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ABSTRACT

This project proposes to use an enabling technology that allows people to interact with
computers by recognizing speech in place of pressing keyboard.This projection,it is able to dial
telephone by voice. The~theory of Speech Recognition is used,including Linear Predictive Coding
( LPC ), Vector Quantization ( VQ ) and Hidden Markov Models ( HMM ).

The thai numeral speech recognition is carried out based on independent speaker and
task oriented application for automatic speech recognition part.Both are programmed by C
language .For task oriented application,the models of 10 names with database of each name
associate with telephone number have been created.To program in order to direct modem for

dialing of telephone number has been done.
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y(n)=a,x(n)-b,y(n-1) | (2.1)
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Hz)=1-a.z' ; 0.9<a<1.0 (2.2)
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S(n) e @ > S'n)
Z } (n-1)
8(n-1)
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S'(n) = S(n) - a.S(n-1) (2.3)
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signal LPC LPC
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analysis conversion

autocorrelation——»,

R(i) 7 a ;|
i =0,...,p i=1,....p
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s(n)=G*u(n)+ ia % S(n-k) (2.7)
k=1
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s'(n)=iak s(n-k) (2.8)
k=1

Al ANARIALAREYN A

e(n) =s(n)- iak s(n-k) (2.9)
k=1
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Waridudnalausening e(n) uae s(n) Ao

A(z)=E(z)/S(z)

-k
=1-iakz (210)
k=1
AMNANNIT (2.7) uay (2.9) aziiuliddn 1 { o, } = {a) wda

e(n)=G*u(n) (2.11)
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E,= el (m)

m

Ep= 2lstm)=s (m]’ (2.12)
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E, = Y5 (m)— D, X, (m)s, (m— k)

m k=1 m

wazan @, (ij) = Ds (mk) s, (m-i)

En = ¢n(0,0) - gak ¢n (O3k)

E, =0,(0.0) - 9,0 (2.15)
@il 1 e resdtyonn AFmnAmnaudll N fedha Aa S (0), S, (1), S, (2)..... S,

(N-1) Rt d S (m)=0 Wa m<0uia m>N-1 wazaniy

8,30 J) = 2.5, (m=k)s, (m—1)

N=1=(i~k)
= 2s,,(m)s,,(m+i—k) 0<k<pl<ic<p

m=0

‘ N1k .
W R, (k)= D.s,(m)s,(m+k) i k=0,1.2,....p (2.16)

o

¥
W AINANNIT (2.5) uaz (2.16) azlddn

N-=1-k
R, (k)= Xx'(m)x'(m+k) (2.17)
m=0

nanNnITh (2.14) azlddn

iakR,,(li—kl) =R, (i) e i=1.23...p
k=1



anannis deulveglugluwaindlsidu

[ RO RO - R,,(p—l)]}_ 11'( (D]
} R() RO - R(p 2){, 2 || ,,2}
| : el &
RGp-D Rp-2 ~ RO o, LR
Wia R,-a=r, (2.18)
If R,(0) R, () - R,(p-D] [al] (R, ()]
RO RO R(p-2) o | ,R(z),
LJJ’:)R | : : . : E =l : |LLﬂ" |
[R(p=1) Ry(p-2) ~ R, (O |  |a,] LR

NSMINASLARS LPC
W AAeT LPC loun dAudsedns o uazdmsnising G

JaldiAn R (0), R (1), R (2), .., R (p) anaun1s (2.18) uda AawnsawiAl o tuAe

n n

- p-1
a=R-r,

LAZAINANNTT (2.7) uag (2.9 ) azlddn
e(n)=G*u(n)

N-1 N-1
~E, = Zez(m) =G Zuz(m)

m=0 m=0 (2.19)
a7N ANNNT (2.15) azlddn
E, = $,(0.0)~ X2, 8,(0,1)
k=t
=R, (0)~ iakRn(k) (2.20)
k=1

WAZAINANNNT (2.19) 31amanian G laameeann

R,(0)- iak R, (k)
G? = =l (2.21)

> u*(m)

m=0
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s P < 1 ] - . - LY
dumauil Alddirssidygauliniiasuuds Tnglumiadsuiiaglimdudss@niianun 12

AN (p=12) 5 &y, Uy e L,

Py - [ a [
maulaaunisitiees LPC 1ty audseansinlansy
UA@INAUIANUILENS LPC uay Gain Tu 1 wsnudn azwldasubiidy dudsednsmdaniy
1 v - v [ ]
\iagainnisfand@eanany dudsraniilanfuiiduninivefiidnwusindadeldfnda

v
” e o« v v

dudsz@ns LPC Ml anuduiusindd adunisiuf @ sanuainid naasuyutilaauiaia

Fudseansimlaniuauisom lalnansanndudse@ns LPC aatl

Co=InG  fludunlsAnisumn dafunu
3 oz .
0= SP Tagp=1240fu Q=18 muiunu (C,)

azlddn dudssdnswdaninlu 1 wsu = 19 5

m=1 k
Cm = am + Z(——}‘kam—k ’1 sms P
k=1

m

m—1 k
Cm = Z(_kkam—k m >p

NSLINANNIEINARS (Parameter Weighting)
- - o v Sy e e u 5 o % oo
Hesandulrz@ntiadanfun ity desdadusiug uazdfiuving, aeamsuiinun

-

N t v v 1
ANATILMRLNARINNARIAARAUNINNIILFNLEILAY  wszasiuRan NI TatuminiNaanA1Any

o~

- [ 1 ‘:ll v rnlz c‘: -:lld
ARIALARAUAINATT AeAduanie fliae -

4 _1+g,(_7z711_ 1<m< O
m_[ 251n Q)] SASM=S

¥ - I'd v all
azlawnsiimaigaving Ae
C’" = Clll * WI"
:’/ o - v 74 -d' = < v v o Ll ar 1 ot
anmiufRarsanlfaruyninsuresdeys WafanmunFavfeaudafasinlldnnguides uaz
afauuudasudeiia llunnFeunaude
2.1.2 N5ARTEALLIALADRS (Vector Quantization)

wamefaeuladisdu dhitinsanlawmdy (Dimension) viaduaurasdaya  vAWeTBuwWm
< Al <l - I’Ai' v ‘l’/ = ) 4" d‘ v o~ v o
Vi3e AUk vie wmnlmedfildandu LPC azgnidenuingunilvaslfifusounuaestayaduou

vwilawFadundinimn Codebook  AunmiiduazgninisuFeuifisuiy codebook Aifleg Inear



fanrandraunniiduninitain codebook lateefign  AunmAinanargnunudntinaneilAn

. v 1
(index) W Auwnynsafiduandnreanameiidnla asgninimianaudnansianivil. uaziigm

U Q

T - v-’f o - o - o v i - . ) 2 ' '
augnaf dilinnmnaussiaedauiuanidnynen fiArrnuaaiaraauiifiAminndsl
Afmualiamilatedeaniuled fasiaudnanlubivliidy codebook unu uazazviinisdn

] ]
LY el

nquaunndiy codebook hmintlduazuianupaIaReREnATIINRENETN AunsitANATN

1 [} ] '
< 1 -l ol ad -l

d‘ - v v [ | -3 <4 ! v ~ - :’,
ﬂ’é\']ﬂlﬂﬁ‘ﬂuuﬂﬁu’ﬂﬂﬂdﬂ’mﬂ’ﬂui‘mﬂ fAazfiadnle codebook ﬁmﬂmw'ﬂmﬂumLmu'n'm'auvgwmuum

9
1 v ] ¥

v :’/ ol [ ' L-d -y v al :’/ v
@:ﬂ’unm‘lmmnm\mnmfm codebook Tniviy ﬂ"lﬂ']'mﬂ'n’ﬂﬂLﬂﬂ’ﬂu’/lvlﬂ"lzuﬂ"lﬂﬂﬂ\W}ﬂﬂNﬂ’]ﬂ

.....

L 4

L 4

qUf 2.8 uanIMITINITRNLINTNTAAURERYA 29 nrmunguaaasu@esaive
WAASAAWN UM THABAUAEN aFnldnya X

matwnnmaiaauladiadu auy@lfunnefsiassiall 2 TR usziIn1IMn Codebook
a8 wngaiianuaazgndmdinlulunguees Codebook e udminmananautlmilasnas
whzAnmeiandnyneafieglunguiiaaiy waiilife Codebook 8 MaidusiaunuretianiAe i

UNR
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Training

(1.0 (3.5) 6.7 (9.9 (12,1}

(12) (36 (68 (011  (12:3)

(19  @B7 (69 (102 (1211)

(114 (39 (612)  (103)  (1213)

@1 @1 (614 (104)  (134)

22)  (313) (7.8) (107 (139)

23) (314 (710)  (112)  (1337)

@5 @15 @11 (113) (1312

(29 (a5 (92 (114  (13.14)

@13) @48 (93 (118  (1412)

215)  (412) (95  (1112) (14,13)

32 @) @7 (1114 (1510)

@3)  (513)
16d 1
w1 L6
144 '-.__-'_.".:
13+ o "t 7 Codebook
2T e o Index Vector
AN 0 22
o1 :....-.:o-....:. 4 O 5 5 ..... 1 11'3
s a - 2 36
T T ! T
sT 270 4Q.3 3 108
ST e 4 29
N 5 7.9
3T 0 o
S PP LR N £y 6 413
N RS 3 7 1312

P N Y Y Y T L R
717 2.10 uamssiatnanisuidnya
st nmraialAnyA TAayAaua M

{x1,x2,..,xL}

( K-means Algorithm )

unwaiidedumn

xt

v

A 4

h 4

Avauladigas —_—

alfi 2.11 vfanlrezunsurasnamesraning

Aoy Bwand
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- mevnuramsmauladuuuaaeed w2 funeused

1. mmé’qdﬁmqn ( codebook ) Tael438 K-means

anfuneuninlszdadurendsadnet i mannanaz i mniaendasznaudon
vAameTalARTNIIIN L N x = {x ISTSLY ez PR x =[x, X, ... x] LLé’qﬁﬁ'ﬁﬂy,aﬁ'
Ifnmiansafradunguaesuuudnegs

luszuumsfuf@smauuusiniyane aslfuirdedsresdnie) andyeduouunn Wed
azlfpsaunquisamuslinusineg Rnatusswinagyausiazau iamonddunddssuauunn
anilflunemeuaueaznn deRlunioadrdised diiuuundedeasiin waieiauwy

<l o '

Y - a o a4 v v v a d e voa Y - o
'ﬂ']\"ﬂq‘h.]qunQ?:mU“uq ﬂ')'mgﬂﬂm'luﬂ'\?mg@:ﬁ‘umw ﬂﬂuu'%’un'\?qﬂnﬂ“'ﬂﬂ\ulu‘].l'ﬂ']\i'ﬂ\ilﬂuLWQ

[ v
-

WAuuugwdainuanzan wazannsnlfilusaunuratuuudngniey

w

wueld saneinunldidun

K-means Algorithm *nwum'ﬂuw'l‘ﬂummﬁﬂﬂmm Aal

1) dunsulagaurldlunisadralanya

nnalAnyaresnratenladuuunamed s M = 2° wAameT (B - bit codebook ) uas
Wefazanaes M ayafiangs Suaunamesiuynazsaannndrnnalfayainn (L >> M)
2) msguAENAU

megduArGudy hdiuildumseenuunléoys dfe nadendrduduseddaya  Fen

Tayn

[
< o and or

] 1 v
fldannsduAtGusiuiidn usuaenldaya ( random codebook ) dawAtar il fmn  ud
téayanidannmeduilinaduiseniy
=
3) NITUIANARIALARAY
ar 4‘ d' [ L} v
nrinaruAsardey udiunduduuasitulscloniseniseenuuulAnya duns nne-
Faadaf i lunmnszasng fuaneds uidainnld Ae NMTUIAHARIAARBUNAIFRITIN
d aal Q9 d ] <
( Total square error ) BaudznrAUIURNIELAETIAEY

Sdtyeynudl P IR aunsowrsaninrewindtyyndiunm ( x ) funameiiaa (y ) Tae

aun1s d(v,.v,) = "v -V, " z(x -y ‘ (2.14)
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woiindmniimefifiema n” meaufuijenna 70x 19 ———
Sl p

weitndrniivefidaam “1° spaAuliuilinnn 68 x 19 -

woinnimlvedfioamnn -n° 10AuTAITHIA 66 X 19 _— Vector Quantization
wrindmmlinefifomn v 184AuRasIIUIN 64 X 19 R & %
* ] 2UN198519 Codebook

wrtndmmiline fifioamn 1" 10IAURMINTIYIA 72X 19

Codebook
YUIN 64 x 19

weFndmilinefiduma - TDIAUTUTITIA 70 X 19 _— VyeCtor Quantization
‘2 38 4 5 6 L. 7 9N Codebook
Lo [ [ T T T ] I [ ]
Index
\
Codebook Index
auIn 70

