;qre3e\ *Yl (6T*<B,1 " 0 ~ ~ 0 2003 CELP ENCODI NG DECODI NG METHOD AND

APPARATUS TECHNI CAL FI ELD The present invention relates to a nul i-éﬁdebook
fixed bitrate CELP signal bl ock encodi ng/ decodi ng net hod and app r& s2603d

a nmulti-codebook structure BACKGROUND OF THE QWWHW&P speech coders
typically use codebooks to store excitation v re intended to
excite synthesis filters to produce a,synthetic spgged signal. For high

bitrates these codebooks contain a Iaflge variety of excitation vectors to

cope with a 'am&;sgmwm/@ewmmwEW@\vzem@tAﬂvr» Rafrgtes, for

exanpl e around 4- bits/s, the nunber of bits available tfor the codebook
index is (united, which neans that the nunber of vectors to choose from
must be reduced. Therefore low bit rate coders will have a codebook
structure that is conprom se befwéenNdeAk &¢GLEhd ri chness. Such coders
will give fair speech quality for sonme types of sound and barely acceptable
quality for other types of sound. In order to solve this problemwth | ow
bi trate Tohdefresentninubetiorofrelatdst to RO ERIIS-0bdEHCRRSiXRAVBitrate T HIFe SRAbediotd - 5] .
Ref erences [1-2] describe variabl egagitrate cogli ng net hods that use dynam c
bit al | o8AU/AGARENS TRECE\ANE aRPaLiuhant § BYUER %t?ﬂ?ﬁisérb’ﬁqu%l s the number

of bits that are used for encodi ng References [3-4] describe constant
bitrate codi ng methods that use several equal size codebooks that are
optinized for different BASUKERNEND THe TdHRANYENS ION be encoded control s
whi ch codebook is used. These prior art coding nmethods all have the
drawback that node information has to be transferred fromencoder to

decoder CHLPr eiefechotoddre tipealleusé ccatdobke t6 ostorc bxcletioni Wkited@at Srch

mode | nf|g’cren teidotg’ epc(l)t\éegyenrtﬁesflse%ltgse?o %¥5él?ceb2”99’r“{tr9etn2 speech signal. For high
bitrates these codebocks contain a large variety of excitation vectors to cope with a
large spectrum of sound types. However, at low bit rates, for example around 4-7
kbits/s, the number of bits available for the codebook index Is imited, which means
that the number of vectors to choose from must be reduced. Therefore low bit rate
coders will have a codebook structure that is compromise between accuracy and
richness. Such coders will give fair speech quaility for some types of sound and barely

acceptable quality for other types of sound.

In order to solve this problem with low bitrate coders a number of multi-mode soiutions

have been presented [1-5].

References [1-2] describe variable bitrate coding methods that use dynamic bit
allocation, where the type of sound to be encoded controls the number of bits that are

used for encoding

References [3-4] describe constant bitrate coding methods that use several equal size
codebooks that are optimized for different sound types. The sound type to be encoded

controls which codebook i1s used.

These prior art coding methods all have the drawback that mode information has to be
transferred from encoder to decoder in order for the decoder to use the correct

decoding mode. Such mode information, however, requires extra bandwdth
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- li ~=1 B 2u3 -, Reference [5] describes a constant bitrate nulti-node
coding nethod that al so uses equal size codebooks In this case an-a} ridddyi03
determ ned adaptive codebook gam of the previous subframe is used to switch
from one codi ng node to anot her coding node. Since this paranmeter is
transferred fromencoder to decoder anyway, no extra node information is
required This nmethod, however, is sensitive to bit errors in the gain
factor caused by the transfer channel. SUMVARY OF THE | NVENTI ON An obj ect

of the present invention is an encodi ng/ decodrng schenme in which coding is

i nproved without the need for explicitly transmtting codi ng node
i nf or mat i Refefanse [ehe 8@ tPes? geeyae: PIrels aulbinede qaslingomedipd Hah @ty dedfce

with the &{}u%l g58doakBbaks BhthEThYe ahnardatiy TRMmi AYE ALk N 25D YER gtahﬁo@bove
obj ect by using several different equal size codebooks. Each codebook is
weak for tBermsewpmatbiramegt ist ygedotthawiiehh depooks erflitdimedttate aphther vaegingess
for thos i i St 1 I r I |t
R R S I
codi ng quedde infersnatiopr svieduirdathettas imethod neadeteas. tsr satsitere tonhib emats onthen

whi ch codebopk, was sel ect.ed. for rtjcul ar speech bl ock, since both
encoder &y’ %8@653?5%%@%%%”35%5’( ra%rga,?agrg% nistic swtching algorithm BRI EF

