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Abstract

This thesis presents a development of an encoding specch signal as specified in TTU-T G729
standard. It is useful for Voice Over IP project since its capacity can improve the performance of
communication systems like the internet .However , we try to search for algorithm which can decrease
the complexity of the system while enhance this standard. We have implemented the proposed technique

on DSP chip TMS320C6713
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Jatulfimswannasunudygna Tasldnonaiidnawatnddquanndoddd  sunismsumy
o & 7 o A o & @ 4
Fygnaniomsnoulnddygueanily 2 Yszimfenmsnioulnalavase Fudunsunudynud

1 Is o o & o Hdq ¥ ¥ = r:
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k4 ar o ar

Sruvguatanu Aseiias s sfinadafiezAnuisamdada / seasia dygoudos
MINUATTIUYDY ITU-T G.729 (1996) éﬂlﬂuﬁmiﬁﬁﬁmmﬂ Conjugate-Structure  Algebraic-Code-
Excited-Linear-Prediction (CS-ACELP) asoglutlszinmunimsnieu lndlavldwsiinasuasdund
(U# (implement) DY @ 10 A UBIA (DSP Board) Youfinda duanguus (Texas Instrument) Ju
TMS320C6713
12 Tnguszoan
1. ieAnwnszuIumslsznanadyeuATADD
2. eAnudImsdnaie / ooasa Fagnaufoimuunas JuYes ITU-T G.729
3. WieAnu13Ems Tsunsuszuuildauu @ wa A waavasy (DSP Platform)

4. iefny135ns Isunsummnasgivesnms Wedane3fiuvea TI
1.3 YOUIVAYBINTINRIM

dmsuTassandsminiuezldni ¢ TunsWannsaneifumumasguaos dinde Suang
wiud Tanldindeaiialunisianniie Code Composer Studio Version 2.0 Taw anismdns o / noasd
Fygnandosidauniasgiuues ITU-T 6729 U 7 od & uoia TMS320C6713
1.4 fumeumsdniiuau
lﬂumiﬁnm'i'aqni';inﬂu'lumiﬁﬂmqnm'i thzneudan
1. dov g wapamsUizanadyy uAsasa
2. AN INAITIUYEINSINNITT / aoaTva dyg 1 adssn AT uYedITu-T G.729

3. AnvwaspumsiBoulilsunsuuu @ ea f waavedy ves Mndd Suaaguud uwaziimanu
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2.2 mtanseviduauBanunIn (Physical Model)
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11]'1'; 21 unAdna lnmafiaifnave syl

vngilil 2.1 waesiimsduiadoseaywd  vaziymiuavesgondnesmnanteaniu
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naeaaulazeaninmathasasuuihudes Tesdnvuzusseinreondilinadadosnduiia Al
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1L dsaeziimsduilusanay (Voiced sound) Taomiuwesmsdudonnwangdvdunspnesims
Fuvsadudvaiidniwesdmei liilidesigainiufosa sy
2. e lidundvzila Iauiuesnliogader (Unvoiced sound)
3. qUnehnffowlilvemassani Iideaddonty
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23 mdunszvifuasindinnand (Mathematical Model)
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91 22 umaemsFanTivvdyenoudug

4 2 a sa w ” s a Yo o
1NUN 2.2 nrAuunamMAHamaas M unTFunT s Hids TaveSuwladst
a =4 o o cng ¥ o <l o 3 [ A A [l
1. ﬁtyi.‘mﬂllﬁtN‘IﬂﬁdLﬂi1814‘!]1!Ulﬂmﬂmi‘lnﬁmuimmlﬁﬂﬁmﬂumu ( Voiced ) uag ﬁq;tymnﬁﬂmllu
Alunn (Unvoiced) 1191013 199N (modulate) 1ATHIUINNINTBI

2. uivudsuanuduiusseningilummunoamiuguumadamans 1adsde 1y

HaeAaY (Vocal Tract) K|l B (1P Filter)
ay (Air) <:> u(n) {Innovations)
@ ¥ o=
AT UYL
<::> ¥V (Voiced)
(Vocal Cord Vibration)
;4 3/ =y

ATUNIT T UUDILTULIT D <:>

T (Pitch period)
(Vocal Cord Vibration Period)

r= | ci [ F-1 G'J y =

oA luim s duveadudus <;:>

UV (Unvoiced)
(Fricatives and Plosives)
navesauiieeninein <:>
1lon G (Gain}
(Air Volume)

- [YER T | ¥ w - o
M 2-1 ﬂ’nuﬂ“ﬂ“!i3“']'11]1.'“1]1]“101‘“!!#11“1’“]]ﬂll'l.l'l.l'ﬂNﬂﬂlﬂl’l'll!ﬂ‘I



2.3.1 mImiulszinEvean0InTed LP (Linear Prediction)

<y 3 = A‘ ar 1 i
unIRAvaIn sMduszinsvesnsinios LP Aemsdszinulddenweudoaiinmla
s(n) annsatsznas IAninmsmhandu U 18Gadu (linear combination ) vosdvet1admg s

Suynteunis I p A0t 1

s(my=asin-D+a,s(n-2)+...+a,s(n-p) 2.0

¥ ]
L = L P =

4oy on o : de o -
Wdulizanived a2 tudeniideenlugiadsy whnsdesesd samnsoulasaumsi

]
= ar

.1 vinmsdsznaliidusiduid Tasmindyaanssduidh 1l Sade U
P
s(ny=Y a,s(n—i)+ Gu(n) (2.2)
i=]

A o ¥y 4 o q W & ' / ¥ oA ¥ a
TﬂU‘I’I u(n) xfl'umy_iuu1mﬂi:@1uﬂgﬂwﬂmﬂuﬂmﬂmu (normalize) U 119 G !Fﬂuﬁ@liﬂiu1ﬂ‘ﬂﬂ@ R

¥
o o ol

a& o o ' 5 o
NTZAU FIMIRITUIVINAUMTAINGIVY Tanved z os ldnnuduiusaeil

S(z) = Zp:a,z"S(z)+GU(z) (2.3)

i=]
Mlis 1o ﬁ%’udw Tou {Transfer function) 1ty
Hiz)= S(z) 1 1

5 N P (2.4)
GU@) 1-Y" gz AG)

c:’ | & [ O Y as k3 4
arumnsvasEunsmsouaalanegin 21 Fwvdiduiavasdygwnszquilden
fwauinszdu u () ponu dyanuszgnumesiem G naznaeiudygudunmiiffouldiuaces
nsesuL eeaina (all pole) sadaduananies sin) sanun snandluilopiws muhdye o
Y a e o o i A o A "ﬂ i o
NI UIDATINAUU dvuuiasingu (pulsed train) ¥3DAUAUITINITUATIY (voiced sound ) N0

Ll ) "
ar ] A 1 ar o o [ 1 dg y
Sludayanuuuugy unvoiced sound) dassnsaaiwilumshauinorurauiuuese fuazanils

¥
aanF0l (¥9AD MuAUDIM ¥9910 Lazan)

ufn)
> A(2) >

s(n)

]‘Iﬁi 2-3 UtYPN linear prediction mode of speech
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P
S(my=> a,s(n-i) (2.5)
i=]
AruAana1n Tumslszuiw e (n) uanildIae
il
e(n)=s(n)—s(n)=s(n)— Zaks(n - k) (2.6)
k=l
TaohlimnnuRanaiave il insunio Tou (Error ransfer function)
E(Z) 3 —k
Az =——-=1-> a,z .7
S(z) Z f

#
= ¥ 2 o

o : A - ar - P ] 4
fafudie 1R sm) dudygpanTangnadiuumnssuuFadunuaumsi (2.2) wwwu e(n) ozl

«u

[ o A ¥
AU aYYIUNTSHUNGNVEILLAT Gu(n)

o wr
2.3.2 pamlszneuveaiiggnonduy
[ Ed
1. Voiced sound fin dayanafifiguautidsiudiunu (Periodic signal)
a o - | ¥ Yeg A & ¥ e Ao 1
minfSuiounumssenfssusandaadssnsennudiidndimsduveaddsindine 1wums

DOAIHEIAIGNYS b, d, g

jﬂi'; 2-4 utmq#mdm‘\'num:uau‘r’:utmmﬁuaﬁtﬂun'lu

ar ) v B SN = e o o
2. oUYIUIFEIIUUAY (Unvoiced sound) NAD ﬂJuEy'lilllﬁﬂﬁﬂﬂﬂﬂ}lﬂw‘ﬂﬂﬂﬁ%}jiy]ﬂuﬁu
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=) =

o o = o a  ar ' 1
wanwsur maoufvusumsesndeeusiniedoiiai e Taemstmvasvesronin i
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gl 25 ML LRGN IR NP AR TE.

dmiuTulnsenudidaiumsmsdisda / noasiea ANNNATFINYEY ITU-T G729 Faflums
Whsradyanendonuy 8 kbivs Taold cS-ACELP Tamuafvseomiumse Fudazmsy WRmnen
M3 sampling Fayaondvedao Sampling rate 8000 samples/s Taurinisnseulnd Yoyauuy 16 Bits
pcM Tnoudaemsy sxiinnues 10 ms Taw 1 sy vzniseonidiu 2 msutes foyaiimmsdsia

3 W = a1 ;
uavzlsznaudie winiiwmosaeao 114

Paramater Codeword Subframe | Subframa 2 Total per frame
Line spectrum pairs LOLNL. 22 43 18
Adaptive-codehook delay P2 R 5 i3
Pitch-delay parilty &1 1 1
Fixed-vodehook index L2 13 13 26
Fixid-oodeback sign S1.82 4 4 %
Cadebock pails istage 11 Gl 642 P 3 B
Codebook pains istage 2) GRE LR 4 4 8
Tatal 80

ATT191 2-2 Bit allocation of the 8 kbit/s CS-ACELP Algorithms (10 mS frame)

¥ ¥y
Taomniiaesizgndwesn’ll  uazdinensimeriinsoensiamsilimesmartiieats
] F4
Tyaaidos Taodyanaufvafiad19siuezgnnavar1niagg Short-term synthesis (LP filter), Long-term

i A o = ar | o ks 3
synthesis (Pitch filter) 1tz Post filter (oA 313 Tudin voadgyanuidunsizriu)



24 Code Excited Linear Prediction Model (CELP)
s(n} + arror perceptual ernor
X weighting minimization
SNy
codabook
Ll

1 1 f | :
A(z) 1-zP E i ’
3 : i

LP - pitch e
analysis ; analysis

U7 2-6 urmsvydineanIFanI IEHIdBNILY CELP

G.729 ﬁ“ﬂag‘i’lumm’fﬁﬁmﬁm (Speech coders) Tu category CELP (Code Excited Linear
4 =) ’d i a i ar o =
Prediction) ¥4 Tuiaa(Model) wiiaiifitugiunoinssuuduiadowosunud lave Suazduiiadoves
M \ & & o s
ausnzgnitaouifuiasnies  Linear filker ) yanfls  Fadvaymiuvzgnadislaverdomsad
Fyanailimumfumumsdueesenimnnizquiseinsesit  duswedluFwes Tawudnid
¥ a - o 1 =1 ::;u::i
uaudvIwAvEIRVITIINNeMlIzney 2 diufe ManduauBIREoU[Smooth response (envelope)]
A Ao , e 5 a a o FEVH,
wiodyauilianuuziiun1y (Periodic signal) shmIveganiu yaveseantsynovusinudnly
dlun1 (discrete frequency signal)  lumsunu jiliuunsidsHa(Coder Model) 489 CELP Wuszuls
o ot d‘ VoA = é 3 ] a’: 1
du'lumudannunizduitszy uazmdulsziniveaneinses ol 2 axnnfuszmineinaiaves
& = a4 @ = k. A A = L] & =~ o = P
dygroudosit  desenuuilu giinunio wieSuadnodianilsdudsy e lumsdadyiandoi
° =Y ar yz r o PR 9 5 1 9 o
nnAnsamse mlsduladae [1ms - 100ms] yavosriniimoinadiluszgndsviu Tuga
o ! = daq ¥ o W o o o ' =
neasdalunaazisy voudey Tevddudsdadessedygnondusesnatios udsy Aou Daszaunso
o & '+ o o & > | o
dhswandsudeyald Fahmnoanuniinsfmdvessumdeiu  Tu 6.729 a1 sy Innsanld
(I 10 mS ¥30 80 AI0H13 (Sampling rate 8Khz) Taveziisiauily 2 mMyudes (5 ms / Msudow) u
¥ ¥
daups nisilinesvesnesnsasezAnnm 1 assmamsy Tuvasidgounszquizmudausutos
é ) O 1 @ = [ s @ o
F3ludmvosdygnunssuiluduvesdyonusunn dmsudunsziidoulizneudisduya auio
wwuiiuniy tas dygrandouuugy
CELP Model wamilddnuduiifumdtomndosiidunuiiududdgnlinonsenly
y 1 L s Q’J o c: @ :
mIimdulszniveanseinsaaua ludiuvesdygrunszdu uldhmmmnis 2 ssilsznoudaiu

o - civd 3 o n’: ~
!.L'U‘l]il1ﬁﬂ4ﬁfuﬂuﬂﬂﬁ1u1iﬂ1‘fﬂﬂﬂﬂﬂﬂ 2 N5m
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[ o . . Y o a - i o
M3FURIIEH (Analysis by synthesis) Hudhidaesyiims fummimnidmesimnzanlnevins

a o ! ¥ o o o 3 ol w o ¥ ar
seasHanduluudazseuvaansdumlamhdygpaidunnzd ooty dygaduniy

= o - [ o @ Y o a o ¥ Yo o o
wniweiyahlndifvafudygradunivunigeezgridenuazda i futlnensia

dissnnswasandyaauieslutnaidu q sSamnsaadauiassluns fuilado

ludnyazvasszuufimaddmanainefl (Stationary system) InguaUTRvOITUURINA 111457
hginuanuduiusszn i wesdyanaseumhifusveadaguiliginlae 95 mslssna

¥uszFadu (Linear Prediction) ilfumduilsz@ntyearansnsaamugilii 2.7

x(n)
di

~ M
Prediction of x(n) : x(n) = —Z a.x(n-k) (2.8}
W=l

A M
Prediction error : e(#) = x(n) — x(n) = x(n) + Z ax(n-k) (2.9
pan

P
=

il a, AeduilszAnin I ninmstszanauiuszdadu (LP coefficient)
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nnsgum sty G729

wmIgumsiisvedygnu G729

ﬁ'm’fﬁﬁ'ﬁﬁagzmmfu maudisnnudiee 1 isuvesdyaaidos Ao 10 mS/rame 5A31999
M35 sample dgyaandosfio 8000 sample/s MUNATTHYDY G.712 F3 (Thi 8wrdon (Analog Input) Tav
1% PCM (Puise Code modulate) 16 1 uazy)n q 10 mS Tav 1 sy Yszroudan 2 wsudes sudovay
5 m$ ( 40 samples ) dygnuzgninTzieenuazriing iz INineIAN 9 Ao linear-prediction filter
coefficient , adaptive and fixed codebook indices and gains 1u CELP model éﬁ‘lﬂlﬂﬁmaﬁ{ w:lﬂ‘lfi]z’gn
Shafa uasdeeenll wazfl Msneasy (Decoder) ﬁ'monpmLﬁmﬁlzqnﬁ’?m‘jruslwﬁiﬂu%’fnﬁnsm
dyeyIuns :ﬁ'u (excitation signal) H1U short term synthesis filter cﬁaﬁﬁugmmﬂ 10 " Linear Prediction
filter 118 Long term synthesis filter Tau1$ Fnrves adaptive-codebook approach uamﬁ'&mmfu ozHIU

post filter tBIANE1S Tuiin vasdgygn

mad1sve (Encoder)

ar

A udunAIYIATOSHIUAIINOTINTU (High pass filter) UAzMMUAVINAvBIAYY IV
' 4 o ¥ s q’ = e | = o
Aouizdszmanadysu uas¥dayguilumsiinsizd LP analysis 3xidtumsTiasizdyn 9 10
. . o’ ¥ ¥ 1
mS (1 frame) tNBT9EM LP filter coefficient hazmdanlszdns marfifuvzgon/donluidlu LS uazgn
= q o o B a ar
araulnd laonisunudlonnees 18 1a woludumuueidulssdns103aInin (Quantized LP
coefficiens) uasdgiasdoazgrinnzimdygunszdu Taomadendyanaitinunu doygo
Yy e A Youy . [ a o Y @ w w
nyzAu tiuezgnion Taulda8s analysis by synthesis MIANWAAWAIATBIT Y IUAURTIIAUT YW
r.-i ¥ ng 1 W = 9 d' " o - .=-.|y [}
fgnadasduminivzdesianaaiovnga (error signal e () Tau dyanuAanamiinzgRmIoIIY
] F oo a A a 3 : .
perception weighting filter 93 Adulszdnives Anseniuldumin Levinson - Durbin method
. - 4 a ar 3/ ar = ;vaug
(Unquantized LP coefficient) manﬂumsﬂiuﬂ;qﬁfgiuu1m“lnmuﬁumﬂummﬂ‘lﬂﬂw
ﬁﬂgegmniz@ju {Fixed and Adaptive-codebook parameters) 9NNIVN 9 5 mS (NN 9 40 samples)
] o
aou'lng uazlinreulng LP filter coefficient vzgnlddmiundsudooiioes mymiing Wussgn
¥
SamMn 10 ms 1A6A31 9 (Open loop Hazazihimadiuimd luudazimsutou (Close loop) Tay
w A Y & o . @ A  dn e o o
T¥uguues anundwndaiu (corelation) umuvosdygrandosiilaiy  wdwmiu Impulse
o hrd ] A
response (h) Y93 weighted synthesis filter 3THAATUINNT uasﬂagiy"lmtﬂmmuﬁmﬁ’mmsmﬁﬂ x (n)