1 2 3 4 5 [:] R 70 —
[(Co T20Ta b1 & 1 I <+ - 30 ] ]

~— winzdiafidla 1-64
g 2.12 dusenzasmmaiacaulaady

4) N19IANGYN ( classification ) Ll.aznﬁﬁ‘m'?mgluénmwmn’siu ( center cluster )
nsaanguiunisuicname Rwymidn lusungusine sauunenlAnya lnafansunreas
.,. Ay . o . cov 4 v
3 viaAuAaARAauTiaaTign TesusazinameiBum x funared taaya v 3aluldaya
v H ] v
antuazsinmamAafaredazngy ialuAnawseanguiu asld
- 1<
Y= zZXi

i=}

Y dugegudnaniadunameifegnrnanees )., Tudazifazbizuuiiunung

AMINAN usiaz y, uAInaed ).,
Y ¥y J O. 1 1
M1 2 durauildn aundnaziianirgida ( convergent ) T9EAMNARIAIARAUIINALAINIIAN

-l' - ] - ':; -II-I o ‘e’ 1 A d” o ' allo ) ¥ L4
N ‘Nmmmﬂmmﬂﬂﬂumm:ﬂmmvmmmunwmmm‘m'lnu mmunwﬂwnwuﬂmmmm?’m



ArmARIAARauTaNTeaYinla Anansnarasusiaznguazgniiuiunamasidnaciad y u
AnauladrasAn
y=q(x)

Tne q() dulawedinmefvesmaning y gnFundneniwmuameiveddn x Tag y udila
Amtielu Y = v 150 MiTamy, =( y, v, - ¥el Y dhudnraclAnys M iduzuiaaes
Waya uaz {y,) Wudmeanaweildn vy, a1adunduiuldngneds waz M e1adundidiuauszay
fu aginsuinamed x Tl M e {C,1<i< M} dlax aglumac,

ax)=Y,  x € C

& P
2. unaumnsilTauey
- .Ir Py 14 -lll w Yo ':r - o - ~ d'
nawmefrteularduiiliieniseanuuunisiufidemariy Jemoumeulagedf M Fad
P o - - v v o - v a o v o
wanela § M szudeaienisiuf wissssAu@aaiarrunnianizazeddeyamsuils T M udd
7oy uazigmreamsuiluwiazsrAuasiu@eciaglussdudaniy

Wad@enalingy (unknown) 3 x,  Wwn  azduduwndnlddmng ajeulngesf Ad

t

o

faiiszAu (index ) igniden anflusauidaturainndan wastasiian D (c) Wel=1,2,..M

v

4‘ nl' -1 :’: 14 ar S and 4' 0 e
TAHAaIaAdtuRAmiuM iann1iarzane TnaldiEnisuiauaanRdauIaIaassIn

2.1.3 n19AF13uuLsNaaY ( Pattern Matching )

2 o d" dl' © -l 1% -' P ] o r
NN ﬂ']i‘ﬂWﬂuﬂ‘?‘ﬂLLLI'IJ'HuLW'ﬂuWNWLLﬁ‘UUW}ﬂUﬂU’NQV]LTW‘IJJVIT’IU Tmﬂm‘mmnqumm

aala 4

&eyryreun Lifsn(unknow  signal)Iududnyoyruiliaciiiegungulanguuile 3@en14luns
aFuasgluuuretAiyefimiiauiiagaeeuuanig
' - Dynamic time warping (DTW)
- Hidden Markov Models (HMM)
Aanaenlflunisa¥uundtandda Hidden Markov Model (HMM) aihudgnnra¥rauuu
o J o vo -l [ « t i
aasiignindssgnaldlunsiandeann wousnaaanired wivasnily 2 UssinnAe wuy
Aawiad (Continuous) wazuuulisiedies (Discrete-time) lunfiasidenlduuybisafisanssiuis
d‘ L 2 v 1 Yal v o o
nsndudeutiaandiuacilaftuamyndun
Hidden Markov Model(HMM)
HMM HhiAnsildvquauiacdunneiianisfiamgnisalaesdidureangnisal 2

AL AR aAv(state) uazAIINg(observation) Tnawnnsafidangiiuasiuliifeianiynoes
Luiiaz'ame'luﬁm:rmzﬁ'Lﬂuﬁhﬂﬂngwh&u qx‘lﬂwﬂuuﬂ'ﬁmdﬁaﬂﬁmmw'lm
drulsEnauraiuudiaas HMM

1. N Aednuaumluusiags Tasannsafeannawmuiillfdnammuiiald ulfian

gaaviily { 1,2,....N } uazawminan t laqiu g,
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2. M AeduaurasAnlsngriavilamn unudaedyydnsal v ={V,V,..V, }

3.A={a} AapnniwsilunswAsuaemi a ;=Plg=ila, =i} e 153,i<N

4.8 =)} Aa Amniazdusasnisfadnisngiiavmla b (I=P{ 0=V,iq=] } dle
i=1,2,....N

5 T ={m,)}A8 aniazduiudazavmasiuawmndudu e nizP(qiﬁ'mm t=1)
TAs9aF 1912 UULIIRDIHMM

WLNANAN LN AIUALUAIAN (transition) 1auNsEsNT A

l'a“ 4 Qag 414-}
A = Iazl An Gy G|
lay ay, ay ay|
g Gp a4 a44_l

1. ULy Egordic Model W32 Fully Connected Model wuuR1aaeiiynaianaiNisailasuainn
Tdaimnawldmnqamn g 2.10() Wusetreauuinasaiil N=4
2. WU Left - Right Model %32 Bakis Model wuuataasil nsulasuaimnazilasuaindnely
-l oo al‘ ~ a‘l’
191 HpnandRnuasuaanAail
2.1 2,=0, ;<1 wnearwdn atuawnlaluudaslifinsdfaundumndammiu
é . i . ' [ [ A' i ]
22 T,={0Wai# 1fai=1} uu1EANd 1A UIBAANARIFHIURAIEMT 1

- A ' a P | e -
awnnwmdaeiaasduiasluamm Fusviaiugued

Left-Right Model ifingdeidAunisilasuannasil -
a,=0 Wa i >i+Ai InaArraAi=2 vunaaud manfasusanazannsonselandunlasu
Tlfeammdrawililiiu 2 awem

aelmusisndnislasuamnitiu

rau a, a; 0 1
A= n Gy Gy
| 0 0 ay ay)|

|
|
Lo 0 0 a,]

siiwinawmgainefdulssansnisuldauamnidy a,,=1

a, =0 e i<N

-l

o ~ . - ~ VoA ‘e
me’mmummznuﬁ’ﬂgtmnmumﬂﬂaﬂuuﬂmﬂmqmmumL‘nu AN



INONOINANDIN  WITRBUINAIBIRNTELT

3. WU Parallel Left-Right Model Raniasifinalasuaianadiauuui 2 uillanudinugu

wINN9N faguil 2.13c)

(a} (b)

(cl

717 2.13 UARIULLAIABIFNTIBIHMM

UrynruasHMM

teywnaas HVM # 3 daderiaclddanainisdasinelunisAwsnuiaudilouiil

«l i o o ) o '
gy dedrduaesdndsng 0=(0,,0,....,0;} uaziiliag A =(A B, T) 11RZAUIUUIAIP(OIA)
1a9aAurasAlng lfadals
Heymni2 Weiidiurasdniling 0=(0,,0,...,0;} WaTUULAIAEY A =(AB,T ) 1azurdduaIAn
a = { 9,0,---G; } Amunzanunisiddsingiuldedials
teyw#z  azuiuuudnasy A =(AB, ) AlWAP(OA) nnfigalsatnals

aurasAlmngildlivaminine; A8 wasmie X lFuuudnaesiaigminFundd
AL meuila(training sequence)
° al
ngAuIILRaLN Ty 1BIHMM
< ° ' s ' i ° a3
1.meuifgwt dunisdwanduustaasd arniazsiduiiaclddadudnlanguan
% =4 el d’ ] 2 % v 1 dv
teuiaala IEnaedasuitiyminaldnszuounissaliil
1.1 nzzuaunis iddranti (Forward Procedure)
WanmualiFaulsludramia(forward variable)
o (i) =P(0,,0,.....05.q=iA )
- 1 - o ar i all onll . -
wuneis avnhazdlurasnisfingiuAnlng 0,,0,...,0; Hazatiann i i 1an t el

wwudanaanduAlagamnsam o (i) el

1.1.1 N3GRSy (initializa tion) Wadwua O (i) = TH(0,)AGNIU t=1 uaz
wAnITiENsi O, Wa 1<iSN

1.1.2 n1awilanin (induction)
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N
o, () =0, o) a]bo,.,) (2.15)

i=l

181 <t <T-1 waz1< ) SN wunetie Araitazuresaen | Anat t+1 Tiunanawn | fdwll1y

e N aen fean t Aaguit 2.14

1.1.3 N158ugA (termination)
N

POA)= D" oL () , (2.16)

i=1

ariazilurasdduaitlsng o Wanuasanaes oo, () anyn awm de 1<j <N

Sy
S2

(@)

SN

a, (1} @y i)

STATE
T

OBSERVATION, ¢

77 2.14n3z09unn7 I dhauti

1.2 NesUUNIIEaUNaY (Backward Procedure)
Wetmualifulsfiaundubackward variable) PB(i) =P(0,,0,,--0na=i 1A} winiia
auninazilusasdrduAnsngdauuas anaan t+1 lauau Tmaﬁfmumd'\r}l’mﬂsﬁam iANUN

anflurasdrduanlngdaunds aannan fvan t warliuwndraaadu A eazdwonm B.6) 1F

o~

Al
1. N3G (initialization)
B =1 Jia 1< <N

2. M3wmilentin(induction)
N

Biiy=D" 2 b0, (2.17)

=l
Wa  t=T-1,7-2,..1, 1<i<N
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Si

SN

t ' b+ 4
B'(I) B'.,.((j)

7U#i 2.15 nrruauNTINRENAY
7fi 2,15 wamstvAUmngiazagiiawm | ivat t InaArieiedrdudlmngainiaan t+1

Fadaafinrsainatam | RasdulyUiomn o nan t+1 Tmﬂqwuu'ag:ﬁ'um a, uaz bo,,)

[Y = o S o ol
2. n'\‘illnﬂm“’\ﬂ 2 INAUIRIALAANNIVNICAN

ol A PO - . i . - o o i i
(99221998 Imal daneinu (Viterbi Algoritym) (HEMIAIALAANARNAA D4 1387 t Uil 7
dl o o o « - L4
Wanmuaanaumeansd O = (0,0,....0,) Inateauli

St(i) =qxr?zaf(q: Pla,q,---Gpyr G4 0,0,....0, Al

wunafis aahanlugagareadunag (path) o 1981 t FeGuiuanwanisaifinanGuiu
aufanan t fiaum i uaz lnuntrendguaiAmawiienii (induction) 1azld
OE max di) 2,1 bfo,,)
L?'m'\mmwm'\muﬂwmﬁﬁﬁﬂm"lﬁ’ﬁmﬂ'l‘inﬁzmun'\wi'a"lﬂﬁ ditaly Wy ) du e (array)
1. n2Eusi (initialization)
8,() =Tto o) e 1<) <N
W) =0
2. n7ElRUNAY (recursion)

80) =L max 8,,() 3,15, (0) e 2<t<T, 1< <N

l

() =arg max [0,.4() 3] e 2<t<T, 1< <N
<SisN
3. m?auﬂﬂ (termination)
= max [6
IsisN
ar * = max [6
ISisN

4. @unraiRudiaunal (Path backtracking)

* %, A
q, =W.(a ) Wet=T-1,T-2,...1
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v i o - v o o - - ' - -
3.msuntlgund  iemlusafiacluanudndudadmnguiielaeidanAmaniines

AB.T nangn Taeld nszuounisinga (iterative) AaMsaanld AedF uw-11ad (Baum-Weich)
%38 EM (Expectation-Maximization)

al a v

Watal

1.,() =P(q=i |O.A)

wnete Annitasiufiazegfiamn i o a0 t lneiuuesaAumeniTn O wazuuLRIa8a

A W anunsouansdn y,G) iaell

o _p(0,g=ild)
[ p(Ol)
- p(O,qx = [‘/1
N
ZP(O,‘]' = lM’)
i=1

\iesann P(0,q.=i IA) Sewinifu o, i, () Ald

. a(D)B(i
Y,0) =L (2.18)
2 (D)
i=1
2. €,(i,j) =P(q=i ,0,,,=j O.A)
wanaty anuiiaiiufiazagiamm i Mvan t uazamn j Aal t+1 WeimuaLLLAIaes

wazafuAlsng 1

o o u e - o o
7U7 2.16 ugmsanAunsAuInsIiaAlIINgFIN TR TR RN |

- P . o
ATt UASAYNALEN | NIAT t+1

ar

Feannfieuresinulslliroriussiawladaundy aunsaiundnwusiu € () lided
. =iq+1=j,0
St(lyj) = P(ql l,qf‘i'l er| )

P(O2)

a(Daijbj(or + 1) fr +1(J)
P(OA)

= c:z/(i)aifb/(or « )P +1(j) (2.19)
> a(i)aiibi(or + 1)+ 1(f)

i=l j=l




o

uazaztAmndniusees v,60) fu € () Ml
N
Y0 =D, €6 (2.20)
J=1
uay .

