédrtleapprbadh is essdcio futierBimpliflyahe wakitidploeedud* 8
=1440, but in_exhaustive "nested-|loop search approach takes 84 *2 = 213 =
8192 posi ti on thisparpgpachpa pﬁeﬁ@mp@@detgmkoldeartestedobef@wmng"the dagt-loo, st

tree search" thm i s L& ce_of "focused search". In G729, a
- fast search pﬂﬁﬁgﬁhﬂp R 1R SUELP y Se ?SB%’ § exgeededaBhe sweinums nygbat of | n

t hat t t ested th

worst obs o ouile theitdd cBPRE LMefdS ikt 88 s GG PhiceBben OF B copebaok i 7o0A,

search criterdegrched. Efﬂestlﬁ@s%ﬁdléfegf tém Al orPRECEMRIEn OF. TH% %‘?ﬂl S

position conbinations using a Irst tree searcn approac

approach, t heabSolekciédraidtion apalthe %vérégeaco'ix‘éthfuf)ﬁ‘ﬂ'ﬁe & fheRdnir c})tu SR ﬂhen fige M
subsets of Nnpul ses. The search begins with subset 1 and proceeds wth

subsequent subzetpulses oo dind v cara fdundeesdre tet dodeboskaeall. 'Eh&ﬂﬁéshbtﬂ iks
searched at the nth level of the 16 tree. The search is repeated by
changi ng t he givabdry:i n which pul ses are assigned to the position tracks.
[0060] In this particular codebook structure the pul ses are partitioned

into two sub?}ﬁt S %M :2%&s f two Ises (Nm =2). The codebook search is
started with 2T 8 o *Bul aSSI gnnment to tracks: pul se ()i s

assigned to track T2, pulse it to track T3, pulse i2 to track To, pulse i3
to track T1.

[0058] The fourth loop is entered only if the absolute correlation (due to three
pulses) exceeds thr;, where 0 < K3 < 1. The value of K; 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
Nm pulses. The search begins with subset 1 and proceeds with subsequent subsets

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




[ 0061] The search starts with determ ning the pul se positions (io, i1l) by
testing a predeterm ned search criteria for 2x8 =16 position conbinations,
i.e. the positions at two nmaxima of Id (n)l in track T2 are tested in
conbination with the eight positions in track T3. Once the positions (io,
ii) are found, the search proceeds to determne the positions (i2, i3) by
testing the search criteria for the 8x¥ = 64 position conbination in
tracks To and T. The procedure is repeated by cyclically shifting the

pul se assi gnmeed. The sedreh i Apksted bYadhahding M4l i8eriiA viASAL K T3,
pulse ii to track To, pul s?%i Zet optracéngrl, pulrse‘)i&Bd?%ﬂ%%;%ﬂagrs%&arﬁgn t he

whol e pr ocedibe@ositiondpeks.ed twi ce 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. 0% of, t he npl exity reduction in the coder part is
attributed tdoﬁ%guﬁ‘i’e%“apﬁ‘gﬁﬁ‘lﬁ Eo‘i‘%@@l‘éégkcwé‘ieﬁ)ecwlsﬁhﬂg padttioned tintd &xpense

of slight de IO _i der performnce. abo 0,2 B. drops in

si gnal -t o- no?srélggerq%t(%_?g@yo PB@%SZ o E‘g?p Ihgé?og%’QP{‘ S ﬁfS@rFFél pithdbe o,
it and i2, ar i L i . while t.he positiop of . i3 IS
encoded with @iuﬁgﬁg%&ggﬁhgﬁlﬁg@ tgﬁﬁal%lﬁ%'%gsﬁ o naésd%réeg tov\ﬁrqck ?2, l?luls.e e s
gives a tot altraek I;Jplhketz?téﬁécl&hgpﬁlsswtﬁﬁackw. defining s = 1 if the sign
is positive and s = 0 if the sign is negative, the sign codeword is
obtained from S = so + 2st + 4s2 + 8s3 (25) and the fixed-codebook
codeword is obtained from 17 C = (no/5) + 8(m 115) +. 64(nk/5) +
512(2(nB/5) 40961) Theesearchystartsj with doterminiy the pulle. posit®8s (and) by=tedtirigf a nB8 =

4,9...,39. [006 Focus negt ed Jo g search" algorithmis currently used for
convent i onal P* ege??.‘ SRerce crtadgr 2 oko pesifiem sembiationspi.e-the pesitionse

search” al goig} 4R BaRimaPSE N GHf ECRLY 2589 L0 G Fobination with the eight
positions in track 73. Once the positions (iy, 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 T;. The procedure is repeated by cyclically

~ shifting the pulse assignment to the tracks; that is, pulse 7, is assigned to track T3,
pulse i; to track Ty, pulse i, to track Tj, pulse i; to track T,. Then the whole
procedure is repeated twice by replacing track T3 by T, since the fourth can be
placed in either T3 or T;. 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 #, 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 + 45y + 8s3 25)

and the fixed-codebook codeword is obtained from:




[ 0064] By adopting a single fixed codebook search al gorithmfor both

G 723.1 and G 729A, this advantageously sinplifies the fixed codebook
search process such that a single co-processor running one such fixed
codebook search algorithm may be used for both codecs. [0065] Modifying
the fi xed codebook search algorithmof G 723.1 to be simlar to that of
G 729A woul d advant ageously result in &7si ngl e fi xed codebook search

al gorithm bei ng used for both these codecs. The present preferred

enbodi ment  pr@Opo$es/Sh 8w &)72364meSYlebasiR(%eAFCh A) gorit hm ized on
"Depth-first tree search” thus having the desired effect of one fixed
codebook searwheregr =0df in; €3783,38, amtya =Q T29A 4,0e)39pr oposed G 723.1 Fi xed
Codebook Search [0066] A "depth first search algorithni has previously al so
been proposed for G 723.1 (5. 3Kbps) Codebook search by Huijuan Cui, Kun

Tang and Tai yjoo&3jeRgcusi mestédAlidipOscatche SpGRBAN is éulrehy Bell Rk ecoldiértion®@di a
Commruni cation”, International Conference on Comrunci ati on Technol ogy, | CCT
1998, Vol . 1, GPRgdsamuG.- B coddtriok sparhessudl $depthefiet érde Geatelioalgorithar kds

i nvolves the follow n steps; a. Search first two pulses in full range. b.
Search | ast togsnsursady psedior 6.7294ge after the first two pul ses are fixed
in stepl. 18 c. Re-search the first two pulses after the last two pul ses
are fixed in step2. d. Re-search the last two pulses after the first two

pul ses are fi [ I Qve ,appraac in.e tep, two
pul ses are se%gc eﬁy?ﬁ%& %nggl%g%eggw‘%ﬁgﬁ%%@ @E%ﬁﬁ‘?gbﬁb?mpggg? glaélapul se
posi ti on conb@rabaoss advahgsivklyesidplifiethe HRE &B%&Q&H?E&%E%\%Htwe
preferred enbodi nent, where in éach step two pul ses are searched in only
two tracks aresingie cosprdoghdor nmnge. ondsuchified dodebRRRERECAIzGithinhRay be used

for both codecs.