DESCRI PTI ON OF THE DRAW NGS The invention, together with further objects
and advant ages thereof, t r ing reference to the
foll owi ng description ta%um@ﬂﬁﬁ%dfﬂg W%@Qnyi ng draw ngs, in
which' FIG 1 is a block diagramof the synthesis part of a prior art CELP
encoder/decoder, FIG 2 is a block diagramof the synthesis part of a CELP

encoder / decagest af thapceseamyentvn ts arhengndis@decadingeathame (N which-ceding-8
FIG 3 i di I L . f A4 diff | gebr ai
codebookdmPiTEd sk ESe?, 177 el st lo Sagiher kil P BmR P et or

t he presentoddrtenecosier. FIG 4 is a bl ock diagram of the synthesis part of
anot her CELP encoder/decoder in

This object is solved In accordance with the enclosed claims.

Briefly, the present invention achieves the above object by using several different
equal size codebooks. Each codebook is weak for some signais, but the other
codebooks do not share this weakness for those signals. By deterministically (without
regard to signal type) switching between these codebooks from speech block to
speech block, the coding quality 1s improved. There ts no need to transfer information
on which codebook was selected for a particular speech block, since both encoder and

decoder use the same deterministic switching algornthm.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advantages thereof, may best be
understood by making reference to the following description taken together with the
accompanying drawings, in which-
FIG. 1 1s a block diagram of the synthesis part of a prior art CELP encoder/decoder,
FIG. 2 1s a block diagram of the synthesis part of a CELP encoder/decoder in

accordance with the present invention,



accordance wth the present invention; and FIG 5 is a flow chart
illustrating the CELP encodi ng/ decodi ng nethod of the present invefti-b8. 2003
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS In the foll ow ng
description and in the clains the expression "encoder/decoder” is intended
to nean either an encoder or a decoder, since the invention is equally
applica ble to both cases Fig 1 is a block diagram of the synthesis part of
a prior art CELP (Code Excited Linear Predictive) encoder/decoder. Code
vectors sel egted f § alagRamatieRatky He aretseadreddBrent SRbeud 368 odks ithatd
gain block 12 and forwarded to a long-termpredictor 14 and thereafter to a
short - t efi Jasednest'd Aceedansrewity g prefeged gabodiraemt<t §ra Preae™hipyeicBt or 16 i s
the final S#réh@rs'acbr%eeeragra%%ﬁi ;@Aqmess%ér%f rQotHQﬁéElt}b%ngeéér/o%rcgﬁ?rslﬁ! ng) .
Long-term predictor 14 is-controlled by contro signal s on contro i ne
18, whi chcqomfﬂnf@lwm @ﬁaqr@sanﬁmvad@raagdal e fact or (gain) and a delay (lag).
Simlarly shRsts LerMPEat fhfaid the RO RbLFL dRgARTIAhod BB Sesent |
representi ng ter coerticrent s on con "1 ne n encoder erm nes
t he contlnoéntsqngnal s on control I|ines 18 20 and best codebook vect or by a
search procedure (anal ysis-by-syntheses), whereas a decoder determ nes the
sane control signals and codebook vector frominformation received over a
transm ssi QDETRINED DHSCRF TIQNI OF PHES PREF FR REES EMBODRERENTSW | | now
be described with reference to fig 2 and 3. Fig. 2 is a block diagram of
the synthesis part of a CELP encoder/decoder in accordance with the present
i nventi I e 1 r t i h. engce
dosi gnariion PR, A SeheBh SR dnt SRR Srflekoh EndaThdebEH=nE
provi di ngteondkg t@neeamo@thboek emeom amaf degodér, strfme thp praveatars isoéqutdie applesent

i nventi 3)3 E)cg thihdq%g a set of equally sized codebooks 10A-D havi ng equal

| ength TtDre ??g 2 there are 4 L~~~ ' codebooks, but the nunber of
codebooks in the set may be both |arger and snaller than this nunber.
However, _.th ast i ncl ude codebo ce the bitrate is
ow - eadi ChIB RS Ru/d e SHEhBSRIEtA ST GEbPACORE CoahbURE: ar o
desi gneOhrba@tw@cbﬁcadémoaemdb%btods diestenFrorPd @Bastooki 10 Afdescarid Bioa not
have the sane weak points. of viewi ng a codebook is to consider it as

a mul ti s&?l?efﬁﬁ%ﬁ%ﬂ” 7 991 Qi%‘?k{ 1/2 @,@%If‘??é’ﬁ%r@l% longderdn aredissdri thend theredi ch
the "neqgdl 8y shGRILSEIEdiERHG6 VR QutEut dighdi ot gmﬁ{enarbrém&{oaue@m%tf%hast Ic
codebook woul d be represented by a yper-spherical" needle cushion, m