-~

Y.0) =Amaureamniasuammeenanainn i ludrdudlsing O

o

€)= uureamalasuainainann i 1 j luadudidsing o

.,
[}

v v
pauaNITauIAINII IR T IA AT

T'=7,(0) e 1<i <N (2.21)
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NIANUIN U
mMe3ansa RS-232

2399aNYT0l RS-232

PIN CIRCGUIT ABBREVIATION FULL NAME DIRECTION
DATA:

2 BA . TXD Transmitted data DTE to DCE
3 BB RXD Received data DCE to DTE

Primary Handshaking Lines:

6 CC DSR Data Set ready DCE to DTE
20 CD DTR " Data terminal ready DTE to DCE
Secondary Handshaking Lines:

4 CA RTS Request to send DTE to DCE
5 CB CTS Clear to send DCE to DTE
Modem Line:

8 CF CD Carrier detect DCE to DTE
22 CE RI Ring Indicator DCE to DTE
Ground or Common:

7 AB SG Signal ground

Less commonly Used Circuit:

1 AA Protective ground

12 SCF Secondary received line DCE to DTE

signal detector

13 SCE Secondary Clear to send DTE to DCE
14 SBA Secondary Transmitted data OTE to DCE
15 DB Trasmitter signal Element DCE to DTE
timing
" 16 SBB Secondary Received data DCE to DTE
17 DD Received signal element timing DCE to DTE
19 SCA . Secondary request to send DTE to DCE
21 CG Signal Quality detector DCE to DTE
23 CH Data signal rate selector DTE to DCE
23 Cl Data signal rate selector DCE to DTE
24 DA Transmitter signal element OTE to DCE

timing
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TXD—transmitted

o5

—a—=XD—received data

(<311
04

17

=2 S—-request 0 send

o7
05

ZT7S—clear to send

18e

o8

SSR—data set ready

2@ —signal ground

1]
ot9

DTR—data terminal ready:

—0 20
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~O—carrier cetect
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DCE
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67
Tdsunsu HMM.C

/**%*x%***HIDDEN MARKOV MODELS FOR SPEECH RECOGNITION ****%%/
[**x*kxxxxxxkxexxxinput : Observation Sequence***kkkkkkkkk xk /
/***************Output . Markov models of Voice************/
#include <stdlib.h>
#include -<stdio.h>
#include <conio.hs>
#include <time.h>
#include <math.h>

#define N 6 /* number of state in each model */
#define K 64 /* number of distinct observation */
#define ROUND 50 /* number of reestimate round */
#define MIN B 0.00001 /* minimum value of b[] (] */

FILE *observation_sequence_file;

FILE *model_file;

FILE *model_text_file;

char observation_sequence_file name [50];
char model_file name[50];

char model text_file name[50];

char *T; /* number of observation for each training */
char *Q; /* training sequence */

int number of observation;

int i,j,k,w,v,t,max;

double Prob_log[ROUND];/* check distortion in each round */
float Pi#[N] = {1,0,0,0,0,0};

float al[N] [N], aprime [N] [N];

float bIN] [K], bprime[N] [K];

double x[N][N], y([N][K], z([N];
double Aprime [N] [N], AMprime [N];
double Bprime [N] [K], BMprime([N], 1[N];
float imb[N];

double *alpha, /* alpha coefficient*/
*pres_alpha, /* alpha coefficient prepare scale * /
*alphas, /* alpha coefficient scaled */
*beta, /* beta coefficient*/
*pre_beta, /* beta coefficient prepare scale */
*pbetas, /* beta coefficient scaled */
*sc,
*C; /* scaling coefficient */

float *prob_log; /* for check distorsion */

/**********************************************************/

void open_file(void)
{ char temp;

clrscr();

/* open observation file */

printf ("\n Pleas€ enter observation (input) index file
name : ");

gets (observation sequence file name);

if ((observation_sequence_file =

fopen(observation_sequence_file_name,"rb")) == NULL)
printf("\n\7 b Cannot open input file !");
exit (1) ; }:

/* open model output file */

printf ("\n Please enter Model (output) file name : ") ;
gets (model_file_name) ;

if ((model file = fopen(model_file_name, "wb")) == NULL)



{ . printf ("\n\7 b Cannot open output file !");

exit (1) ; };

printf ("\n Please enter Model TEXT (output) file name : ");

gets (model text file_ name);

if ((model_text_ “filem = fopen(model_text file name,"wt"))==
NULL) X

printf (*\n\7 b Cannot open output text file !");

exit (1) ; }i

/* count number of observation in observation file */

number of observation = 0;

for (;;)
{ fread (&temp, 1,1, observation_sequence_file) ;
if (temp != 0 ) number of observatlon++, else break;

if (feof (observation sequence_file))
{ printf ("\n\7 b Invalld input file !\n");

exit (1) ; }i

rewind (observation_sequence_file) ;
/*x*x%x*xxxxxx%x read each observation index length *****xx*+/
T = (char ¥*) calloc(number_of_observation,sizeof(char));
if (T == NULL)
{ printf ("\n\7 b Cannot allocate memory for data
\n"); exit(1); };

fread (T, 1,number_of observation,observation_sequence_file) ;
fread(&temp 1,1, observation sequence_ file); /* for bypass
FLAG (-1) */
/*xxx*xxx%xx find maximum of number of observation ****xxxx/
max = T([0];
for (i=1;i<number of_observation;i++)
if (max < T[i]) max = TI[i];
O = (char *)
calloc (number of observation*max,sizeof (char));
if (O == NULL)
printf ("\n\7 b Cannot allocate memory for data
I\n"); exit(1); };
/**************** read Observatlon data *****************/
for (i=0;i<number of_ observation;i++)
{ fread(&o[l*max] 1,T[i],observation_sequence_file) ;

Jrkkkkkkhkhkkkkkkkkkkkx gllocate MEmMOry **kkkkkxkkkkkkkkkik /

alpha = calloc (max*N, sizeof (double)) ;

pres_alpha = calloc(max*N, sizeof (double)) ;

alphas = calloc (max*N, sizeof (double)) ;

beta = calloc (max*N, sizeof (double)) ;

pre_beta = calloc (max, sizeof (double));

betas = calloc (max*N, sizeof (double)) ;

sc = calloc (max, sizeof (double));

c = calloc(max, sizeof (double)) ;

prob_log = calloc (number_of_observation,sizeof (£loat)) ;
if

((alpha| |pres_alpha||alphas| |beta||pre_beta||betas||sc||c]]|
NULL)

prob log) ==
printf ("\n\7 Cannot allocate memory for data !\n");

exit (1) ; }:

/**********************************************************/

void random_abvalue (void)
{float sum_a[N],sum_b([N];/* Left-Right Model conditions */

68



al0][0]=(1.00/3.00); al0) [1]=(1.00/3.00);
al[0] [2]=(1.00/3.00); al[o0] [3]=0;

a[0] [4]=0; a[0] [5]=0;
al[1] [0]=0; al1] [1]=(1.00/3.00);
al1] [2]=(1.00/3.00); al1l] [3]=(1.00/3.00);
al[l] [4]1=0: a[1] [51=0;
a(2] [0]=0; al2] [1]1=0;

al2] [2]1=(1.00/3.00); al2][3]1=(1.00/3.00);
al[2] [4]=(1.00/3.00); al2] [5]1=0;

a[3] [0]1=0; a[3] [1]=C;

al[3] [2]=0; al[3][3]=(1.00/3.00);
al3][4]=(1.00/3.00); al3][5]1=(1.00/3.00);
al4] [0]=0; al4] [1]1=0;

al4] [2]1=0; al4] [3]=0;

al4] [4]=(1.00/2.00); al4] [5]1=(1.00/2.00);
a[5] [0]1=0; a[5] [1]=0;

a[5] [2]=0; a[5] [3]1=0;

a[5] [4]1=0; al[5] [5]=(1.00);

/* random start b[] [] value */
randomize () ;
for (i=0;i<N;i++)
for (k=0;k<K;k++)
{ b[i] [k]=((float) (random(99)+1)); }

/* find a prime and b_prime */
for (i=0;i<N;i++)
{ sum_aflil = 0; sum b[i] = 0;
for(§=0;j<N;j++) sum_ali] += ali] []]

for (k=0;k<K;k++) sum _b[i] += b[i] [k];
printf ("sum _al[%d] = %f\n",i,sum_al[i]);
printf ("sum b[%d] = %f\n",i,sum b[i]);
getch() ;

for (i=0;i<N;i++)
{ for(j=0;j<N;j++) aprime[i] [j]
| for(k=0;k<K;k++) bprime[i] (k]

/**********************************************************/

void copy_abprime_to_ab(void)
for(i=0;i<N;i++)
for(§j=0;j<N;j++)
alil [j] = aprime([i] [3];
for (i=0;1i<N;i++)
for (k=0;k<K;k++)
b(i] k] = bprime[il] [kl;

ali] [§]1/sum_ali];
b[i] (k] /sum_b[i] ;

/**********************************************************/

void find alpha_bt_value(void)
{ float sum_alpha;
/* Alpha Initialization */
for (i=0;1i<N;i++)
alpha[i] = Pi[i] * b[i] [O[v*max+0]];
/* Alpha Induction */
for(t=0;t<T[v]-1;t++)
for(§=0;3<N;j++)
sum_alpha = 0;
for(i=0;i<N;i++)
sum_alpha += alpha[t*N+i] * a[i] [j];
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alpha[(t+1) *N+j] = sum_alpha * b[j] [O[v*max+(t+1)]];

/* Beta Initialization */
for (i=0;i<N;i++)
beta [(T[v]-1)*N+i] = 1;
/* Beta .Induction */
for(t=T[v]-2;t>=0;t--)
for(i=0;i<N;i++)
¢ beta[t*N+i] = 0;
for(j:O;j<N;j++)
beta[t*N+1i] +=

ali]l [j1*b[j] [O[v*max+(t+1)]] *beta[(t+1) *N+j] ;

/**********************************************************/
void scaling_alpha_bt (void)

{

for (i=0;i<(max*N);i++) pres_alphali] = 0;
for (i=0;i<max ;l++) pre_beta(i] = 0;
/* find sum coefficient */

for (i=0;i<T([v] ;i++)

sc(i] = 0;
for(j=0;j<N;j++) scli] += alphal[i*N+j];

[*mmmm e e find alpha scale ---------==--- */
c[0] = 1/sc[0]; /* at t =0 */
for (i=0;1<N;i++)
{ pres_alphali] = alphali];
alphas [i] = ¢ [0] * alphalil; }
/* at t=1 to T */
for(t=1;t<T([v];t++)
{ c[t] = 0;
for (i=0;i<N;i++)
{ pres_alpha[t*N+i] = 0;
for(j=0;j<N;j++)
pres_alpha [t*N+i] += alphas([(t-
1) *N+jl *a(j] [1] *b [i] [O[v*max+t]];
c[t] += pres_alpha[t*N+i];

clt] = 1/clt];
for (i=0;i<N;i++)
alphas [t*N+i] = c[t] * pres_alpha [t*N+i];

A R el find beta scale ---------==-------- */
pre_betalT[v]-1] = c[T[v]-1];
for(t=T[v]-2;t>=0;t--) '
pre beta[t] = pre_betal(t+l] * c[t];
for (t=0;t<T[v];t++)
for (i=0;i<N;i++)
betas [t*N+i] = pre_betalt] * betal[t*N+il;