L) -~

fo Sumaszuy gofmm Taolauld LP residual rin) aUBBNAWANUAANMIATENIN LP residual uag
9 & o . o 4 .
daygrenszdu  Fufeuldfumsmsavesndan the zero-input response uANITAAM weighted
1 o . . 4 - . . X
synthesis filter aaluidluduasuuns Close-loop pitch analysis SINUMNY maximize correlation 3THIN

x(n) AU dny* h(n) WommidiaziBeaves Andezgnidrsda dlu 8 Tadwmsumdsudoousn uaz 5 dia
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Fmsunisudedt 2 F1 Fnshiugnidisia Fuimsiu soufe Sas1en8 Y8 Adaptive code-book Fat
naz x(n) ﬁqnﬁmuﬂiﬁauaﬂﬂﬁ'w adaptive code-book gain * filter adaptive code-book vector (filtered
adaptive-codebook  contribution) uazez Wdnaanhmnelni Ao '@ Fawzgnidlunszuaum
W15 1iine3 ¥09 fixed codebook F99¢'I8amnes 17 fln 13 fixed- codebook Gain YB3 adaptive A
fixed codebook 1Hlurinaes ‘ﬁ'anmau'lﬂﬁ A 7 fia (Tﬂtﬂﬂ’f' MA prediction N1 fixed codebook gain )

Y

Yofgaa1nso9 memory sxgaimunalesld dyanmnizdu imld

NIOBATHE ( Decoder)

» 4 1
HanmMsvaIMIeefsady i W Yuaoudl 1 Parameter indices WPNIUNBDEAUININ bit
an Yo . . ar A 4 3 as o sedg 9 o as W ar = o T q’
stream 1IR3 indices 3zgnoansHa Moz 1ddy winGwesilddmiumadisda misilwmasivanil
1sznoudan LSP coefficient, 2 Fixed fractional pitch delay, 2 Fixed-codebook vectors L1ag Adaptive/Fixed
r L = Qr Q’: o U ol = q(w
code-book gain Tasmduszng LSP viuvzgmlszinauazudasndulUiflumdulsz@nidinses Lp
¥ »
dmivudazmisudou Tavhmudunoude Ui
} 4
¥ B 4 o
o JynnmnszAu gnadiulasuInvuia adaptive uaz fixed codebook vector Tnviuayiy
93107
ar A 3 d’?‘ r 3 o 3 1 as 4
o dograndvaszgnadnvulnulaoldmsnsesdygnunizgu @umsdunTiziainses LP
4 1 v & v o % & 4
o iAuaignad i niiuesdaiullfs Postprocessing stage Falsznoudao post filer Fali
14 [
ﬁujmmmﬂ short-term H@2 long-term filter LD mué’hﬂmsﬁmansmmmﬁqamu( high pass filter)

HAZEINA VUNAYDIT B I0d

fiod (Delay)
Futhsfadwiumadsdadanandosld 10 ms Tavez1ddn 5 ms dwmdumsy luewna
= = = Y 5 LT ) @ e ' ::‘ P a &
mangufjaziinsand Harua 15 ms dimsuied funniillssdatusndmgiae i
o nailFlunsdszwraradimSumsdis W uazmsnaasie
o palunideyalumedyg o

® MV Multiplex delay i1 Udoyadu 9

3.1 GulizAnEve429030384 (Filter coefficient)

» » » »
Tu G.729 thuresnsesi Midluuuy 10" order all-pole uaziiizsninisvsnsoayaitldlums

@ o

o =l ] ar . 1 - o
ﬁi!.ﬂ‘i1$HlﬂU~1FITNi!iﬂiﬂﬂaﬂgﬂliﬂﬂﬂ?ﬂ%iﬁﬁlﬂﬂsﬁ {synthesis filter) 1Uﬁﬂuﬁlﬂd’ldﬂiﬂ'ﬁ'ﬂd'}£ﬂi1$ﬂ
1Y

L} a = é 4 ’ ~ s
e 19 unduved1995n3eriln FIR (Finite Impulse Response) Buiformuioadnlildaisesnios

= o o ¥ o s o e n’a & o Fy - /4 g a
UNTIEH ﬂﬂ:1ﬂﬁmﬂﬂ_ﬂﬂlﬂiﬁﬂuﬂ]’ﬁﬁﬂlﬁfﬂuuaﬂﬂn] VATV NITNMDIUATISHANDTYATMHANA R
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. 1 a = a 1 EY w ' P @ s .
(error sngnal) UATTNUIBLTHIDTNITINNDUHU 10 Al0814 mmmmnmﬁlumwmnsmmmu (linear
»

predictor) @ lumsudaumass 9 i ldGnferfeitmsmanuduiuiannesTiadu
(correlation Jun3 Ad vesdnyaaFog

Tumsmanuduiusvesdyapulunaazisy Wussiinsinsuwesdygiuly 30 ms

= r s r é

500U 15 mS MINBUYNVUNTY Aaurt 10 mS veursy Tegthumazimsuaranth 80 5 ms &3
o Yoo a Y- -1 P = L4 . s ] F] 4 o a a o«
Wmivifa danainumacm 15 mS  i519z3ulad (window) dgygnunounlnilsdduusuiaiuial
(Hamming window) uazaioimoi 1nlal (quarter cosine) unufvzdirmunsninesstatulauaiein
o = A 9 2] r [ ¥ Qs Y L] a 3 1 aa 9 . 1
dganadunnidn wernliugliwesdyaa ldmameeiTeduniudunnnsun iegludm

- s 1 : o o I 1 é 3
yoansuduynilogtiuumunee T Tibhmindudsy  noumdimieluouwmaian  danilsiuneu

' P | 4 mea dela = o = 3 - =
AeuMIMIABI HatTwilaanindvanliaindnnudquilussdilsznoy  (uduidudge)  Tmnase

=

e ] a o PR 9 ¥ o 3 -
aeu3Tail (spectral envelope) gInMuBAANTANUBMTGNUBAENdNNRL M I¥nssznamieud
i 4 ¥ a o LN E o 2 o
TadinruaszninamuuesRa  (pitch periods) Wud1ll msudlalugatiilasmsinouTgsu
t = . = o of o ar ‘!'l 1 1
1917100 (convolution frequency)vasmianseawul lad lasmmEeuilindunoveoy a1 gagavesd
wnaseaeul Tadwewuzsaalud iy
a a = ar o o w oA th a g o ot o
duszAinsveaaninioddauns e LP ouaui 10" enusodmnum1d Tavordunoidadu

¥
(k) DINAUMIVDL Yule-Walker Iaolsisudilynmuwnisr laudans3 finvad Lervinson-Durbin
10
Yar(i-k)=-n (3.1)
1=1

TutuaoutaliBezinsaionIndaesnies uamsannst ldamnsontew inativu lasesaldims e
Lo il ldhaeuing noise ez linindwanliawsomanduldi Inidlgwmidesanul

05D 9292INI B

ﬂ(ci ks [

2 funelumsaaeuinddeanasumusssdudszdnin i unitesninmssuddyanasuniy

o o

ad a =
'UENF]“!TIN“UiTUinﬂTﬂLUul"lNﬂTmﬂ

Lﬁﬂ!lf’fﬂi};?ﬂ 2 ﬂl’fﬂﬁfﬁﬁuﬂnﬁw'ﬁ'axqmﬂ?\uu‘lﬂﬂgﬂlu Line Spectral Frequency n30 LSF's Tay

SIS

F(z)=A(2)+z7"A(z"™")

(3.2
F,(2)=A(z)- z Az
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o

a a o v oo waA o o
LSF's lusindmeuvos Ind Tuilisamariidilnu audanid s

=,

L sndmsusguInauviliioe
2. fGsnfmmeuilunouging (conjugate) Fefuuaziu (e hansamdundureaiensnald)
3. dmiugues TndTwidlea i 2 Fedredui Bieesnses ae) Wunilmie @inde 1)
uag 1393 ﬁdlﬂﬂtﬁﬂﬁﬂ {Inverse synthesis filter) TGl
s mywfAounat LS Ia 9 wldAemsaldouilagasnsesinge {analysis filter) B0
0 9 500 9 AW LSF 1

nnuauiate 3 ﬁﬂﬁﬁmmsﬁ'aiwﬁiamis:u1'1Ni]iﬂ‘iaatfumﬁtﬁﬁ?a"lﬁuaxmﬂ
quauiiade 4 Yaulinsmeulndiadu LSF fuifesfu frequency response va1 2esdunsizvifienn
Randwidth Tumsdedoyailudisiminzoeasiezldmsnonsainiues LSFs Tauld 4" order moving
average Ta0vziignvna predictor Nididoney 2 g udedodnlumsideningfnaes aowIndi
Fugalvu  msiinaees mevindaduntseondu 2 aowszlavaomziinils  10-dimension
codebook  lsznoudan 128 wuvidmiudumt Tamouns i Awadwiveamsiiiludem 1nfines
FAURAUYDINIUAANAIA (mean square error) SEMANM LSE’s  93aasamuziiany 10-dimension
NAABS 12QNAVBDNYINATNSY (Original LSF’s) éqﬂ'mmhqf‘:ﬂxgnuiimaﬂﬁ‘luﬁaa 5-dimension
nnnes Taoouniiliaiingitunnnes gausn wnu LSF 1-5 ) sxgnienain codebook adi 2 (Tau
pfomsiiilugmsniinesainisvennufanamudnfuagomssn)  wazounsfi man
nmed gaTidee (i LSF 6-10) Aozgnidonsaninein codebook 3@f 3 T4 codebook yafi 2 L 3
i @y 5 - dimension #ail 32 tleuMTiuiu

AEABUWL two state structure HEOAT Conjugate structure LA UAU “CS” Tudaueans
shae  danadusiezdedoyalunsnien]ndaiull 7 Jaeiden codebook dausn Ba 10 fin
w31 AN codebook 32 1oun3 2 ya uazdn 1 SnlumsidenHladFu moving average 714

Wilaneasiian LSFs Tumsudes usnuzdiinmsilszanasidumsy fudiue s udos Noee 9z lém

< A

o5 1asulilnens e
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Hamming
(0-189)

High n-g;:; O e Auto correlation = Window Lag
¥ y .

{0238 Sample } for ;;h’n;a;:u;e:tngni* for roduear:lamn:l dynamic

L Cosine funchion |

(200-239)

ki

Upper root
Potynomyal transtom Lervinson-
Canvert lo L5P -
w Quanlize LS cosfficient o) for suble al.pole Ftera aitol Durbin
- Algorithm
\ ‘
; Conjugate root !
I — Y
q(i] quantize
Coda boak saarch
by two-state vector
i
1’ Converslan and Conversion and

Parceptual walghting

Interpolation

interpolation

BT

11]'?; 31 umasiiaTiunsuvesmamdutlzdndvesaaninies

3.1.1 TuneunImaudszingeesntes Tavozidua

3.1.1.1 minnFygnunoun5isyanMn (Pre-processing)
Usznandie 2 AanFundig e
I Signal scaling Ysznoudaomimsdie 2 tiaflestunmsifialanas Ta (overflow) Tunsznums

1 fixed point

v ]
=t =

2 neinsesnvagwiedesdudygaiiianuddifibidoams auauns

H, (z)= 0.46363718-0.9272470z" +0.46363718z 1~
" 1-1.9059465z " +0.91140242 '

& g W 4
FauThuaumslu z T domlad z aduvz aunislu Tawuvewansi

y (n) = 0.46363718x (n} - 0.92724705x (n-1) + 0.46363718x (n-2) — 1.9059465y {n-1) + 0.9114024y (n-2)
(3.4)

1 L4 »
s () unuU y (n) vosdygnuiiruduaeuiing?
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3.1.1.2 Iinnzvimdunlsz8ng LP uoznaeuindiudy (Linear prediction analysis and quantization)

. o Jdd’ ad & As o o o o th
Short-term analysis HAZWFTTUATIZH UNUFIUUIINIITNTSIALLUITNIARTUATALNIO (10

Order Linear Prediction (LP) filter) Tawvzgniin 1 afwmn 9 1 sy Taoldi%mseelanasdiadu
. 2 - Al b . . 1w a
(autocorrelation method) FuiiuFulati liauwas ( asymmetric window ) 30 mS Y0  Aduilszdng 8o
Y ] ol ar = o ar = o d' w V oar = q”
fethe  vosee lanaiiimfuvesiulatvesdygiauduagednnnuasn/dsundu I ifumdualszdns
¥ P ¥
LP Taol¥Sanaifiuaes Levinson wdsmmiuardmlszdni LP ssgolaoulhiiu Lsplamudmiy
. e 4 ¥ o s '
msdszanmuazmaninou Indsdunas  msdsznaildnnisesasotianieoulndue:  lindou
o o ) a o A n’: A 0 ¥ ¥ : o ar ]
Ind vzgnutlasndulaliumiduilszdngaesnses LP Snafy Medhmsadnuazdanimin dmivua

Az (Msudey

3113 ’an‘funsmsmaaTo\’naﬁwi’u (Windowing and autocorrelation computstion)

. : W 1 [ & o & a o+
LP analysis window 15snaudau 2-su-Tassnusadluileddunaniiiuiad uay

dud 2 30 1% vossouvosiladsu Ia'lsl (Cosine function)

0.54 - 0.46 cos[%) n=0,.199
w, (1) = 7 (3.5)
COS[L’;S;QQ*)'J n=200,...,239

) 1 Fd ¢ 4
Tau 5 mS AruAnuI 1y LP analysis HNGANHI 40 A10679 zdesinnen sy Tuouea

3 4 N A 2 \ e a
Famswlasilseildinedaivy 5 ms Tuasziinisdhsste dalu LP analysis window f9an1s 120

o _ o=

#0013 1insuluein 80 daoone nsuluilegiufidideaResw uas 40 Memanmsuluewaa

samilu 240 Fredamzduanm s ()

Windows it Subframe 9% 5ms :

s

fas

LF 1w

40 #9013

W50

RRTLELE i1 ]

Frame TUoAA Frame ilogiiu Frame Tueuina

11]?; 32 umAunIu umi’tyqpmﬁuum’i'lﬂumﬁlmm
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) »
#msuanwdngislFumsisananadygoniun i bihiulundas #ede Tedeadl

k1 [ :’ w 2 1:‘4:!”&. v = o o ] a:i o v o’a
MIGUAADNIUTHUN Faluniifio ey Tuladludnmuanasaiumsoiaiu 9
s'(n) = w,, (n)s(n) n=0,.,239 (3.6)

-y Q’ @
19 " () lumsmduilseAnFoalanoismdu r (k)

239

r(k)=Y s'(m)s'(n— k) k=0,.,0 )
n=k

di ot =] r & [ o a1 ; ’ { o
edesrumapaiiyrinmaadamansdmiv (0) sxliddinwauuaidmun 1) - 1.0

A uveadyumsvo1o 60 Hz szgngaindii r (k)

2
Wiy () = X ——[”}ﬂ] k=110 68

e 1 =4 i o 1w L] o
Faumua £, = 60 Hz uag fs A30 8000 Hz Fuifuaidiumsiguiintimas r (0) vedonh

-7 1 - . 4& =i 1 o a i
M3RUAIWSATITIUVDI white noise correction D 1.0001 Fafsuniiiumsuandudygasuniui -

> »
40 dB fa1iu ¢ (k) venaoilues TaneisiadudignudTuudy

#'(0) = 1,00017(0)

P () = Wy, ()r(k) k=1,.10 3.9)

3.1.1.4 Sane3fiuveuneIudu uaziaeilu (Levinson-Durbin Algorithms)

i o o ' o a = o o i o o
aumsRaaanduiusssnindulszdnivewe lanessmduignlimlys F Ao

Aulsz@nB LP a,i=1,. ..., 10

10
N ar(i-kl)=-r'(k) k=1,.10 (3.10)
i=l
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A msyIimsudaumanniuFanudunusuuus nesadae 115

EP = p(0)
for i=1 to 10
—1
a[l ]=1
0
k = i-1 =g iy gD
i ijoaj r'i— )
L 311

for j=1to i-1
[l [i=1] [i=1]
a =a | +ka
J J =]

end

EN = (1 k2 )E[:—Il

end

dmsudmenilfesidua =a™ ,j=0,..10 Tava, = 1.0

1.1.1.5 mudaaoiniainiues LP 11ia LSP (LP to LSP conversion)

« 4 a = @ 4 5
FlszAntves LPa i=1,. ..., 10 sxgrildoniludulsz @ LSP dmivmoh

areulndadunaz astlssuinn §MSu23930309 LP 18U 10 ( 10" Order LP filter) Muduils=ans