[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 G.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 step1.




present invention, involves |ess nunber of possible pul se positions being
searched as conpared to the disclosure by Huijian Cui et al. The details
of the proposed codebook search of the preferred enbodi nent for G 723.1
(5.3kbps) is further discussed. (0068] The simlarities and differences
between G 723.1 and G 729A speech codeig fi xed codebook searches are shown
below. There are a few fixed paraneters®for both speech codecs: ~ Nunber
of pulses (N): 4 (in both speech codecs) ™ Nunber of sanples per Subfrane:
40/ 60 (G 729A/ GE72Be-sqarchthgyfisgt éwo pplsey aftar she last gwo pulbrstare Exeddn btepddecs) 7

Nunber of pul sedpoRéké¢h ihe 1286 puleskiteSthEis ET %F&ﬂ%( . Step
for both speech codecs : 5/8(G 72%A/G7§3. 1)'??18‘8% I§aEurt eéra(r}rgrglg?ﬁthe

initial pulse positions for both speech codecs are different. For G 723.1
it is (io =0,[00672In the alove sppsjachrid choh step,7B@pulses arsseaichedih whale range2=2,

13=3). This c e seen by cqouparing Table 1 and Table 2. [00701 Referrin
to F? G 2, theoafnpﬁogfmqie@o@?{gzﬁggpﬁewblgwbxsp%ﬁ@mmmanpm-sifoSr@EfersSfé@nc h" °
I ith h for G 723. 1 Fi d Kk h..Th t hod 200 i
caor dance. o P BLORe Bl UPSHRE T BT CTPRSBFIE, ¥BHF Sufieh SEPApe: PSS gn of
correlation sj . i i ipmlar nner _as. |

conventi onal Sdlrggtj%rc%dl}g%ﬂﬁ “@3*133“&0%’8%%‘%‘3%5& (ljﬁantg ie' isgﬁf’ q%f 8%psr°%cglr ?fetlhgti on
val ues d(n) hpeswaehvedicindl@Rabss nuniber 3P PoisME bike TRSINBAS gei?%ké&cré&e

nodi fi ed 215; Main diagonal elenents of 4(n) are sc renove the

factor of 2 as cogipasd tonthedliselosare HylHuijjianADiley a2 Thdeptdilsfdfrae propRegear ch
approach to find the best fpossi bl e pul se
codebook search of the preferred embodiment for G.723.1 (5.3kbps) is further

discussed.

[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 (ip =0, i;=2, i;=4, i3=6) and for G.729A, it is (i =0, i;=1, i,=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;




posi tions, which maxim zes the search criteria; and Conpute 230 the 17-bit
codebook vector. [0071] Depth first tree search algorithmof the preferred
enbodi ment for G 723.1 (5.3kbps) is further discussed 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 FIG 3, the nethod 225 for
applying the depth first tree search i B accordance with the preferred
enbodi ment is shown. In the present codebook structure, the pulses of the
opti mum codevect or Dependirigra theasign, tioss errdiafon Wl@esai(h) bstivesiHasgt sighdd ra
second subset (M= 2), the first subset having a first pulse and a second
pul se, while the kdeohimpulbsespdnaehig] srbenddified®18nd fourth pul se (Nm = 2).
[ 0072] The net hod 635 t hen proceeds with performng a first 315 search for
det er mi ni ng a® f i r s¥apbdiagenat elementsiof finkere sealed 22hto, refroive dweficloy opdrasor ni ng
a second 320 search for determning a second possible set of pulse
positions. The tvwﬁ“@ﬂ%%qﬂﬂgg¥“ﬂkﬁre each search conprises of two phases A

and B.- For each se , l.garithmfl ow shaul d b s, fol | ows: earch 1
and Phase A a'CSear%él‘ﬁP 23#3(?%@@505?% RS aRPr?aglhao ﬁﬁié@e hest Pgﬁ\gﬁ‘éﬂ?ugeand
Phase B [0073] Sta;f( ith3§, WEAER BAUMIS @sa&xwea‘%g}{}ité@eafl&" | ow ng_pul se .
assignnent to tracks: pulse 10 1s assigne 0 ird track T2, pulse it to

fourth track o3, pOripute230@hd 17-8it coddtRek v&Qer. PUl s€ i3 to second track Ti.
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 and Phase A determning the pulse positions (io, ii) by
testing [0071] Depth first tree search algorithm of the preferred embodiment for G.723.1
(5.3kbps) is further discussed in detail. Table 1 shows the ACELP codebook for
- 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 Ty, pulse i3 to second track T7.




the search criteria for 2x8 =16 position conbinations, i.e. the positions
at two nmaxima of Id (n)l in track T2 including even and odd i ndexed pul se
positions and tested in conbination with the eight positions in track T3

i ncludi ng odd and even indexed pulse positions. In this manner (io, ij) is
found. [0076] The step 315 starts with_the determ ning 410 of the two

maxi mum pul se positions in the third 29 ack assi gnable to the first pul se
io. Next, the step of testing 415 all the pulses in the fourth track in
conbination with each of the two maxi nrum pul se positions in the third
track for one maxi mum pul se assignable to the second pulse il. The pul se
posi tions (i ol0074])Referringhto fFIGsd, $et stp pdspirfirminpuitise fisisistardnS18r for t hen
determ ned 420 in acco d?nce wi th the predeterm ned search criteria. [0077]
In search 1 afdCIPHARE tée, 1¥h @ossible sef of pybseagsitions Wehewni ne t he positions
(12, 13) by testing the search criteria for the 8x8 = 64 position
conbination in tracks To and Tl including odd and even indexed pul se
positions. T est | 5 a t he pul s ositions in, the second
track in combina ielglnéé\if‘\fc hlsé%dggh%% ‘Af’h(ieeke ¥ d%‘ﬁ“fef)]i’)‘?‘féuqnﬁqfohﬁy Py 1EYDE) ack
for assigni nghthe s i 19, QNS : t i a 0 pul se
of the first set %r?hlp?glgasr?glﬁg 2p))(gl sle6t B%%?ﬁ octr?&sl{bglsaay %g'ebg]rgef 8%’%‘2‘3{(5 %téao