/**********************************************************/

void find logP (void)

{

prob_log(v] = 0;
for{t=0;t<T[v];t++)
prob_log(v] += logl0(c[tl);
prob_log[v] = -prob_loglvl;
Prob _log[w] += prob_loglv];



/**********************************************************/

void flnd_A_AM B_BM prime (void)
{ double q,G
[*emmmmm e find A prime and AM prime ------------- */
for (i=0;i<N;i++)
for(j=0;j<N;j++)
{ x[i]1 (3] = 0;
for(t=0; t<T[v]-1;t++)
x[i] [j] += alphas[t*N+i] * a[i] [j] *
b[j] (O[v*max+(t+1)]] * betas[(t+1)*N+j];
Aprime (1] [j] += (double) xI[il [j];

r(i=0;1i<N;i++)
{ z[1i] = 0;
for(t=0;t<T[v]-1;t++)
q=20;
for (j=0;J<N;j++)
g += alphas[t*N+i] * a[i] [j] *
b[j] [Q[v*max+(t+1)]] * betas[(t+1) *N+j];
z[i] += q;

AMprime [i] += (double) z[i];

[ mmm e - find B_prime and BM_prime ------------- */
for(j=0;j<N;j++)
for(k=0;k<K;k++)
{ yv[3l[k] = 0;
1(7] = 0;
for(t 0; t<T[v] 1;t++)
{ 6 =0;
for (i=0;i<«<N;i++)
G +=
alphas [t*N+j]*a[j] [1] *b[i] (O[v*max+ (t+1)]] *betas [(t+1) *N+i] ;
if (O[v*max+t] == k+1) v(jl (k] += G;
1(3] += G;

/* final value */

if (O[v*max+ (T[v]-1)] == k+1)
y[j] [k] += alphas({(T[v]-1)*N+j];
1[j] += alphas[(T[v]-1)*N+j];

for(i=0;i<N;i++)

for(j=0;j<K;j++) Bprime[i] [j] += (double) yI[i] [j];
for(i=0;i<N;i++)

BMprime[i] += (double) 1([i];

/**********************************************************/

void find new abvalue (void)
{ double bcomplex;
A find new_aprime --------==--==---- */
for(i=0;i<N;i++)
for(j=0;j<N;Jj++)
aprime [i] [j] = (double) ( Aprlme[l][j]/AMprlme[ll )
A find new_bprime ----------------- */
for (j=0;3j<N;j++)
for(k=0;k<K;k++)
{ bprime (j] (k] = Bprime[j] (k] /BMprime [j];
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/* improve b prime value */
if (bprime(j] (k] < MIN_B)
} { Dbprime(j] [k] = MIN_B; }

for (i=0;i<N;i++)
{ ‘bcomplex = 0;
for (j=0;j<K;j++) bcomplex += bprime[i] [j];

for (i=0;i<N;i++)
{ imb[i] = 0;
for (k=0;k<K;k++)
imb[i] += bprime[i] [k];

for (i=0;i<N;i++)
for (k=0;k<K; k++)
bprime [i] [k] /= imb[il;
for (i=0;i<N;i++)
{ bcomplex = 0;
\ for (j=0;j<K;j++) bcomplex += bprime[i] [j];

/**********************************************************/

void display a_b_pi_parameter(void)
{ double bcomplex;
for (i=0;i<N;i++)

{ for (j=0;j<N;j++)
printF ("A13d] [%d]=%12.10f ",i,3,aprime(il [§]);
printf ("\n Press any key ...");
getch() ;

printf ("\n");

for (i=0;i<N;i++)
{ for (§=0;j<K;j++)
printf(“B[%d][%d]=%12.10f ",i,j,bprime([i] [j]1);
printf ("\n Press any key ...");
getch() ;
printf ("\n");

printf ("Pi = ");
for (i=0;i<N;i++) printf("%3.2f ",Pi[i]);
printf (*\n");
for (i=0;i<N;i++)
{ bcomplex = 0;
for (j=0;j<K;j++) bcomplex += bprime [i] [j];
printf ("B complex [%d] = %12.10f\n",i+l,bcomplex) ;

getch() ;

/**********************************************************/

void save model file(void)
{ fwrite(&aprime,4,N*N,model_file);
fwrite (&bprime, 4, N*K, model flle),
fwrite(&Pi,4,N, model_flle)
for (i=0;i<N;i++)
for (] 0;J<N;j++)
fprlntf(model text file,"A [’3d][f3d] =
%.40f\n",1i,3, aprlme[l][]]
fprintf (model_text_file, "\n"),
for (i=0;i<N;i++) _
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for (j=0;j<K;j++)
fprlntf(model text flle,"B [°3d][°3d] =
.40f\n",1i,3, bprlme[l][j]
fprintf(model_text_flle,"\n" ;
for (i=0;i<N;i++)
fprlntf(model text_file, "Pi[%d]=%.2f "oi+1,Pi[i]));
fprintf (model_text file, "\n")
fclose (observation_sequence_ flle)
fclose (model. file) ;
fclose(model_text_flle);
free (0);
free(T) ;
free(alpha) ;
free (pres_alpha) ;
free (alphas) ;
free (beta) ;
free(pre_. beta),
free (betas) ;
free(sc);
free(c);
free (prob_log) ;

/**********************************************************/

void main(void)

{ open_file();
random__ abvalue()
for(i=0;i<N;i++)

for(j=0;j<N;j++)

{ Aprime(i] [j] = 0; AMprime[i] = 0; }
for (i=0;1i<N;i++)

for (k=0;k<K;k++)

{ Bprimel[i] (k] = 0; BMprime(i] = 0; }

for (w=0;w<ROUND;w++)
{ printf("w = %d\n",w+l);
copy_abprime_to_ab() ;
for (v=0;v<number of observatlon V++)
{ prlntf("v = ¥d\n", v
find_alpha_bt value()
scaling alpha bt () ;
find logP()
find A AM B BM prime() ;
printf ("prob log[%d] = %13.10f\n",v,prob_log[v])

find new_abvalue() ;
printf ("Prob log[%d] = %20.15f\n",w+1,Prob_log(w]) ;
if (w > 0)
if (Prob_log[w] > Prob_log[w-1])
printf ("P distortion = %22.20f\n",Prob_log[w] -
Prob_log(w-1]) ;
else printf("P dlstortlon = %22.20£\n",Prob_log[w-1] -
Prob_log(w]) ;
if ( Prob_log[w]-Prob log[w 1] == 0 )
printf ("P distortion = %13.10f\n",Prob_log[w-1] -
Prob_log(w]) ;
break; }
getch() ;
display_a b_pi_parameter() ;
save model _file();



/*******

Tdsunss ASR.C

AUTbMATIC SPEECH RECOGNITION TEST PROGRAM *****x*%/

#include <stdio.h>

#include <stdlib.h>

#include <alloc.h>

#include <conio.h>

#include <io.h>

#include <math.h>

#idefine PI 3.141592654

#define FRAME LENGTH 300

#define SHIFT_LENGTH 100

#define NP 19 /* number of parameter in each frame */

#define P 12 /* order of LPC */

#define ADAPTIVE 0.9375

#define FIRST_CALL 1

#define NEXT_ CALL 2

#define vector_dimension 19

#define number_ " of _codebook 64

#define N 6 /* number of state in each model */

#define K 64 /* number of distinct observation */

#define STORED_MODEL 10 /* number of stored model * /

FILE *input wav_file;

FILE *parameter_ " file;

FILE *input vector file; /* input file */

FILE *codebook flle, /* codebook file */

FILE *codebook _index_file; /* codebook index file */

FILE *codebook 1ndex text_file;/*codebook index textfile*/

FILE *model flle,

FILE *unknown word _file;

char input_wav_ file _name [] ="c:\\recog\\test.wav";

char parameter file “name [] ="para.tmp";

char input_vector_ file name[] ="para.tmp";

char codebook file name[]="c:\\mspeech\\remodel4\\cl.vq";

char codebook_ index file name []="cidx.tmp";

char codebook 1ndex text file _name []="cidx.txt";

char unknown_word file name[] = "cidx.tmp";

char *model file namel(] =
{"c:\\mspeech\\remodel4\\mO_1.hmm",
"c:\\mspeech\\remodel4\\m1 1.hmm",
"c:\\mspeech\\remodel4\\m2_1.hmm",
nc:\\mspeech\\remodel4\\m3_1.hmm",
"c:\\mspeech\\remodels\\m4_1.hmm",
nc:\\mspeech\\remodel4\\m5_ 1.hmm",
nc:\\mspeech\\remodel4\\mé6_1.hmm",
tc:\\mspeech\\remodel4\\m7_1.hmm",
"c:\\nispeech\\remodel4\\m8_1.hmm",
"c:\\mspeech\\remodel4\\m9_l.hmm"};

int length;

int number_of_ frame;

int nf, £1, i, j, k, 1, ¢, m, n, t;

int 51gnal[FRAME LENGTH+1],

float preemphasis[FRAME LENGTH+1],windowed [FRAME_ LENGTH+1] ;

float RI[P+1],A(P][P],X[P][P];

float alpha[P+1] phl[P+1],

float cepstrum[NP],weight[NP];

float gain,q;
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float *input_vector; /* keep all 1nput vector in memory */

float *codebook;

char *min_index; /*minimum of distortion vector of each

frame */

float vector_ distance [number_of_codebookK] ; /* vector and
codebook distance */

float distance,total_distance;

float min_distance;

int nc,vd;

int file number;

int number of input file;

int number_ of frame,nf;

int model ;

char T; /* number of observation sequence*/
char *Q; /* training sequence */

float Pi[N] = {1,0,0,0,0,0};

float al[N] [N];

float b(N] [K];

double *dt;

char *ar;

double d4([N];

double prob [STORED_ MODEL] ;

char *path;

int max_index;

double dmax;
/**********************************************************/

float Abs(float value)
{ if (value<0) return(-value); else return(value); }
/**********************************************************/
void display(void)
{ clrscr();

printf (" /// Automatic Speech Recognition ///

/**********************************************************/
void open_all_lpc_file (void)

{ 4if ((input_wav_file = fopen(input_wav_file_name,"rb")) ==
NULL)

printf (*\7 Cannot open input wave '%s' file!\n",
input_wav_file name) ;
exit (-1);

if ((parameter_file = fopen (parameter_file name, "wb")) ==
NULL)
{ printf("\7 Cannot open output parameter '%s' file!\n",
parameter file name) ;
exit(-1);

}

/**********************************************************/

void prepare data(void)
{ /* find length of data */

length = (int)filelength (open(input_wav_file_name,0));
length -= 44L; /* bypass the header of wave file */
/* ( 44L means 44 items in long ) */
printf(" File '%s' have %d
sampler (s) .\n\n", input_wav_file_name, length) ;

fseek(lnput wav_file, 441, SEEK CUR), /* set pointer to
first data */
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/* find number of frame ( is round of loop ) */
number of frame = (length-
FRAME LENGTH+SHIFT LENGTH) /SHIFT_ LENGTH;
/* read first data for correct the formula */
signal (0] = (int)fgetc(input_wav_file);

/**********************************************************/
void flnd_preemphas1s and_window (void)
{ static int called = FIRST CALL;

/* Preemphasis and windowed */

if (called == FIRST_CALL)

{ for ( fl=1;fl<=FRAME LENGTH;fl++ )
signal [£1] = (int)fgetc(input_wav_file);
preemphasis [f1l] = (signal [£1] -ADAPTIVE* (float)signal [f1-1]);
windowed [fl] = preemphasis(f1l]*(0.54-

0.46*cos (2*PI* (£1-1) / (FRAME_LENGTH-1)));
called = NEXT CALL;

else/*Second and later called,Use some prevous data again */
{ for (fl=1;fl<=(FRAME LENGTH - SHIFT_LENGTH) ; fl++)

signal [£1+SHIFT_ LENGTH] ;
preemphasis (£1] preemphasis [f1+SHIFT_LENGTH] ;
windowed [£1] preemphasis [£1]*(0.54-
0.46*cos (2*PI* (£1-1) / (FRAME_LENGTH-1))) ;

signal [£1]

nmnun

for (f1=(FRAME_LENGTH -
SHIFT_LENGTH+1);fl<=FRAME_LENGTH;fl++)
signal [f1] = (int)fgetc(input_wav_file) ;
preemphasis [f1l] = (signal(fl] - ADAPTIVE *
(float)signal [£1-1]);
windowed [£1] = preemphasis{fl]*(0.54-
0.46*cos (2*PI* (£1-1)/ (FRAME_LENGTH-1)));