whi ch t Iynihede svg@ftfbslgnalr%(nbwwwo apgﬁtblﬁmméarqqasw@x yonwe?ré*cpragiwtor( the
codeboo t r S
Chose VE% %:cgrrwtgémléﬁ b? éc}?ﬁ&?mgﬁé\ Bh ’égccﬂ{tfbgﬁﬁé g%@gﬂ:&%%@%%\ﬁ%ﬁ Pn@lu%[(-j dniHé‘iei

popul at édctbh@almjtm a ctalaye(dag)oﬁmllarlsr lsbottdersm pohshcied §6 jsoprriteglled Bydiandot | ons”
correspan ok . c o ihed
differ gnt A F\épg%/\%ﬁﬁ?ﬁ éle?fdﬁée%é%ag %t%ﬁg&clﬁ]&eg@o%g ﬁggé;egt gﬁghgéé%n
weak pomahtroi Shnas oa cohtrohmesii6, 20 damddmst icedetmmkmactmibech Sgarah pabageibreai c

o0k 85 ki S\ PSS e Bl RO SRR SOl L

act ual | yohevsokaaieSrdrhafforthdtibe reddian aer a thmshisidréannen nmany such

al gebrai ¢ codebooks the only all owed values (different fromzero) are +1 or
-1 Fig. 3is adiagramillustrating the structure of 4 different al gebraic
codebookheArdlid fiHciéLod @ Sra8entl ifvafBRVIIRAGR DY ddscAte XA PEfRFshcENBagi nent
of the present invention These codebooks have a | ength of 40 sanpl es and
corresp@dd a 5 ms subframe of speech. Each codebook has 2 track pairs
TRACK 0, TRACK 1, Each track has 8 allowed pul se positions P. For exanple,
the second track in the first track pair TRACK O in codebook B has all owed
pul se pd. 2 1e@Plock Gaagneoigbe syitbass Bprn®f ahLA gncadgr/degpdezan asfszbrda@:erray be
seen fr f t hayv | se
posi tions. E%r P %g%ﬂgrlrg}elﬂg&% r%@ﬁ%ﬁ\}%ﬁg?n(g?;gﬁgﬁgﬁg ?On§|8%a s% ‘@eH ?H% FH‘!“ln

ot her cosfetyolesiesmmatiom rathet prexr art apdar&iua aififig, 1ebjowewdet$¢&ﬂd hﬁa;sroeme;uded

poi nt <" 07 lreCRisaERbaR 2l Socbanpampeiin il e pe dindal PR a8

f ol | ow g ehahiiyesized codebooks 10A-D having equal length vectors In fig 2 there are 4



-- (~~ 1-F 13 c~I C- J CODEBOOK STRUCTURE Codebook' Track Track pairEgqup%mn
pair 'l ' Excluded pos 00 5 10 15 20 25 30 35 1 6 11 16 21 26 31 36T W 'g 144"
19 24A1 127121722273237381318232833381 2934390

1 051015202530352712172227323716111621B13813182328333849141924293439 !

i 2631360051015202530351611162126313638131823C12712172227323749141924293439
2833380051015202530351611 1621263136 27121722D13 8 13 18 23 28 33 384 9 14
19 24 29 34 3927 32 37 When one of these codebooks is searched, 1 pulse is
posi ti On%@dé@o&@eb&fm& m@n@elr %‘F\@&Je}%%ké irpt'ﬁe%fet Ha@% ibth @sngellarwé@suér%an

positioned in one of the allowed positions of track tra air hi s
pul se corﬁfﬁiﬁ maiben eweiasdthessed Sbgt”érﬁtll%l’Sté@ﬁi’é}dﬁ/%@@@@b%@uﬁlnﬂ?ﬁée@rtmtﬁpls

| nel udes gk, POSS BheesRlewNPibY SomBAELY pbifeCt reazs@y'tng SdBBSM! 48 BL! es.
1 vector having negati ve pul ses an vectors havin positive and 1
negative s;gmbdéralrw israUChiangap dhatedifferent casteboaks Im tmeesaairdcolhottﬂrm/eZhe sacles in
the track is possible to formother such code vector groups The
same pri NEr & é’? appl y to track pair 1 By testing each possible conbination
t he best code vector is selected. This code vector is defined by its

correspo d|n track pair | se,positions in the tracks of this ai

Che pul o8 wPd Y eHrE s shdrpldk B i BOHUEEH 5 TolchTpmnab iyl 4

speci fy ﬂmﬂx@%lml hegdle (Ushesre, fmrwhﬁhrmslhegmgsme@résreaﬁl@odéﬁue%{bré QﬁUchirseS 3
bits) in the tracks of this pair, and 2 bjts to sgemfy t he sign of each

