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Y
4) FouhnuazdIuYIMasAIMITABUAY 038IznNTBgAeINNABLTYY 91950NT
(% o S o 9 A o a 3 d’ a 1 =Y s =
9022 ANOULTYI (Vocal tract) MM INAIMNOULTEININAANNNADUTILALITIIN
waneluilin
Q' U =1 :/’ o Y d' o a ' Y] 1
5) INs99Yn FUINNAIUBDUIUDIFIYNTIIAD TIHINNHIMNOUIFEITINAVYD11N

A A = P 1 =Y < 9y
el s1audeaneon1INIyn (Nasal sounds) 154 1789 4, W, uaz 9 iJuau

2.2.2 My l¥iNaiaaaia (Speech Production)
vy a ' a a S A = @ =
dazinsanluudimaiadesyn naeawmely dgnaauiaslylaelinssuaeime
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¥

£ @ 4 o [ & o { d 1T o A @ 1
mgﬂmmﬂﬁauiﬂﬁlmimﬁmmmmmzaam?{ﬂﬁ PINIHN Wﬁtﬂmmmmmﬂwmﬁmmﬁ 9

I~ 3 A o P o Y a J| a dy u’: -0 Yya = u’/’ [ ndy
duesniszneundiagnvi 1dfadhudesyuin Tunsunildiadoaeal 3 Tuaow deil
1) MITUARDUNISHADINA (Air-stream Mechanism)
v Ao va _as YA A dA ~ v ¥y A ~
Padeni iinedoiuldae o1nter msizidusnneemiangnuanau liadounios
[V I ( o a0 ] <
gadautlasnsouals Ididuidsalsianes o Tagnsshauvesgunsaiaies d1lidenen
(== a é’ [ A Y o a [ o 1 ‘:' 1 (9 a nd'
22 ITAsUNATY MFTVUAABUATLUADINANALA UL ANAINUINA WY UINA1AY 1 TBIN
a :51 =3 [ v U Y] =% 19 o A 1 o 1
wavudaanaenuly  tvdandny § 3 uraeeleiune wrasnadnunlen | uvag
WAIUINNADUTHY LATUNAINA LU INNATUDOU
° I~ ' L
2) msvhlnitludeuuuaig « (Phonation)
a = dy d' 9) [ o 9 =) q'/ A a =
msiimdviyailaziferdenunisinuve sdwdeslagnsainune MIvzinaies
9y '
wuues 9 Iuegiumsaamasglivunsduveadudes Tasinaniwlifes o Uszian fe
9 [
1709A04 (voiced sound) 9AATU TABTN1TFUYRAUTUITBIT WA tazidoelidoq (voiceless
a dg‘ =Y o 9y a
sound) 321N Tae Tulmsduveuddes
s A v =) ry ry
3) MIwlsFeanIensnaoNLaed (Articulation)
U [ 1 é 1 ] =4 d' 421 1 1 =
NTZTUADINMAINUUAINAINUAN 9 Fad 1 Ingnueds Uoa indoulugnaoudes
@ = Y 1 ) 1 Yy a Y
uazgnaaudasganimdesiduanaie luaugduuumsiaueouas o veaduides uds
1 g a Y a1 24 9 v = A o &
AN IMARIzAUMAgYeeln delszneualseTuizuilsdeaniogunsainInuy &9

Yy v
[

o 9 A 1 = 9y =~ [ 1 v v AR "o ad
'VI'!‘HuT‘VlGlL!ﬂﬁﬂaE]mﬂﬁ'Hﬁﬂdclﬁ?)’e)ﬂil'mﬂﬂ‘lﬁﬂ‘klmmmﬂﬂ"lﬁﬂu MUVUBDYNUANHUSITOON
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a s a q’/’ a = 1 ~] v 9 [} A
@Wosninanntuaeulumsiiades sggnutiseaniu 2 idde lnge fe
1) (Fea 4 ( Voiced sound)
a =t d' 9 a =< £ Y v A a 1 a
navnnseendss luvusndudosgnaudinlndtuamneuaresnisanediin
d' [ g o Yy g a q'/ :‘ 1 d' Y =1 @ ] ]
aunauTuuInnloarzi Ididuidosdu avnoonu luazalinifieanndesdiudird1uyes
[ [ ° a g 4
uauludanag 3eih iRt uds ey
2) iwealudoq (Voiceless sound)
< = A Yy A v A ) a 1 U Y a A
Wumseeandesluvusiidadosduilaniie lasdlasoasennuduidoaviSonovion
Y 1 9 dg’ A 1 Y I = A a [} A
Traumelaiudiesnazainiu nieerena1r1d iWwdesinalugosinnie Tnsaayn
{ o [l a ] I~ [~
Tavedoazlusesihn Suilhn awwvams lvavesomaldiu 1ddudoudna onmeia
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llﬁﬁw'lublﬂ'f)ﬁﬂx‘iﬁ?ﬂliﬁ