}

/**********************************************************/

void find_autocorrelation (void)
{ int m,n,i,j,k,1l,maxrow,change=0;

float alk, akk,maxvalue, temp,deta;

float matrix temp[P][P]

/* Find R[0..P] */

for (k=0;k<=P;k++)

{ R(k] = 0;
for (m=0;m<=FRAME_LENGTH-1-k;m++)
{ R[k] += windowed[m+1] * windowed [m+k+1] ; }

/* Define MATRIX */
for (i=0;i<P;i++)
{ m=0;
for (k=i;k<P;k++)
A[i] [k] = Rlm++];
?[k][i] = A[i] [k];

}
/* copy matrix */
for (i=0;i<P;i++)
for (j=0;j<P;j++) -
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matrix_temp[i] [j] = A[i] [j];
for (i=0;i<P;i++) -
for (j=0;j<P;j++)
if (i==7j) X(i][j] = 1; else X[i][j]=0;
for (k=0;k<P;k++)
{ maxrow = k;
maxvalue = Abs(matrix_temp [k] [k]);
for (i=k+1;i<P;i++)
% if (maxvalue < Abs(matrix_temp[i] (k]))

maxvalue = Abs(matrix_temp[i] [k]);
maxrow = 1i;
if (maxrow != k)

change += 1;
for (j=0;j<P;j++)
{ /* swap */
temp
matrix temp [k] [j]

matrix_temp [k] [j];
matrix_ temp [maxrow] (j];

matrix_ temp [maxrow] []] temp;
for (j=0;j<P;j++)
{ /* swap */
temp = X[kl (jl;
X[k] (3] . = X[maxrow] [j];
X [maxrow] [j] = temp;
}
akk = matrix_temp (k] (K] ;
for (j=k;j<P;j++)
matrix_temp (k] [j] /= akk;
for (j=0;j<P;j++)
X[kl (§1 /= akk;
akk = matrix_temp (k] (k] ;
for (1=0;1<P;l++)
alk = matrix_temp [1] [k];
if (k t= 1)
{ for (m=k;m<P;m++)
matrix temp(l] [m] -= matrix temp (k] [m]/akk*alk;

for {(m=0;m<P;m++)
X (1] [m] -= X[(k] [m]/akk*alk;

}
}
/* find phil[1..P] */

for (i=1;i<=P;i++)
{ phi[i]l = R[i]; }

/**********************************************************/

void find coefficient (void)
{ /* Find Coefficient of LPC */
for (i=0;i<P;i++)
{ alpha[i+1l] = 0;
for (k=0;k<P;k++)
{ alpha[i+1] += X[i] [k]*phi(k+1]; }

}

/**********************************************************/



void find gain(void) 8
{ /* Find GAIN */
g = R[0];
for (i=l;i<=P;i++)
{ g -= ( alpha(il * R[i] ); }
// printf("\n Frame %d q is %.16f\n\n",j,q);
gain = (float)sqgrt(q);

/**********************************************************/

void find_cepstrum(void)
{ /* Find Cepstrum */
cepstrum[0] = (float)log(gain);
for (m=1;m<NP;m++)
{ if (m<=P) cepstrum(m] = alpha([m];
else cepstrum([m] = 0;

for (k=1;k<=m-1;k++)
cepstrum([m] += ((float)k/(float)m) * cepstrum(k] *
alp?a[m-k];

/**********************************************************/

void find weight (void)
{ /* Find Weight */

for (m=0;m<NP;m++)

weight[m] = cepstrum[m] * (1+ ((NP-
1)/2) *sin (PI* (float)m/ (NP-1)));

/**********************************************************/

void write_parameter file(void)
{ for (i=0;i<NP;i++)
fwrlte(&welght[ll sizeof (float) ,1,parameter_file);

/**********************************************************/

void close_all lpc_file(void)
{ fclose(input_wav_file);
fclose (parameter_file);

/**********************************************************/

void lpc(void)
{ open_all lpc_file();
_prepare_ data () ;
for (nf=0;nf<number of frame;nf++)
{ flnd_preempha51s and w1ndow()
flnd_autocorrelatlon(),
find_coefficient();
find gain();
find cepstrum() ;
find_weight () ;
write parameter_ file();

}
close_all_1lpc_file();

/**********************************************************/

void open_codebook and_output_file(void)
{ if ((codebook file = fopen(codebook file_name, "rb")) ==

NULL)

printf ("\n\7 b Cannot open codebook file i\n")



79
exit (-1);

}i
if ((codebook_index file =
fopen (codebook_index_ file name,"wb")) == NULL)

printf ("\n\7 b Cannot open codebook index file !\n")
exit (-1);

1f’((codebook index_text file =

fopen (codebook_index text file name, "wt")) == NULL)
{ printf ("\n\7 Cannot open codeidx index text file !");
exit (-1) ;

};
/**********************************************************/

void allocate_codebook_memory (void)
{ codebook = (float *)
calloc(number_of_codebook*vector_dimension,sizeof(float));
if (codebook == NULL)
{ printf ("\n\7 Cannot allocate memory for codebook !\n")
exit (-1);

}i
/**********************************************************/
void read_codebook_file(void)

fread (codebook, sizeof (f£loat) ,number of codebook*vector_dimen
sion,codebook file);

/**********************************************************/
void
get_number_ of_ input_file_and_set_codebook_index_file_pointer
(void)
{ int flag=-1
number of 1nput file = 1;
fseek(codebook index flle number of input_file,SEEK_SET) ;
fwrite (&flag, 1,1, codebook index flle),

/**********************************************************/

void open_input_vector_ file(void)
{ if ((input_vector_ file =
fopen (input_vector_ file name, "rb")) == NULL)
{ printf("\n\7 Cannot open '%s' file !\n",
1nput_vector_f11e_name);
exit (-1);

}:
/**********************************************************/

void find number of_frame(void)
{ int file_size;
file_size =
(int) filelength (open (input_vector_file name,0));
file size -= file_size % (51zeof(float)*vector dimension) ;
number of frame = (int) (file_size / (sizeof (float)
*vector dimension));
printf (" File '%s' have $d frame(s).\n\n",
input_vector_file_name,number_of_ frame);

/******************************?***************************/
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void allocate_input_vector_and min_ 1ndex _memory (void)
{ input_vector = (float *)
calloc (number of frame*vector_dimension,sizeof (float));
if (1nput vector == NULL)
{print£ "\n\7 Cannot allocate memory for input vector!\n")
}ex1t( 1);
min_ index =(char*)calloc (number of_ frame, sizeof (char));
if (min_index == NULL)
{ printf("\n\7 p Cannot allocate memory for data !\n")
exit (-1);

i
/**********************************************************/

void read_input_vector (void)
{ /* read input vector into memory */
fread (input_vector,sizeof (float),
number of frame*vector_ d1mens1on input_vector_file);

/**********************************************************/

void find_codebook_index (void)
{ /**** Find codebook and input vector distance ***/
printf (" Find distance ... ");
for (nf=0;nf<number of_ frame;nf++)
{ for (nc=0;nc<number_ of_ codebook;nc++)
{ total distance = 0;
distance = 0;
for (vd=0;vd<vector dimension;vd++)
{dlstance input_vector [nf*vector_dimension + vd]
—codebook[nc*vector dimension + vd]l;
distance *= distance;
total_distance += distance;

vector distance[nc] = total_distance;

/**** Find minimum distance ***x/

min_distance = vector_distance(0];
min_ “index[nf] = 0;
for (nc=0; nc<number of codebook;nc++)
{ if ( min distance > vector_distance([nc] )
min distance = vector distance [ncl ;
min_index[nf] = (char)nc;

}

} /* end all frame */
printf ("done.\n");

/**********************************************************/

void write codebook index_file(void)

{ int index file pointer;
int codeword_index;
index file pointer = (int)ftell(codebook_index_file) ;
fseek(codebook index file,file_number, SEEK SET),
fwrlte(&number of _ frame, 1,1, codebook index _file);
fseek (codebook_index_ flle index file pointer,SEEK_SET) ;
for (nf=0;nf<number of frame nf++)

min 1ndex[nf]+ 1;/*adjust index value in range 1-64 */

fwrlte(mln index, 1, number of _frame, codebook_ index file);
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/*********************************************************/
void free_ input_vector_ and min index_memory (void)
{ free(input_vector) ;
free (min_index) ;

/**********************************************************/

void close_input_vector_file(void)
{ fclose(input_vector_file); }
/**********************************************************/
void write codebook index text_ file(void)
{ char item;
fclose (codebook_index_file) ;
if ((codebook index_ file =
fopen (codebook_index_ file name,"rb")) == NULL)
printf ( ("\n\7 Cannot open codebook index file !\n");
} exit (-1);
while (!feof (codebook index file))
{ fread(&item, 1,1, codebook index file) ;
} fprlntf(codebook index_ text flle,“$2d\n",1tem)

/**********************************************************/

void free codebook memory (void)
{ free(codebook) ;
/**********************************************************/
void close_all vq file(void)
{ fclose(codebook_file);

fclose (codebook_index_file) ;

fclose(codebook 1ndex text flle),

/**********************************************************/

void vg_compair (void)
{open_codebook_and_output_file();
allocate codebook memory()

read_. codebook_file() ;

get number of _ _input_file_and

_set_codebook_index file pointer();

open 1nput vector file () ;

find number_of frame(),

allocate_input_ “vector_and min_index_memory() ;
read 1nput vector () ;

find_ —codebook_index () ;

write codebook index file();

free input_ vector_and_min_ 1ndex _memory () ;
close_input_ vector flle(),

write codebook 1ndex text file();

free codebook memory()

close all vg _file();

/**********************************************************/

void load_unknown word file (void)
{ char temp;
/* open unknown word file */
if ((unknown_ word file =
fopen (unknown _word file name,"rb")) == NULL)
{ printf("\n\7 b Cannot open unknown word file !\n");
exit (-1);
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fread (&T,1,1,unknown_word_file);
fread (&temp, 1, 1,unknown _word file);/*for bypass FLAG(-1)*/

if (temp != -1)
printf ("\n\7 b Invalid input data file !\n");
exit (-1);

o} - (char *) calloc((int)T, sizeof (char)) ;

if (O == NULL)
{ printf("\n\7 b Cannot allocate memory for data !\n");
exit(-1);

/* read observation sequence */
fread (0,1, (int)T,unknown_word_file) ;
printf (" Number of stored model = %d\n",STORED_MODEL) ;

/**********************************************************/
void allocate memory (void)

{ dat = (double *) calloc((int)T*N,sizeof (double)) ;
ar = (char *) calloc ((int)T*N, sizeof (char)) ;
path = (char *) calloc((int)T ,sizeof(char));
if ( (dt||ar||path) == NULL)
printf ("\n\7 Cannot allocate memory for data !\n");
exit (-1);

}i
/******************'****************************************/
void load_model (int model_name)

{ /* open model file */
if ((model file = fopen(model_ file name [model_namel, "rb"))
== NULL)

{ printf ("\n\7 Cannot open model '%s' file !\n",

model_file_ name [model_name]) ;
exit(-1);

fréad(&a,4,N*N,model_file);
fread (&b, 4,N*K, model file);
fclose(model _file);

/**********************************************************/
void vitexbi (void)

{ /*---oemmmeee e find initial values --~-=-=-eeeaouo- * /
for (i=0;i<N;i++)
{ dt [0*N+i] = (double)Pi[i] * (double)bl[i] [0[0]-1];
} ar [0*N+i] = 0;
[*~--=-=e--e-e----- find recursion values -------------=--~ */
for (t=1;t<(int)T;t++)
{ for (j=0;j<N;j++)
{for (i=0;i<N;i++) d[il=dtl(t-1)*N+i] *(double)al(i] [j];
dmax = 0;

max_index = 0;
for (k=0;k<N;k++)

if (dmax < d[k])
{ dmax = d[k];
max_index = k;

}

}
dt [t*N+j] = dmax * (double)b(j] [O[t]-1];



ar [t*N+j] = max_index;
} .
[Fmmmmm e e find terminal values ----====----u-oo- * /

dmax = 0;
max_index = 0;
for (k=0;k<N; k++)
{ if (dmax < dt[(int) (T-1)*N+k])
{ dmax = dt[(int) (T-1)*N+k];
max_index = k;