pul se. THIps!e! gnBrginegs Stgdl?ﬂstt'g @QFP‘P@%WQU@OB% reRIEsHed Ryt ar hYHﬂj'SPBEquab 2,
a codebogkegiglcaEhioh. :%rﬁéﬂ %téod@%cwrshrwemﬁegﬁisﬁtédnlntéa@rﬁ%reéw " (the
encodi ng/ decodi ng a si gna | ock, for exanple a speech frame or rane
(typi cal Fgdebdokde kwiies) af heetm@ﬂlﬁg@rrocsesfmﬁ@t)onewﬁ@ve gedistibutpp fb@ﬁsﬂ Veﬂtd)rﬁng a
switch 23 o} I " }
controll edgvf(%\mggﬂé%pgh?]%%n\%nt %C@t eraﬁ‘lgﬁ@?i %éﬂssgﬁecﬁ%gﬁﬂgégmez 9 Rt
i ndependtons”offhgilearildengply tmuEted édiezations's coregsporaris thbateak ponts of the

codebook. Each codebook is trained differently in a way that ensures that the codebooks

is

do not have common weak points.

Often a stochastic codebook is approximated by an algebraic codebook, see [6]. Such a
codebook may, for example, contain code vectors having a length of 40 samples.
However, only very few sample positions actually have values that differ from zero
Furthermore, in many such algebraic codebooks the only allowed values (different from

zero) are +1 or —1

Fig. 3 is a diagram illustrating the structure of 4 different algebraic codebooks A-D that
are designed in accordance with an examplary embodiment of the present mnvention
These codebooks have a length of 40 samples and correspond to a 5 ms subframe of
speech. Each codebook has 2 track pairs TRACK 0, TRACK 1, Each track has 8
allowed pulse positions P. For example, the second track in the first track pair TRACK 0
in codebook B has allowed pulse positions 1s sample positions 3, 8, 13, 18, 23, 28, 33,
38. As may be seen from fig. 3 the other tracks in a codebook have other ailowed pulse
positions. Furthermore, a track from one codebook may also be found in other code-
books, but in another track Finally, each codebook has excluded sampie positions,
which have been crossed out in fig. 3 These are the "weak points” of the codebook

This codebook structure is summarized in the following table.



codebook selector 22 selects codebooks fromthe set for encodi ng/ decodi ng

of each signal block, but does this w thout any know edge of signal gtypg, 2003
and that the selection algorithmis the same for both encoder and decoder
and does not have to be transferred - ~ray a~~ 6 fromencoder to

decoder. The encoder determ nes the best vector fromthe sel ected codebook
in accordance with the above nentioned ssearch procedure, whereas the

decoder sel ects the corresponding vector in the same codebook by using the
recei ved "index" (code vector identifier). The codebooks 10A-D all have the
same bitrate, their weakest performance points are not shared By

deterninistically swtching BROKeSE6debddtBE r om si gnal bl ock to

si gnal bleek—the—deietenci-es—et—each—codebook wi—l—l——be—e-e;ncge-n-sa-t—ed—e*er

time. it HeEEnRK FBGkd t hat! RHPA R ageyper ceiars P dund qu f‘?“t‘?ﬁdo’?ost-_re

encoded @Nd TNET &al GeT |GFE Q@6 2685 @oAsi[1aleo 1 AU 3¢/ 34 BET EaSE 3418 xpiit e of
in the swtching |

the fact] that signal type is disregarded algorithm This
may be gxpl @ ned by Tnotlihg 12Hat 22 Be 32e¥u| Bithyd dBA3028 BBAST|r ondDdre 38 _n%l e

codebook—+s—not—repeatet—m-every—sthftrareser -bltocks3dnsteadthe yacyH0g
distortijons w || belésrmg% ﬁég‘r@u%o 2#?’85, tr?lle;7I gé?%ﬁo???omn%n 1?3\%\'/
bitrate {(nulgi) godebook 8 33parzeryaed Jsess ANNOYI2ARO 34 BgE | t26 31 Bt
conti nuausl y repeat ed ne_emhodinent of he selection aladrithmis to