a Yo A oge
2.3 NYEHMIJUABINA (Speech Recognition)
-, 2 ] A o Y] ~ S ¥
Speech ' recognition YN8 fﬂﬁal‘ﬂﬂ@NW')LSFI'E]ﬁﬂ']ﬂJ'I‘JﬂL‘U']clmﬁfN'lﬁljﬂsUfNiJléHUllﬂ
& w 1 = o ad .. . L 0 §
ailenfoanusaniiove sy 3 a1umans Ao NEIANAAS (linguistics), digital signal
Y t4
processing (DSP), computer science Tagasrilszneundn seneudieduneuaeo 11l
@ = 4’4‘ 9y .
1) m'ﬁlizmawaﬁmtywmmmmmmu (Preprocessing)
2) MmIanemIaNYagdIAYYR UALIA (Speech Feature Extraction)
3) mﬂﬁﬂmﬁi}i‘h (Speech Recognition)

>
(% S A Y

2.3.1 msiszaanadanasaeaulani (Preprocessing)

(T

& o NN, q' v i Yy A oy W S ¢
lﬂu‘Uu@@u‘ﬂ%gm']alﬂﬁmﬂﬂmlﬁﬂﬂmﬁ]gu'lul‘l]gl‘lfﬁi@ﬁﬂﬁﬂll']uu UANUFTUUITUNIN

g g Y

e

= dyd [ = Y 2 @ '
nga Tunszummstilumsdsuwasgnedesvieglugduvui@eriumsiz 1 v1enueI9ey
N

] a = [ q‘/’ dy [~ [ Y
AT UNAUNALTY UNAUFYUUT UASUNAULTUIAN muuﬂ‘izummiu%L‘]Jumiﬂﬁﬂ‘ﬁ

b4
=1

= d’ 9 3 Y ] a [ =1 3 o
@eanduiiuIveg lunaspudeiny Taslivuseulumsmasi
' Y
1) MINYASNAULAZYATUTAYOIT YY1 (End Point Detection)
1 & dq v o 4 gy a
Jupouiiludupounldniveuuavesdya ude IdMIUNTZUIUNS filter M5T0MS

[ v 1
nseuodyaunNuddiwenvndyaudes lineuuds viniudaiiiinismigaisudu

ay [ 4 o o ' { g ' g//
uazyadugavesdy e et wnme dyauds lurrsnidudoayauilszuranaminiy
4'! [ a niu/ 9) A d’ Y =y qszl 9 1 d‘
iWesnndaanaudosnsudwinnlulas IunTennniesdadsaivdsznoudioaiun
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Wudeana dudai W lgdsayailseneved Medmminveaiosyauazaotiie wu 5297l

a A A 1 a a A Y 2R 9 9 dyw 1 ~ Ty
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yadyarandedinidiuiiiudoane duiulunismyasudunazyadugaves

Y Y 1
(3 = = a

= v 1 1 § I~ VoA @ 1 A &
Funaudod 9imMIfImUUINAIMILE %50 Threshold Faaziua1nl¥dadulavenauinduy
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v
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° = = [ o o 1 Y 1o o Ay
Mgaveudosyanoonsyld dyanelvudindinil szdeduiludyaai ludesns
2) ﬂ1illﬁﬂ°ﬁ3ﬁﬁq1mu1m (Frame Blocking)

Yoyaidvagariumsdndiui lidesniseonluuds szgninIiTvinavesdygiuly

1 o

v 1
s IRty amiusrgnuiseeniuridygiu Funazsrdyyaszlznoy
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2.3.2 MIanamanyaed Ay Ueudeaya (Speech Feature Extraction)

s

umsdsudes szuvli o dauanando luSosumeuduTaonse udazaunme
1 G Tilderdayanaudos i 1

Rl

9
v [ a o w =)

Snuazdifvouioeesnun 1915 ondnyae 1Al Speech Feature Tasndududnuis

7] g

[

o o 13 A o 1 o =t 1 @ ' o & A o
WNANUNYINU Lmn%zuaﬂymzmummmmmmmaﬂuaaﬂ"lﬂ UAZUADSATNITUANHUS

U

=h

H

v 4
1 @ [l 1 @ @ g [ ' o w
Llﬁﬂ@]'N'Vi?ﬂ@'lﬁ]ﬁﬁﬂ‘Hﬂ!z‘U']\iafﬂ\?ﬁ')llﬂﬂ ﬂlumuﬁkﬂumiwmﬂymzmuﬂmﬂm%uﬁmwcﬂ

g Y

4 I LY o 1 ) [ 1w o w o a
woiudunuvesiunazi msafamadnvasdidgvoudosyadinsoildnaieis
| =Y [-%3 a a % =) Q(
WU 33N 5UTTUR LS LB UTU (Linear Prediction Coefficient : LPC), 33M15¥1dNU52 @05
Y
o a I~ a
iyansy (Cepstral Coefficient) 1az35IMidn (Wavelet) laslaseaiuilog1d3insdszunn