LSP sxgniivmeglugilusinas imueannvosaunisuazsas1ves Inaludiva

F(2)y=A(z)+z " A(z™)
and - (3.12)
Fy(z)=A(z)-z" Az )

TaoIwaluiiva F' (2) il symmetric nazTwdTuiiva F') 1 anti symmetric 926030
= ' L) lé T A o o
Fgnildhsnynrinvesaumsezegunaenawviiomiouaznilumaien  (alemate)  Faiunaziu

o

o i = £ o o = = "t ar
F' (2) §3107 2 = -1 oz F' ) T390 2 = 1 Faezah idamenldnoz fiow Twd Tudoalmidn 2 2

F(D=F(@@)/1+z")
and : (3.13)
Fy(2) = F(2)1~z™)
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A 1 =3 1 ‘é o 9 & L] A '
Yuwaazownisezdl 5 siniiluneuginadaiuuazfuun 2enaunimiie Faannsadouagly

tlvosnagald

@)= [Ja-2¢,27+27)

i=13...9
and : (3.14)

F(z= [Ja-2¢z"+27)

i=2.4,..,10

¥
s lé 1 L]
Tau q, aaumaTunNuAY cos (M) $3 @, naaznarl 150031 Line Spectral Frequencies (LSF)
¥ 4
UBF AN 0 < ®, < @, <... < @, < 7 Tav ¢ nAnzwniiunefdudszing Lsp TuTawuvas
1 Pl ] : s =y ﬂl’ é
Talandwsizn IwaTudloa F, (2) iaz F, (2) uauw1as ( symmetric ) mwizduilszdng mmadusnda

b4 E a < o P o 1 : 9 @ o o =t o
Foamsveiimamiuam Too dudszans amainiuvszannsom lavinanuduRusuuy Sinesau

fii+D=a,, +a,, - i=40,.4 .15)
fz(i+1)=a:+1 — +f2(1) i=0:“>4
' 1 ar = q’ u’: A'l =1 1

Tasdnuald £ (0) = £ (0) = 1.0 Mulszaint LSP WuazHnoalainsmiawed F, (z) uaz F
1 2 1 2

1 (] J ” ] A - ]
() wngzmin 0 - 7 senflu 60 gAnasiImIAseTeUNTBIMINY Wielimuifacuuilas
- v o 2 ’ E @ v 4 4 o = [ s 3/
WipmuonEAI RasIniuiTzIege 9 1 vazdhimsudaiun duastiBa 4 sz v A

[} E;QJ =) =4 ) é dy
anlszunnuaesiniiavu Ina Tuislvaves Chebyshev gnldlumame F, (2) uaz F, (z) 9935ivzm13n

1ailuTamwnvealntmi

F(w)=2e""C(x)
with (3.16)
C(x) =T, (x)+ DO, (x)+ f DT, () + fF OV, (x) + fF(DT, (x) + f(5)/2

190 T, (0 - costm@) iaz m (ugufyveaIndludivavas Chebyshev uaz (i) Whidunlszdns

= 1 - w o oa o I
484 F, (z) uaz F, (2) A Tuidion C() sxgnmne 1819 x = cos() Taoldamuduiusuuiiimes s

for k=4 down to 1

b, =2xb,,, —by, + f(5-k)
end
C(x)=xb —b, + f(5)/2

(3.17)

init : b, =1 andb, =0

62806
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3.1.1.6 man1euIniturlsx8ns LSP (Quantization of the LSP coefficient)

dutszAnt LsP ¢ 1Tugnatoundlauld LSF @, uaz Switched 4 * order MA ugnldiitonts
wonseifweadulszing LsF vearlsy Togiu  Teuwadsszvinmiidon 14suntswensed
Furlsz@niozgnntenIndlauld wo stage vector quantizer Taoaoiuzusn sziifu vQ 7 daladld L1
dmiu 128 uvs dauamusiicesssmde 10 fanbiweendlu v 5 9a 2 dam unu L2 uae L3

o o é <5 B’J
AUy ¥ 5 Dmiuunu 32 oun3

e ¥ »
Tunszwuntinsaiiadulszdns 145 iuszagiugivamas wuoani 2-Codebook

» {Ll,(Ll) +12,(12) i=12,.5
(3.18)

T\ L, (L) + L3, (L3) i=6,7,.10

oo L1,L2 uaz L3 @ubuiinues codebook teaam3tfia sharp resonance Tumainiouing
nesdunsed 1P Tasdudszdnivosmionindisesioniyn (Quantizer ouput) wzdasgniatos

) o afd A w =4 - ' =] @ o o e
nuﬂsszmﬂi:ﬁ‘nﬁ‘nﬂqmﬂuﬂzmzuzmmannﬂ 1 TapTsmsdaGemudanas Ny

Jor i=2 to 10

if(if-l >i;*J)
J/ G (3.19)
lr‘—] :(li+Il—1“‘])}2

i =+ +d)/2
end

end

¥ £
misadvaedpiianass Taunsausa I = 0.0012 g J = 0.0006 HAWINAIEUIUMSITOUAT
[ a - o . . o Qs as ¥
FurlszAnTues LSF Hignatou’lnd (Quantized LSF coefficient) dmiumsy Pogiiu szauniomla

o g 7 ' I
ﬂ1ﬂﬂ1ﬂuqﬂﬂlcﬁﬂil'}ﬂlmﬂi DS 4 Wsyna U ATl

4 R 4 a
k=1 k=i

4 . . 4 1 G

1 p,, 79 Switched MA predictor cocfficient il 2 aums ez 1doums Inuduegiuiia Lo Ta
VoA 9 Gy A @,
AUTUAUDA 17 118 k < 0 AWML iz /11

wiwnmshmsmdulssAnives LSF fignadouinduda desniiemounnimatiosvessin

L E
fmol Taei i tunouast
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< d

Sosdrudlsziiniues LsF fignadeu Inanimiauliinn

®
—

A3

1Y

dlszdngves LSF figanieuindla ntesndt 0.005 fmuald mfu 0.005

®
o)

®
k]
De

M, - O, - 0.0391 ud? fmuald ©,, = 0, +0.039]

231 1

¥

o M®,>3135u00,=3.135
o ] r
SmTunTzUUMTEns e LSF vy setiaumanidlumswennsal 2 auns sz 18assunafia

i o o o 4 dad & o
Agavoadulszdng LSF Famsthzmnudinfigamiuszdeainli weighted mean-squared error (MSE)

10
Ey =Y wiw -d) (3.21)
i=1

o

» - Jr »
M3 Weight (w) Hun 180 nilandu veaduilszang LSF #linsouIng fail

_]1.0 if w,-0047-1>0
" 10(w, - 0.047 ~1)* +1 otherwise
1.0 j — -1>0
w, 25i<9= \ I D=0, (3.22)
1Mo, —@_, -1)" +1 otherwise
{10 if -, +0927-1>0
T 10(-w, +0.927 -1)? +1 otherwise
i1 w, naz w, Thigadan 1.2
moulndmeinnmes voursuilegiiv Taun aumsdasolalil
) ok 3
L=lo™=Yp 1. |N1=2p i=1,..,10 (3.23)
k=1 ik k=t ok

Tas L1 9zgavuaz oun3 vas LI i ldmvesninfidesdundovesanufawmariooigaoz
gniflen uas 12 azgauuiazifomuinudfiu L1 iveziiudiuves s dad1svesanugiiass L2 finun

] » ] 1 ¥
Idaedol nazsaSvuioliziuszormedugane 0.0012 uazl¥ L1 uaz L2 Agmideniiven L3 Baasa
» 4 1
Foaiimafeuiorszsuszuzmedugaiie 0.0012 waznawes L3 wAeldkadniaiianmiaiiion
P s @ ¢ » N a . o @ > & a
figaniouIndieiinnmed exdesgmimiFualnilaviulsziuszuzmeduga 0.0006 ¥4 process il
: o d o o . - a r .
i vaussdesmIfiadvd M MA predictor Had0sauns 92511M31IA1 LO 1Az MA predictor 924000

Lo AlmvesnnfimesAunisynsnnuAanaiad ganzgriden
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3.1.1.7 mmlszanaimvesdinlsstng LSP (interpolation of LSP coefficient)

aouIna(uazdutlszdnt LP #lindoulng) szpnlddnsumtsudenii 2 dmsy  wsudeo

asnmoulng  mzdulszdans Lp fAlusreulnd)  szldunniinisdssunaaudady  (Linear

(current)

i . A - » ar = o T V- o o a an &
interpolation) Fevziitadearumsimesveuvlsudeohogandu fmuald =™ Wudulse@nd Lsp

{previows)

&, o . & . ,
Fa i lanmsy 10 ms flegiiu naz g iflu LSP coefficient Fefura ld0ininsu 10 ms o

9 o as a =y = .=1' 1 o 1) L] o d’
i dmsududlszansves LSP filunlounlnd vesunas 2 msudou dail

( previous) (current)
Subframel: § =0.5%§, +0.5%§, i=12,..10
(current}

Subframe2: g, =4, i=12,..,10

(3.24)

3.1.1.8 n1sutlasoniaian vee Lsp Ui LP (LSP to LP conversion)

‘ &
LABZAIIN

-
ar e T

1 3 a’r as = A(
wlszdns Lsp gamaeulnd uazmian sxdesgnilasunduinitiudulszdnt Lp

R n,: weooge o =4 = [y -2
"lix‘l‘lluﬂ'ﬂullf\'ﬂ\iﬂ31Nﬂﬂwuﬁllﬂﬂﬁlﬂﬂ°ﬂﬂﬂ1ﬂ aahuINYy

for i=1 1o 5
Sili)= 2, ii=1) + 2/ -2)
for j=i-1 down fo 1}
THGIIBTEN et 1 3 JIE)

end

(3.25)

end

fvualdd £ (0) = 1 uas £, (1) =0 uag £, () dasod v ldmudouadounun g,
¥
b q ,,

uraznsimemduUssans £ () uaz £, ) F, (2) uoz F, () 92A09Qnamaln (1+2 ) uag (1 -

2 ) etz I8 F' () uaz F', (2) 9% 14

IO =4HG+LGE-1 i=1,.,5

NOEFAOESAGH) i=1.5 (3.26)

Mogadutssing L szgndnmunn £, () uay £, ()

_{osﬁ(n+ojjxn i=1..5

= . . (3.27)
0.5£ (11-)+0.5/,(11-4) i=6,.,10

f
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E “c & @ a v
Futhiit lavase damnldnnanudinius A ) = (F @+ F, @) /2 maeh F, () uaz

»
F’2 (z) Yiwihu symmetric UAz anti symmetric

3.2 Fygansedu (Excitation)

n’: ] ' e =) - E s 3 P 0 @ r ] o
Tudumeu deldezpaniaiimstldmdygunzquiesmdmivunazsvion dagiw

ar

nssfugRuNuA oz IBIeflsznoudesdan  ataiuanifie Vession FignAindues doyno
LR \ o A & & P 1 o o ' 1
nrzduAly ludiuhinesfeduiad (impukse) Tudmumiading q vesdygiu 4 dumia daulszney
\ & a ’ . ']d_l a @ A da e 4 a
AmusmE o adaptive codebook HuluuiaevssFyanaudsiifiquautdiiuny F193e 9 1ds
44 o 49 49 o -
nRevagAa0 Tudggrasdoaniy
,’,’ o da :.: a 1 a e
Tuduasunsnueamsnadaaiiu semfindamduuunny 9 neulasesihdyendonn
a o & T @ ' Py » PV
yioa oot asudwtiaiwesmsiuiiy 3 Hraudufeonduinidelay) voanisiioalanossasuinld
. » r [
maeqaluudazraniedondnii TavesTiimindy Harmonic #Hoglugisindninnd1 Harmonic
¥ » 1
2394 Fonmafunmnmery 1 Tuduasuilis Open-loop pitch analysis udnhrmaguuume q i
3 =l = 3 ; T o ar 3 | 3
1Rummvazidoasey quinutiy ludusesudelilles  msshdygiunizquusadsy aeunim
HaIdansied 1P udniwadnsd ldniimsaesTndusudygnondenss  msdwnnaves
o o o A ¥ a [ ar : = s o b
Pwymersdannd  ofiehiideainsendanumedyamluduaouns  scarch)fiadivhli
a o Vow @ ¥ e U T = 4
wamganiga midenugedagruszmidnnwadwinlddonn sngldduiimaesnmsiining
< ) ' o # o = I -1 3
fomnzaugaidoniuuiring 2sFunsizd LP ausenvin dggmduymidnihdnnmdeilldm
o 3/ 1 o - | 1
Fynonszdud uiimie (unvoiced component) A9 1y
» F 1 »
TuduneuiiGonin  fixed codebook contribution  Iesdgygnmnizquimdedivzgnuny
W = v daa Y v o & & o a o 1 g ~
Frwduiadnduoundge +1 04 @1  codebook nNMET Ngnidenlauduad maniuszgmiy
P L oA A o S | o S 7
o3ls52na1v9 Harmonic itaiiinguamuedyg uufusiissdunnziiumnlasainsouuenily
o : 3o " o ;] @ o
{in (Harmonic filter) Tumsfumiiuez1ddumisvoniad uaziniomnne Tavszidonnadnivewuun
a fa ¥ g ¥ ~ kg 3 @ Y o @ o ¥
Snammmildmnnfigavesmsnszdues s ndyanunssgu i dunnzd quddo
arget signal (speech input @IUTUNABIINNITHI Open-loop) MITAWVANAINY VDAY 2IANS
3 » »
Yunsied (e lideeinsandasveodaonaluduaoums  search)  AInINUTIMSATINY
o o ¥ ooelly ¥ A Y
s nndyunszqui tdden’)
g d’ 1 r 3 L) S oA 4 [ as .
Tusuiludazsutes  dm windimeinasfnad, daiwuiodynIm adaptive codebook,
s o ar & o o ] d’ v
FyyIunTEAUBY fixed codebook nazdns Ay 1w Fawinlimesimdiilezgnnioulnduazdall
. 1 ¥
Wiuilosasialursudosusniindantazgnasesnthlang 8 da) udlusudesii 2 Tuexlds
Y o =1 = T ] 3 d & ]
relative VInWsuoaous At 1 1iea (5 Talumiads) dauves fixed codebook Wuihmsasannliass
g Taol¥ 4 fedmiumioonnouaz 13 dadmsuassydumdweaind ualudnmesdasvy

»
dygmiiu (Fas vy adaptive codebook LA fixed codebook) Wmsinnonnmsy Aeumh

[ a s . é Y. ar ar :
TavodunsAtsznoudasveiodyann (gain factor) Fadunnuduiuvesdaswmudyauiares
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“1u§ﬂuuummﬂaﬂmtﬁaﬁ1uwﬂamﬁﬂwmﬂiﬂumﬁﬂi:nﬂuﬁmwmuﬁﬂ;iym HAZBATIVOOT Y I
fixed codebook 1¥MITIANUTFURUSLAT AU INALLY two stage vector A0 Indiardu aouzusn
UsznpURI0 3 09 two dimension codebook Milaa womzialuszneudan 4 ia two dimension Wils
%A FIHQTIWO3 codebook “ﬁﬂfl:%llﬂuﬁ)ﬁf{ﬂi:ﬂﬂuﬁﬂi]ﬂﬂWﬂﬁmme nazdaniviodyanm fixed

codebook ﬁ‘li’s’iumi o wﬂﬂ‘lﬂ

3.2.1 m-.immriﬂ-::nau&’:utmmﬁm?;lﬂumu (Voice sound)

Campute Target signal x(n)

Percaptual weighting filter
Wiz) = Afziyl) ! Alziy2)

g . - Alz} ‘() Targat gigna x{n}
Zare excitation {Orginal apeech — Synthesis spaech)
i

Filter Alz)

Fiiter 1/A"(z) —[\

[ Spaech signal

Search boundaries Find Impulss respanse h(n)
{ dons par frama } Wi(zwA*(z)

[Tm‘n 4"':1] h(n)

Reconstruct i Maximize nom
spaach L b of enargy

—

Closa-loap fraction pitch search Z}
uf-k) s

PC Pt P2

U 33 naadIBmsmiggunssduniidnyaz vesdggnauiiuniu (Voice sound)

3.2.1.1 msUfuinynzvoadya i (Perceptual weighting)

Perceptual weighting Wulitugnunnnduilszdnuns Lp 7 linseu Ind

10
1+ "a.z”!
LAy 2,714,

Azlr)) 8 (3.28)
1+ ylaz”
2.7

w(z)
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Tavwes y, uaz ¥, i hlmansmivhimsavesmsaeuausaudinnudrennnies W)

¥ s 1

dmsumsdiuiinwes ¥, waz ¥, mnzauesil¥asisininindalsz Aninmnn Swzdonh
™y, uaz vy, thufhudadsu spectral uumﬁmﬁuﬁmumgmﬁuww‘éamsﬁﬁ':wﬁwLﬁuaﬂ%’:«ﬁnﬂu 10 mS
wagiimsthzinalumsudess nvousazms vz msUfudygnatdtoiu dmiuiladiu
Spectral tTuszansam ¥ naesnspauun R noFRdus R8s (2 order linear prediction )
#al%nnnanaeeldues Lervinson — Durbin recursion Iao@ulsz@manisaz#ou  (reflection

coefficient) k grifAoulihiludilsz@niuesdnsiadu Log Area (LAR) o

1.0
0, = log(—m i=12 (3.29)
(1.0-%,)