sequentilal Iy and |cy8li ¢& V0612425 8838 Lodebbok 21048 B 3G He 3chtddBR3and
decoder |ar e @ut omatcaltsy=1 Y. Ly e e f IEbgoks ponpds to
the numjer of subf rgrres;%7nhg1?r2a%rr%fg%36a %gdg‘ﬁg%%4c%gd%‘fg$ in %ﬁ%%ggr hnd
decoder |i s reset [every|forane.15QN2s B0SE [sywchr odi2218 dh3day 2be1adhizeved by
resetting a podulre—h—ebunt-er—where—p—-s—the—purher—ef—codeb in both
encoder jand decoder Tat é:ﬁ F%ét%?&%ﬁé 3ﬁanﬁ§v19"r il%égtzr?e:?“ g%l ect%o}(o# af gofithm
istou a pseudo-Tandom Sequence 10 sel ect COJdebooKs fromthne Ser. —1n

this case the seed of the algorithmthat generates the pseudo-random
sequencaVhen knewh thesehendebenis Begeasehedd d qudre is Syaiionedin 2aeiaithd atiavessh
encoder dT?F r - [ 0
sequencep%gﬂgtsr&g Jé(se‘ gn{ 1#13%18 t’igdgegﬁr(’jgﬁggg?ﬁ\%g%#&%ﬁgrgggggﬂgﬁéﬁggsﬂﬁhat
ar e det ertmadkguiraithisgnadeyeadbipaiiar istuset las apotebbaicosleaector gfaup. Theigsowp bl ock
di agram.of the, syntheses part. of another LP.encaoder/decoder in accordance
W ih ¢ hdHdeca PO EPe YoRol RO e XETPG NETREI 0P B e tlodiint of
fig. 2, navingid nﬁbﬁmeﬁaesﬁs f‘sﬁﬂ(’cjie2areetcﬁﬁmwmbh$qiositiﬁéﬁar@k0fn@ﬁﬂiebqjgi@.. Byach
set contajns codebooks that do pot share the sane weak points, dust as in
Ty 2. BOfnGHanes Bpstaneydun cachor a2 ttackpim Heqeashail foPeiie i 197"

di f f er enfkne? itich v Nettorf ousx amiyd eaklef drticids apgipab tatResaion Bouektgof
background sounds The design of each set be rformed, for exanple, in

: nay pe
accor dafée RPEHPIE O TBINFHIEN N §98eds WEPTith SPISFed: §hig iR ueCisiedeieget s of
codeboolts ts Ridtredp SHdifBPirEck P@ﬁ Bpaigé ?o@ifi&w@ﬂnstﬁeﬁr%%_ﬁé B fns Air | dhdf the pufked
codebook’is determnistically selected for each signal block, in this
enbodi msignsolus reguiies Helyt easmegfntiacicrrit. 2o8=4 bitet SpesifiCrHsadpsitonpéheee a
codebook i f t ~ r e (G et to
C0deb00krd B gREIHE 5oL IA Ariflmofinaet 1iE] FEHR R URGE TERSSY G &
sel ect i opedfy tharbigndeac poisat Hiused totat ¢fed bitshdefinegreesddsusiciordet er i ned,
paraneters on lines 18, 20 and in gain elenment 12. This information my,
for exanple, be determ ned fromthe LPC (Linear Predictive Coding) or LTP
(Long T&emringdo digoR) a padabeikesaedor 22 eateatscarhohihiel aniebboksP@ et Td?
paramet ers. .For,_ex le, detected stationarity of LTP paraneters.nay be
eed tocniuiidie iithamepihhr Bxdthhe s Setscr iz ios MRRPARE bR 2 ar o
used foploskthased ReigttoBf Bi10 mep THiaRSHeld Bd dohtolieg Goslgitcht B3 deoglebn@slyway,
no bandwi dth is |ost for tr%rg{ﬁferri ng set S‘fl ection informpation Preferably

only ch&HA&I O RotARI NP famitieh <3 secaitioled g a5ePrdgRte ¥t oh Jeleit e nor e,
an espeghiation Prost@lirk afatahRl JERREN06f dikieal @O desrb dBERARINIAE" FeBnd thiges

only the parts of the channel protected paraneters that have error

det ect | 6p08R90HRERMIME2 SRiECtSoaRIRbORKS &on drauset forgncadagsiesoding of lRactssm
system [ g kidIfedhedBf SqRhitpdfankiNBal R RASARR er S
are prnggéldﬁlaﬁ%%ué??g{”{%ﬁ@@t?%&f Pr ef%cfgabﬁr/ ?heszp biatns aﬁeﬁﬁsed c%gﬁt est
st at i onaligotihn( e\vee samayior R@h eeroder andtdacaiecansbdedsoni hawe to Bp@esielred set
sel ection precedes the codebook sel ection, the enbodi ment of fig. 4 allows
for a different nunber of codebooks in each set 26A-C This requires a

separate control line for each switch 23A-C and a separate sw tching
al gorithmin codebook selector 22 for each set. If all sets have the sane
nunber of codebooks, a common control line for all the switches nay be