det er mi ni ng 48#&imh of fe(irseagko$) inchidingOdveh had tdadr ladxell pRIsRPbsitioas faaur t h
pul se of the first set of possible pulse positions in accordance with the
pr edet er nmi nedesfediin hombinatien withi the etghhppstiémr inetack] DO#SudiBg, oddrardnéven manner
(i2, 13) are.f ung apd this gives a total of (16 +64 =80) possible pulse
posi tions corfﬂﬁ?er’i‘é iPYise PeFiEions dp tiwmanner (iof QOF Mundowever, for better -
performance, the correlation signal values of each pulse positions of the
first set of possible pulse positions are conpared at both even and odd

i ndexed pul s I FHeO. i V, e l.s: hig s then sel ected and re-
assi gned as ﬁ?l@%%uil‘ﬁseeﬁé%gi\i\?isgér%.% ﬁth}iﬁéeldgﬁldmln"ge‘?@éo%%rere B i i) BHIQF val ue
i's higher,  positions in the third track assignable to the first pulse 7. 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 #;. The pulse positions (iy, #;) 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 T
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.




the "shift bit" value is further set at 1; otherwse if the even
correlation signal value is higher, it is set at 0. 100801 The al gorithm
is showmn below. if (dn[i] > dn[i+1]) // where i is even index { shift =0;
} else { shift =1; } [0081] Referring to FIG5, search 2, which is the
step of perform ng 320 the second seapth for determ ning the second set
possi bl e set of pulse positions, starts with the step of performng 510 a
cyclical shift of the pulse assignnent to the tracks; that is, pulse tois
assigned to track T3, pulse ii to track To, pulse i2 to track T1, pulse i3
to track T2. [§od98Eowerers ﬁﬁrhétteﬁperﬁhlﬁﬁﬁce%heaco&ierﬁhbﬁElgnﬁlo&faﬁiﬂsroéeiléh pubyeeat ed
to find the second possible set ul se positions. The step 320 then
proceeds with p?ﬂHB%St @ﬁh‘éﬁrst dek %ﬂmsmb%gp@a%pqsmmw ?fml?aﬁ%’rﬁtdlﬂ% 8Vt i ons

in the fourt hlofiﬂ $exBF PuBIGRE; ohg) Whhcﬂ}e(/%lr %llﬁep W ﬁ%hér cris, thgfgeleétgda taﬁ& ¢p of

testing 520 a pulses I'n rac each of

the two maxi mussignet a€ tHeqsildel ppRBionn If the odatideRed é@ﬁd{atfdﬁrmgrtaneamwsl}f@m pul se
assignable to the second pulse il. The pul se p05|t| ons (i10,1!') 22 for the

first set of Hisshil it pralucts fudheriseat 1aptherhisnifdbe evomicomelation signalaehisr dance

with the pred r¢h criteria. [0083] In search 2 Phase B, the
search proceedgtlﬁég@ &?gs?ﬁ‘lﬁrgg the positions (12, i3) by testing the search
criteria for the 8x8 = 64 position conbination in tracks T3 and

[0080] The algorithm is shown below:

if (dn[i] > dn[i+1]) // where i is even index

{
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 Tp, 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 i. 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, 7;)




To including odd and even i ndexed pul se positions. The step of testing 530
all the pulse positions in the third track in conbination with each of the
pul se positions in the second track for assigning the pul se positions to
the third pulse and the fourth pulse of the second set of possible pul se
positions is thus performed. The determ ning 535 of the pul se positions of
the third pul se and the fourth pulse 0d2the first set of possible pul se
positions in accordance with the predeterm ned search criteria is then

performed. [ORBHe Fek sbest %i‘ssib% pEIEEBBGARond B8 (RG] B&LALAQINSS FNRborMAHes of
each pul se positions of the second set of possible pulse positions are

agai n conpar ewlitlathelppedetausmedosedrchecitbriandexed pul se positions. Thus in total

(64+16=80)* 2 = 160 position conbinations are searched in the preferred

enbodi ment as conpared to, approxinmtely 2000 positions searched in
search. This is about 8% of the

original ITUT G 7 3.1Fix§gag%gebook ‘ : € ot

origi nal | TU-[§083] Angearch2 Bhpsedt dhg sparcdeprogseds to de®Bningtee positéans e isecond
ts of ibl | it furth d. T |

Sost 1 ona_rr i Eri R s rEBR R R LD 6% Boutih comBUpGer migas ot ar e

th | ect , i L LoSL N it val t 7o bit

S L . LT S e R P

G 723.1. Thi #1id8s dege 9sird €058 b Ribldativn \Wifhl t t he
change in al glglrl%é?jr?rsn f0086] Usi ng ttﬁke)mﬁbgaﬁgﬁ\o%?ﬁaﬁggfo?lgfﬂﬁep gﬁ)ﬁ% I ment,

there is up tthe §&&¥%nd tracufolriassigring thermil@xpdsiticdls t6.the thidd plsSakdbds)foaltebr ai c
codebook search. 23 Validation Results [0087] Results for the new fixed
codebook searftisef of t megond 66, 8Kk nosjiblef pulse positeher isethue nixofbirmedt The e

shown in FI G 6A, FILG a FIG 6C.. Simulatigns were perfornmed for both
| TU-T ver si off SHGYERE E%aﬁﬂle “gaﬂ%lﬂﬁ%?ftbﬁ@%@%erm@d e Ephansaf ther 23

speech test G Q4 of p'(A)‘ps%)l]é &Qsesggs?t(i:ohnst ﬁséccgr th%r with the E)?ela%%mined search

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.




fromITU- T P.862 standards, where these test vectors are generated from
different sources ranging fromwonen, nen, and children as well as

di fferent | anguage speakers. OQther three test vectors are sanple test
speech vectors of about one mnute each. For these test vectors, three
types of validation tests- (PESQ MOS score, SNR and SEGSNR) are carried
out and these results are shown in FIG8. [0088] Figure 6A shows the