Ameaduilszang LAR Tudsuilopaiu T8 undsudosi 2 ualsednd LAR dwdumsudon

¢ 1 daw o ¥ ' i Y w 9
usmiu mn Isunniunldarnmsdszinusisiamsuieumhdumsuilegiu

Subframel: o = 0.50/7"" +0.50!“ ™™ i=12

~ (2) _  (current) .
Subframe2: o0,” =0, i=12

(3.30)

Totfuauliavoe Spectral Envelope ¥oadayan utivoomilu flat (flat = 1) w38 tilt (flat = 0)

> ¥ o«
dmiuudazsuton quaviamanivuegiudulssans LAR Asounis

0 if o™ <=1.74 and o\” >0.65 and fla"" " =1
flat™ =11 if (0™ >-1.52 or 0" <043) and fla™V =1 (31
flat & otherwise

b4
=

Fefindaudhaduin y, uas y, Sauegiuflaisu minay dathi Arwes Y, uoz y, Mnua fail

®  flat (flat = 1) weight factor Y, 1YY 0.94 LA o4 22N 0.6

®  tilted (flat = 0) weight factor Y, M1t 0.98 Lag Y, fnzﬂi"ulﬂﬁuuiﬂui‘fueQﬁummuﬁwm 13
T lu 29esFunizd LP usogluzaa 0.4 - 0.7 41 udsmsannuin ¥, fzdhlnd 0.7 marliu

s J 1o = 3 r a a z
Haznawiatlon Tastuegiu szoznaidouiigaszneduilsz@ns LsP vearwsutiu
dmjn = min[a)u-l - wl] I = 13'-'99 (3.32)

»
Taoswee Y, velinnuduiutin d ded
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¥, =—=6.0d_. +1.0 bounded by 04<y, <0.7 (3.33)

Weighted speech signal (sw (n)) mldmuaums danelalil

10 10
sw(n) = s(n)+Za,y{s(n—i)——2a,7;s(n— i) n=0,..,39 (3.34)
i=] i=]

o
3.2.1.2 MIMATRAYBE NI (Open loop pitch analysis)
wonszaanuduFoulumsnidmivAiadues Adaptive codebook (Pitch) datiugalunism
[ L] =3 r [ A o 3 3 -3
vzgniualiegsen 9 WedAT11 9 99AN15H1 Open loop pitch analysis Famsiduasuilsziufivg

¥
as r é ot o 13
asuRenamsy Fazdealdvdnnisvasnamimiioui (correlation) vosdaauiiuat o

79
R(k) =Y sw(m)sw(n- k) (3.35)
1=
wtistraeenilu 3 %2 fefi
i=1: 80,..,143
i=2: 40,.,79
i=3: 20,..,39
Tau R’ () Ao Reo) Agmin filluwilamsihonuauns
. R,
R()= () i=1,..3 (3.36)

\/Z" swi(n—1,)

'
H w

] ¥ ¥ ¥
Tamdena i I R (k) Tannhga 329z 1 #2 daiu szildangnideniuin 3 @ dmfumsiiomiu
A

L'

=

] i
Sanosiy szluwn Wuezidenmnlinsfaddon Inaismaneniiaens il

T, =4

R(T,)=R{)

if Rty = 0.85R'(Tap)
R(T,)=R(1)
Top =1,

end

if R(t) = 085K(T,)
R(T,)=R ()
T, =t,

op

(3.37)

end
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3.2.13 mifimoamnenIneuausuBaBuNad (Computation of the impulse response)

MIABUAUBIBURAE h (n) veamsaaahiminisesdunsizvan1¥lumam Adaptive codebook

. o L o 1 ) o &
uaz Fix codebook h (n) gnAwnlidmsuumazlindos Taumsnsesdayapudalsznontalde

q“

w5z ANFY832993N3039 A (7Y, uaz Thinssnses delaold 1/ A(z) @ uaz 1A @y,)

o

3.2.1.4 mifinnamégeunizdu (Computation of the target signal)

Target signal x (n) T dmTum Adaptive codebook o o mn 149Imin LP residual signal (r
(m) auvenoA RN AvDITY ndneeS siudy R aFuRdansiedin uasnIeY LP residual
signal r(n) i ly18 seniineesdunsed 14(2) () wazasvsasesdastimin A/
Azy) s Wdyunssduiimum m) xm) oz v gnideusenldaediad k udmin

= [ ﬂ' =y f:‘ = Ag
wilpufuiduniy mam AnsnazBeaiy

3.2.1.5 msAumeuduiininadn (Adaptive codebook search)

WITiAB5UDY  Adaptive codebook Usznoudiu Waduazdanunudyniulay adaptive
codebook TTugnad et a1 ¥dun NI uTa 1SR 01BIRAT. (pitch filter) 1AEA131 Adaptive
codebook VAN 5 mS 3NN 4 wlsndes Tumsudevusmiviad T1 1ussuandrdadind ss
ﬂzé’fﬂagnmﬁlﬁamﬁmﬁu Taomsilssmms wrydudslinnunzPon 13 (19 13, 84 23]) uaznsiin
wnnd 85 sxlszanauiius noudurinu (85, 1431) dwSudsuten i 2 iad T2 wxgaldEaudums
Uszansurudmiion nuazidon 173 tazogluaiawed (nt(T1) - 5 2/3, int(T1) + 4 2/3])

fmiuRaduewrazidsudoonsnld Closed Toop analysis tioaRTINRADIANRADIANY
ﬁﬂﬂﬂ1ﬂﬁd’mi€1ﬂﬁﬂﬂﬂ’i]i}$ﬂf‘hﬂéiﬂ‘u Open loop pitch B30z ifu 6 #0819 Frhuazasaams
wifiadas 118 Taadmussisveamam d lavegsz#a13 min uag tmax

B 1Y Top -3
if gy < 20 then [ =20
Lok =l T6

m

if t.. > 143 then (3.38)
Imax =]43

end

3 o ] c{ 1 = 1 =Y d' b L] ]
dmfunsudesi 2 smwefindezegion  voaliadngmdenlay Tt vouwaveImsduniszeglusn

VB tmin — 2/3 1AL tmax + 2/3 198 tmin 1A tmax
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foin =17 ) =5
if tyn < 20 then 1 =20
Lo = 9
if t,.. > 143 then (3.39)
o =143
Loin = gy =9

mn max

end

2 a . P 1 = = i :’ ar ’
ATHIUNITHI Close loop pitch ﬂz‘ﬁﬂﬂﬁﬂﬁﬂﬂﬁﬂ@ﬂ']I.ﬂﬁtﬁlﬂﬁﬂ"ﬂMHﬂ‘WﬁW]ﬁﬂ’NuTﬂuﬂ3$ﬁ9N

o 4 4w o g % a - =
x (n) Uy (n) 59 Fedoanneuih ldaunish 3.40 Tawnaige
39 19
R(k) =3 x(m)y, (n= K}/ |33, (n)y, () (3.40)
i=0 i=0
; 4 v ' =2 & e oa o da a
Tag y (n) gnidien liliSoo 9 Tao k ogluga9vpe tmin + 1 64 tmax Fea1i IdezdiufndRozden

o % 49 & H '
Tat v (o) Aeriiesvosdnygunszqu uoz y_, 1) = 0 ¥iluduseulumsuniu udaz
#186719904 u (n), n = 0...39 Wubtlif uazdsdasms hiadaadisunit 40 waswernlinsfumau

WU LP residual 9zgnimuaa1 19 u (n) Saii liifeanuduiug dsdalyil
y,(my=y, [ (n=1)y+u(-k)h(n) n=39,.,0 (341)

dmiumemm 12 uag T1 Siindini8Tantoondy 85 wwdeshimamaodasanuazion
113 301 7 Andavnldszganagey mawindge Taomadsznumilauldesnsesiia FIR b12 §
Fugruviniledin Hadsuauiioiulaifed (Hamming windowed sine) #30 1@ sinc +11 W30 11 uag
pad §2t zeros 71 + 12 W38 12 (b, (12) = ) TAU9930309 AT cut off i -3 dB T 3600 Hz Lz

152mA7 R (k) §IM5D fraction =2/3, -1/3, 0, 1/3, 273
3 3
R(K), = D R(k— b, (1 +3)+ ) Rk +1+1)p,(3—1+30) £=0,1,2 (3.42)
i=0 =0

Tati T =0, 1, 2 (Du9a3fU fraction 0, 173, 2/3 ATUA AU
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32.1.6 fmui’wauﬁuﬁwfnnﬁnnmnas‘ {Generation of the adaptive-codebook vector)

[ =Y

& o de ) 4 o a i
dommndand1duds nnmes v () szgndna Taoudesauds v () 4o u () AlidRadsh

L4 ) q’;
M1t k fraction t 1MTiL

2 9
WA =D Mn—k+ibyo(t+30)+D tn—k+1+Db, (3—1+30) n=0,..39 =012 (3.43)
=D 1=l

4

] ¥ i o ar & A ]
Tasmsthznmmldauesnies b 30 Siugnanonileddy  Aadduneuiisulatded
~

Hamming windowed sinc) oy +29 fo 29 uaz@ndogudd + 30 wie —30 (b,, (30) = 0) Taud

A1UD cut off= -3 dB ¥ 3600 Hz

o
3.2.1.7 msfinnamandveseuduiininajn (Codeword computation for adaptive-codebook delays)
= 4 n’: 9 as < 1) = & 1 ﬂ: é a @ w r
#iny T1 dwdavie 8 inlusudenusn uazRafvounsudesi 2 Faduind fumsudeousn
widisviaaw 5 Tndedfilumedau T gausasTasdaiidusnowdsees T im (D) wazdwfidhy

»
IPHAIU frac/3, frac = -1,0,1 FaTowdn P1 azgnidisvia dafl

= 3(in(7)) - 19) + frac—1 if T, ={19,...85], frac =[~1,0,1] (.44
Gnt(7,) - 85) +197 if T =[86,.,143], frac=0 e
A T2 Aoy T1 uaduinsiu T1
P2=3(n(T,)—1¢ )+ frac+2 (3.45)

F
Lo B

A o o o 1 . ' -
wennunuvessnadiia Junsldumsgquanuianatam q Safimsmy wisatin po
TalTaefuaman 1 wizatinezgnadilas XoRr Tewesisdulauly 6 i gsves P1 Hidineasiam

Hd 13 )
Sadnazgndnnmndy  uoed ldesaduiidun  doeasaezdimsnawndeunnuianan  (error

concealment)

3.2.1.8 madnnamsnvnzvedsuduiiniamin (Computation of the adaptive-codebook gain)
iifofadued Adaptive codebook gAMLY vxAsiimImdaswenodaya n adaptive-
codebook

g, = > x(myn)/ > y(myy(m)
n=({} r=0 (346)

y(n) = Z v(Dh(n — i) n=0,.,39
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4 _ .
vz x (n) 13111 target signal y (n) U adaptive codebook AMBT fignnies dave ey
M3AeUTIQFUIZNIN v (n) H h (n)

3.2.2 msmesndssneudyanauieagu (Unvolced sound)

h{n

gp of prévious sub frame

=

Compute d(n) i}

Compute /

h{n)**h{n}

dn) C1C281S2

Compute adaptive index fixed codebook vector c(n) , sign vector and encoding them

U7 34 noaImImeanbszneudeynaudusga (Unvoiced sound)

3.2.2.1 Hn¥finan (Fix codebook)

ad 3 :
Fix codebook UWUF LN algebraic codebook Taold ISPP ¥4 codebook LRz codebook

I'4 k w o (L) w oA 1 @ = : = El ﬂ -
namos wliznaudiewad ‘I"llhli‘lf 0 4 WO SBLPDS O JSUVILBUNDIANILIU +]1 HID -]
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Pulse Sign Positions
io s0:+ 1 mo: 0, 5, 10, 15, 20, 25, 30, 35
i1 si:+ 1 ml: 1, 6,11, 16, 21, 26, 31, 36
iz s2:+ 1 m2:2,7,12,17, 22, 27, 32, 37
i3 $3:+ 1 m3: 3, 8, 13, 18, 23, 28, 33, 38
4,9, 14, 19, 24, 29, 34, 39

A5199 3-1 uaRIln3ard1avey fixed codebook

& & " LR
Codebook 1INABS ¢ (n) gnad1vdulamitunnmes o Manua 40 uazdl 4 Waduiiemiae unit

pulse) Tidi winiaTiee nazguiunoanmvitnednaluaisa
e(n)=s5,6(n—p,)+s6(n=p)+s5,0(n-p,)+s,6(n-p,) n=_0,.,39 (3.47)

4 w A as & ] & b
) o m) inuanFuBERad v anu a0 (unit impulse function)

s HMUASDANAUTBUARINT +/- VOIULDUNAYA

; . _ ' .
Codebook TigNIABNUINZABIHIN adaptive pre-filter P (z) H392WY harmonic ABYINMRTLAY

ﬁm&ummmwmmﬁigmumlﬁm
P(zy=1/(1=- ") (3.48)

g { o o = v k) o a o1
dis T Aenaidluswdnuesiadluvs udoniu q waz B Ao dasvwdyanuiada

93 [3 mlAein 1hdaT e wudyn 11uea adaptive codebook Mgnaeu Indveursudesnoumh

b= g‘ﬁ,””” bounded by 02<p<08 (3.49)

o o &

M3 URAFNTaoN 11 40 Codebook ¢ (n) szgnud v Aaso 1l

c(n) n=0..,7T-1
c(n)= (3.50)
{c(n) + pe(n-T) n=",..,39
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a
|

URITUAY h (n) Adagnud 1y mnReadu

h(n) n=90,.,7T-1

hin) =
@ {h(”)+ﬁh(n—T) n=T,..39 (3.51)

32.2.2 m1ﬁumﬂn=ﬂﬂnﬂﬂ (Fixed codebook search procedure)

. 3 v a o P a
Fixed codebook gnauYIlan aa MSE sznis anuduvesdyananduridnnain x' (m) fu

famnaiisesadiedunde c ()
x'(n)=x(n) - g, y(n) n=140,..,39 (3.52)

10 y {n) si’Iu adaptive codebook NADT ‘ﬁgﬂ e g, r'i']ua“’m TR ‘”tyfy,m adaptive codebook
Matrix H gﬂﬁmmﬂu lower triangular Toepliz convolution WM3NE AU diagonal h (0) UR lowers
. = a = i
diagonal h (1)... h (39) wn3nd ¢ = HH sznoudiunasiasuves b (n) uaddiudvesmsngn

TUMAT

19
¢(i, )Y =D h(n—Dh(n - j) i=0,..39  j=1i.39 (3.53)
a=j

dy @

”mumuwmﬂmsmw (Correlation signal d (n)) Tau97n x'(n) HAZNTAD LA UDID UNAT

(Impulse response)h (n)

39
dn) =" x'(n).h(i - n) n=0,..39 (3.54)

&1 ¢, 1wl k 489 Fix — codebook 1In1ABS 1A codebook 32gn¥ IanAe v ¥ correlation

] P a0 o A - o "
JEUIN d(n) D c(n) AUNITN (3.55) HAINNFA 1D t ﬂﬂﬁi}!ﬁﬂﬁﬂ!'ﬂﬂQﬂ1iﬂi’luﬂIwﬁ

.2 39 d
oY - (Zn=0 I(n)c" (n))z (3.55)
E, . fc,

. . ! ‘ s v
Algebraic 484 codebook M11WMsAUMITIAG AN 1271 codebook 11N1ADT ¢, UsznBUAWRWIY

il o

AN g1 o o ¥ A a = o A a
Wae Ylulllﬂlsﬁ 0 9MUIU 4 HAD iNTI11Hﬂ95iLﬁ‘lfusluﬂlﬂuﬂ')lﬁﬂ‘uﬂﬁﬁ“ﬂ’]iﬂﬁgﬂﬂﬁiﬂﬁﬂlw&]

3 (3.56)
C=> sd(m)
=0
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a r w o ar [ i o :
Tag m unudumivesinduns s unuuenwigavesiad noz waanu ffludmsiiy sznaoily

3 2 3
E =Z¢(mf’mf)+2z Zsasj¢(mfsmj) (3.57)
1=0

=0 j=i+]
A4 o g Y 1 a o o ' a T
1Wﬂﬂ11“ﬂ13ﬂuH1Q]UﬁﬂllﬂDWﬁ§ﬂmﬂQWﬁﬁ TI$E]ﬂﬂ’]ﬂlﬂ‘lﬂﬂuiﬂﬂﬂ1i‘I’nﬂ’Jﬂu‘I'ﬂﬂ gy d
& Dlsz a =) @ o o v oA 1 A 1w A  a ' :
(n) FIN1lal AUMHUALDURDIAVDING 111%1!.!.1‘1110‘mluu@uﬂlﬂ1ﬂﬁ!ﬂﬁﬂﬂﬁﬂ1ﬂ‘ﬂﬁ@ d(n} NAUHUIUY