used. Furthernore, this enbodiment allows for the possibility of reversing

o . o o



s Typically the functionality of set and codebook selectors 22, 28 is

i npl.enmented by one or several mcro processors or mcro/signal proCd%ébﬂ31093
conbinations Fig. 5is a flowchart illustrating the CELP encodi ng/ decodi ng
met hod of the present invention. The nethod starts in step S1 by sel ecting
the next block to be encoded/ decoded. Step S2 sel ects a codebook nunber in
accordance with a determnistic selectign algorithm Step S3
selects/retrieves the best vector fromthe sel ected code book. Thereafter

the, br 90BN nk8RPSoDARKALE BB Rhe EiRIRIACRlEhRnl SRR AL CcllBgd. 2o

m t he enbo 0 an extra ste
dashed | codsbadak i gccdfsdartdeatmttidherabqvesmehmrmdopearcbqﬂebmlkesa}lhereﬁlsl thest ep

S4 may precede o ow after b i y consi erat|ons
step 52" PRCq st e fshinefh valles PR faed Bl SR ebag
nodi f i catiheas (edud worirgeantifiey). be nmade to the present invention without
departure fromthe scope thereof, which is defined by the appended cl ai ns.
i~ ~(~~F 2a03 REFERENCES [1 ] M Yong and A. Gersho, "Vector Excitation

Codi ng Wrh8 cBMBEEHKE ﬁiALDAAm Wih@r}samé%mﬁte @éﬂ@@éfkea@%eﬁ‘%ﬁﬂg% pdiee =k888.
[2] N. S. Jayant and J Chen, "Speech Coding with Ti me-Var %Blt

Al l ocat i Bat f@restcf?x éﬁie@ﬁ'%@apr@Nmm?W@)thP@éeb@mgsm %@3 BB thay
1989. [BL,gﬁa; di aaé QM.C fa'eﬂ&énaés of MHER 'cH@Qc?ooWull% c&ﬂpﬁéds%?éd BU'erI @néﬂik'ﬁ bhas

Proc.
Codi ng wbeen écwrNdﬁ@t mee a@@mret gerpawgé semqi tcgaaitfarpﬂ\/tb»aea:r'rcodedoand tmwﬂerpp

29-32, 1 Y, I Based
CELP Spe(%?(%d&[;d'?ll ur?l% @% g}%aaﬁggl%n%%%gﬂb ]jtee(E:‘tl ve ét lé\ﬂr’dl,t,type:;téo@gre
| CASSP, gard&83n lﬁeﬁ,smﬂtémﬁg digdritdmPTAdomby de e»tglalhﬁaw r(ﬁhlj’ tBatthegreBaliegl on
éLIng/rBal gtst%?tgo%sfrdm I?)rnce)acsmgle cg ebo&pxs ]ﬁ%?Ze_p]ég eO in :Le%%Zy subfr%mFe gr Eloglglr:l)’stggd

the varying distortions will be smoothed out. Thus, the distortion from this low bitrate

(multi) codebook s perceived less annoying, since it 1s not continuously repeated

One embodiment of the selection algorithm is to sequentially and cyclically select each
codebook 10A-D. The encoder and decoder are automatically in sync if the number of
codebooks corresponds to the number of subframes in a frame and a codebook counter
in encoder and decoder is reset every frame. Otherwise synchronization may be
achieved by resetting a modulo n counter, where n is the number of codebooks, in both

encoder and decoder at cail-setup and handover

Another selection algorithm is to use a pseudo-random sequence to select codebooks
from the set. In this case the seed of the algorithm that generates the pseudo-random
sequence Is known to both encoder and decoder. Synchronization between encoder and
decoder may, for example, be achieved by a pseudo random sequence that is based on
transmitted and received frame parameters that are determined and analyzed prior to

the codebook search.

Fig. 4 1s a block diagram of the synthesis part of another CELP encoder/decoder in
accordance with the present invention This embodiment 1s similar to the embodiment of
fig. 2, but in this case there are several sets 26A-C of codebooks. Each set contains

codebooks that do not share the same weak points, just as in fig 2, but each set is also



1 A nmulti-codebook fixed bitrate CELP signal bl ock encodi ng/ decodi ng

nmet hod, characterized by selecting, for each signal block, a corresEond&ﬁﬁ
codebook identification in accordance with a determnistic sel ectifo
procedure that is independent of signal type; and encodi ng/ decodi ng each
signal bl ock by using a codebook having said sel ected codebook
identification. 2. The nethod of claim X, characterized by providing
several sets of codebooks; determ ning, for each signal block, a
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from sai %féf"érterﬁ’ﬁ%éf sgkt ang 5%‘39% sel ect ed codebook identification. 3.
The nmethod of claiml, characterl zed by selecting, for each signal block, a
correspondi ng_codebook identification in accordance with a deternintstic
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information may, for example, be determined from the LPC (Linear Predictive Coding) or
LTP (Long Term Predictor) parameters or from a combination of LPC and LTP
parameters. For example, detected stationarity of LTP parameters may be used to

indicate signal type.