PESQ MOS score conparison for the algorithmof the preferred enbodi nent
and the ITUT algorithmfor 23 test vectors. It shows a 5- 8% degradation
of PESQ MOS score on the algorithmof the preferred enbodi nent as conpared
t o t he oWNahdatiah RefiksT al gorithm However, 5-8% degradation in performance
i s bal anced by nore than 50% savings on the conplexity. PESQ MOS score for
nodi fied algorithmvaries from3.4 to 3.55 for different test vectors as

dtoth iginal ITU-T algorithm (3.5 to 3.8). [0089] FIG 6B and
L R o IERACRETIE! T (s DeFOGH odBRstR ot b Chigh b gl of the |
tively for bath algorithns. for t h test tors. Th
oonr s erow bt SnReni A ntn b icton 1 PEG BB i G Smulagane: n
the al gorith i ment . t.o th i ginal, 1 TU-T
e ort Sor 1 s eRorRER S SAH 192P YBHh RRfRTRAS Slkolifhut PR pRRIRY,' [ or
testing the oghkidiabnt fol Y3 EE@éca%itt Wa@Rd Atk Eﬁ(ﬂ%{eg%h@spfxze‘%&&o@ét ehr ed

enbodi nent. FIG 7B and 24 | G 7C shows reconstru st gnals speech

sanpl e in Fl Grd IUSI-TP.86 s petitdsy @thgrd thestesOvéddrs lafd beheted GFdrh litraad t he
algorithmof the preferred enbodinment [0091] Listening tests were al so

carried out fIouregs friegieg frogpaenien; asen, vactk ohikdréry as divll es ediffesnbjlangtape Ther e

was generally no si g;&%i ca{rlé de?r adation in perceived speech quality as
conpare to t HPCREEHdAEe ueertest yestPrshare ssmpla fest spageh iveetarsopf about one

minute each. For these test vectors, three types of validation tests- (PESQ-MOS

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




the preferred enbodi nent while providing slight degradation in speech
quality, results in saving of nore than 50% of processing power over the
standard ITUT algorithm [0092] Based on these algorithm c changes in
G 723.1 codebook search algorithm it is possible to inplement a single
co- processor solution, which allows the4 supporting of codebook searches
for multiple speech codecs, which in accordance to the preferred

enbodi nent ar g; 7 9 t and
Desi gn [0093]%%ﬁgg %@ﬁ%?dg?lEga?ﬁiq%@?%%ﬁ?sé%e%%%ggg&%pfnﬁ{qgéqggl%o ebook
search is petdspedtip@lyt theC erigimabdTU-T ralgarithihiah® thé) algeeitiah gof i praérrddne
preferred enbodinent of G 723.1; it is perforned four tinmes in a frane.
Thi s does not e@b@é@rﬁl any concerns in co-processor design, as it is the
nunber of times this is called by the DSP is different. [0094] The
re-configurabl e paraneters of both speech codecs can be configured before

the start of gowopr CLRGROY tREOGRESHIBY daptiddheut BoP deffideagpeech tedt V&@ors by
coprocessor. These re-confi &%r abl e paraneters of concern are: Nunber of

pul ses (N): 4diffgiersesubisctss adpereswise gersuailyt n@mf&mrd@ghqatlonanaoﬁrcewed

(G 729A G 723 0 [ er...of in

each track: 8 eﬁl%?ht?' abogﬁn spe{gc% %Fagﬁardéllg}f\'f"%% g’/% @g nt;al

pul se positiofs peferkat bmbaa/eht mﬂeqﬁoﬁaﬁlgdslfgherde@ﬁdatﬁar mGSp%aal l]uéllityl s (io

=0, ii=2, i2=4, |f)36) and for G 729A it is (io =0, it=1, T)
results in saving of more than 50% of processing power over the standard ITU

algorithm.

[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)




[0095] In addition to the above, there is an additional reconfigurable
paraneter called SubFrLen2 for G 723.1. SubFrLen is fixed at 40 for G 729A
and 60 for G 723.1. However, when considering track T2 and track T3 of

G 723.1, to accomopdate the nmaxi mum pul se 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, pul ses s@arched 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 po<i t Nombe60of Bradks62, it will not be considered. [0096] From

t he codebook struc t.h .S % in Table 1 and Table 2, it

can be seen that. ﬂé@ﬁigopc}g%&%%ﬁ@ﬁ?ﬁc Cﬁ?%glg‘% conti nuous pul se positions

from 0-39 pul sé@s, Stehiferebath yperch cqdec3WB (6)72684262DK) st ruct ure has only even

i ndexed pul se posj,ﬁﬁg%glsg&,gmigﬁSQﬁrbcgg;ggée?ﬁigﬁgs %'dﬁ?ﬁraﬁg tions conditions
rrela

are taken care of_b mparing the co ['ation signal "Id(n)j val ues at
bot h i ndexes. Depeﬁ‘éﬁygiégéﬂ 1t i8 o S0 cloTrp da~tso70) aad'f@ﬂigﬁtwl\,vlélstﬁl)'a:psll%brrput ed,
as expl ai ned previpsazliy3)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 both codecs in accordance with the

ELZ?SP&LSZ@%W&&%@&@%&'@% E@h%ihépéa%@e%%@ﬂéfeﬁm@ﬂ@%m&%m ot
par arret or 1 o e SPEPIZRETAN L L ! SIBETRR R BT Alor B PR Bl d0ute 1o
handl e the adgdedsijndgxsderyl mfxoéons@e%:injafk [pog‘ﬁ%l a2 3g0{p t‘@_@ggﬁggok

search of G 729A, the fourth pulse 1371¢ selecte rom track track
T4. The whol eacabrgmioiists ntht hsximbar plsd Hostibh fllexT 3f 60NER., 63 REpeRIREESS | S

repeated by replacing track T3 by track T4. WWen considering this’in the
shown in Table 1, SubFrLen2 is set at 62. As such, during a codebook search of
(G732.1, pulses searched in track T, 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,




co- processor, the same codec flag nmay be used to indicate for G 729A the
repetition of the whole algorithmby replacing track T3 by track T4.