}
prob [model] = dmax;
path[(int) T-1] = max_index;
A et et path backtracking ---------------- * /

for (t=(int)T-2;t>=0;t--)
path{t] = ar[(t+1)*N+(path[t+l])]; }
A i Show Path --------ccccccemca—- * /
printf ("ProbMAX with MODEL# [%$2d]=%e and Path is
...\n",model, prob [modell) ;
// for (t=0;t<(int)T;t++)
// printf ("%d",path[t]+1);
// printf("\n")
{/ getch () ;

/**********************************************************/

void display recognized word(void)
{ dmax = 0;
max_index = 0;
for (k=0;k<STORED_MODEL; k++)
{ if (dmax < prob(k])

dmax = prob [kl ;
max_index = k;
}
printf(" | Recognized word is \" %d \" | \n",max_index);
printf (" Press ENTER to continue . . .");

while (getch() 1=13);

/**********************************************************/

void recognize (void)
{ load unknown_word_file();
allocate memory(); ’
for (model=0;model<STORED_ MODEL;model++)
{ load_model(model);
viterbi () ;

display_recognized_word() ;

/**********************************************************/

void main(void)

{ display () ;
lpc () ;
vqg_compair () ;
recognize () ;

}

s
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Tdsunsu VQLN.C

/*****x* Vector Quantization for Speech Recognition *****x%x/

PR it T =* LEARNING PART =% -ccccececcccoc= =kkkkk [
/***** TUge :- file seek : for training set *kkkk [
VAL L LA ’ memory : for codebook kkkkk [
[xrHKxK and :- array : for distance kkkxk [
/***** ________________________________________________ *****/
/**%*%%x INPUT :- output file from LPC (training set) *kkkkk [
VAL LA ( it have 'number of frame' frames, *hdkkk [
/***** each frame have 19 vector dimension parameter, **xxx/
VAL A LA each vector is float (4 bytes) ) kkkkk [
/* OUTPUT :- Codebook of ALL Training Set. (codebook.vqg ) */
VAL A ( it have 64 codebook, *hkdkkk [
/*** each codebook have 19 vector dimension parameter, ***/
VAL AL each vector is float (4 bytes) ) *kkkkx [
/*** - Codebook in text file format. ( codebook.txt ) ***x/
/*** - Distortion of each round of new centroid finding ***/
VAL L in text file format. ( distore.txt ) *kk [

/**********************************************************/

#include <stdio.h>
#include <stdlib.h>
#include <dos.h>
#include <alloc.hs>
#include <conio.h>
#include <io.h>
#include <math.h>
#include <time.h>

#define vector_dimension 19
#define number of codebook 64
##define REJECT 0
##define ACCEPT 1
#define REJECT_VALUE 0.001
float training_ set [vector_dimension]; /* for keep all

training set in memory */
float previous_centroid(number_of_codebook]
[vector_dimension] ;
/* previous centroid of codebook, random first */
float final_centroid[number of codebook][vector _dimension] ;
/* new adjusted centroid of codebook */
int *min_index; /* min distortion vector of each frame */

float vector distance [number_ of_codebook] ;
/* vector and codebook distance */
float distance,total_distance;
float min_distance;
int nc,vd, round_number=1;
int codebook_member;
int number_of frame,nf;

FILE *training set_file; /* input file */
FILE *codebook file; /* output file */
FILE *codebook text_file; /* output codebook text file */
FILE *distore_ text flle, /* output distortion text file */
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"mix.lpc";
"codebook.vg";
"codebook.txt®;
"distore.txt";

char training set_file name [50]
char codebook_ file _name [50]
char codebook text file _name [50]
char distore_ text file _name [50]

/**********************************************************/

void dispiay_vqln_title(void)

clrscr();
prlntf("##### VQLearnfor Speech Recognition — ######"

)

printf (" Input : Collection of LPC parameter file .lpc\n")
printf (" Output : Codebook file codebook.vq, .txt\n ")
printf (" Distorsion file distore.txt\n ")

. we %6 68 8 43 0 90 94 4% SN 86 48 88 5 S8 B8 DR A% U OB 3L 4R Nk 60 40 54 80 48 45 09 46 55 3% 00 45 46 45 G4 G4 NN WS 0 45 04 43 Ee s s
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA .
7

/**********************************************************/
void open_all_file(void)

char temp_file_ name [50];

printf (" Please enter Mix LPC parameter file(mix.lpc):
")
gets (temp_file name);
if (strlen(temp file name) > 0)
strcpy(tralnlng set file _name, temp_file name) ;
if ((training_set file =
fopen (training set_file_name, "rb")) == NULL)

printf (*\n\7 p Cannot open input '%s' file !\n",
training set_file name);

fcloseall () ;

exit (-1);

printf (" Please enter Codebook file name (codebook.vq) :");
gets(temp_file name) ;
if (strlen(temp_file name) > 0)
strcpy(codebook fiTe _name, temp_£file_name) ;
if ((codebook_ file = fopen(codebook file_name, "wb"))

== NULL)

printf ("\n\7 b Cannot open output '%s' file!\n",
codebook_file name) ;

fcloseall() ;

exit (-1);

printf ("Please enter Codebook Text file name
(codebook.txt) : ") ;
gets(temp file name) ;
if (strlen(temp file name) > 0)
strcpy (codebook text file _name, temp_£file_name) ;
if ((codebook text file =
fopen (codebook_text_file name, "wt")) == NULL)

printf ("\n\7 b Cannot open output '%s' file !\n",
codebook_text_file name) ;
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fcloseall () ;
exit (-1);

}

printf (" Please enter Distortion Text file name
(distore.txt) : ");
gets (temp_file name) ;
if (strlen(temp_file name) > 0)
strcpy (distore text file name, temp_file_name);
if ((distore_text_file =
fopen (distore_text_file_name,"wt")) == NULL)

printf ("\n\7 b Cannot open output rgg! file !\n",
distore text_ file_ name) ;

fcloseall () ;

exit (-1);

/**********************************************************/
void find number of_frame (void)

{
long file_size=0;
int file_handle;

file handle = open(training set_file_name,0);
file_size filelength(file_handle) ;
file size -= file_size %
(sizeof (float) *vector_dimension) ;
close(file_handle) ;

number of frame = (int) (file_size /
(sizeof (float) *vector_dimension)) ;
printf (" File '%s' have %d
frame (s) .\n",training set file_ name,number_of_frame);

}

/**********************************************************/
void allocate min_index_memory (void)

/* allocate memory for minimun distance data */
min index = (int *) calloc (number_of_ frame, sizeof (int)) ;
if (min_index == NULL)

printf ("\n\7 b Cannot allocate memory for Min

distance data !\n"};
fcloseall () ;
exit (-1);

}

/**********************************************************/
void random start_centroid_from_training_set (void)

{

int random_frame_number;

printf (" Initial start centroid . . . ");
randomize () ;



for (nc=0;nc<number of codebook;nc++)
random_ frame_number = random(number_of_frame) ;

fseek (training set_file, sizeof (float) *random_frame_number*
vector_ dimension, SEEK _SET) ;

fread (previous_centroid([nc],sizeof (float),vector_dimension,
training, set_file);

printf ("done.\n\n")

/*********************************************************/
int find_codebook (void)

/*** Find training set and previous_centroid distance ***/

printf (" Find distance ...");
for (nf=0;nf<number of frame;nf++)

while (kbhit()) if (getch()==27) return(0);

fseek(training_set_file,sizeof(float)*nf*vector_dimension,

SEEK_SET) ;
fread(training set,sizeof (float),vector_dimension,

training set. file);
for (nc=0; nc<number of codebook ;NC++)

total_distance = 0;
distance = 0;
for (vd=0;vd<vector_dimension;vd++)

distance = training_ set[vd] -

previous_centroid[nc] [vd];
distance *= distance;
total_distance += distance;

vector distance[nc] = total_distance;

/**** Find min distance #***%x/
min distance = vector_distance[0];

min_ “index[nf] = 0;
for (nc=0; ;nc<number of codebook;nc++)

if ( min_distance > vector_distance[nc] )

{

vector_distance [nc];
nc;

min_distance
min_index[nf]

}

} /*end all frame*/

/*%**x* Find new centroid #***x/ .
printf (* Find new centroid #%3d ...",round number) ;
fprintf (distore_text_file, "%3d ", round_number) ;
round_number++;

for (nc=0;nc<number_of_ codebook;nc++)

{
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while (kbhit ()) if (getch()==27) return(O0);
codebook_member = 0;
for (vd=0;vd<vector_dimension;vd++)

final centr01d[nc][vd] = 0;
for (nf=0; ;nf<number of _ frame nf++)

if ( nc == min_index[nf] )
codebook member += 1;

fseek (training set_file, sizeof (float) *nf*vector_dimension,
SEEK_SET) ;

fread (training set,sizeof (float),vector_ dimension,
training set_file);

for (vd=0; ;vd<vector dimension;vd++)
final centroid[nc] [vd] += training_ set [vd];

}

if (codebook_member != 0 )

for (vd=0;vd<vector dimension;vd++)
final centr01d[nc][vd] /= codebook member;

else

for (vd=0;vd<vector_dimension;vd++)
final centroidl[nc] [vd] =
previous_centroid(nc] [vd] ;

}

return(l) ;

}

/**********************************************************/
int check_distance(void)

/**** Check error < reject_value *x**/
for (nc=0;nc<number_ of codebook;nc++)

{

while (kbhit ()) if (getch()==27) return(0);
total distance = 0;
distance = 0;

for (vd=0;vd<vector_dimension;vd++)

distance = -(final_centroid(nc] [vd] -
previous_centroid(nc] [vd]) ;

distance *= distance;

total_distance += distance;-

printf (" Total distortion = %13.10f\n",total_distance);
fprintf (distore_text_file,"%13.10f\n", total _distance) ;

if (total_distance > REJECT VALUE) return(REJECT) ;
else return(ACCEPT) ;
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/**********************************************************/
void copy_final_centroid to_-previous_centroid(void)

memcpy (previous_centroid, final_centroid, sizeof (float) *number
of _codebook*vector dlmen31on),

/*********************************************************/
void write_codebook_file(void)

printf ("\n\7 b Finish !\n");
fwrite (final_centroid, sizeof (float) ,number_of codebook*
vector_dimension, codebook file);

for (nc=0;nc<number of_ codebook;nc++)
for (vd=0;vd<vector_ dimension;vd++)

fprintf (codebook_text_file,"%13.10£\n",
final_centroidinc] [vd]) ;

fprintf (codebook_text_ file,"\n");

}

/**********************************************************/
void close_all_file(void)

fcloseall();

**********************************************************/
void main(void)

{
display vqgln_title();
open_all file();
find_: number of frame()
allocate min index memory(),
random start_centroid from training set();

for(;;)

if (!find codebook()) break;
if ( check distance() == REJECT )
/* if REJECT --> find new centroid */
copy_final centroid_to_previous_centroid();
else break;
while (kbhit()) if (getch()==27) break;

write_codebook_file() ;
close all flle(),

/*********************************************************/



Tusunsu ASRD_APP.C

/**********************************************************/

/***x**x**xDIALING TELEPHONE NUMBER BY SPEECHRECOGNITION******/

/**********************************************************/

#include
#include
#include
#include
#include
#include
#include
#include

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

<stdio.h>
<stdlib.h>
<alloc.h>
<conio.hs
<io.h>
<math.h>
<time.h>
<string.h>

PI

3.141592654

FRAME LENGTH 300
SHIFT LENGTH 100

NP 19

P

ADAPTIVE
FIRST CALL
NEXT CALL

/*number of parameter in each frame
/* order of LPC

12

0.9375

1
2

vector dimension 19
number of codebook 64

N 6

/* number of state in each model
K. 64 /* number of distinct observation
/*number of stored model

STORED_ MODEL 10

/* Register Position in UART */

#define
#define
#define
#define
#define
#define

/* Line
#define
#define

/* Line
#define
#define
#define
#define

REG_RX
REG_TX

REG_LCONT
REG_MCONT
REG_LSTAT
REG_MSTAT

port_ address
port_address
port_address
port_address
port_address
port_address

Status Register */
LSTAT DATA_ READY 1

LSTAT THRE

Control Register */

LCONT STOP

LCONT_PARITY ENABLE 8
LCONT_PARITY SELECT 16

LCONT_DLAB

128

/* Modem Control Register */

#define
#define

/* Parit
#define
#define

#define PARITY EVEN

MCONT_DTR
MCONT_RTS

y */
PARITY NONE
PARITY ODD

/* Communication Port Address */

#define
#define

COoM1
coM2

0x3F8
0x2F8

+ 4+ + +

AUl Ww
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#define COM3 0x3E8

#define COM4 0x2E8

#define TRUE 1

#define FALSE 0

#define ESC 27

#define ENTER 13

int port_address;

char *reset string = "ATZ";

char *dial_string = "ATDT";

char *hang up_string = "ATH";