9 ABURINITNT codebook TUADULTNILABIAT AL ( decompose d(n)) Damly 2 du Taowiuily

VAVDI id(n)] uasAIBIMIIY Tuaouil 2 iimsudumiad ¢ Tavmssauniesmnudie
¢ (i, j) = signld())|sign{d (/)4 /) i=0.39  j=i+1..39 (3.58)
UAZNIBAYUNAR ( Main diagonal) Tu ¢ szgnminalavieidasidau ¥ee 2 900

¢ (i, j) = 0.5¢ (i,i) i=0,.,39 (3.59)

3223 mstihn%’uﬂnﬂnm]’n (Codeword computation of the fixed codebook)
r ¥
fumaveawad i, 1, i, szdnsve Taold 3da Tuvmeh i sfuezdhsda Tauld 4iia nanziad
o ) Y o a’: =, o o w o )
wonwagmiueg 14 19a Tumsdhnia o liienuail 179ia dmsu 4 ad Tays = 1 SunFeamnuidiu +
Hazs=0 Funsosmmnoniiy - sign codeword
S =5, +25, +4s, +8s, (3.60)
"1
1o Fixed codebook AU

C = (my/5)+8(m, /5)+64(m, /5)+512(2(m, / 5)+ jx) (.61)

TAoR jx =0 81m3 =3,8,...38 WAz jx— 1 §1m3 —4,9,...39
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322.4 mahmouIneissuveadnT1ve (Quantization of the gain)

5?15111&105’&11”&1‘,11&! Adaptive codebook (pitch gain) 1182 fix codebook i l?ﬂlﬂﬂ{ﬁgﬂﬂﬂﬂu1ﬂ?{
. . s Y a ] ar oW
Taul# 7-bit Tumsn codebook vos Snsvenedyanmezdeail MSE senindugyufoadudy

Fygnduaiiadreianlnilhlosiiga auns
E =x’x+g;‘;y'y +gfz'z—2gpx’y—2gcx'z+2gpgcy’z (3.62)

o s
Tavh x Funnmes target v 13129950509 adaptive codebook 12ABY LAz z 1T fixed

codebook 1INIADT fmmaaeullan {convolved) AU h (n)

z(m) = zn: c(Yh(n—1) n=0,..,39 (3.63)

i=0

3.2.2.5 MINGINTGIENS 1ML (Gain prediction)

daswutuFynnal Fixed codebook g, aunsanldain

g, = v.g. (3.64)

Taw ', Avsasvodyaui ldnnmsneinseilaoldwdauves fixed codebook vounsu npunth

A e | ¥
uaE Y ADOAT I INYINTINGNADY

WAITUIRADUBA Fixed codebook contribution % AMviua lagauns

39
E =10.]og(IIO-Zc(n)2J (3.65)

n=0

1A% Scale V0% ¢ (n) AIUBATIVIETYYIN fixed codebook g, WAINUVBIMNA fixed
codebook 1B 20 logg +E auualn E, iy Mean removed energy (dB) U043 Scaled fixed codebook

contribution MusudaeN m vz lAdaeums fail
E"™ =20logg, +E—E (3.66)

Taof E_ = 30 dB Fuiluaundowdauuoidaya 1unszqu Fixed codebook 1A g, auniniliou

Ed
agluzalflandu veawdaan 14 fail
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g (3.67)

An(EL+E-E)120
=10

ar ar iq ¥ o [ o ar
oaTvwdyguilsdmivmswnnsal g, (predict gain) gpmamIalldnmn log vamdsnu

¥4 Fixed codebook contribution nounw1 1au1¥ 4” Order MA Prediction

i~ 4 -~
EM™ — Zb,U“"—” (3.68)
=1

Tau {b1 b2 b3 b4] = [0.68 0.58 0.34 0.19] Aodulizans MA uaz E™ fenoulndvesnny

= L . s a 1 4
AANDIATINDIIWOINGD (prediction error) NIWTHHDEN m

[ — pm E('"] (3.69)

3.2.2.6 mifumsansmainioning (Codebook search for gain quantization)

Sas1ueuFyna Adaptive codebook g, tazdns vl ¥ ihwanmes fignatewIndTaold
two stage conjugate structured codebook TRuEDzUsNUTENOURIY 3100 2 1INADT codebook GA LAY

» >
anuziiaelsznoude 4 Gia 2 NAABT codebook GB TnstodiuAnsnuoAas codebook TUINU

quantized 93 WL W adaptive codebook gp HANDDIUAN DAY quantized fixed codebook gain

correction factor ¥ AMUATAVEUIANYBY codebook GA Ay GB M5y GA uay GB das1vui

o o '
HYYIM adaptive codebook wgﬂﬂ’mu'lm

g, =GA(GA) + GB,(GB)
and the quantized fixed —codebook gain by: (3.70)
2. = g.7 =(GA,(GA) + GB,(GB))

3.2.2.7 matavndanveoiganiewIniud (Codeword computation for gain quantizer)

= ar [ ar [y a o '
Codeword GA uaz GB dmsumoulndmesvesdaunedygn w2 ldsulavdunn 2

{ A A ¥ a o at . . a o 1
Au99e INBNILFIVAAHANS ENVATTURANA AL LT AAL (single bit error) TnusuAnung codebook

WimM3 map 1)
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3.2.2.8 madinlyadeynluimiann11ué) (Memory Update)

» b 1 [
M3swRATDUZNB I ITuAT IR uaz s I infidoIm s auiom target signat Tu

msndendaly ndannfidas woudyyiuia 2 gnateuTnduds ut) lumlsudesilogiiuezm ldein
u(n) =g v(n)+ g.c(n) n=0,..39 (3.71)

TOMYBINIINTOI0ADIGN update TAINIINTDA r(n) — u(n) M3BAIMUANAINTZNIN residual
Audyamnszduiinaninges 1/ 4 () uag A (7Y)*A (2/y,) @3y 40 faatha mlsudou uazsiints
fuganzvensnsedld Toe afedygraduning stham) Fazgnsmou Taonsnsesdaan
s 1/ 4 () 11WHN Y99299305 B3R UBYI H(n) — uln) F99BITY oln) = s(n) — § (o) Fariu
anuzveanidunsizd 4 @ szgnliTas ey Taodi o = 30,....30 Swaneaiz 99929930383 A

(2rY,)*A (7Y, Taemsnsaadyguanuianmaniuaesnssuiori 1 ew)

ew(n) = x(n) = g ,y(n)— g.z(n) (3.72)

Parameter - codeword Subframe 1 Subframe 2| Total bits -
_ (bits) (bits} | perframe
Line spectrum pairs | £0, 41, {2, {3 18
Adaptive-codebook | P, A2 8 5 13
delay
Pitch-delay parity A 1 1
Fixed-codebook a, 13 13 / 26
index .
Fixed-codebook sign | 51, 52 4 4 8
Codebook gains GAl, GA? 3 3 6
(stage 1)
Codebook gains GBl, GB2 4 4 8
(stage 2)
Total 80

maah 32 uraslinNadniddisooasie
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1.3 MI00RIHN

Fixad codebook.

Short-term filter Past processing

51 .52
Cc1.C2

Adaptive codabook

| S

LSP LSP

11l 3-5 uamaTrla T unsaveamacensiin

o as

ar ar gn ¥ T v 9 as 4 o W o
nsduns i dyaandoanduiuiins leghuiludssia - adudaiielneasia 185w

ﬂJ v
s s ¥ o ¢ o & o o g o o
WIUABIUAITNUAT IS HAY YD UIaaNUT ﬁ'iymuﬁl‘lLfoQ‘ﬂulﬂi)%Qﬂﬂiﬂﬂiﬂﬂﬂlﬂ'lwt[ﬂﬂﬂ']ﬂﬂ Post filter

33.1 mydSuljanuunimusadgyanal (Post Processing)
A o ™ Vo = oYY w ) o a 4 9 4 o
dedaneasda 1ATuwisiimesudrad ndygnaudoiuu dygronfoshaiisiezgminn

4 . ] o 1
UFutljanmainlaols Post Processing Fadioanilsznoudaoiu 4 taufle

{.  Long term post filter unu Inudadnuai Hp(z)
2. Short term post filter unu Taodadnyal Hiz)
3. Tilt compensation filter unu Tag wﬂgﬁﬂ‘kﬁﬂ Ht(z)
4. Gain compensation factor llﬂuiﬂuﬁmuﬁ'ﬂﬂﬂ; g

w @ ar Iy = =] o
Long term post filter @3 NRINNOATHAMISATNWUDITYANHIUAzWITIABsYOINNTAIA]
o w st A kY ¥ = o o
ri'flmwsmmﬂaﬂ‘ﬁu 1" order all-zero NHIUUFNAVTUNTOU 7 ATUVDINAY
1 é 1 Cl'. o
Short term post filter 8OnUUVINTHT WA formants Fadugrenrmdromdsamluis
Funsizv
Tilt f9AWHU (slope) UoawAsulu TawuFamd Tudygadodlavisvrnsoaun Tilt
- ¥ '
compensation PEALLUHIROFILAAA IIUAANIUNIAADINMITN Short term postfilter
Gain compensation factor IUHAMIIVRINAINUVBINITOOATHALLLIAUMITHINAITUNAY

r ¥ 9 o Ag ¥ d -ay ar =
ATULTIUUBA post filter LAY ﬁlum‘ni‘mnummmumjmﬁtgmmmua
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71" 3-6 uaAY Speech communication system with VAD

G.729 Annex B fludiuiaunin 6.729 dmSumadisiadygnaudoarsy #1lilndoaa
¥
Tasmaunusiadyana oy dufludyanudyanusuniu TandeAdyanuduazalszpouday
¥ fiTiFvIYe ( talk spurts ) nazmudsy i lififvane Gilence period) daufunuaud lildmsy
¥ ' v »
Annex B ilfe msuonldhalanfifvaauazgalanluihduaya drwmsdisva 6.729 @unfuisy
] ¥ r
Wlillidvse G729 Wuszlimsdsdgauiniswauds 2 nun Aelidssmsiimederlseenlihas
ol ) ’ [
w30 damwdsnuuesdyguboniy eiidroeasiaezansounudyapaidisfoundis white
noise usetha lsfianu Tuenmuadeuiiidoedaiag sz noudodyg asuniuiinadalunaf ( non
£ ¥ ¥ >
stationary background noise ) WU MITRFRAIUTI 2 M3 2 LU lufalsz@niarwiRviwe Tedosll
4 a4 o w woa " o - o ‘ﬂ P A=A A e 3
Amex B mu@dniundmsumsdadulondygouedsy foulnfuwduradlidomeanse iy 14
»
73115989 Voice Activity Detection (VAD) luusazivsy nisdadulaiuisy la dhudvawandelidu
1 = Iy o Qs Qo oy s’q’a‘ 3 24 a0 a’
Tdraundovoansiilmess drsznoumsaaduls Taonisiilmesi 4 dulidede il
I.  LSFaoasan iluidoina
1 4 ar A o/ = qdw o
2. WAL Full band Yoadygandos Fam1 18910 Log v09 durlsz@nidusnvasmsieelanes
=t ar r ﬂ; ) L |
Sduvear e lulwdoaya
v o a = A o 1 ar = qd o

3. AWAWTY Low band woadguiandos ¥unlanamnhmdulsednivesmsieslaness

FuUNTRIRIUNLI NI BIre i lilHidoma

4. 1 zero crossing rate YDIAYY VAT v 15237 lailhiFaaya
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Tundazinsy mi1ﬁma§ﬁﬂﬁ'131fuwgﬂﬁmmu,mzaﬂ%‘umﬁuuﬁuﬁnnﬁiu HAA1IYBIA15
nazundviiues 1§ lumsdndulaiusy TadhuRuaaniehilddoan wnvinfusiidande
1711 Update funfie 0z 18 wnaonidmsn i lums s lusmsudald
wimiudygandos (FHoayn uaz Tilsidoaya) vzgnnins Taoldwisfimesfildnin 2 mlsu foy
wih didaduleldodsy Jegtuiuihusy MiliFon duneudalifedadule sxdunsy
“fl”ﬂgflll.‘lm Silence Insertion Description (SID) w?a"lﬁﬁ'ai’faya“lmau (a null frame) @55y SID 1514
Uszneudaowisifimes i i@ onsiaaunsoada comfort noise usnld Tasvsznoudan wisnu
veadaunszdu (5 n) uazanufiawmavesdinlszdns LSF (10 ) wlsy SID esdsean’hli
aaflowudmsiinesun background noise Smsasuuaclindnnmsdunsy s afeiiugs Ta
#nsan Taodadhaia mindutlssAndusaneesnsoaasndasudnlaounnaafus thresholds

AsusnATIIARR ST Ty e 3 Uszinn speech (G.729 1A), SID, uaz null Taugain

header YBUWTH 1M 9 Apvnaveansy 80, 15, 0 AR 1A
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4.1 maSmlpannndlumsidrsde (OPTIMIZATION)

4.1.1 mumulmaiemn

[ <4 a - > | { '
Tumstiutzannumsmes sanesiuiusiaunsomiamamaiiduty1ded 2 yuuvde ms
Vel o 9 a vy dy Y e ows & a = Y b=
udfidganasgussgadisda  uadsnsiiensidediialnSoseszduvesguamiduai lad et
daainsonavgiuly dmmumsiadmaiiumsilivlgaTaserdennumunsaves
A EEERY A =% | o = s Aqw v
1n3paile (Tool) MldviannAewnsAIANUAIISDYDAAGDITBYDI A 18 W wBia NiFesnu 1N

o
fiqe

412 malfunlpnmuiilaomadlvinesgrumsidnie

fumswaniudisuiludems waeningenienguassnsdnnudiulatimgFauun
o o dl- é a T T r o
Sy wioldnalumsdnnuuuiigadmnmanaasain inswhnmduinguesmsdisia

oyf 1uAYOIMIAIUIUNT Fixed codebook

Module namasdemsy (s)
d4i40 17() 1155.91
cor_h_cp() 63

ACELP_codebook() 16.51
corr_xy2() 8.94

cor h x() 35.99
update bwd() 7.03
tst_bwd dominant() 5.43
encr_DB() 23.27
vad() 72.81
MakeDec(} 4.82

=t g ]
M15199 4-1 namanai 1§ unaaz Tuga

A VA a0 - o 9 o ¥ a v e =]
uamauﬂwqugma 9 1uﬂﬁmzaﬂﬂ:nmmclsau“lumiﬂmmmmummuwuwmaumn °lu
e - ) 4 i o .
Codebook 1’??1&11[!3“3 ﬂuﬂuuuﬁﬁ Candidate Scheme for fast ACELP search ma;i‘luﬁ‘ﬁmﬂn pilot

o o o 2, o ¥ . ' a I & oy o
Aandu  Tumsaasaunioun ¥ lumsdun (search region)  aINBUMIMIAUMITINADIMANNY
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AUATHVIIUTUINIZORAIRIOAIUUIZATININTT NADIMIVIUIUAUNTIZAADULANAHUF U N THVD UTEI

.:; as |
yisousulA

4.1.2.1 Candidate Scheme for fast ACELP search

11911 Algebraic code excited lincar prediction {ACELP) iJ,ﬂrl%j.'uHﬂ‘lﬂ 9 WATIFIUNT Wnsa
o a A = o 9 ° H | mes A Vo e Y
yooudus  issnndanududoulumsinnudiniitou q uaz"lﬂﬁtgmﬂmﬂnﬂmquamn
=1 = D ar a o :
FEM3ooNA lusuL analysis-by-synthesis dmiumsasnnusudou lumsauInves ACELP 1iu
v o ? a . & 7 g 1 a el ¥ s 6 ¥ o
undnntIoaRUUURIATY pilot iNewnnsaldwmivestasnidiulydren mldaansduaum
7o Ao @ Sl 1o o @ Yo ¥ o 4 ayvs. o
Hsfduvanessiaruvoanadn iduih i lddudrsiann ACELP ¥ lddmivnagges ITU
G.723.1 uAz ITU G.729 annnududeulumsiannt 50-80 % Taufidygnendvalinuaimlideen
ANLANA
1. 38mM7 Candidate position
é‘l a{ ¥ 3 = ] 3 9 A:i 3 o ] 1
IWONAST T NAYQ W IHUIUVBGU AIVUINTFIUUU nimnﬂummmmmmm (I) uazan d
» L4 ¥ ¥ ¥ »
FIMsuueag d (m) Uu l,sﬂﬁ’fﬂﬁﬂmﬁaﬁm (L-m) AFA LagMTUINNANLa (L-m-1) A53 a0y dus1ozm

- 3 L L » o
d vianuariu i zdealdms guiiamua (L+D*12 AS3 nazmstanianug (L-1)*L/2 asl

L-1
d(m)= Z rlilAli — m], m=0L...,L-1 (4.1)

»
o

» ¥
Tumsm $j) mildmaguiianug (L-max(Lj) 1asM5UINHINLA (L-max(Lj)-1) A5 uaz

¥
@

dmsumsannunt ¢ Sudunn GL-1,L-1)=h0)h(©0) 5 1gsediouaumsuuninesandal

$(i,j)=> hin -iJhfn - j),

i=01..L-1, and j=ii+]1.,L-1

(4.2)

& [y 1Y » ¥
Ay 5ednldmsquninea (L+HD*L2 ASS HAZNRAIRIMEG (L-1D*L2 #3e dun

¥
annsodsznandumimestad Hlemmumngnveudoswngum a fusisvue udausremnis
H 3 o ' w oy ¥ A a ' ) - M
sranvunauNsAUMIA e sRad 14 uazhiohgamsdnouma ¢ naze d imuiinanad’la

ar

TFURL

By =i,

150 TEN15U03 Candidate position method 1Tz E@NT N lumsnonssidumdaniiToma

1 »

dluviad tudruvesdygandosii hiiluai (unvoiced sound) 18 s1zinmsans e laold LPC 1iu
o = A 4 A =8 g o 4 ..