[ 0099] Whil e naintaining the decoder conpatibility with ITUT G 723.1 and

| TU T G 729A decoders, other portions of the fixed codebook search renuains
the same. The other portions of the al gorithm conprises: conputing the
sign of correlation signal d(n), nodi2¢cation of cross correl ation val ues
and conputation of the 17-bit codebook vector. [00100] Codebook search for

both speech codesd Bededdfes FRATPAUALEAReTto RdARIAHE OKRIE %@&b&@ul@@é Wt $(n)
of inpul se response h(n), and also the cross correlation value d(n) by
using target 6iA4ddl. r(n) and inpul se response h(n). These values are
conput ed before the start of codebook search. The way these val ues are
conputed is simlar for both speech codecs, except for the difference in

subfranme size ich is a reconfigurable paranmeter. [00101] Using the new
proposed al gowp?%mmsﬂ@csﬁ@wehs&c%aﬁ@d?ﬁémth@four@ M i if sl gmf j xed

debook h ingle | tation of G 723.1 and 9A. codebook
coaron on” ¢ netttls B S HDIRTRBOR seidin i 5o 608t ke T pribeRsdPg
flow for th - 0 1ing. .t t
speech_codecs et Hhed ey RplAdh L URICE B GEET " Wheh SRRRGD, % il BE30 00
£l d re- ' ; s

ag and re C@n{éﬂoawsa@hfe AHAIREEN S mQ%"is)e g%aﬁgg&df‘@a% d@?g@g rdftitib® co

27 processor 20 mainly handling aspec I xed co search. The
common  f unctefahaivhble adgorithie byaeplaciag sack 726y gack 7, - Check Codec Flag for

G 723.1 or G 729A Encoder; ii. Configure re-configurable paraneters

dependi ng on Codec Flag; iii. Conputing Co-variance $(n) and _

Cr e b R Slin 2 TR s IRS o T e
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-pro(;essor 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-




flag; v. Pulse assignnent and "depth first tree" depending on codec flag
(For G 729A, whol e range search will be repeated for track T3, and for

G 723.1, "shift" value is conputed dependi ng on even and odd i ndex val ue;
vi. Computing 17-bit codevector based on the pul se position indexes and
flags. [00102] Further referring to disclosure made by SSM M shra and A
Bal aram in "Efficient Hardware-Softwa2?® Co-design for the G 723.1
algorithmtargeted at Vol P application", |EEE International Conference in

Mul timedia a 2] 'Eﬁ{ﬁ l%li - 2 erring to
FIG 9, a det Ioge& unog'ﬁlﬁ%}ll}él(h Og%ﬂBQI %Srglr% 0 %ggfl%)%%i&%ﬁcgﬁg?&n@%hom
with certain fipétidnabtydsfaHees prodedsop0Gke: A 30 and Block B 32. Mshra et al
considered i nplenenting Block A 30 and Bl ock B 32 independently. As such,

one of the bl ocks mayi. bEhgkrCateo®thgdor G239 GL.P294Bdcqient her on the
Co- processor 20 sinmultaneously. [00103] Mshra et al disclosed the
processi ng of Bl ock A 3Configuneredwmfigurabled paBinetds @&peadiogon KeddIHaglo vi a
software. Block A 30.contains pitch estimtor, Formant Perceptual
Wi ghting filter anditHeOmRyHRMCR- vRdANSa OGN apd prgssreritalationaialie dock B 32
contains LSP routines. Both Bl ock A(f]o gnfyd B 32 is synchroni zed suc t hat
the wei ghted speech Wy ZyOHRU1IRHFIZR 284 BI9EHY cavgancs values dspaadgan sisee f or
the 28 I npul se Respon calculation. In this manner, about 17% of
processing power in 5. 3Kbps and 11%in 6.3 kbps, are reduced. [00104]
Presently, the propoge ) 'ggme -50f - i {
~accordance wth the gr g:‘g%é;%sgi enbggiﬁ{ﬁdg‘r?t@ﬁl?g‘?&ée%gs%&?é&s oc\!i\)nae":'ﬂ Fgﬂre
10a. \Where the DSP 10 G¥7RDAS iwhsle faggeliseasdhivall Udi @Pedtead ForHirddkeT 3, ad foPC
anal ysis before

G.723.1, “shift” value 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
VolIP 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




the co-processor 20 takes over for the processing of Block A 30, while
Block B 32 continues to be processed by the DSP 10. The co-processor 20
can then perform the fixed codebook search upon conpl etion of processing
Block A 30. This allows for the sinultaneous processing of both Block A 30
and Block B 32. It is estimated that by using this proposed design, one
can save around 30-40% processing powe28 Simlarly, Proposed

Har dwar e- Sof t ware co-design for G 729A is shown in Figure [0b and it can
save around Pl j T A oM for

Hi gh Pass Filter f%&ﬁggﬁg%dg@}g? a@q&/gﬁﬁmélgr’\fggé‘k%ﬁaﬁo? @Fedcé?(g@cl%ﬁe?qn

sear ches whi | £3ktHpe a6 1pvo@ess Rbpsiard ddiredused for fixed codebook searches.
[ 00105] While the preferred enbodi ment refers to specifically the two
codecs: G 723.1 and G 729A, it will be appreciated that various

nodi fications and inprovenents can be nmade by a person skilled in the art
wi t hout deparl®194] f r om Rieentlye dire podposed effiden ntlandwarrSdforare Rardesigulimr | y i n

consi deri ng ot her, codecs havi CELP_codi ng whi ch have substantially
similar strudCEEanes ¥ tﬂ%@(ﬁgg%ﬁéﬂéodla@%fqrt@aZ&wS sowinni Figug Ha hod

f f or ni fi k h .of d k 723. 1(,5,.3Kb

codec. fort o ghd PEo i ST REu dBRsEd s iin JBes PaGhed! wpCianghst beroie )
feterm ptint . : 4 st

DUl se, o secnsGHpEteSo 20HIRs lotipP il PRATSACRY BB 30 RhS R 32

assi gnabl e t @oatifiesdebepibdrestd BHIREDBPI0! i TR dolprloh&saPid ea&me&?%%or and

each pul se having a shift bit for indicating an odd position; the nethod
conpri si ng t hhe xeshedebookxeanschdipng completion efyrotessihg Bl1dck3A 1306. Bidbpipwe odec
conprising a first _track, a second track, a third track and a fourth
track, each tiPHER sEyHsneusRIocEssng obbeth&lesk A8and Blaok B3Rsk ipeostimitehs:

that by using this proposed design, one can save around 30-40% processing power.