WUTZFUdY (Linear Prediction Coefficient : LPC)

ag o a v : N\ .
ImsUscinaiuse B udu (Linear Prediction Coding : LPC)

@ a Y T 1 A
MIUsTIUNUTLBUTUIL LU 1 2 FauRD

U ~ v o

< = = =3 s
1) dwdidlumsivdadyanalvivuadnas (Data Compression)

=) g o

[l g Y w ~ .
2) mumﬂumﬁqﬂ YIUNYNUVBANAVN] (Data Decompression)
v

£ S v A A = o = n v
YINTUUDATYYIMUUN 2 UDUAD NITUUDALU UG LAY (Lossy Compression) Nl

A W ' a ; dyd o A W
msfiudauuy liigaiiiy (Lossless Compression) It lulasenuiidlumsinauensiuon

(3 a

GRTGTRRII T Ik Gl

Vaiced/Unvaiced
Detection

i‘f;iﬁlb-—w Sampling . |—#{  Frame Blocking ~ —

Windowing

{Hamming Windaw) <— Pitch Detection |«

Wil

Autocorrelation |

LPC Coefficient
Determination

Feature Extraction

| Gain Calculation |—O Frimiciar

LPC Analysis

d' < 3 A o A ad v a 9
31]7] 2.6 Llﬁﬂﬂﬂaﬂﬂ‘lﬂi’]ﬂlﬂii]‘llﬂﬂﬂﬂﬂ'lﬁﬂﬂ@ﬂLﬁﬂ\‘iI@ﬂ'ﬂ'ﬁﬂ'ﬁﬂigﬂﬂmwuﬁ%ﬁl‘lﬂlﬂu (LPC)
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4

~ | a . 1w a A o W =
JUN 2.6 WUNIUATIGH (Analysis) vimdulszdniueadnd Tasthdyaiandos

@ ' o [ 1 {1 { qs./} @ 1 g
ded1aimsquardisanuiduinnangay nndudyananvgnutaudumsy (Frame

L} U
]

3 a Y

4 o 1 1 1< . 4
Blocking) tiipshinisutusuasSoudosudrazaranummeaiuiniudos (Voiced) tite
o o 1 a J 3// ) @ g, o
th lUSmnammmunaing (Pich Period) mntiusziwlsudeyadygialuldhmin
y Y 1 A a J . . A @ J = A a
AW ULENTINTAT (Hamming Window) tiouiassnlsznounuige ffinen

' o w 1w o @ 4 .

masdadsy  idyaandes ldondieduldvinidaanduius  (Autocorrelation)

y 1 QU a Qd o U
vz INUTUMANsEaNTueaid (LPC Coefficient) 9zgniiuinonnu uazszuuay laan

k4
LY

3 {1 o <] v A @
MI1N1TV1Y (Gain) @@ﬂlﬂ@g{jﬂ Iﬂﬂﬁﬂ'\@ﬁﬁ']ﬂ']i"UEJ']EJu‘Ll%%Lﬂuﬂ?ﬁﬂ@ﬂﬂ?’]ﬂﬂﬁﬂﬂﬂﬂl@ﬁ

[

Toya 100

HUVT1009NIANAMTAT (Mathematics Model)
msUszinaniuszFadu (Lpe) Tulns s01ufi0s 195093 71u04 Levinson-Durbin 11

¥ lunsszinmmdulszans Lec ynduaaidosiigesnts muualddyaruinie
s(n) Waildvnesdszmaniuszsiduduresdaananiy s(n) fo §(n) uazauudld
ﬁmﬂpmxﬁmﬁﬁwmﬁmiwﬁﬁuLﬁmmmsﬂumﬁtymmiuaﬁmmﬁ'mtymﬁmfﬂ?qm
U p A0 ms gt 18
S =asn=1D+a,(n=2)+ ... + aps(n —p) =Y, s(n—=k) (2.1)

o Qg fomdudszdnsues LPC fazmanuammaiensznindaymyioieiy
yanasfitszaina1&de
(n) = s(n)=5m).=sn) = Y- sh—k) 2.2)

d
€

& ' { o w
“lNNﬂi'JiJ‘U@Qﬂ'Iﬂ’J'I?Jﬂa"IﬂLﬂﬁﬁ]uﬂ"lﬁﬁﬁ@ﬂﬁ@

E=X, 82(”) = Zn{S(Tl) - Z=1 eRsS(n — k)}z (2.3)

Tawdar  ap  Aldlunisdszmaiusafuduszdesirldmasivvesdinaiy
A o w a9y = 9 o v d ~ | v a
amandoufdedesiiafesigadisnmsieyiusaunish 3) Weududulszans ay
Y 1w -4
udumugud
- p _ F
2Yns(n—=0D{s(n) =Xy, as(n—k)=0fori=123,.,p} @4
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MNANNMIN (2.4) 912152NBUA aum3 dlsn lunsuaidaeaas

a, Z s(n—isn—1) + a, Z s(n—s(n—2)+ ..