FILE *input wav_file;

FILE *parameter file;

FILE *input_vector_ file; /* input file */
FILE *codebook_file; /* codebook file */
FILE *codebook_index_file; /* output file */
FILE *codebook_ index_text_file; /*output text file */
FILE *model file;

FILE *unknown_word_file;

char input wav_file_name [50] = "c:\\recog\\test.wav";
char parameter file name [] ="para.tmp";

char input_vector_ file name(] ="para.tmp";

char ,codebook file name[] "c:\\mspeech\\amodels\\cl.vg";
char codebook_index file name []="cidx.tmp";

char codebook 1ndex text file _name [] ="cidx.txt";

char unknown_ word _file name([] = "cidx.tmp";

char *model file name(] =

{ve: \\mspeechY\amodelS\\mdaw 1.hmm ",

"c:\\mspeech\\amodel5\\mjul_1.hmm

"c:\\mspeech\\amodel5\\mkar_1.hmm "
"c:\\mspeech\\amodel5\\mkig_1.hmm ",
nc:\\mspeech\\amodel5\\mmal_1.hmm ",
"c:\\mspeech\\amodel5\\mnaw_1.hmm ",
"c:\\mspeech\\amodel5\\mpoo_1.hmm *,
nc:\\mspeech\\amodel5\\msir_1.hmm *,
"c:\\mspeech\\amodel5\\msom_1.hmm *,
ne:\\mspeech\\amodel5\\mtaw_1.hmm "};

int length;

int number_of_frame;

int nf, £1, i, j, k, 1, ¢, m, n, t;

int SLgnal[FRAME LENGTH+1],

float preemphasis[FRAME LENGTH+1],windowed [FRAME_LENGTH+1] ;

float RI[P+1],A([P] [P],X[P][P];

float alpha[P+1] phl[P+l]

float cepstrum[NP],weight[NP];

float gain,qg; :

float *input vector; /* keep all input vector in memory */

float *codebook;

char *min_index; /*min distortion vector of each frame */

float vector distance [number_of_codebook] ;

float distance,total dlstance,

float min_distance;

int nc,vd;

int

file_number;



int number of_ input_file;

int number _ of “frame, nf;

int model ;

char T; /* number of observation */
char *Qr /* training sequence */

float Pi[N] = {1,0,0,0,0,0};
float al[N] [N];

float bIN] [K];

double =*d4dt;

char *ar;

double 4[N];

double p_ st [STORED_MODEL] ;
char *q st;

int max_index;

int recog_index;
double dmax;

char *phone number([] =
nyn
niomn
nq3n
ng4qn
nign
nign
ny7n
nygn
LR
u554n};

/**********************************************************/

void select_comm_port (int port)

I N N T

port_address = port;

(void) inportb (REG_LSTAT); /* clear line status */

(void) inportb (REG_MSTAT); /* clear modem status */

(void) inportb (REG_RX) ; /* clear character at input-
output address */

/**********************************************************/
void set_baud_rate (int baudrate)

{

unsigned char divisor_lsb,divisor_msb;

switch (baudrate)

{ case 9600 : divisor_lsb = 0x0C; divisor_msb = 0x00;
break; )
case 19200 : divisor_lsb = 0x06; divisor_msb = 0x00;
break; .
case 38400 : divisor_lsb = 0x03; divisor_msb = 0x00;

}i
outportb (REG_LCONT , LCONT_DLAB) ;
outportb (port_address ,divisor 1lsb) ;
outportb (port_address+1,divisor_msb) ;
) ;

outportb (REG_LCONT , 0

}

/**********************************************************/
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v01d gset’ data_stop_parity bit (int databits,int stop,
int parity)
{

unsigned char parmbyte;

parmbyte = databits - 5;

if (stop==2) parmbyte |= LCONT_STOP;

if (parity != PARITY NONE) parmbyte |=
LCONT_PARITY ENABLE;

if (parity == PARITY_EVEN) parmbyte |=
LCONT_PARITY_ SELECT;

outportb (REG_LCONT, parmbyte) ;

/**********************************************************/
void open_hand_checking_ signal (void)

outportb (REG_MCONT, MCONT_DTR|MCONT_RTS) ;

/**********************************************************/
void close_hand checking_signal (void)

{

outportb (REG_MCONT, 0);

/**********************************************************/
int send_char (int wait_time,char chr)

{

time_t start_time,now_time;

time (&start_time);
/* check port ready for sent */
while (! (inportb(REG_LSTAT) & LSTAT_ THRE))

time (&now_time) ;
if ((int)difftime (now_time,start_time) >= wait_time)
return (FALSE) ;

outportb(REG_TX,chr); /* send a character to port */
return (TRUE) ; )

/**********************************************************/
int receive_char(int wait_time,char *chr)

time t start_time,now_time;
char received char;

time (&start_time);
/* check port for data ready */
while (! (inportb(REG LSTAT) & LSTAT DATA READY))

time (&now_time) ;
if ((1nt)d1fft1me(now time,start_time) >= wait_time)
return (FALSE) ;

received char = inportb(REG_RX); /* get a character from
port */

memcpy (chr, &received_char, 1) ;

return (TRUE) ;
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/**********************************************************/
int send message(int wait_time,char *message)

int 1length;
int count;
char compair_char;

length = strlen(message); /* find length of message */
for (count=0;count<length;count++)

if (send char(wait_time,message [count])==FALSE)
return (FALSE) ;
if (receive_char(wait_time, &compair_ char)==FALSE)

return (FALSE) ;
if (compair_char != message[count]) return(FALSE);

/* send ENTER to Modem for execute the message command */
if (send_char(wait_time, ENTER) ==FALSE)

return (FALSE) ;
return (TRUE) ;

/**********************************************************/
void clear receive_port(int wait_time)

char dummy;

while (receive_ char (wait_time, &dummy)) ;

}

/**********************************************************/
int reset_modem(void)

/* reset modem */
if (send message(2,reset_string)==FALSE) return(FALSE);

return (TRUE) ;

/**********************************************************/
void dial (int com_port, char *phone_number)

char chr;

char string command[80] ;

select_comm_port (com_port) ;
set_baud_rate(9600) ;

set_data stop_parity bit(8,1,PARITY_NONE) ;
open_hand_checking_signal() ;

printf ("\np Resetting Modem . . . ");
if (reset _modem() == FALSE)
{ print€("\7b Modem not found or not response !\n")
exit (-1);

clear receive_port(4);
printf ("OK.\n") ;
/* dial phone number NAT?T??22222?2" */
strcpy (string command,dial_string) ;
strcat (string_command, phone_number) ;
printf ("p Dialing %s . . \n" string command) ;
printf ("p Pick-Up the receiver and Press ESC to TALK
_when connected . . .\n"); -



if (send message(2,string command) == FALSE)
{ printf("\7pb Modem not response !\n"); -exit(-1); }

/* Check Input-Output character */

for(;;)
/* if key pressed -> send that character to modem */
/* if ESC key -> hang-up modem * /
if (kbhit())
chr=getch() ;

while (kbhit ()) getch();
if (chr==ESC)

printf (" b Hanging-Up Modem . . . ");
send_message (2,hang_up_string) ;
close_hand_checking signal();

printf ("OK.\n");

return;

else send_ char(1l,chr);

/* get response from modem and print it on screen*/
if (receive_char (0, &chr)==TRUE) putchar (chr);

/**********************************************************/
float Abs(float value)

{

if (value<0) return(-value); else return(value);

/**********************************************************/

void display(void)

clrscr();
printf("/// Automatic Speech Recognition + Dialer /// ");

/**********************************************************/
void open all lpc_file(void)

// printf("\n Please enter input wave filename
(and directory ) : ");
// gets(input_wav_file_name) ;
if ((input_wav_file = fopen(input_wav_file_name, "rb")) ==
NULL)

printf ("\7 Cdnnot open 'input_wav_file'!\n");
exit (-1);

if ((parameter file = fopen(parameter_file name, "wb")) ==
NULL)

)

printf ("\7 Cannot open output parameter '%s'
file!\n",parameter_file_name) ;
exit(-1);
}

/**********************************************************/
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void prepare_data(void)

/* find length of data */
length = (int)filelength(open (input_wav_file name,0));
length -= 44L; /* bypass the header of wave file */
/* (°44L means 44 items in long ) */
printf (" File '%s' have %d
sampling.\n\n",input_wav_file_ name, length)
fseek (input_wav_file, 441, SEEK CUR); /* set pointer to

first data */

/* find number of frame ( is round of loop ) */
number_ of frame = (length-
FRAME LENGTH+SHIFT LENGTH) /SHIFT LENGTH;

/* read first data for correct the formula */
signal [0] = (int)fgetc(input_wav_file) ;

/**********************************************************/
void find preemphasis_and window (void)

static int called = FIRST_ CALL;
/* Preemphasis and windowed */
if (called == FIRST_CALL)

A

for ( fl=1;fl<=FRAME_LENGTH; fl++ )

{

signal [f1]
preemphasis [f1]

(int) fgetc (input_wav_file) ;
(signal [f1] -ADAPTIVE * (float)
signal [f1-1]);

windowed [£1] preemphasis[fl]*(0.54—
0.46%*cos (2*PI* (£1-1) / (FRAME_LENGTH-1))) ;

called = NEXT_ CALL;
else/*Second and later called,Use some prevous data again *x/
for (fl=1;fl<=(FRAME_LENGTH - SHIFT_ LENGTH) ; fl++)
signal [£1+SHIFT LENGTH] ;
preemphasis [f1] preemphasis [£1+SHIFT LENGTH]

windowed [£1] preemphasis [£1]* (0.54-
O.46*Cos(2*PI*(fl-l)/(FRAME_LENGTH—l)));

signal [£1]

for (fl=(FRAME LENGTH -
SHIFT_L?NGTH+1);fl<=FRAME_LENGTH;fl++)
signal [£1]
preemphasis[f1l]
(float)signal [£f1-1]); .
windowed [£1] preemphasis [£1] * (0.54-
0.46*cos (2*PI* (£1-1)/(FRAME_LENGTH-1)));

}

/**********************************************************/
void find autocorrelation(void)

{

—-int m,n,i,j,k,1l,maxrow,change=0; -

(int) fgetc (input_wav_£file) ;
(signal [f1] - ADAPTIVE *

[



float alk, akk,maxvalue, temp,deta;
float matrix temp([P] [P];

/* Find R[0..P] */
for (k=0;k<=P;k++)
{ R[k} = 0;
for (m=0;m<=FRAME LENGTH-1-k;m++)

R[k] +=-windowed[m+1] * windowed [m+k+1];

/* Define MATRIX */
for (i=0;i<P;i++)
{ m=0;
for (k=i;k<P;k++)

{
A[i][k]
Alk] [i]

R[m++];
Ali} [k];

/* copy matrix */
for (i=0;i<P;i++)
for (j=0;j<P;j++)
matrix_temp [i] [§] = A[i] [3];

for (i=0;i<P;i++)
for (j=0;3<P;j++)
if (i==j) X[1i1[j] = 1; else X[i] [j]=0;
for (k=0;k<P;k++)
maxrow = k;
maxvalue = Abs(matrix_temp (k] (k]);
for (i=k+1;i<P;i++)

if (maxvalue < Abs(matrix_temp [i] [k]))

{
maxvalue = Abs(matrix_temp [i] (k]);
maxrow = i;
if (maxrow != k)

change += 1;
for (j=0;j<P;Jj++)
{ /* swap */
temp )
matrix_temp (k] [j]

matrix_temp (k] [J];
matrix_temp [maxrow] [j];

matrix_ temp [maxrow] [j] temp;
for (j=0;j<P;Jj++)
{ /* swap */
temp = X[k]l([jl;
X (k] (3] = X[maxrow] [j];
X [maxxrow] [j] = temp;

}
}

akk = matrix_ temp [kl [Kk];



for (j=k;j<P;j++)
matrix_temp (k] [j] /= akk;
for (j=0;j<P;j++)
X[k] [3] /= akk;
akk = matrix_temp (k] (k] ;
for (1=0;1<P;l++)

alk = matrix_temp (1] (k] ;
if (k !=-1)

for (m=k;m<P;m++)

matrix_temp([l] [m] -= matrix_temp (k] [m] /akk*alk;
for (m=0;m<P;m++)