Similarly, Proposed Hardware-Software 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. Parti(‘:ularly in considering other codecs having
ACELP coding which have substantially similar structure to the above codecs

described.




b. partitioning the opti mum codevector into a first subset conprising the
first pulse and the second pul se, and a second subset conprising the third
pul se and the fourth pulse; c. performing a first search for determ ning a
first possible set of pulse positions of the optinmm codevector; d.
perform ng a second search for determ ning a second possible set of
positions of the optimum codevector; apgl C. formng the optinum
codevector. 2. The nmethod in accordance with claim1, wherein the nethod
may further be used to search for another optinum codevector of a codebook
of G 729A codec with mnor changes in paraneters. 3. The nethod in
accordance(pihb claim2, wherein the method may be inplenentable on a
processor for supporting both G 723. 1(5. 3Kbps) codec and G 729A codec. 30
4. The nmethod in accordance with claim1l, wherein step c. conprises the
steps: cl. asmgnl ng the first pulse, the second pul se, the third pul se and
t he fourt hlpul s8 mgthedhefori perforpussi l ﬁxedebodbboqﬂulmchosfta oselebaekpeft i vel y
to the third trz% the fourth track, the first track and the second track
of the codEbEdk 6§KBP$230df65f03K@a§)ngc@u@eummr cedexedpil iy aceopdangke Méthnd ni ng
two maxi num sitions, in the thi.rd track assignable to_the  first
pul se; c3. prtegcléf B&QF? ¢th &T15Eies éhepoQPtPPB’Hs adﬁv?qtfg FRTRTINg At pplse, a
conbi nati o 054t| |nth third
Elac\’ihc?fgulgéa%rlhi% ERE and %90 oeaPc;ﬂ %581%83. gehfs%pre Gterm rihided

track for one um pu se assi gna

?ﬁt er mi ni NBulkPoBitibSE EnP@E | bp@AEMOtoddieeth? il e‘abﬂ IR Hatiflf oS SEANGit Pk S Of

indicating an odd position; the method comprising the 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;
vd. performing a second search for determining a second possible set of positions of
the optimum codevector; and

e. 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.




first set of possible pulse positions in accordance with the predeterm ned
search criteria; c5 testing all the pulse positions in the second track in
conmbi nation with each of the pulse positions in the first track for
assigning the pulse 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
positions of the third pulse and the foB@th pulse of the first set of
possi bl e pul se positions in accordance with the predeterm ned search
criteria. 2. Th 1 i I fur r rising the
steps: c7. gbonng?ﬁ%ﬁ%grﬂrlgf%&&%{ﬁgiﬁgﬁ% “]\i/?n&ulléegé’glfégﬁc#’"é‘%g%ﬁ‘gggﬁpﬁ ons of
the first sgt otassigasa@&hé)h?stijhs%etI{éO@cbh&Pﬁlswthé‘ ifp sy &gi@%'teﬁrtﬁ'p%@'

val ues of each correspondi ng pulse positions Increnente y one; "and c8.

r e- assi gni nfthehfrsppossiblgesti dfi purbset poditiensC edspeSivelydiontie RHir GraoRSikki fourtRf t he
first set of possible pulse positions and setting the shift bit of the
pul se posi tradq theofitshrack and theesecond trhek oHihe Todetabk wAIGLE230F(5t3kebps) codec
corresponﬁ%n% pul.se position is higher. 31 6. The nmethod in accordance
with clai OI,CQ‘KH%‘P%M the step d. conprises the steps: dl. performing a
singl e posijfion cl.i.cal shift of assignnents of pul ses of t{he second
possi bl e s‘é#‘ of 4 %&?ﬁ%ﬁ'@“’fl&’“ﬁ?‘? R Ingpe IHE‘FHB%BW“BLF { the

G 723. 1(5-ﬁf§JPPEl)se' codec for searching; d2. determ ning two nmaxi num pul se
positions In e fourth track assignable to the first pulse; d3. testing
al | the putxe pestidd AN ipllst PBsitibhsin the aGilfthl thhck WRIMGhARA With BaiBsinof the
two maxi mum pul se positions in the fourth track for one naxi mum pul se

assi gnabl etwoomakimens pden gogitibsein the third track for one maximum pulse assignable to

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:
¢7.  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

8.  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.




N. determ ning the pul se positions of the first pulse and the second pul se
of the second set of possible pulse positions in accordance with the
predeterm ned search criteria; d5 testing all the pulse positions in the
third track in conbination with each of the pulse positions in the second
track for assigning the pulse positions to the third pulse and the fourth
pul se of the first set of possible pul sgipositions; and d6. determning the
pul se positions of the third pulse and the fourth pulse of the second set

of possi bl e pul i1 i cor.dance wth the predetermned search
criferta 9 PrndfieBdhid M aclchaBEE RilP MR " [ Wheiels BF S r SoBRGIPRg « he
steps: V. gggparing correlation signal values of each pul se positions of

t he second set of possible pulse positions with the correlation signal

val ues of dach perférefngadingle fusitin cybRS Shify alsiEHnRMR W GRIIRY oPE sedid d8.
re-assigning the pulse position to the correspondi ng pul'se position of the

second set pofsiffosst bf pulselpsitipasitdi thasraaksl of elid icodebbble of MG 723 hi{(5.3Kbps) he
pul se position to one, if the correlation signal value of the
correspondp@@cﬁ‘iﬂsﬁﬁﬂlﬂl@gi tionis higher. 32 8. A nmethod for performng a
fixed codeggok earch. of a codebook of a_first codec for formng an

opt i mum cofévec fSFMIRNE tWe mEHEEm pylse Bositiensdpdharfoveth tsackrassicabla ©rthg,  t he
opti mum coﬁf‘%%ﬁfs r conprising a first pulse, a second pulse, a third pul se
and a four pul’se, each pul se assignable to a predeterm ned pul se

posi tion ig3thewofid AHRe RALSYRH RS iﬁgﬂe 8RG Qraeyhfso@é&tgbt%e\ggﬁ RLdH oftht T Or

i ndi cating an odd position; the netho conprising t a. providing
the codebotwo mbxintien piulss posiGElesin GREBGrtl Rackafof bhis akindek pulBe 5858l 161 ack,

a third track and a fourth track, each track conprising eight predeterm ned
even pul sthepesindipuiss;

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 predetenhined 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.




b. partitioning the opti mum codevector into a first subset conprising the
first pulse and the second pul se, and a second subset conprising the third
pul se and the fourth pulse; c. performing a first search for determ ning a
first possible set of pulse positions of the opti num codevector; d.
perform ng a second search for determ ning a second possible set of
positions of the optinum codevector; aml e. formng the optinum
codevector. 9. The nmethod in accordance with claim38, wherein the nethod

oy furtheg be adaetlod fr3ER66NnL 05, 808hASPULLINT, YRYSELPL B, Augodebook

of a second codec w nor changes In

accor dancefopférhifig & BptImuh@uelddtdrig a@@érﬁéo}%g émgln%) ﬁg{eﬁétgﬂﬁldﬁé@ &ritlhh, @

processor for supporting both the first c e second codex 11. The

net hod in tecoptidngecodetdticr einiPribing fif2iphlss! £Becond pARYd 868 p& aleps: cl .
assigning the first pulse, the second pulse, the third pulse and the fourth
pul se of fouethfpulss, epdhswilid assigatbleto puyiredetgrasidd pulse positjpacini thel optineunt he
third track, the fourth 33 track, the first track and the second track of

t he codebogfdey¢ctennndiepehspulseolpying ashiftskit farhindigating2n addtpesition iy mewbodraxi mum
pul se positions.in thg third track assignable to the first pulse; c3.
testing al PORUSIRE eSS sitions in the fourth track in conbination with

h of th ' b [ he third f [
pul se.assi Enabl Boraiig HE ULERHERIARE soleecstGmtiven e ptl 2o SBaM T ons.
of the firgickpultmied anck hitta ?&ﬁﬂ'ﬂgacﬂéﬂliﬁ&l it &gnprfsin%zeéglﬁ PledilerMART REE Pul se

positions in accordance with the predeterm ned ‘sea
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