n n
ta, Yps(n—i)s(n—p) =Y, s(n—i)s(n) (2.5)
fori=12..p
uazdsmualy
r(i) = Xt s(n)s(n + i) (2.6)

{ 1 L 1w v o g o
nnaunsh 2.6) A1 7 (1) AeArdaandunus (Autocorrelation) Laziioti o 1auMs

#1 5) wuleuIndlugwasnazlddaumsi 2.7)

7(0) (1) r(p=2) r(p-1 Il o (1)
r(1) r(0) D3N A e 2NN r(2)
: 2 : : 3 = =R-a=1 (27
r(p=2) r(p-3) - r(0) 2o XA r(p=1)
_r(_/p—li) r(p=2) - r(l) 7(0) N s/t r(p)

4

é 3 U a Q( { { l:' 1
ponun lanilnss dulszdntinldzgnunuasliaunsi 2.2) udezldmany

a £ = = ' \ P! Jo 1
AANA1A F9UUIUMISIUAUNTITR-(22) 9¥nISEnNI1 Analysis filter laaRilanduaioTou

. ” .
(Transfer Function) A9 YAITN (2.8) FulszansunazdiaInsoni1aa1835m5 U9

Oat

Levinson-Durbin 48 3a13%1/52 anFnfuiw
— p -1

A@2) =1 - X a2 (2.8)

2.3.3 !ﬂﬂﬁﬂﬂ1i§§1 (Speech Recognition)
A Y o o a Yy K ) Ay v a d I~ o
Welddnyuzdrdguendsawds 1ahan ldudmsziindudinala Tagly

b4
Tnssauil laldmatinns i dnidoedae3s Inseiedssamnifisn (Neural Network)

Tasavnedszaniie (Artificial neural network)
A ] A A 1w 1 J )
Neural Network A9 1n59v10ve9ledssammi¥ounony sernuwaalseaimiiuiu
1 a o":/’
n Janvannsalumsdszuranage vssgegluaves luszuunisAavesuyy iy i
A s A A o & o ' v Y ° A g
fugrunnadUsam ASeatwdurug ed1edudeuiiuiuuinuie Yssunaumiudiu

d 1 & 9 = 4 = 1 @ dy
A0 ﬂau@mimmﬁﬂmmaaﬂizmwmmwnau AU
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1. raadsza ¥ Inw

Jd
1.1) Tnssafraveayaadszan

d
Tnseasruwaalszamn dsznoudae
@ 4
1. uan (Soma)
[ o { o 1w d @ 3 4
2. wuilszamman (Axon) R idludsdyanomna Tldusadlszamoun
Y A 9 | g o A o Y Ao @ 9 9
3. 1unaA U1 (Dendrite) WMo uadlsyam AvmihnSudyanautnd
J
Chls
L 9 @ ) Y A A 1w '3 o
4. Synapse vzagdiutmevouduilsyamvan dimihnidensenuyad sz vad
aa 11
. [ 0 9 A v v JY = o Y o
5. Myelin Sheath (Hunuau suiidesdudyanssuniunngadviafos vildi

v
dyaalaniu

o dJ
1.2) ﬂﬁ‘YIN]WII?)\‘lwaaﬂiz ﬁ]ﬂ%?ﬂ]w

d‘ Y v A

J o 1
NN mmaﬂizﬁm%zwmﬁmﬂmﬂﬂuﬂ UNA, ﬂ‘szmawa Uaga9oon

<)
e
=
>
2
S
£
@)

y 4

[ @ o A [ [ a [N
agaujmhlvlﬁw"lﬂmmaa%’mﬁm Gluﬁmammumaaﬂszam%zﬁimmzsmuE’)’Nmagm
2 '

1114 (39071 Threshold voltage

v

4 o a 0 @ { J
Lﬁ@ Dendrite ¥10118) LLUUS iUﬁmmTﬂ!@umﬂl%’]ﬂJ']NTﬂNTU ﬂggﬂU'lilTi'JiJﬂu‘ﬁlcﬁﬁﬁ
=

g

gy @ = 1 1 4 3 1
dszam dwasanvesdyaralwdunil 1019091 Threshold  Ivaddszaniiug s
[ 1 24 1 [ J
doyan s mie TUaiu Axon  H1UN19 Synapse  Tduzaddszamiufos uay
o A 3 Y . Ao 1 @ 1 4 1
dayaa lnfhinde 1y szgnanvuiadae Synaptic NliAenA IR UYDILARZ AT INTIZUA

4 3 = 9 A 1 @
azmaaﬂizﬁm HUUANUVUUDITITANUNUANH NN Y
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d
2. iyaadszanniien ( Artificial Neuron Cell )
myeenuuuadelasenelssamniioy odsuuuun1siinuuee Inseisdssan
v Y
i 3940991099 VVD4 1¥aRls A MITioN ( Artificial Neuron Cell JYUNIADY