Due to the fact that the parameters that are used for set selection will be transferred
from encoder to decoder anyway, no bandwidth 1s lost for transferring set selection
information Preferably only channel protected parameters are used for set detection.
Furthermore, an especially preferred embodiment of the encoder/decoder of fig 4 uses
only the parts of the channel protected parameters that have error detection to deter-
mine the codebook set to use. For example, in the GSM system 6 of the 9 lag bits and 3
of the 4 gain bits of the LTP parameters are provided with error detection. Preferably

these bits ate used to test stationarity (over, say, 20 ms) to determine codebook set.

Since the set selection precedes the codebook selection, the embodiment of fig. 4
aliows for a different number of codebooks in each set 26A-C This requires a separate
control line for each switch 23A-C and a separate switching algonthm in codebook
selector 22 for each set. If all sets have the same number of codebooks, a common
control line for all the switches may be used. Furthermore, this embodiment allows for

the possibility of reversing the set and codebook selections (if allowed by causality

considerations)



- 6 F Ea 2003 5. The nethod of claim4, characterized by using onIy parts
of said channel protected paraneters that all ow error detection 6.

nmet hod of any of the preceding clanms, characterized by said determ‘n@stﬁr,u 2003
sel ection procedure being defined by cyclically stepping through each
codebook identification in said sets of codebooks. 7. The method of any of
the preceding clainms 1-5, characterizedgby said determnistic selection
procedure being defined by randomy stepping through each codebook
identifl
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used, as in the embodiment of fig. 3, there will be an extra step S4 (shown with dashed
lines in fig. 5) that determines the proper codebook set. This step S4 may precede or

follow after (if allowed by causality considerations) step S2

it will be understood by those skilled in the art that varnous modifications and changes
may be made to the present invention without departure from the scope thereof, which

1s defined by the appended claims.



13. The encoder/decoder of claim 12. characterized by several sets (26A-0)
of codebooks; a set selector (28) for deternining, for each signglfblafld a
correspondi ng set of codebooks based on previously deternm ned val ues of

ot her signal block characterizing paraneters; a codebook selector (22) for
sel ecting, for each signal block, a correspondi ng codebook identification
in the determned set in accordance witl a deterministic selection
procedure that is independent of signal type; and neans for
encodi ng/ decodi ng each signal bl ock by using a codebook from said

determ ned set having said selectgﬁiggﬁgggﬁﬁ§édentification 14. The
encoder/ decoder of claim 12, char 1 a codebook selector (22) for
sel ecting, for each signal block, a correspondi ng codebook identification
in accordance with a determnistic selection procedure that is independent
of signal{1} ype ¥mgeamd AsBessRo¥eTpr BkCitalga {8g waithdastnasit EittASloca8)”, f or
determ ni ng) fopr C [Weln) ) spondi ng set of codebooks based
on previouslyF%%%Z?%?%@gﬂgg%hggygg4b?ﬁgﬁbé?gnaI bl ock characterizing
paraneters; and neans for encodi ng/ decodi ng each signal block by using a

debook i d,_det erni t _hayi ' | d codeb .
Cent 11 dal font & 5aVShERT dote FPiaC erotsr Chdiof oo VgRTE BN Alocation
char act eri zed thgx&aitidn COdAFO Passhetdrg| PR )ICABSH, ppews,smpﬁrig@g. t hrough

each codebook identification in said sets of codebooks 16. The
encoder/decoder of claim 12, 13 or 14, characterized by said codebook

sel ector (§122) 1 aRARULY; &ilRPMUNMbAE Tt AEDIEARPPROBEL deHbE | ealdst gon
said sets of codebooks 17. The encoder/decoder of any of the preceding

claims 12-16, 16kdb8cMayi1P88 by said codebooks (10A-D) being fixed codebooks

(4] M. Akamine and K. Miseki, "CELP Coding with an Adaptive Density Pulse
Excitation Model", Proc. ICASSP, pp 29-32, 1990.

{5] K. Ozawa and M. Serizawa, “High Quality Multi-Pulse Based CELP Speech
Coding at 6.4 kb/s and its Subjective Evaluation”, Proc. ICASSP, pp 153-156,
1998.