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 ¢. 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




criteria; c5 testing all the pulse 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 of
the first set of possible pulse positions; and c6. determ ning the pul se
positions of the third pulse and the fourth pulse of the first set of
possi bl e pul se positions in accordance 3 th the predeterm ned search
criteria. 12. The nethod in accordance mﬁth cIain111 further conprising

the steps r I va ch | se, positions
of the fi rgfg&éégé)o % tlr%gsﬁg{h% ?ﬁtcélgd]ﬁ%gl t9 otrl?g %ﬂe%’o fﬁ‘gtjaf?%eﬁ é’fgnal
val ues of orrespondlng pul se positions increnented by one; and c8.
re-assigning the pul se position to the correspondi ng pul se position of the

first setcdf pdaantihiagpubIsayiagintpulesp @ﬂ@bxﬁeﬁltmsgm’&@@raémst blE: t8fthé he
pul se position to one, if the correlatlon si gnal val ue of
cor r espondfirsgpplse;se position is hi gher. 13. The method in accordance wth

claim11, vy%hereln the step d. conprises the steps: 34 dl. perfornmng a
si ngl e posfti ontestng alkthe WWS@PH%@§hQM@$ﬂH puhbigatiosf witheachenfdhel

possi bl-e sgt of ulse 0si t.i.ons. t e.tracks of the code ook of the first
codec for E’é POﬂBP‘ésrm r@\mc}&g% Qﬁ?rﬁlmm% i 35SIgADIS £0 t he

fourth tr le to the first pulse; testing aII t he pul se
p03|t|onsa?% ?ﬁﬁhgﬂggt track in conbination mnth each of the two maxi num

pul se posi ¢4, onsqdidimiikife HRUBUIL: pbafiknd OF hQ’"f?rst”Eﬁiké”Hﬁﬂ B &8 l?cﬁﬁhlgé‘%*?'tﬁ to
the second pulse; M determning the pu se t1ons of ?1 Tt pul se and
t he secondfiptlsste obfpotsible 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

¢6.  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:

¢7.  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:




second set of possible pulse positions in accordance with the predeterm ned
search criteria; d5 testing all the pulse positions in the third track in
conbi nation with each of the pulse positions in. the second track for
assigning the pulse positions to the third pulse and the fourth pul se of
the first set of possible pulse positions; and W determ ning the pul se
positions of the third pulse and the fod4th pul se of the second set of
possi bl e pul se positions in accordance with the predeterm ned search

criteria. %14 T ErfiH ng% élﬂkrlé‘f&%&f’d}fcﬁ cits fnih a@élg?u%&t %ﬁ&?ﬁf&%@& S

t he steps: ation-”signal "val ue se p03| i ons
of the seCpoghﬂsletset)fof RO SpdRitfons UoSte RLRKS I 0TRe %&éﬂ;o&lh%f% fifdk doben £ gnal
val ues of each corresponding pul se positions increnented by one; and d8.
re- assi gni searctimg; pul se 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 posi 82on Weterminéng (wo masimyor palbappsitioss inthe fowrthutradk assigeable to the
correspondlgéﬁgé)ﬁl Ise position is higher. 15. A nmethod for performng a fixed
codebook s 6t a codebook of a first codec, for forming an optinun1
codevector jhn accordance wi.th a.predet ned search criteri ptlnum
codevector d?:orrpgﬁsgfl%aﬂghepw&? A POYGOTSy mp}ﬁ? ?’é%t tragk dn cpppwations wi r?&

35 predet @hﬁﬁgﬂ ul se
havi ng a sﬁf,f fp% Feitd lggét)@n%lgaf%&ga %‘%Q’*ﬁ“@g‘%‘yr ﬁe]tsgggs rgr%rtlga ng

the steps: th sepsrMhilidIg the codebook of the first codec conprising a
plurality of tracks, each track conprising a plurality of even pulse
posi tions; db. pdctemnmglthg pulse pogitionsiof dedfixse pulse andttne 8edohd PulseubSthe and a

second subset each subset;
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
pﬁlse 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




c. performng a first search for determining a first possible set of pulse
positions of the optinum codevector; d. perform ng a second search for
determ ning a second possi ble set of positions of the optinmm codevector;
and e. formng the opti num codevector. 16. The nmethod in accordance with
claim15, wherein the method may further be used to search for another
opti mum codevector of a codebook of a sggond codec with mnor changes in
paranmeters. 17. The nethod in accordance with claim 16, wherein the nethod

may be | rocessor for supporting,both the first .¢codec
ol Phe sonieaERARl bull) BsRbR S 95 hort e B el 480 Spci pulsechainges sHiftor oi
step c. CORPE ; N 31 i ! . ity of pul ses of the
fir gt possimtgIﬂéﬁggltcguloﬂﬁ?g %{ufds?gp "Sgg‘%“f F%ﬁ@étﬂ?%ggnel lﬁl\}%fh% Steéx't he BI urality of

tracks of ahe cogwidigkieicollétokior $he HREREEA0 fng}\! Perality” 6f uQ&ﬁ,eédzh”' ng
two maxi mum pul se positions in one of the tracks assi'gnabl"e to the one of
t he pul sestra¢k ¢dmeprisimgss phudige bf ewsd. pulesidsitongl | t he pul se positions in a
successive track in conbination with each of the two maxi num pul se

posi ti ons Pn t hpatsifienisg the@ptimaok sodayecton éntoreafirstisubset sad aassomgh aidset, t 0
anot her pul%sfg o{) the first subset; c4. determning the pulse positions of
the first SfSEPSCEf the first set of possible pulse positions in

accordance w th e rmn search criteria; . cS testing.all the
pul se posi fi ons? %rrgoq%’%{o% %g’lltrs ssﬁ%rgﬁggﬁ 5%6%8% aifﬁStcm?B‘i%Eféﬁqt &b P{,\]SS? Wog’é’é’é‘ﬁ of
the pul se podibhRMam ddbd¥lct@not her successive track for assigning the pul se
positions to the second subset of the first set of possible pulse

posi tions;dand géfortheicd 5acBhdSeatdhFoPdtSehiRRg alsb QR Esiﬁl@@etﬁﬁ?&@ﬂioﬁy Bget of
the first set of possible pulse positions i'n accordance with the :
pr edet er ni the @ptimancévdevédtar amd

e. forming the optimum codevector.