Aumsunmuuuiiaeesmufuies (vocal tract models) ianszifuitifuraRames (minimum

phase filter) WA MIIHUATITH hn] vzdAvsiinnuadesniwiaziliduauan (minimum phase-lag)

o

= oo [ =1 . 3 2
woz TTuNAIURIRIWT0IIMaTA (delay properties) M glf 4-1 naauduTiwves £[A]n]]
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04f |

normalised energy

o e SN\ 30 40
index of position

g1t 4-1 nanudulavos E[x[n]}
¥ L4
#9010 1A U AUUDS 10000 vocal tract models WiT1 WINNT 95 % VBINAIN U IMUAANDY 1N

» T a
s waw usn 9 daiudnuasvosduanuhedunnied IdiuzdealndiRoatudumisve sdygo

¥ ¥ o g w an A = o
nszdu tazdonsdunaiin S ideonuuisms iieoand lud

ACELP STAGE SEARCH Code
index

i Maximise
::I> Target signal s(dwﬁ)zﬁ >

iy

V§t¢V£
" Location
STP e T T
y | Prediction |
and
LTP re-sele ?
; potential | . ™| Compuie ®
stage: . pulse [ andd
1 h(n)| | _ amplitude |

! Pitch pre-

filter P(z)

311 4-2 uerR 3 ACELP STAGE SEARCH

aingifit 42 Wumseenuuylnnaahweslisunsuedfudyanas gunsdhsianldms

mdyaIunszduUAt ACELP nuuidu Uszgnddiiuiinmslui fe Candidate Position Method
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{]& 3 : A A = w o o by o ¥

usannsamae lhuinlaiiti lemmiedas fisdesmsunuludyanunizdu sezaunsoan
4 Ci o 1 i ot 3 L]

psAuaam d uaz § adldediana sszmanisdsdumiaidlulildueaiad u weziiadsy

1 1 L) - L) a 1 1 - n’: o
toeveadvaftesiimsinszsnnu L detneenidiu K 1 dntudaens arget rin) sziluaums

»
=]

giatl
R (4.3)
Flk) =D A(r(n)), k=01,...K-1
He Ry
= z df P a_ o c‘ 7 s R ¥ Y ]

Tagh Rk Wuunununs 1w k uaz A unu #HaddU condensing Iaum K 9ztioondt L uae
A A =S 1 Ao . o o . 9 9 E 4
(HoNvzAauoraunlinnuddioanuifandu condensing dzAnIminINIBayn lnomiannuTLD

L] ar r . 4 ﬂi [ 4 i r é ] s

MIFUAI0EM (down sampling) tDABTAIMMAUAT Taaeus r(n) Hadus ldilaidu condensing
241110 vocal tract model 13192 Tdaums #adl

h(k) =" A(h(m)), k=0L..,K-1 (44)

nef,
¥ L= r oA ’ 1 T o A =
nnuaziBuagnanadlaomiuinni 515192WuT1 hk) & Otk M3 ININUTINNTTAS
' o o o maa Vo A oad 4 ¥ ot ow
Usingeglu 5 Wad uan dwfuTsh wunsnoufuil fmwizow K elsznaldohdy s Tumg
L4 ! ar g & ar -4 ! A r ot ' A
vty duslaflandu condensing adlfudanunszdu s2ldsvnunnlianuautdauinhga delu

ady o | . MG 7 | 48 \ AV
mdifidoyunszduiseyluglussiumisesias iy sxgnuiisesnidu K #uf

R, R, R, R, R, R, R, R,
m, 0 5 10 15 20 25 30 35
m, 1 6 11 16 21 26 31 36
m, 2 7 12 17 22 27 32 37
m, 3 8 13 18 23 28 33 38
4 9 14 19 24 20 34 319

3 o " o 3 o = o
A15197 4-2 LaRR YU IWAS LAz HuN YBIMIAUMIBUAN

»
el

nnas s i uSRuAT UL (R, § = 0... D luiasgiuves 6.729 ilesnn dudhsie
G.729 11 1L=40 uazidion K=8

Tunmsuuds dusiidano ereet AlRNNE0Ad (o) ) HAZNIABLTUBIVBIINTNTOS
( h(n) & O) )} W1 sodunA k) iofeznmnsaliumisresiadiivafaty nastuneudalilis:
szmlandu condensing ﬁmm:fm

Fm3VIBU09 Candidate position scheme 1{'11 (51RpIwanianTu condensing ﬁmmzﬁu

A L) 1 as ¥ oA o A A kY df o o A =) ¥
mamzwmﬂimﬂmﬂmmaawaﬂﬂﬂmwﬂszﬁmmwmn“n'cm DINUNVDITY YrUnENaania (5192
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2w, - fo i 4 o o RPN S o
Guduhimsidemvesilandu pilot E(k) ieRezuamidnyuzvomdsuneg lunuiuaaziun - d
»
aunsao 11k
Ek)=p, ), . |70, k=012,..,K-1 (4.5)

' [ v » » 11
Toauh p, = sign(D r(n)) Wotzuaanaves Bk Tuwuiin k. vinguannsvves
ne R,

@

ar o 4 9 o o 1 ar i
Ayanu target, dyanufidunsiedla , Haddu pilot , uazdwmusvsaiasi 1nnmsduTavldiing

A Lams Taugili 4-3

2 .
ioqu PEIDY
I [
: , }
| ) f :
q Ly&f&-—g i ) '. Beap
i ! ' ) f {'aaeﬂa? z
1 - A )
& : i | I“A\! ".!;{-&:r{éiat;?\ L
£/ o D 4{' i, AAVAY }' 4t
e -+ E WL LTSSl BN - _ Ak [
£ “Lpu % /)
W ;- YA
t | :
g N b
& i ! 1ING
w ~1F ! ; 8
& ! I
o E |
£ ] ; L ]
i ! - target |
~2r : ; Synthesis ;
i pilot function L
banad AR A :
z r PHES
region: © 1 2 3 4 5 6 7
,.adm._n..,,,.,w........ ud d. -TH J AL B NM,‘-,?._' 1.1 ]I IS 30 )]

puise poSIIon

517 4-3 uaraailartiiu Pilot, target uazdiyayini synthesis Tu dadhsiauuy ACELP

r » ] ] ]

TusutesTaoiall udrmuiilefildmmass B Juswwdgmnnfiga sinesdadadin
] ¥ ] ¢ ] Ed v ¥ r 4
figa Soiudusudeniozduniiud M Audisezdentiuil (region) W1AA E() qaga M Sudunsnu

b4 1w 4 » 1 3

Ansamiasmwizmelyunidendumnyiniy Tasdumidfizgndumanaunae MUK miniy
unuferdeanmn  anwilul1diifedu fe 2° wanaundedios 2M* dissmnaminesIgIuLes

= = o ¥ Ad a2
G.729 veiimsilFouudasdyanunsedu vin) LazHANBUAUBIVBIINNINTDY hin) Tunidifi Afaivas

Ad 1A LY v

o v 1 o o o o o
Fyanauduatosnnanunivearsutesdniuilddusrgaalfon  Tunsdinnmaileonaianuem
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) E(k)+ BE(k+T) k=0,.,(K-1-T)
Fk)=E(k)= E(k) k=(K-T),..T -1 (4.6)
(1- Bo,p, 7 YE(k) k=T,.(K-1)

AU T =145

»
ar 1 J :

Fefige dasideniui1dud msfumdnnmisesiadhusnzdimuamsiudnismah
aziRawa iy

dmsunsdnnwiu manseaanisfnom e d, $ uazmsdumildemann sndediatu
& M = 3 5 nnm mwe Sumisiferdeaty 3 MuRisudensiiiu Tumse muaaeeny
Fudoulumsfmnnvedismuiiomousi®  Candidatc position method WUT  AISAIUIMAARY
Ussane 27 48 % ondIBthuTu deiden M=s W1 MIfLMI9aAAEIn 1440 A 220 nda

411350 G.729 waz 320 mAsius 140 F1m5U G.729A A1¥MsAUN UL dept-first-search

No. of Exhaustive search Focused search{(maximum) Depth-first tree search
selected

. Original Proposed Original Proposed Original Proposed
regions

M 8192 M <1440 | <214]00/(8/ MY | 320 4QM+M)

4 8192 512 <1440 <96 320 96

5 8192 1250 <1440 <220 320 140

A1 1A 4-3 namasruvesnnuitu g it msduvinuy ACELP #1351 G.729 coders

ot da & a ' o Ao P N
FMTU M NasnAIuIN %Z‘JJNEW]ﬂf]mﬂ1w‘Hﬂ'ﬂlﬂUQWﬁQlﬂi13ﬂﬂJulmulﬂU3ﬂu fugan M un

a i 4 =) =y w 19 A 1y 3 = o 1 @ iy
il::‘YIﬂ'HflmﬂWﬂlﬁUQ1ntWUuH1ﬂuﬂ HADasnN M Uot % WiJ’ﬂ?}mﬂ"IWlﬁU\‘lﬂi]%LlUﬂﬁ AU

Fast M=8 M=1 M=6 =5 M=4 =3 M=2
ACELP
MOS 0 ~* ~0 ~ ~0 -0.02 -0.1
degradation

@ ¥ 1 o ' a w9 @ A A
* ) ﬁﬂ?ﬂﬂ@ﬂ‘ﬁiuluﬁ"lllﬁﬂllﬂﬂﬁ Zﬂﬂﬂ’]?illlﬂﬂﬂ"l\‘l'llﬂ%ﬁﬂﬂﬂ@ﬂiﬁﬁﬂuﬁﬂﬂllﬂmﬁljﬂﬂgﬂllfﬂﬁl

#1313 4-4 MOS degradation for the proposed candidate

nanmswaapmuhiseduimmzmluduveinnududeulumsd ez gun mve udog
A ' a1 a vl W v o dy ot ' a ™
arszidenm M Ay s uataufvzasashhinanhil quamwveadesn liuanaaninduannin

»
@ o

o o - a o &
ﬂ\‘luuﬂﬂlﬂiﬂjﬂiaﬂjuu 13 1%3lﬂﬂﬂﬂ15@ﬂ“@]1u‘ﬁiﬂﬂﬂ M=1
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413 mafudpnuiilaensudlviiiniealie (m3tamamionud) & DSP BIOS Tool)

¥ o i) Q’J’ i
Pun s umsUszanadynIuataen (Digital signal processing) WliuaAdpaldms

&

q
U
o o ] A e dad
b

Suamgmua Hdedudhuiimiil

50 % & Va o ulv1y @ ﬂ ] o a R R
o FINTIHIAN LA ‘lﬂJ’PJiﬂi‘N TMS320C6713 1HUUBDIANT IS OATUINBUNAUYY (ﬂoatmg pomt

u

»
o ar =3

. ¥ = = wadd o
unif) MAlazl 10 woa g (ALU) 034 Y@ ayilpuautinndfy 4 Al

TMS320C6713-225
Cycle time (ns) 4.4
Data/Program memory (bits) 4KByte L1D Data Cache;
4KByte L1P Program Cache;
64KByte L2 Cache;
192 Kbytes L2 SRAM
SDRAM 8 MByte
DMA 16 (EDMA)
External memory interface GDP: 32 hits
Host port /Exp. Bus / PCI (1)1 6-bits HPI
McBSP 2
MCcASP 2
12C 2
Timers (2)32-bits
GPIO {D16-bits
Core Supply (Volts) 1.26
10 Supply (Volts) 33

A13197 4-5 eesnuaNiAve U AN 14

s o @ W 9 R o A oy 9 =
nnanummsoveaveianiFlunisneassdnandeduiadinnuiuliuideud lauacda
< ) I o 4
I uEnnsavesiasanldegoanu i idnnfigaguniseanldihy 2 naddsil
1. myoona lud TnooidveerTuvounioailo N 1HWaun (build option)

2 msoenalud laol¥nuau130u99 Real-time os 1MI509909M3TAMIHU0A I
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4.13.1 mioendlusTauenmnnsaveundealeflgwann

o & PYCLE o . =
eantmaieadon s lumsnmTdsuniu (Code composer studio V2.0) Banuauisalums
Qs . o o A P o
i@donszAulums build code voTsunsuldAnarwszdugihiundoiuFimusogua ldnnumidedu

MISNARDIINTSBOWA lud luaa G.729 Taveduniosile Code Composer Studio V2.0

4.1.3.2 MIsenn s 1au1SANUMU150v8Y Real-time 08 Tui3Baveamstamsmianué

= g 1

4 a 'y \ a ar o v
lHﬂlﬂUUl’]a_]sluﬂ]ilm']ﬂ\]‘Uﬂ1|a3zﬂ']'I\THu']Uﬂ']]1.|inﬂWUﬁluﬂUHTi']Uﬂ’nuﬂ'lﬂ‘luuaﬂ Ul

GV

3/ 1 o a . o 1 ' o
szuranaudnznu Ml 'Iﬁﬂ"l]ﬂHﬁ‘llﬂ%ﬂlnﬂﬂ’nlliﬂﬂ1U1u(Internal memory) !?'Jmmmummﬁn

= . = = P o o = 4 . Y o
AWUBNNG 25 wait state (A 18X W UDIA 7Y TMS320C6713) AIUUIIRITNISU ﬂﬁﬂﬂi‘nl’wllllﬂﬂalu

>
9 & W

] a 1 A ar 1 a I .;’,'
wamudimelu ua lessmnnswensveantizasanusnielunuiolszuranaiulidtasaiumin

v Tsunsuiimavandivnalvauditiiluly e 1dhezih Iamnduuasrasudoya

o

k4 [
swanuad 1114 luniseanusimeluldRasniuieedesanud g lunisdamssuninens

=,

[ dﬂ ] & e 3 o B 1L a 3 S dw
Mm@ uadisunads i ldiun 1y lunsdanstiuiiael

4,1.3.2.1 Overlay

M5H1 Overlay iHumsuivsaduves Tusunsusoniiudiutes q Taesy Tnamandudiunld
s 1B umisen nuhmdnlaouiseonidfumeensdife  dauvelRamadunazmsasudeyalu
dnvesldamnsuriuiieiolumsinswniuiluide s overlay n3elife
- =1 s dawd a A r - 1 & a ' ' a - 1
1. @ iea A vosa RIIuTuAT (Cache) mioli windunzdiudvnaiInsuaziviioadials
(Program-Cache , Data-Cache ,P/D-Cache)
aaa 3 39 ) [ 3 ] ] -] 1
2. nasinildsunsnusy wio P/D-Cache iAo BRIV IAYOIAY tiHoIwaRVINUF I
ar = 1 3 A v
voslugavasingitInaiigaveas lanie
3. winilvuiavaanas woamen lduTuiezdesh Overlay Tnamady
4 P & o 4 A
dioannuns vou @ e A 1oia alfilunuy P/D upasdsil L1PuayTilsunsy ¥i1n 4KByte alle
= o ad dpvw 1 & y a P 14 '
Rovanquiadanaiiud Idiannduuniuileidy - Alvwalvgfigelivialiiu  4koye  Tald
° k4 o 3 3 a
$utludeari Overlay Tuduvasldamatu
E
MM Overlay  Tudmvesmadudeymiuws1495iveanasnigumatisudaneiiuves
fwanlausid Tasmssawnguvesdoyailflugaudeiuliegiiniu Tnvoygdligldamsanesi
ansafezfaaenmadudoya (data-section) dundeamslfidunBilumizanuimelu 14 dwu
P ar < ad o & a : ] v
Tuga #ihignl¥nudeusedaaeneen iyl iifufimouondgamsdunduud  duszeghidon

493 ALG MOVE humanuindns nasigumsioudansiiuvesdnialaysd
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4.1.3.1.2 Pragma directive

Pragma 93w affensuenas 13119861/ compiler iofhualss Tomilun1sadte build code
waz m3fanTuga @13 9 wu Wlumsdmummaduvesilaidu du q Sezdanguleglumasudu
T R mnse udasadufi 14 ums nint $u Exit ooty Tu Write-once 1ias 183 uile Tuga
dwifgnldemlunfmiudaiosamsetimieauiindumidlng - deddretamiliitonsaiity
Idwits 7 duSinaoitadsu mina Tl 180w pragma Tiudasar®u ud ns naa code ST
a2gn THARIMIITY page i1 Tugavasng Fnli@unauas i Tusuiladsu i ldgnisunldau
UAMINITIMMUA pragma Aussaduliiudeidu symbol Razvan s TnamiuLoad mwizieiu