' o { 1 o
nnlassaaraddszamdinw uazmsinunnan ludrlude 1. ewisaiiass

[
s

o o
wranlszanien 1aaasln 2.8

Y

N -

/ )
From other
neurons J

! =
517 2.8 wraailszamiiion (Artificial Neuron Cell )
~ [ a = Y v [ Ao . A
110317 2.8 daudune x,x,,...,x, WonldnudyamunsuyaIn Dendrite (o
Yy H
(3 ' 1 o Y 1 % . 1 = v
TYYIUNIU Synapse %zgﬂmqumuﬂﬁ”wm Synaptic -~ weight (w,) NBUNILIUT Block
summation
a J a { J 1 @ 3

Wﬂ‘i'Jll‘V]Nﬂﬂlﬂﬂ'lﬁﬂ'i‘ll@\muw&ﬁﬁﬂﬂnﬂ‘ﬂ thﬂ’ﬂ Net AU

Q U

net = xw +x,w, +...+x,w, (2.9)

v a

A Y o Y 1 JyY 1 " W Jd A
LﬂJ@vlﬂﬁiUﬂﬂm net Q" Lmﬁ%&“ﬂﬂﬁﬂ@ﬁﬂﬂﬁuﬂlﬂ"J'H)gﬁ\‘]ﬁ'iUiU'lmL@']‘VlWﬂ@@ﬂiﬂ WO

9 9 g9 q

v
A )=}

1 A ] VoA [ { ) Y o Y 4
deliradoun nield msdadulednaiai dmualdlasn1siimue Aendunszquau
auls ( Activation Function )

y= K[net] (2.10)

A19819 Activation Function

1. Threshold Function

—Lnet<T A4 a
y= 19 T A® Threshold level (2.11)
Lnet >T
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3. Insevedseaninen ( Artificial Neural Network )
] o L4 . P 1 [

Tnssiedseanniion Ao mauwadyseamifien ( Artificial Neuron Cell ) WaDfY
g ' o a ) o & o 1w ga v a da
HulassneludnyazPeriuradanes Fdnvagnsaonuniivatsgluuy uaagyianii

wva d' 1 % 1
AuaNLia Nuanaenuoen U

v

TasesedseamifonuuusuiRe) (Single layer artificial neural network )

Y
Tassodszamifouuuura1edu (Multilayer artificial neural network )

Output nodes

S

i
%
D
R

e
2 \Q!

. Hidden nodes
Connections

3‘1]‘?] 2.10 Multilayer artificial neural network

4. M3158U3d M5V Neural Network

4.1) Supervised Learning ASIseULULIMsdou

aq 9

[ =) A 3 A Y ' v @ 9 '
lﬂuﬂ13l5ﬂull'U‘U‘V]llﬂ']iG]ﬁ'31]?\’]9‘]?]“17“91143\1‘05‘1”81]5“@3 YAVDYAN LT TDUINITVIY

A o Y 1 ] Yo = A T Y 1 ] ] o W
"llzi.lﬂ'm'f]ﬂhl’mﬂﬂﬁi'Ji]ﬂ'l']')\ﬁ]i"lﬂﬂclﬁﬂ'lﬂﬂﬂﬂgﬂﬁ'if’thJ ﬂ’lﬂ’t)‘lJllllQﬂ 'J\‘I‘ﬂi"lﬂﬂﬂﬂglli'UWJLfN

] ¥
A K

A YN Yo = = [ A v v A = 9
el ldmmeunaay (USvueuduau mileudumsaouiniseulaviingdaounse

LUE)
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Training . ..
Parameter -4\\\ ( Adjust Weight )
m..__..\,\ ~
Input b4 Neural > Training
Data Network e Output
Target
Qutput

U 2.11 panamsSeuduuuiinisaoy (Supervised Learning)

4.2) Unsupervised Learning M 3i3ayunylusimsaou
1< = (= o (=) o ' A A 1 v A
WumsBeusuy Lifiduuzit Tdlnsesldimeuitgnusena 29954109z 30509

o o v A ] v T
Tnseadedagdnesmuanymgueidoya nadninld 2995918z annsadanuianyves

v IA @ v @

d a Y ' { s '
Foya 14 (USoufoufuam Wy n1ssIsOueNUEERUENY AugdaInTudnEue e

9

vouiu'laolaeluilasaou)

Training
Paramneter PN

|

Neural Network
Network oy ”;"/ Output

(Adjust Weight )

Input
Data

4’ = 9y ra . .
s 2.12 uammmﬂu'guuu"lwmmau Unsupervised Learning

5. Tnsanedszanmnenililulas s
Y Y
TuTaseamil @enldlassadradseamiflonnuuvatodu uazldnsiSouiuuy

. [ a 9 . { 1
Supervised 1ag148an03H1uN15130131UD Backpropagation 913U 2.13 ueaslngevie