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;
€2, 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;




19. The method in accordance with claim 18, further conprising the steps:

C. conparing correlation signal values of each pul se positions of the first
set of possible pulse positions with the correlation signal values of each
correspondi ng pul se positions increnented by one; and c8. re-assigning the
pul se position to the corresponding pul se position of the first set of
possi bl e pul se positions and setting thgsshift bit of the pulse position to
one, if the correlation signal value of the correspondi ng pul se position

i s higher. .20. j ith clai. 5. wh i h d
compr Poes She  LFanEEH I PR BESROACHEStheubo St bank I Einmbtylodivith 5y
assi gnment gadhf ofPihe SRAse® o§iﬁ@nssgﬁgg€ ag@ﬂ?i%@#c@ssﬁ%t 1k Pdflz?agoigrﬁfs?%itﬁé ﬁ)ﬂﬁ:et o the

plurality of tracks of the cod I'rst codec arching; d2.
det er m ni ngoditions@xthessBond lselsepestht ifRfiSset Bf FISILRS pllfiepdsitRg andssi gnabl e to
the one of the pulses of the first subset; d3. testing all the pul se
positions tfh a detcurimig/the puke positiomsoofitheatdond suwbdeh of drhfirsf set tofi@otsilsie

maxi mum pul se positiaons in_the one of the tracks for one maxi num pul se
assi gnabl ePulse pefbiionsrin gegosdanse withgh¢ predetenuined searchicritetét. er ni ni ng t he pul se
positions of the first subset of the second set of possible pulse
positions in accordance with the predeterm ned search criteria; c5 testing

all the puh§e p?ﬁéHe%ﬁih@c&@@én@%%ﬁ@%ﬁﬁifé, e trég%crgeésq?gc%g% nation with

each of thé& 'pul 5e positions I1h'y ®PHr assi gning

the pul se cposi édrg%hgin%;boh%ﬁtﬁl?% RS Sf %gh B’HFSZI?"%RM§ B inel sR?{]eZ lopl e

pul se positions; c6. defermning t positions o second
subset of pémibkepulse positions withahs cikéativd SignabQglubd ONGach BordGPOREAS HEIsY t h

the predeterm ned search criteria. 21. The method in accordance wth claim
.20, furt heposittans iharemgnted by onepad
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 pﬁlse 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; N

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




V. conparing correlation signal values of each pul se positions of the
second set of possible pulse positions with the correlation signal val ues
of each correspondi ng pul se positions increnented by one; and 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 correlatgpn signal value of the
correspondi ng pul se position is higher. 22. A system for supporting fixed

codebook search [ 3 : S er a 729A codec for, fqrmng

an opti rrumggode\algtg{x@'mngn&écgégégé)%@%&% t(ﬁotg‘e %F@E’gf‘iﬁﬁﬁzﬂﬁaﬁ%éwea €t iogéri a,

the opti nUBERICHEE PsifHIhipLdiiite Wiltthe BHdSEmifed SELGG . s€. @ third

pul se and a fourth pul se, each pul se assi ghab & 10 predeterm ned pulse

position in the optinmum the system conprising: a DSP for perform ng and

coordinatingﬂLunctions and cal cul ations for encoding and decodi ng of

recei ved cdhmunilbamethodshgoedrdamadvith dainp2® detrocomhprisipgtieatapsng t he fi xed

codebook searches for G 723.1(5.3Kbps) codec and G 729A codec; wherein the

G 723. 1( 5. $kbps§orepamg dosrelatian sigaal vialues of pashfpulsequwisitipns toftlse sesondpsad\afdi ng

t he codebook gﬁ G.723.1§5.3Kb s) codes .conprising a first track, a _second

track, a tROSIPlS PUsPasiHons Pl the cprrelation ggpal velugs Rf eashseirespandiag ghlse

pr edet er m . gsi.tiagns; b. partitioning the optinum codevector
G

into a fir conpri e first pulse and the second pul se, and a
second subggt CRORELSIHPILE NSt bhdHylisenan MR P ,
performng a first léhzi;lgch P@r d t%?%Hr%?nglgag?ﬁgg?n%%élﬁlg%ﬂé% onof%fptlljlfse
posi tions seebnd ket of poissiblepoliderositivns andBSettifly tHeeshif bitl SFhé paRE Podtiseasch for
determ ning a_second possible set of positions of

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

22. 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 searchés 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;




t he opti mum codevector; and e. formng the opti mum codevector. 23. The
systemin accordance with claim 22, 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
configured according to the codec used. 25. The systemin accordance with
claim23, wherein sub frame length for sgthird and fourth track of a
codebook of G 723. 1(5.3Kbps) codec is set to sixty two. 26. The systemin

accordance w th_claim 22. wherei itch. estinmato a, For t . Perceptual
Vel ghi ng 1 11 er PRAREMER seclf S e ekiminiy abanbasahlene! TrRseiERega on
the co-progg %ujlp%%@g%{?%%{ﬁous processing with the DSP functions. 39 A

SYSTEM AND METHOD F NG DUAL SPEECH CODECS ABSTRACT [00106] The

preferred gnbodfsmitg e dpemuaScddifeckdrxed codebook search portion of the
speech codec, to efficiently support two codecs by a single

inplementation. In particular, the two codecs are G 723.1 (5. 3kbps) and

G 729A. By nodifying the fixed codebook search algorithmof G 723.1 to be
sim | ar to23.hat The systenpdyecgondruceauiitaclniay 22 vdieyein e sodec flag is usidriglindititx ed
codebook search al gorithm being used for both these codecs. Present G 723.1
fixed codelPddk CCREICEFSOR qodgg istised-based on "Focused Nested-loop search".
Proposi ng a new G 723. 1 codebook search algorithmto be based on "Depth-
first tree search” would then have the desired effect of having one fixed

codebook ‘sgar cihokysRa ih £edainde TS clFind 39Aund R 10 Cho i ibic R AEERREN ©S

t he abstract.
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.