1 »
AFmese q ld TmasumaIng

42 maimnnivifludiofuyuiue
A o ] & 3 3 or Ta 3/ a8 w : 9 ]
diosanlumswannTsunsimisnuniis q  tudWanithidriludesfuianduaduln
° o o A ) L) 1 o Yy 2 o
aneamsthandu Mnodoun reuse 1uuldmswanndull TaedesaE concept mivhamlu
o o g vy ul a Yo y-:hlual @ a ' )
SnvaziimhIdidiaulausd seamvildiudiludosmavannlussaziBoayisedn. auaw
Digital Signal Processing Attuaondu 1aLiANaw daneifiud s q senumisetannuius ovaslu
yuneavssnnuiiull1dlumsdssaeusudanesfunindndamahiniduy IduanTaunnih
N lasfins Lidowd T 1drursdnnielsznous wdana T vy Fadianuddgiezdnad
b4 1
masytumiGonitaiiu dmiy sanefiivves Dsp uinduiivsdosiiquaniaddydnlszms
A oA s = o {l 9 as ¥ = sy i‘_] &
nilsfararuriiladimsiiauazilunaty 9 Thead wiow 9 iu lnvssdoallgaauiifAiiy reentrant ¥

o 1 4 <1 o ¥ o 3 o
mﬁ‘luwmumsmuamuz nazmvesd s innwaxﬂu relocatable DNAL

4.2.1 Sone3NuuuuioAuytia
a Y- @ & & 9 A k1 s T .:iv
sanesnunuuiaduruiiadnuzgn fiieneuansannudenmsaa ae i
o sl Sanaiuves @ woa # (DSP algorithm) AnReatuiuMawYe Ty I
o Y] £ cf 1 o =i 3/ tzi 8 I 7
o wilavas Saneituuay vesdamna Aldaunsa waomnlasldss g mn-time

r ¥
Tauf danesnudnbusiisydoalinnauilA Reentrant 122 Relocatable

4.2.1.1 Tsunsufidlgoueui@ Reentrant
3 ¥ ¥ [
fonmauiian lusunsuiuersszgniFoadii o 9 nieenezgnidondnlvanoud
a s Y o ] '3 =i N 2 P Y 4 a4 o & da ) ¥
msEontouminiuzadvruysal Tasiimsiamniulidudedy niedmioniliife Tudiuveilna
waduiaznFudayatiuansesmdsiafn
Taena ldudsilavosiuls ag 2 uufe
> )

o nFiavosiunlsTanea (Local lifetime) Aamlsriiniivzgnuostntinalu block 1A dszmall

TundAasA3af execution control WILMAZYNAILEIDT UMY return()
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o an¥IavesdnnliInaven (Giobal lifetime) A unlsytinfiszgnesaiisduduTisunsy uagvims
-~ d'i @
Auoaunsiaeae ludsunsy

mutsriialnavoassdoailu constant iNadee ¥ Tsunsy iy reentrant Tuusas Channel
s i or = o 3 ) 1 : as 1) a 1 s
suthunvsdoatidmdinldlumsidu swates Teaofmsademiduntsiumdomsdlaolddumuwesis

11115 ( pass by reference W3o lay pointer )

4.2.1.2 Relocatable

dasnnilgmmeiutesifavesmizsanudinsTulviie lufismefissiihdaneTiuynda
o a e = ) o = & )
wh libvhauwdsudulaseduiundeyanndiuvesdansiiudeailu  Relocaable  Haazgaoliis
A ar a 1 ] a . .
musoindouine  danesiulinszuhamissanudinisuenuazaiulu  (off-chip uaz  on-chip)

' o . . ¥
I2H NN context switching 14

INTERNAL MEMORY INTERNAL MEMORY |
*A = &A
offset | |_Offsetof B
: MOVE - MOVE
EXTERNAL MEMORY EXTERNA/MEMORY
offset of B
g
P4

NOTE : must adjust base before use

Zﬂﬁ 4-4 LANINITV1 Data Relocatable

gt 4-4 gumerniietdinmaudluldsunsuliliquaniifves Data Relocatable Tavud Ty

@ i e ) P i ¥ 3 o
danly pointer I Inssadrsvous Wity offset #¥1UGamiwanudidmRdedwmuiazidy Absolute



48

-~ s ol I 9 3 o ' r o .
address I'Hi]ﬂuﬁﬂllm:fniﬁlUlﬂJﬂﬁgﬂﬂ1qm1ﬂuam\1ﬂ11ﬁﬂ1iﬁ’]\iﬂ‘lllﬁuﬁm'ﬂq(ﬂuju‘ﬂ'«]‘m'in'llﬂq pointer 9%

= ) b3 o 1 [} o v ] 3 a4 q’u Pt
HAWINUNTIWAMHUL  block Y9IV UWNIIND) umgﬂmammamni‘luﬂmﬂsumswummﬂﬂ‘u

Gonly

Falumsfis s lWifaqumniating miniufiezesnuunlasaadreildiiudeyad
stnzary Taomseanuun Tasaad et nutimwmsientungas Process ﬁﬁ’mﬂiﬁf:ﬁ,'mﬁuﬁmag:
Fuanldxao i

Memtab Size(Byte)

coderMemBlk 10,376
preProcMemBlk 32
exc_err_mblk 32
vad mblk 520
cod_cng_mblk 768
bwfwfunc_mblk 8
pwf mblk 24
acelp cp d4i40 17 mblk 4
q_gaincp mblk 32
phdisp_mblk 72
Total 11,868

A13199 4-6 UARAUUIAYDI Memtab UAZA 1T NVUIBATINIUDIAND 15T T

Memtab Size(Byte)
decld8cp mblk 4,000
post_pro_mblk 32
exc_err_mbik 32
phdisp_mblk 72
pstep_mblk 2,288
bwfwfunc_mblk 8
degaincp mblk 32
dec_sid_mblk 96
decodecp_mblk 2,696
Total 9,256

15199 4-7 UAAIVUIAVDI MemtablADZATT 1M UILAIUTIVOIAINOATH
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Table Name Size(Byte)
G729 DTX_TABLE 808
G729 LD8K TABLE 3,962
G729 1LD8CP TABLE 2,260

A157191 4-8 LARIVUIAYDINTTIIATAIN

4.2.1.3 mudluSalfiiRlummihdiofuruiin (Practical Approaches)

4.2.1.3.1 manflui Nadsuiiisulseunfinndolnousnifhuaii8n (Functions with Multiple
Static/Global Variables)

FulsniluTnaveanazaundndssgnianguiindiuilulas e edeizaca

/i File Mre_Proc.c

static FLOAT x0, x1; * high-pass fir memory */
static FLOAT yl, y2; % high-pass 1ir memory /
void init_pre process( void )

{

x0=x1=(F)0.0;

y2=yl =(F)0.0;

return;

}

ufluTwmisedl

typedef struct{

FLOAT x0;

FLOAT xt;

FLOAT y1;

FLOAT v2Z;

}preProcMemBIk, *preProcMemBlk_handle ;

void init_pre_process( preProcMemBIlk_handle hmem)

{

hmem->x0 = hmem->x1 = (F)0.0;
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§ 1 ] ' a o a
Tunstinluga ngiiimsiSonld TugadevFandaz Tuga AlicuadnnTodusrialnavea Tu
d:«dﬂd g LT Y-
nIt NI MsinnIsag 2350
L dszmwdunlssuadnues Tnaveavaannluga fulnssafratuy Tassadadvuooudedoms
a4 pointer 1HuAYN 9 Tugaday (sub module)
2. mssanguitlsmundnvoama: Tugadesliuoniulassadravealasvesiu Taul duls

Tnaveauaziagueslugades agluTnsaadivesTugaves Tuamsisu udardaliud Tugadesfidoams

#/ File coderep.c

typedef struct {

coderMemBlk handle coder handle;
preProcMemBlk handle preProchandle;
exc_err_mblk handle exc_err_handle;

vad mblk_handle vad_handle;

cod cng_mblk_handle cod_cng_handle;
bwfwfunc mblk handle bwiwfunc handle;
pwf mblk handle pwf_handle;

acelp cp d4i40 17 _mblk_handle acelp cp_d4i40 17_handle;
q_gaincp mblk handle q gaincp handle;
phdisp_mblk handle phdisp handle;

{ENCODER_G729 MEM BLK *ENCODER G729 MEM BLK_HANDLE;

void ENCODER_G729 MEM BLK_init(ENCODER G729 MEM_BLK HANDLE *hmem );
void ENCODER_G729 MEM BLK free(ENCODER G729 MEM_BLK_HANDLE hmem);
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void ENCODER_G729 MEM_BLK_free(ENCODER_G729 MEM BLK HANDLE hmem){
coderMemBlk free(hmem->coder_handle);
preProcMemBlk_free(hmem->preProc_handie);
exc err mblk free(hmem->exc err handle);
vad mblk free(hmem->vad handle);
cod cng mblk free(hmem->cod cng handle);
bwfwfunc mblk free(hmem->bwfwfunc_handle);
acelp cp d4id0 17 mblk_free(hmem->acelp cp d4i40 17 handle);
pwf mblk free(hmem->pwf handle};
q gaincp_mblk frec(hmem->q gaincp handle);
phdisp mblk_free(hmem->phdisp_handle);

free(hmem);

4.2.1.3.2 M1919A 9N (Constant Tables)

W ' = ' V1w gy ¥
ufianseanedl  eyhigaudluTunstszanana uAINuAABS support relocatable @30
4 1 ] 1 0 " ] J
efivy ladned ey miseanusimolussumsilszianatwlilszuana ldsadiuue:
I ¥ ' v )
musnihseenn ldieiun lithoams Tapia lildmssezgnilazma inmennudrdeya
R p o 1 4 v ¥

AIOUDN (external data memory) WdaApoiud N Tumihoanuiimelunounsdseudonn  aanald

) ar ar Aaa oA v A v B 3 3
nandmiy daneihunfiaisienined varwaise Tumsszydn subroutine Tiuldmistalnu 15114
i ' ar as N = 1 i o v
SEmsudofumsSangum1saniithuanei ( context data constant table ) AE130¥I11H relocatable
I3 lughanaidu o

&l

F5Ms

o ar 4 J oy ¥ L 9! oL
L mnndangumasiitunlu Tassaduisalnssasane
3 . @ L= ¥ A . Y d” or =

2. Ussmadaya pointer AuriinvaeTnzaad1eda Pointer drilozitudunlsaialnavoa

3.0 mumsindeyaas lduIdanneund Tuilidnsiiog

@
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/{ Table.h

typedef struct{

#* VAD constants ¥/

FLOAT Ibf corr[NP+1];

/* SID gain quantization */

FLOAT fact[NB_GAIN+1];

FLOAT tab Sidgain{32];

#* SID LSF guantization */

int PtrTab_1{32];

int PtrTab_2[2)[16;

FLOAT noise_fg| MODE][MA NP][M];
FLOAT noise fg_sum[MODE][M];
FLOAT noise fg_sum_inv[MODE][M];

FLOAT Mp[MODE];
G729 DTX TABLE.*G729 DTX TABLEPTR;

G729 DTX TABLEPTR G729 _DTX_TablePtr ;
void initTab dix();

/* VAD constants */

#define Ibf corr G729 DTX TablePtr->Ibi corr
/* S1D gain quantization */

idcfine fact G729 _DTX_TablePtr->fact

#define tab_Sidgain G729_DTX_TablePir->tab Sidgain
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/% SID LSF quantization */

#define PtrTab_1 G729 DTX TablePtr->PtrTab_1

#define PtrTab_2 G729 DTX TablePtr->PtrTab 2

#define noise_fg G729 _DTX TablePtr->noise_fg

#define noise_fg_sum G729 DTX_TablePtr->noise fg sum

#define noise_fg_sum_inv G729 DTX TablePtr->noise fg sum_inv

#idefine Mp G729_DTX_TablePtr->Mp

4.2.1.3.3 Data Relocation
ada o - . 1 M o ¥ oo - g
nstnds sty static/globaliconstant pointers #8411 TUTVITMsNDervesdmilsTau
MIAY off set i Tnva 1y base MAdINHIURY Inssadahigniangy

AIBUN

£ SO L _d U,

/

* StaticH 1107 118 allocation. b

/* Speech vector */

static FLOAT old_speech[L TOTAL]J;

static FLOAT *speech, *p_window;

FLOAT *new_speech; * Global variable */
/* Weighted speech veetor ¥/

static FLOAT old wsp[L. FRAME+PIT MAX];

static FLOAT *wsp;
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#* Filter's memory */

static FLOAT mem_err[M_BWD+L_SUBFR], *error;
* Weighted speech vector */

static FLOAT old_wsp[l. FRAME+PIT MAX];

static FLOAT *wsp;

/* Excitation vector */

static FLOAT old exc[L FRAME+PIT MAX+L. INTERPOLJ;
static FLOAT *exc;

M Zero vector */

static FLOAT ai zero[l. SUBFR+M BWDP1}];

static FLOAT *zero;

void init_coder 1d8c(
int dix_enable /* input : DTX enable flag */

I
new_speech = old speech + L_TOTAL - [._FRAME; /* New speech

*,r/
speech = new_speech - L_NEXT; /* Present frame ¥/

p window =old speech + L TOTAL - L_WINDOW; /* For LPC window */

J* Initialize static poinfers ™/
wsp =old wsp+ PIT MAX;
exc =old exc + PIT MAX + L INTERPOL;
zero =ai zero+ M BWDPI;
error = mem_err + M_BWD;
retum

}




»
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void coderMemBIk_init(coderMemBlk_handle *hmem)}{

FLOAT Isp_oldTmp(M]=

{ (F)0.9595, (F)0.8413, (F)0.6549, (F)0.4154, (F)0.1423,
(F)-0.1423, (F)-0.4154, (F)-0.6549, (F)-0.8413, (F)-0.9595};

int lag_bufTmp[51=120,20, 20, 20,20};

FLOAT pgain_bufTmp{5]={(F)0.7,(F)0.7, (F)0.7, (F)0.7,(F)0.7};

(*hmem) = (coderMemBIk *)malloc(sizeoflcoderMemBIk));
copy(lsp_oldTmp,(*hmem)—>lsp“old,M);
copyArrI(lag_bufT mp,(*hmem)->lag_buf, 5);
copy(pgain_bufT mp,{*hmem)->pgain_buf, 5);

/* New speech  */
(*hmem)->new speech = (FLOAT *){{(char #1&((*hmem)->old_speech)) +{(L_TOTAL -
L_FRAME)*sizeoﬂFLOAT)) -(int)(*hmem));
/* Present frame */
(*hmem)->speech = (FLOAT *)(((char +)&({*hmem)->new_speech ))-
(L NEXT*sizcof(FLOAT)) -(int{*hmem)};
* Tor LPC window */
(*hmem)>p window = (FLOAT *)({char )& ((*hmem)->old speech )+ ((L_TOTAL -

L_WINDOW)*sizeoﬂFLOAT))-(int)(*hmem))',
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/* Initialize static pointers */

(*hmem)->wsp = (FLOAT *){({char *}&{({(*hmem)->old_wsp )+
(PIT MAX*sizeof(FLOAT))-(int)(*hmem)});

(*hmem)->exc = (FLOAT *){((char *)&((*hmem)->old_exc )+ ((PIT MAX +
L INTERPOL)*sizeoflFLOAT)-(int)(*hmem)});

(*hmem)->zero = (FLOAT *}{{{char *}&{({*hmem)->ai zero }}+
(M_BWDP*sizeofiFLOAT))-(int)(*hmem));

(*hmem)->error = (FLOAT *){({{char *)&({*hmem)->mem_err ))}+
{M_BWD*sizeof(FLOAT))-{int}(*hmem));

retum ;
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n. giten11¥anTilsunsu Code composer studio V2.0

Tuns1%47 Code composer studio M1 T1 fifaos1a T sunsudmiudisudulifnnaaodld
A i - £ o i N ' ]
n503510A19 9 7 code composer 1l 1#¥ TuhsiondmTuaou (Project tutorial) oy TuIrlamesvos path Nas

code composeriti‘tutorial

n.1 A1INANE Hello World  (...\ti\tutorial\dsk6713\hellol)
SunsitonlFland Rugreenis € s3sua TAUR printf, scanf TAUATU lib stdioh

35015 Compile

iion Project -> Rebuild all

ims InanTdsunsulaon1u FILE -> Load Program -> Debug > *.out open

Flo OSEHEL G35 HE

-i;} i Fios i nad Plogmm i i R
7 | LI GEL fies Laok jr: =3 Dabug ~| & @& BB
i |'= <A Proects
F 1] % 23 hetlo.pit (Debu [ERIIEINSN
™
[y
(il
1
2
o
File name: ﬁﬂo
x Cow |
o Filas of type: i".out
o
@
&
D |,¢]
CPUMALTED For Help, press F1

i) Stant ] o s ¥ | JE L[ 76713 DSK/CPU_1 -... 8] Dacument! - Microsolt Word

317 n-1 ueraTran Idaswu A wa # ueia
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n.2 N1INANGY Hello World 2 (...\ti\tutorial\dsk6713\hello2)