1 voa = 1

3 & { a J 3 {
Usgaminsuuuuaessy Tasgundoduduna i5on91 Bunawes uazsunogungaison

q

J Jd c?/’ { 1Ta 4 Jd 4 1A 4
IDINNALDLEDT ﬁ')u“ﬁuﬁﬂgﬁzﬁQNBUWfﬂmwaﬁ HAZ IDINWALDLYDT L?Uﬂ”ﬂ FAPUIDLYDT
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Josauannzmaluladansaume nizoauINaIAIANTIIN
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INPUT HIDDEN OUTPUT

Layer j Layer k

X

Xa

X3

Error 1

Error k

v Y 1
51l 2.13 Tn39919 Neural Network tuua0stu 11¥nszurumsiSoudun Backpropagation

mstlnaeulvinulassvien)ssaniean

[ @ @ 1 wva

Wumsdsugudnvay veslasatiodszaiiion Iflguauianiudoanis laeld
@ 2K 4 £ g =2 | .. rog
8aneT9 1 U949 Backprogpagation FUTWNITHNAOUIUY Supervise training  Iaousiauiueog
#@7UAD Forward pass 11 Reverse pass

8 A’f o :/I v v A v
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do W U o/ o o
1. cutVoice.m TWadmsumsnsesdyanaudesneumsdamoeniuaem

function sound = cutVoice( rec )
[x,fs] = wavread(rec);
y = x(,[1D);
signal =y;
for i=3:length(y)
signal(i) = y(i)+y(i-1)+0.3*y(i-2);
end
%-- end of filter --%
meann = 0.0;
meann = mean(signal);
sigMean = signal - meann;
max$S = max(sigMean);

minS = min(sigMean);
newSig = sigMean;

maxCut = (maxS*9)/100;

minCut = (minS*9)/100;

for i=1:length(newSig)
if newSig(i) >0
if newSig(i) < maxCut
newSig(i) = 0;
end
else
if newSig(i) > minCut
newSig(i) = 0;
end
end

end
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start = 0;j=1;dis=0;limitDis=1000;check=0;
pointS = zeros(3,2);

powerNew = newSig;

for i=1:length(powerNew)
if start ==
if powerNew(i)~= 0
start = 1;
pointS(j,1) = i;
end
elseif start == 1
if powerNew(i) == 0
if dis < limitDis
dis = dis+1;
check=1;
elseif (i - pointS(j,1)) < 6000 %-- protect noise ,if rang sound < 6000 is noise
pointS(j,1) = 0;
start = 0; dis = 0; check = 0;
else pointS(j,2) = i-dis;j = j+1; start = 0; dis = 0; check = 0,
end
elseif powerNew(i) ~= 0 & check == 1;
dis = 0; check = 0;
end
end
end
str ="'word';
for i=1:2
name = strcat(str,num2str(i));
unitSig = powerNew(pointS(i,1):pointS(i,2)+1,1);
wavwrite(unitSig,fs,name);

end
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a = importdata('word1l.wav');
wordl = a.data;
a = importdata('word2.wav');

word2 = a.data;

sound = struct(word1',word1,'word2',word2);

end

dy I 4dl Y o U ¥ d’ = 1 6’5 1 Y o ¥ & v ¥
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2. findMax.m Iladwsumsmannasguneuda llaides

clear;

load allSound.mat

n=1;
nu=1;

maxLength = 0;

for num=1:600 %-- amount of voice
nu = mod(num,5);

ifnu ==

str = 'open’;

elseif nu ==2

str = 'close’;
elseif nu ==
str = 'light';
elseif nu ==
str = 'bar’;
else

str = 'stove';
end

name = sound.(strcat(str,num2str(n)));

if strcmp(str,'stove')
n=n+l;

end

if maxLength < length(name)
maxLength = length(name);

maxSound = name;
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end

end

%-- end of find max length --%

diffMax = maxLength - 880;
over = mod(diffMax,660);

if over ~=0

len = (660-over)+maxLength;
buff = zeros(len,1);

else buff = zeros(maxLength,1);

end

buff(1:maxLength,1) = maxSound,;

%-- end of set length for windows --%

lenMax = length(buff);

numFrame = 1+((lenMax-880)/660);
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3. bpnn.m IWadwSumsaniminve udsasazidasneuinlflFauess

clear;

load findMax.mat

w1l =rand([100,4277])-0.5;
w2 = rand([5,100])-0.5;

for num =1:600

nu = mod(num,5);
ifnu==

str ='open';

desQut = [0;0;0;0;1];
elseif nu==

str = 'close’;

desOut = [0;0;0;1;0];
elseif nu== 3

str = 'light';

desOut = [0;0;1;0;0];
elseif nu ==

str = 'bar";

desOut = [0;1;0;0;0];
else

str = 'stove';

desOut = [1;0;0;0;0];

end

signal = sound.(strcat(str,num2str(n)));
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if stremp(str,'stove')
n=n+l;