X[1] [m] -= X[k] [m]/akk*alk;

}

}
/* f£ind phil(il..P] */
for (i=1;i<=P;i++)

phi[i] = RI[i];

/**********************************************************/
void find coefficient (void)

/* Find Coefficient of LPC */
for (i=0;i<P;i++)

alpha[i+1] = 0;
for (k=0;k<P;k++)

{
alpha[i+1] += X[i] (k] *phi [k+1];

}

/**********************************************************/
void find_gain(void)

/* Find GAIN */
g = R[0];
for (i=1;i<=P;i++)

{

g -= ( alphali] * R([i] );

// ‘printf("\n Frame %d q is %.16f\n\n",j,q);
gain = (float)sqrt(q);

/**********************************************************/
void find cepstrum(void)

/* Find Cepstrum */

cepstrum[0] = (float)log(gain);

for (m=1;m<NP;m++)

if (m<=P) cepstrum([m] = alphal[m];
else cepstrum{m] = 0;
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for (k=1;k<=m-1;k++)
cepstrum[m] += ((float)k/(float)m) * cepstrum(k] *
alpha [m-k] ;

/**********************************************************/
void find_weight (void)

/* Find Weight */

for (m=0;m<NP;m++)
weight [m] = cepstrum(m] * (1+((NP-1)/2)
*sin (PI* (float)m/ (NP-1)));

// fwrite (&cepstrum(i] , sizeof (cepstrum([i]),1,ocutputfile3);

5; for (i=0;i<=NP+1;i++)

// printf ("cepstrum(%d] = %.16f W([%d] = %.16f\n",
i,cepstrum(i],i,weight[i]);

/)

}

/**********************************************************/
void write parameter_file(void)

{
for (i=0;i<NP;i++)
fwrite (&weight [i] ,sizeof (float),1,parameter file);

/**********************************************************/
void close all lpc_file(void)

fclose (input_wav_file) ;
fclose (parameter file);

/**********************************************************/

void lpc(void)

open_all lpc_file();

prepare_datal() ;

f?r (nf=0;nf<number of frame;nf++)
find preemphasis_and_window() ;
find_autocorrelation() ;
find_coefficient () ;
find gain();
find_cepstrum() ;
find weight () ;
write parameter_file();

close_all_lpc_file();

/**********************************************************/
void open codebook_and_output_file(void)

if ((codebook file = fopen(codebook_file_name,"rb")) ==
NULL)

printf ("\n\7 b Cannot open 'casel.vqg' file !\n");
exit(-1);

}i
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if ((codebook_index_file =
fopen (codebook _index file_name,"wb")) == NULL)

printf ("\n\7 b Cannot open 'codebook.idx' file !\n");
exit (-1);

if ((codebook index_text_ file =
fopen (codebook- index_text_ file name,"wt")) == NULL)

printf ("\n\7 b Cannot open 'codeidx.txt' file !");
exit (-1);
i
/**********************************************************/
void allocate codebook_memory (void)

codebook = (float *)
calloc (number of codebook*vector_ dimension,sizeof (float));

if (codebook == NULL)

printf ("\n\7 Cannot allocate memory for codebook !\n")
exit (-1);
}i
/****i*****************************************************/
void read_codebook_file (void)

{

fread (codebook, sizeof (float) ,number_ of_ codebook*vector_dimen
sion,

codebook_file) ;
/**********************************************************/

void get number of_ input_file_and_set
( codebook_index _file_pointer (void)

int £flag=-1;

number of input_file = 1;
fseek(codebook 1ndex file,number of input_ file, SEEK_SET) ;
fwrite (&flag,1, 1, codebook_ index file);

/**********************************************************/
void open_input_vector_file(void)

if ((input_vector_file =
fopen (input_vector_file name, "rb")) == NULL)

printf ("\n\7 Cannot open '%s' file t\n",
input_vector_file_name) ;
exit (-1);
}i
/**********************************************************/
void find_number_ of_frame (void)

int file_size;
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file size =
(1nt)fllelength(open(lnput vector file name,0));
file_size -= file_size % (31zeof(float)*vector dimension) ;
number of frame = (int) (file_size /
(s1zeof(float)*vector dimension)) ;
printf (" File '%s' have %¥d frame(s).\n\n",
input_vector_file_name,number_of_frame);

/**********************************************************/
void allocate_input_vector_and min_index memory (void)

{

input_vector =
(float *) calloc (number of frame*vector_dimension,
sizeof (float)) ;
if (input_vector == NULL)

printf ("\n\7 b Cannot allocate memory for input vector

!\nn)
exit(-1);
min_index = (char *) calloc(number_of_ frame,
sizeof (char));
if (min_index == NULL)

printf ("\n\7 b Cannot allocate memory for data !\n");
exit (-1);
;
/**********************************************************/
void read_input_vector(void)

/* read input vector into memory */

fread (input_vector,sizeof (float) ,number_ of_frame*vector_dime
nsion,
input_vector_file);

/**********************************************************/

void find codebook_index(void)

{

/**%% Find codebook and input vector distance ***%*/
printf (" Find distance ... ");
for (nf=0;nf<number_ of_ frame;nf++)

for (nc=0;nc<number_of_codebook;nc++)

total distance = 0;
distance = 0;
for (vd=0;vd<vector dimension;vd++)

distance = input_vector[nf*vector_ dimension + vd]
-codebook [nc*vector_dimension + vdl;

distance *= distance;

total_distance += distance;

vector_distance[nc] = total_distance;

} ;
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/**** Find min distance **#*%x/
min_distance = vector_distance[0];

min_ “index[nf] = 0;
for (nc=0; nc<number of _codebook;nc++)

if ( min_distance > vector_distance(nc] )
min_distance
min_index[nf]

vector_distance[nc];
(char)nc;

}

}
} /* end all frame */
printf ("done.\n");

/**********************************************************/
void write_codebook_index file(void)

int index file pointer; i

int codeword_index;

index file pointer = (int)ftell(codebook_index_file) ;

fseek (codebook index file,file_number, SEEK _SET) ;
fwrite (&number of frame, 1,1, codebook 1ndex flle)

fseek (codebook_index file, index file pointer, SEEK_SET) ;

for (nf=0; nf<number of frame;nf++)
min_ 1ndex[nf] += 1; /* adjust index value in

range 1 - 64 */

fwrite (min_index,1,number_of_frame,codebook_index file);
/**********************************************************/
void free input_vector_and_min index_memory (void)

free (input_vector) ;

free (min_index) ;
/**********************************************************/
void close_input_vector_ file(void)

fclose (input_vector_ file);

/**********************************************************/
void write_codebook_index text_ file(void)

{

char item;

fclose(codebook’index file);
if ((codebook_ 1ndex file =

fopen (codebook_index_file_ name, "rb™)) == NULL)
printf ("\n\7 b Cannot open 'codebook.idx' file !\n")
exit(-1);
}i
while (!feof (codebook index_ file))

fread(&item, 1,1, codebook_index_file);
fprlntf(codebook 1ndex text flle,"$2d\n",1tem),
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}

,

/**********************************************************/
void free_codebook_memory (void)

free (codebook) ;

/**********************************************************/

void close_all_vqg_file(void)

fclose(codebook file) ;
fclose(codebook index_file);
fclose(codebook 1ndex text flle)

/**********************************************************/

void vg compair (void)

{

open_codebook_and_output_file();

allocate codebook memory(),

read_ codebook flle(),

get_number of input_file and
~set_codebook_index_file_pointer();

open_input vector file();

find _number of_frame () ;

allocate_input_vector and_min_index_memory();

read_input_ vector () ;

flnd codebook_index () ;

write codebook index_file();

free input_ vector_and min_ lndex _memoxy () ;

close _input_ vector file ();

write codebook index_text_file() ;
free codebook memory(),
close_all vqg file();

/**********************************************************/
void load_unknown_word_file(void)

char temp;
/* open unknown word file */
if ((unknown_word_file =

fopen (unknown word file name,"rb")) == NULL)

printf ("\n\7 b Cannot open input file !\n");
exit (-1);

fread(&T 1,1,unknown_word_file);
fread(&temp,l 1,unknown word_file);/* bypass FLAG(-1) */
if (temp != -1)

printf("\n\7 b Invalid input data file !\n");
exit(-1);

-
14

O = (char *) calloc((int)T,sizeof(char));
if (O == NULL)
{ printf("\n\7 p Cannot allocate memory for data \n") ;
exit(-1);

}i
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/* read observation data */ -
fread (0,1, (int)T,unknown_word_file);

printf (" Number of stored model = %d\n",STORED_MODEL) ;

/**********************************************************/
void allocate_memory (void)

{

4

(double *) calloc((int)T*N, sizeof (double)) ;

dt =

ar = (char *) calloc((int)T*N,sizeof (char));
g st = (char  *) calloc((int)T ,sizeof(char));
if ( (dt]||ar||g_st) == NULL)

printf (*\n\7 b Cannot allocate memory for data !\n");

exit (-1);
/**********************************************************/
void load model (int model_name)

/* open model file */
if ((model file = fopen(model_file_name [model_name],"xrb"))

== NULL)

printf ("\n\7 b Cannot open model '
model_ file name [model_name]

exit (-1);

%¥s' file !\n",
).

14

fréad(&a,4,N*N,model_file);
fread (&b, 4,N*K,model_file);
fclose (model_file) ;

/**********************************************************/

void viterbi (void)

dt [0*N+1i]

(double)Pi[i] * (double)bli] [O[0]-11;
ar [0*N+1i] :

0;

Y R find recursion values
for (t=1;t<(int)T;t++)

for (j=0;j<N;j++)

for (i=0;i<N;i++) d[il=dt[(t-1)*N+i] * (double)al(i] [j];
dmax = 0;
max_index = 0;
for (k=0;k<N;k++)
{ if (dmax < d[k])

dmax = d[(k];
max_index = k;

}
dt [t*N+j] = dmax * (double)b(jl[O[t]l-1];



ar [t*N+j] = max_index; .

dmax = 0;
max_index = 0;
for (k=0;k<N; k++)

{

if (dmax < dt[(int) (T-1) *N+kl)

dmax = dt[(int) (T-1)*N+k];
max_index = k;

}

p_st [model] = dmax; ~

g _st[(int)T-1] = max_index;

Y b R path backtracking ----------------- */
for (t=(int)T-2;t>=0;t--)

g_stlt] = ar[(t+1)*N+(g_st[t+1])];

Y R e L L Show Path --=-----=----------- */
// printf ("ProbMAX with MODEL#([%2d] = %e and Path is
...\n",model,p st [modell);

// for (t=0;t<(int)T;t++)
// printf ("%d",q st(t]);
// printf ("\n")

{/ getch{() ;

/**********************************************************/
void recog(void)

{

load_unknown_word _file();
allocate memory();

for (model=0;model<STORED_ MODEL;model++)

{

load_model (model) ;

viterbi() ;
/**********************************************************/
void display_ recognized word(void)

char chr;
dmax = 0; .
recog_index = 0;

for (k=0;k<STORED_MODEL; k++)
{ if (dmax < p_st(k])
dmax = p_st[(k];
recog_index = k;

if (recog_index == 0)
{printf (" | Recognized word is \"™ DAW \" | \n");}
else if (recog_index==1)

frintf(" | Recognized word is \" JULACHIT \" | \n");
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else - if (recog_index==2)

{

printf (" | Recognized word is \" KARUNA \*" | \n");

)

else 1if (recog index==3)

{ .

printf (" | Recognized word is \" KIG \" | \n");

)

else if (recog_index==4)
%rintf(“ | Recognized word is \" MALEE \" | \n");
else if (recog_index==5)
%rintf(" | Recognized word is \" NAWIN \" | \n");
else 1if (recog_index==6)
rintf (" | Recognized word is \" POO \" | \n");
else if (recog_index==7)
printf (" | Recognized word is \" SIRILUK \" | \n");
else 1if (recog_index==8)

printf (" | Recognized word is \" SOMCHAI \" | \n");

else 1if (recog_index==9)

{

rintf (" | Recognized word is \" TAWAN \" | \n");
printf (" Press ENTER = Dial ESC = Cancel . . .");
for(;;)

%f (kbhit () )

chr = getch();
if (chr == ESC) exit (1) ;
if (chr == ENTER)

printf ("\n");
dial (COM2, phone_number [recog_index]) ;
exit (1) ;

}

/**********************************************************/
void main (void)

display () ;

lpc();

vq_compair() ;

recog () ;
display_recognized_word() ;

}
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