é = =) n; <4 o Y n’: ar ; =] c{

ilosnnnsBon1Nannd Auguveaniv ¢ 3 Overhead Tumahamgadnindniuvunlaon
Ig5lafsy vea DSP BIOS dmiums Idunuiasdu printf Tauld LOG_Obj
LOG printf (&trace, "hello world!"); // trace s‘ﬁu%i’wqmm Log

¥ ) 1)

gmiviEnsadinfududud Ui FILE > NEW-> DSP BIOS Configuration tfonaszqavsaupin

; ;0 4 . -
vaaean 19 Wiil1a1e dsk6713.cdb FuiluWd dmFmAunoudlngufusimiugdon nstrumentation->

¥ x
> LOG - Event Log Manager click 421780 Insert Log mmssadevesiaguazfimuamsiiaes Tay
. ¥ oA B ° o =] ¥ b4 ¥ a a4 &

Click YA WD property MdawInAmMuaM3 imedisvuiound19zAneiingg scan dependency (B

. L o4
Tdan o MAvades mncde WiunluTsoalay Click vn#l Felusiwaududen Scan All File

Dependency

Clﬁiid

[hdlnw __]lDubug
E‘ﬂﬂ” QEHEEEQ*’FA ST
n] H Fib’ /I‘l.I!i*i"!'**l‘.‘ll!!*ﬂi‘fl***“***“"".'Il""'**".‘.fl"‘ﬂ
ipi | % L GEL e ’ ’. HELLY . C
s J;“ﬁ_—— s
i‘} T & N Add Files to Project... Basie LG event operaticn [Tom main.
3 .5 Oeentrgding
S ¥ _l e i i B
oy wde {std.h>
i | Save
i} i : :"' | M_“Dm________ & de ¢log.h>
V4 Buid LA h
e o Buikd [Selection o] ude 'hellocfg.h
> Clean - -=eeox mein s-===e=s
mmlsdw&mﬂfb!
@ ........ -
0o Proct Depandencias... fraio ()
] Coniigurations... 03 printf (&trace. "hello worldl"“):
w Buikd Dptions..
& m fall into DIP-BICS 18le loop *7
: Propasties... pruTn
(I o
= v Allow Docking

siat] | 7 & %3 B * [ /06713 DSK/CPU T - B Oocumentt - icrosok Word]

3 10 A-2 HARINITN Scan dependencies
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o . S - CPU Load Graph —
hebopi *{{Debug Exacution Graph
Host Channel Contiol
B 0DEOHEL
i EstimatsdData Size: 1225 Est Min Stack  i2tstics View bties
} E fies ‘ et o RTA Control Panel T
o L7 GEL files * g System —_— | Vaue !
i LY Proects = fE Instrumentation comment <a0d comments here>

F = 3 hello.pit (Debug ~ {3 LOG - Evert Log Manager bufseg IRAM

™ ) Dependsnt Pro ) LOG_system bufien [words) 64

= 1oy DSP/BHOS Cor frace loglype circular
P +. hello.cch o+ [B STS- Seatistics Object Manager datatype piinit
R F ] Germiata File: & g Scheduling format D, Do, Qo
i # 4 Include - + By Synchionization
i i) Libravies -l inpul/Oueput
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if (TRC_query(TRC_USERQ) == 0) {
STS_set{&processingload STS, CLK gethtime(});
b
/* additional processing load */
load{processingload);
if (TRC query{TRC_USERQ) == 0) {
STS_delta(&processingload STS, CLK gethtime());
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3

IR IS T U RN TR e
[Form =] Jtosd

Dim buf=tate ia Lang

Private Sud PDImﬁLuaﬂl)
Dim =mtarus is Long

! Get aprlicaricn chiecrs
Ser rtdx = Createlbject ("RTDX"}

foopen LErget = ipput channel
acacus = rde.Oan["l:nntrnj,_chan:n:_l", bl |
Select Case status
Case Ta = SUCCESS
Came T3 = FAIL
M=gBox "Unable to open control channel®, vhiritical, "Error”
Exit Jub -
Case Elae
MagBox "Unknown returh value from cantrol _channel opan®, vbInfarmation
Ex1t Sun -
End Selact

End Sub - . e
Private Sub Form Unioad(Cancel As Integer)

51 n-29 uaneldn vB #lFTumsAadeny GEL Haddu
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1. giellunsmues

v.1 Innsofnvesiunhiililound vesmsdhavounzosanionunnasgu ¢.729

%.1.1 ENCODE_G729 MEM_BLK

Context Name Array Size(Bytes)
Prm (18+1)*4 =76
*new speech 4

*preProcMemBIk (Pre_Proc.c)

x0 4

x1 4
yl 4
y2 4

*coderMemBIk (codld8cp.c)

old_speech 240%4 = 960
*speech 4

*p_window 4

*new_speech 4

old_wsp (80+143 )* 4 = 892
*wsp 4

old exc (80+143+11 )* 4=936
*exc 4

ai_zero (40431)*4=284
*zero 4

Isp old 10*4 =40
Isp_old_q 10*4 =40
mem_syn 10*4 = 40
mem_wi 10*%4 = 40
mem_w 10*4 = 40

mem_err 70%4 = 280
*error 4

pit_sharp 4

G.729B

pastVad 4



ppastVad

seed

#* for G.729E ¥/

* for the backward analysis */

prev_filter
rexp

synth

*synth ptr
prev_lp _mode
gammal
gamma?

At bwd_mem
bwd_dominant
C int

glob stat
stat_bwd

val stat bwd

#* | ast backward A(z) for case of unstable filter ¥/

old A bwd

old_re_bwd

#* Last forkward Alz) for case of unstable filter */

old A fwd

old rc_fwd
freq_prev

lag buf

pgain_buf
*exc_err_mblk (taming.c)
exc_err

*vad mblk (vad.c)
Meanl SF
Min_buffer

Prev Min

Next Min

4
2

31*4 =124
31*4=124

(65+80)*4 = 580
4

4

2%4=8

2%4=8

31%4 =124

4

LS I S T S

31*4 =124
2*4=8

11*4 =44
2*4=8
4%10*4 =160
5%4=20
5%4 = 20

4*4-16

10%4 = 40
16*4 = 64
4
4



Min

MeanE
MeanSE
MeanSLE
MeanSZC
prev_energy
count_sil
count_update
count_ext
flag

v_flag
less_count
*cod_cng_mblk (dtx.c)
/* Static Variables */
IspSid q
pastCoeft
RCoeff

Acf

sumAcf
ener

fr cur
cur_gain
nb_ener

sid gain

flag chang
prev_energy
count_fr0

/*Music

*bwiwfunc_mblk (bwfwfunc.c)

count_bwd?2

count_fwd2
*owi_mblk (pwf.c)
smooth

lar old

B . T U SR - S .

10%4 =40
11%4 = 44
11%4 =44
22%4 = 88
33%4 =132
2%4 -8

4
4
4
4
4

2*4 =3

98



*acelp_cp_mblk (acelp cp.c)

extra

* g_gaincp_mblk (g gaincp.c)

past_qua_en

*phdisp_mblk (phdisp.c)
prevDispState

gainMem

prevCbGain

onset

¥.1.2 DECODE_G729 MEM_BLK

*decld8cpMblk (decld8cp.c)
old exc

*exc

Isp _old

mem syn

sharp

gain_code

gain_pitch

prev_t0

prev_t0_frac

#* for G.7298 */

seed fer

past_ftyp

seed

sid_sav

#* for the backward analysis */
TeXp

A bwd mem

A t bwd mem

prev_voicing
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4*4 = 16

6%4 = 24

[80+143+11]*4=936
4

10%4 = 40

30*4 =120

4

4
4
4
4

31*4 =124
31*4 =124
31*%4 =124
4



prev_bfi

prev_lp mode

c fe

¢_int

prev_filter

prev_pitch

stat_pitch

pitch_sta

frac_sta

/* Last backward A(z) for case of unstable filter */

old_A bwd

old rc_bwd

gain_pit_mem

gain_cod mem

¢_muting

count bfi

stat_bwd

freq prev

prev_ma

prev_lsp
*pstcp_mblk(pstcp.c)

apond2

mem_stp

mem_zero

res2

*res2 ptr

*ptr_mem_stp

*post_pro_mblk(post_pro.c)

x0

x1

yl

y2
*phdisp mblk(phdisp.c)

prevDispState

4
31%4 = 124
4

4
4
4

31*4 =124
2*%4 =8

N O S

4*¥10*4 = 160
4
10*4 = 40

32%4 =128

30*4 =120

30%4 =120

[154+40]*4 = 776

4
4

E N )
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gainMem

prevCb(Gain

onset

*exc_err_mblk (taming.c)
€xc_err

*degaincp mblk (degainep.c)
past_qua_en

*dec sid_mblk (dec_sid.c)
cur_gain

IspSid

sid_gain

%.1.3 G729 DTX TABLE Table

/* VAD constants */

FLOAT Ibf_corr[NP+1];

/* $11 gain quantization ¢

FLOAT fact[NB_GAIN-1];

FLOAT tab_Sidgain[32];

/* SID LSF quantization */

int PrTab 132];

int PrTab_2[2][16];

FLOAT noise fg{MODEI[MA_NP][M];
FLOAT noise_fg sum[MODE}[M];
FLOAT noise fg_sum_inv[MODE][M];
FLOAT Mp[MODE];

%.1.4 G729 LDSK_TABLE

FLOAT hamwindow[L. WINDOWI;

101

6%4 = 24

4*4-16

4%4 = 16

4

10%4 = 40
4

4%(12+1) =52

4*(2+1) =12
4*32 =128
4*2*16 =128

A2%4%10 = 320

4%2%10 =80
4%2%10 = 80
4% =8
4%240 =960



FLOAT grnd[GRID POINTS+1];

FLOAT lspcb I INCO][M];  /#*Firsi Stage Codebook */
FLOAT lspcb2[NC1I[M];  /*Second Stage Codebook*/
FLOAT fg[MODE]MA_NP][M]; *MA prediction cocf. */
FLOAT fg_sum[MODE][M]; /*present MA prediction coefl®/
FLOAT fg sum inv[MODE}ML /*inverse cocf. */
FLOAT inter 3[FIR_SIZE_ANAJ;

FLOAT inter 31[FIR_SIZE SYNI:

FLOAT pred[4];

FLOAT coeff2][2];

FLOAT thrl[NCODE1-NCAN1];

FLOAT thr2INCODE2-NCANZ2];

FLOAT gbk1[NCODEI][2];

FLOAT gbk2{NCODE2][2];

FLOAT tab hup s[S1Z_TAB_HUP_SJ;

FLOAT tab_hup 1[SIZ TAB_HUP L};

int map 1 [NCODEL];

int map2{NCODE2];

int imap1{NCODEL];

int imap2[NCODE2];

int bitsno[PRM_SIZE];

FLOAT b140[3];

FLOAT al40{3];

FLOAT b100[3];

FLOAT al00[3];

%.1.5 G729 LDSCP_TABLE

int bitsno B[PRM_SIZE_SID];

int bitsno D[PRM_SIZE DI;

int bitsno E_fwd[PRM_SIZE_E_fwd-1];
int bitsno E_bwd[PRM_SIZE_E_bwd-1];

4%(60+1)=244
4*14%10=560
4*10*10=400
4*7%4%10 = 320
4*%2%10=80
4*2%10=80
4*13=52
4*31=124
4*4=16
4*¥2%2=16
44(4)=16
4%(8)=32
4*8*2=54
4*16%2=128
4¥7*4=112
4*7%16 =448
4*8=32

4*16 =64
4*8 =32
4%16 =64
411 =44
4*3 =12
4%3 =12
#3 =12
4*3 =12

4*4 =16
4%10 = 40

4%(18-1) = 68
4*(16-1) = 60



A1E.8k *

FLOAT lag_bwd[M_BWD];

FLOAT hw[NRP+L _FRAMF+M BWD];
int ipos{16];

* 6.4k (for NTT CS-VQ)*/

int trackTable0[16];

int trackTable1[32];

int posSearched[2];

int grayEncode[32];

int grayDecode[32];

FLOAT ph_imp_low{L SUBFR];
FLOAT ph_imp mid[L. SUBFR];
FLOAT ph_imp_high[L_SUBFR]J;
FLOAT gbk!_6k[NCODE1 6K}(2];
FLOAT gbk2 6k[NCODE2 6K][2];
FLOAT coef 6k[2][2];

FLOAT thrl_6k[NCODE1_6K-NCAN1_6K];
FLOAT thr2 6k{NCODE2 6K-NCAN2_6K];
int map!_6k[NCODEI1 6K];

int imapl_6k[NCODEI_6KI;

int map2 6k{NCODE2_6K];

int imap2_6k[NCODE2 6K];

FLOAT freq_prev reset[M];

FLOAT lwindow[M+2];
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4*30 =120
4*(35+80+30) = 580
4*16 = 64

4%16 = 64
4%32=128
4%2=8
4%32=128
4%32=128
4%40 = 160
4%40 = 160
4*40 = 160
4%8*2 = 64
4%8%) = 64
4*2%2=16
42 =8
4*2=8
448 =32
4%8 =32
4%8 = 32
4*8 = 32
4%10 = 40
4%12 =48
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n. q'ﬂo Reference framework 3

n.1 Insandamaihniuvesldsunsy
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ey 511’(’(?12111149’7 ﬁﬂlﬁ'm D reference framework

n.1.1 Reference framework

¥ v » 1) ¥
Tunisdeudy DSPBIOS 1u mshswdsulilsunsuniuqudmaiius miv - mvzdos
o = ¥ ¥ 4 o o q WY o o
Himsfne uazdoadilemsmauaes DSP luyoduaen Mlddeudonannnlumsiams lusunsu
P 2 @ agd . = A v o 9 A 3t »
Wil q mseesniu Jaidiimsoulysunsediugmaa 91 sanldidenlyou awanudeans
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‘Welcoma to the Feference Framenarks v2.2 2.20,00
Setup program. This program will instali A eference
Frameworks v2.2 2.20.00 on your compuber. !

It is stiongly recommended that you el sl Windows programs
before ruring this Satup program. ‘N F

Cick Cancel 1o quit Setup and then closs any programs you
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WARNING: This pragram is protectsd by copyright law and
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Unauthorizad reproduction or distribution of this program, of any
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71t a-1 uraamihoems dads Tulsunsy

c{a’ = on A 4
> Selufiiez14 Reference Framework (RF3) woauitim indfer Suamgud TasTaseaiiaves RF3

st



106

swiAydioProc)

pipTx0

* {
) Cha
| TEE

IIS : IiJ‘O

swiRxSplit { SwiAudioProcl swiTxJoin
) in
pioRx pipRx : [ ) pipTx pioTx
...... »>
control
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swiRxSpht Properties . _}Q

General I

commert:

function: ]_!htF! ¥SplitRun

priclity I 1 - I

mailbox: !7

argl: jcmnnunonnn

argl: ]oxuuunonuu

j1].4 Cancel Anci Help

3171 71-3 LaAY propertics Y813 sw

iRxSplit
1 A = v 1 s =
Taon1smsndeinzilunsgInm mailbox Aalisuwiify 7 ( 0111,) 1ilu asaeudinunze:
° ] roar Y oA 2 toar o Aak oy a o a5
Fanudosidu o $ddewlunils wurivies pipRx Tideyanszimiunimualu property page

U9 pipRx

pipBx Properties

General Notify Functions I

notifywriter; Pl r=Prire
nwarg0: I_pioﬂx
nwargl: IEUUDDDDDU

notifyReader: ;_SWI_andnHook

niargl: |_swiRxSplt
nrargh: [umunonum
oK Cancel l S | Help

31/ A-4 il property 409 pipRx
- 1 i = 1 . o o o
Tu property page § awnsovenldd el deyanegly  pipRx AeziSonilaidu

SWI_andnHook Taufimiaiimasie _swiRxSplit taz 0x0000001 Taumsiia1ufe 93 NAND i1 mailbox
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. .o ' a { o ]
989 _swiRxSplit #30f1 0x00000001 Tapagyiminimiiou maskbit 921 A0 mailbox namilu

0110 uaL pip 7 2 pip (pipRx0, pipRx1) imthiimiiousiu

pipBx0 Prapeities

General Notify Functions |

notifywwriter: 2l andrH ook
rwargl: i_swiﬂ ¥Split
nwargl: ]uxuouuuuoz

notifyR eader; i_SWl_andnHook

nrargd: i;swi.ﬁudioprocﬂ
nrargl: {nxonﬂnuum
oK Cancel I Epnls | Halp

zﬂ‘ﬁ 1-5 WE9 properties YB3 pipRx0

piplixl Properties

General  MNotify Functions l

nobfyiafriter;
nwarg: [_swiH %S plit
nwarg’l: IDuDIJBEID[Jm

notifyR sader; I_SWi_andnH ook

rrargl: I_swiAudiopruﬂ
nrargl: Inxnununnm
oK Cancel | ioii Help

g'ﬂﬁ f1-6 ITYAS properties V01 pipRx1
¥
uasstanaaiuTao duilvzdumsSon SWI andnHook WM notifyWriter IWT127371_swiRxSplit

2= TBoU pipRx] UAZVz111M3 NAND @20 0004 ( 0100, ) Lag 0002 (0010,) 937119 mailbox vea

_swiRxSplit naeiiu 0000 VN thread thrRxSplit ¥amu
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