end

y = signal/max(signal);
%-- end of scaling size --%
z = length(y);
des = zeros(lenMax,1);
score = 0;
i=0;
checkP = 0;
temp = 0;
sw=1;
if z >= lenMax/2
disPoint = (z - mod(z,(IenMax-z)))/(lenMax-z);
for i=1:lenMax
if score == disPoint & checkP <= lenMax-z-1
des(i) =0;
score = 0;
checkP = checkP+1;
else
j=ith
des(i) = y(j);
score = scoret1;
end
end
else
disPoint = (z - mod(z,((lenMax-z) - z)))/((lenMax-z)-z);
for i=1:lenMax
if sw==

if score == disPoint & checkP <= (lenMax-z)-z-1



des(i) = 0;
score = 0;

checkP = checkP+1;

sw=1;
temp = 1;
else

des(i) = 0;

score = score+1;
sw=1;
end
else
if temp ==
des(i) = 0;
temp = 0;
else
19i1%
if j > z break;
end
des(i) =y(j);
sw=0;
end
end
end
end

%-- end of scaling time --%

%-- windows --%

%-- numFrame = xxx will from findMax --%
st=1;

en =0,

for i=1:numFrame

if st ==



ham.(strcat("ham',num2str(i))) = des(st : 880);

st = 880;
else
en = st+660;

ham.(strcat("ham',num2str(i))) = des(st-219:en);

st =en;
end
end
%--end --%
allLpc =[],

for i=1:numFrame
[aLpc g] = Ipc(ham.(strcat(ham',num2str(i))),90);
allLpc = [allLpc aLpc];
end
%--end LPC %
for i=1:length(allLpc)
if isnan(allLpc(1,i))
allLpe(1,i) = 0;
end

end

input = allLpc';

learning_rate = 0.3;

epoch = 0;

error = 1000;

while error > 0.007 & epoch < 25000

real_hide output = logsig(w1*input);

real output = logsig(w2*real_hide output);

delta_output_layer = real output.*(1-real _output).*(desOut-real output);
new W2 = w2+(2*learning_rate)*delta_output layer*real hide output’;

deltal = ((delta_output_layer*real_hide_output)*(1-real_hide output))'*w2;



del_W1 = (2*learning_rate)*deltal"*input’;
new_W1=wl +del WI;

wl =new WI;

w2 =new W2;

epoch = epoch+1;

e = abs(desOut-logsig(w2*logsig(w1*input)));
error = sum(sum(e));

end

strcat(str,num2str(n))

desOut

real output

%-- end of NN --%

end

real wl =wl;

real w2 =w2;
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function outStr = nn( sound1 )
load findMax.mat

load real _w.mat

out = [0;0;0;0;0];
outStr =";

sav = [0;0];
sound = soundl;

for num =1:2
signal = sound.(strcat('word',;num2str(num)));

y = signal/max(signal);

%--end of scaling size %

z = length(y);

des = zeros(lenMax,1);
score = 0;

i=0

checkP = 0;

temp = 0,
sw=1;

if z >= lenMax/2
disPoint = (z - mod(z,(lenMax-z)))/(lenMax-z);
for i=1:lenMax
if score == disPoint & checkP <= lenMax-z-1
des(i) = 0;

score = 0;
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checkP = checkP+1;

else
J=ith
des(i) = y(j);
score = score+1;
end
end

else
disPoint = (z - mod(z,((lenMax-z) - z)))/((lenMax-z)-z);
for i=1:lenMax
if sw==
if score == disPoint & checkP <= (lenMax-z)-z-1
des(i)=0;
score = 0;

checkP = checkP+1;

sw=1;

temp = 1;
else

des(i) = 0;

score =score+l;
sw=1;

end

else

if temp ==
des(i) = 0;
temp = 0;

else
I=it
if j > z break;
end

des(i) = y(j);

sw=0;
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end
end
end
end

%-- end of scaling time --%

%-- windows --%
%-- numFrame = xxx will from findMax --%
st=1;
en=0;
for i=1:numFrame
if st==

ham.(strcat('ham',num2str(i))) = des(st : 880);

st = 880;
else
en = st+660;

ham.(strcat('ham',num2str(i))) = des(st-219:en);

st =en;
end
end
%-- end --%
allLpc = [];

for i=1:numFrame
[aLpc g] = Ipc(tham.(strcat("ham',num?2str(i))),90);
allLpc = [allLpc aLpc];

end

%--end LPC --%
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for i=1:length(allLpc)
if isnan(allLpc(1,i))
allLpc(1,i) = 0;
end

end

input = allLpc';

rHide output = logsig(real w1*input);
rOutput = logsig(real w2*rHide output);
an = rQutput(5,1);

i=4

while j ~=0
if an < rQutput(j,1)
sav(num,1) = j;
an = rQutput(j,1);
end
J=iL
end

end

if sav(1,1) == 1| sav(1,1) == 2 | sav(1,1) == 3 | sav(2,1) == 4 | sav(2,1) == 5
outStr = 'Please try again';
else
out(sav(1,1))=1;
out(sav(2,1)) =1,
for i=1:5
ss = num2str(out(i,1));
outStr = strcat(outStr,ss);
end
end

end
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das s
1. Code MunuUnsaifudnyana gilnsel

ORG  0000H

RX:

LOOP:
WAIT:

CHKI:

CHK2:

END

MOV
MOV
MOV
MOV
MOV
SETB
JNB

MOV

CINE
MOV
SIMP
CINE
MOV
SIMP
CLR

CLR

SIMP

P0,#00000000B
PCON,#00H
SCON,#50H
TMOD,#20H
TH1,#0FDH
TR1

RI,WAIT

A,SBUF

A#31H,CHK2
P0,#00000001B
T
A#32H,CHK3
P0,#00000010B
T

RI

TR1

LOOP

=h.