[6] J-P Adoul et al, “Fast CELP Coding Based on Algebraic Codes”, Proc. ICASSP,
pp 1857-1960, 1987



18. The encoder/decoder of claim 17, characterized by said codebooks
(10A-D) bei ng al gebrai c codebooks. a ~r-. ~zo@ 19 A codeboekf Ffp 2003
sel ection nethod for nulti-codebook fixed bitrate CELP signal bl ock '
encodi ng/ decodi ng, characterized by: selecting, for each signal block, a
correspondi ng codebook identification in accordance with a determnistic
sel ection procedure that is independent @f signal type. 20 The nethod of
claim19, characterized by said determ nistic selection procedure being
defined by cyclically stepping through each codebook identification ma set
of codebooks. 21. The nethod of claim19, characterized by said

determ nistic sel ection procedure beiQIigAIME ned by random y stepping

t hrough each codebook identification in a set of codebooks. 22. A codebook
sel ection apparatus for nulti-codebook fixed bitrate CELP signal bl ock

encodi ng/ ﬂeQO%mco&Mo@C?ﬁ%bq 56218y CEA FC QURRP Hode! Reb@hgR2ddih @  method,

sel ecting, for each signa ock, a correspondi ng codebo0Ok 1dentification
i n accor dhasteized by det ermini stic sel ection procedure that is independent

of signal typ%ele%ﬁ?gng@cgg@fggﬁa?%&@ra%@Eg%ﬁg e@@gsa& ?%%rﬁiﬁgatw fpi d

codebook sel ector y stepping t code
i denti f i catomiance waths detsrmeustishsidkation tocetiee Erad o3l adedendsahé of sfgnel Bipe 22,
char act erainéed by sai d codebook sel ector (22)

encoding/decoding each signal block by using a codebook having said selected

codebook identification.

2. The method of claim 1, characterized by

providing several sets of codebooks;

determining, for each signal block, a corresponding set of codebooks based on
previously determined values of other signal block characterizing parameters;

selecting, for each signal block, a corresponding codebook identification in the
determined set in accordance with a deterministic selection procedure that 1s independ-
ent of signal type; and

encoding/decoding each signal block by using a codebook from said determined

set having said selected codebook identification.

3. The method of claim 1, characterized by
selecting, for each signal block, a corresponding codebook identification in
accordance with a deterministic selection procedure that is independent of signal type,
providing several sets of codebooks;
determining, for each signal block, a corresponding set of codebooks based on
previously determined values of other signal block characterizing parameters; and
encoding/decoding each signal block by using a codebook from said determined

set having said selected codebook identification.

4. The method of claim 2 or 3, characterized by said other parameters being channel

protected.
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codebooks 25. An al gebraic nufti-codebook structure, characterized by each
codebook having separate tracks with different predeterm ned allowed pul se
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9. The method of claim 8, characterized by said codebooks being algebraic codebooks.

10. The method of any of the preceding claims, characterized by said signai block being

an audio frame.

11. The method of any of the preceding claims 1-9, characterized by said signal block

being an audio subframe.

12. A multi-codebook fixed bitrate CELP signal block encoder/decoder, charactenzed by
a codebook selector (22) for selecting, for each signal block, a corresponding
codebook identification in accordance with a deterministic selection procedure that is
independent of signal type; and
means for encoding/decoding each signal block by using a codebook having said

selected codebook identification
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15. The encoder/decoder of claim 12, 13 or 14, characterized by said codebook selector

(22) cyclicaily stepping through each codebook identification in said sets of codebooks

16. The encoder/decoder of claim 12, 13 or 14, characterized by said codebook selector

(22) randomly stepping through each codebook identification in said sets of codebooks

17. The encoder/decoder of any of the preceding claims 12-16, characterized by said
codebooks (10A-D) being fixed codebooks

18. The encoder/decoder of claim 17, characterized by said codebooks (10A-D) being

algebraic codebooks.
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codebooks.

21. The method of claim 19, characterized by said deterministic selection procedure

being defined by randomly stepping through each codebook identification in a set of

codebooks.

22. A codebook selection apparatus for multi-codebook fixed bitrate CELP signal block

encoding/decoding, characterized by:
a codebook selector (22) for selecting, for each signal block, a corresponding

codebook identification in accordance with a deterministic selection procedure that I1s

independent of signal type.

23. The encoder/decoder of claim 22, characterized by said codebock selector (22)

cyclically stepping through each codebook identification in a set of codebooks.

24. The encoder/decoder of claim 22, characterized by said codebook selector (22)

randomly stepping through each codebook identification in a set of codebooks

25. An algebraic multi-codebook structure, characterized by
each codebook having separate tracks with different predetermined allowed pulse
positions and excluded pulse positions; and

each codebook having different excluded pulse posttions