1
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do o
2. Code MIUANgUnsalSuFayana 9ilnsal

ORG  0000H

LOOP:

WAIT:

CHK1:

CHK2:

END

MOV
MOV
MOV
MOV
MOV
SETB
JNB

MOV

CINE
MOV
SIMP
CINE
MOV
SIMP
CLR

CLR

SIMP

2

=).

P0,#00000000B
PCON,#00H
SCON,#50H
TMOD,#20H
TH1 #0FDH
TR1

RL,WAIT
A,SBUF

A#33H,CHK?2
P0,#00000001B
T
A#34H,CHK3
P0,#00000010B
T

RI

TR1

LOOP
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1. XBee/XBee-PRO OEM RF Modules

The XBee and XBee-PRO OEM RF Modules were engineered

to meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable

delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency

band and are pin-for-pin compatible with each other.

1.1. Key Features

Long Range Data Integrity

XBee
e Indoor/Urban: up to 100" (30 m)
e Qutdoor line-of-sight: up to 300" (100 m)
e Transmit Power: 1 mW (0 dBm)
* Receiver Sensitivity: -92 dBm

XBee-PRO
e Indoor/Urban: up to 300’ (100 m)
o Qutdoor line-of-sight: up to 1 mile (1500 m)
e Transmit Power: 100 mW (20 dBm) EIRP
e Receiver Sensitivity: =100 dBm

RF Data Rate: 250,000 bps

Advanced Networking & Security

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unique network addresses available

Source/Destination Addressing
Unicast & Broadcast Communications

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Coordinator/End Device operations

1.1.1. Worldwide Acceptance

Low Power
XBee
e TX Current: 45 mA (@3.3 V)
e RX Current: 50 mA (@3.3 V)
e Power-down Current: < 10 pA
XBee-PRO
o TX Current: 215 mA (@3.3 V)
e RX Current: 55 mA (@3.3 V)
o Power-down Current: < 10 pA
ADC and I/0 line support
Analog-to-digital conversion, Digital I/O
I/0 Line Passing
Easy-to-Use
No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters

Extensive command set
Small form factor
Free & Unlimited RF-XPert Support

FCC Approval (USA) Refer to Appendix A [p57] for FCC Requirements.
Systems that contain XBee/XBee-PRO RF Modules inherit MaxStream Certifications.

S

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards c €

XBee/XBee-PRO RF Modules are optimized for use in

the United States, Canada, Australia,

Israel and Europe. Contact MaxStream for complete list of government agency approvals.

MaxStrearn._ 2006 MarStreamadnc,
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Chapter 1 - XBee/XBee-PRO OEM RF Mod ules

1.2. Specifications

Table 1-01.

Specifications of the XBee/XBee-PRO OEM RF Modules

Specification

XBee

XBee-PRO

Performance

Indoor/Urban Range

+ up to 100 ft. (30 m)

Outdoor RF line-of-sight Range

' up to 300 ft. (100 m)

Up to 1 mile (1500 m)

Up to 300" (100 m)

Transmit Power Output "
(Somfv’;‘re S‘;‘l’gctable;’“ 1mW (0 dBm) 60 mW (18 dBm) conducted, 100 mW (20 dBm) EIRP
RF Data Rate 250,000 bps 250,000 bps

Serial Interface Data Rate
(software selectable)

1200 - 115200 bps

(non-standard baud rates also supported)

vReceiver Sensitivity

- <92 dBm (1% packet error rate)

1200 - 115200 bps
(non-standard baud rates also supported)

-100 dBm (1% packet error rate)

Power Requirements

Supply Voltage 28-34V 128-84V

(- If PL=0 (10dBm): 137mA(@3.3V), 139mA(@3.0V)
PL=1(12dBm): 155mA (@3.3V), 153mA(@3.0V)

Transmit Current (typical) 45mA (@ 3.3 V) -PL=2(14dBm): 170mA (@3.3V), 171mA(@3.0V)
PL=3 (16dBm): 188mA (@3.3V), 195mA(@3.0V)
| PL=4(18dBm): 215mA (@3.3V), 227mA(@3.0V)

Idle / Receive Current (typical) | 50mA (@ 3.3V) L ESmA@33V)

Power-down Current" <“1O HA ‘ | <10 uA .

General

Operating Frequency ISM 2.4 GHz ISM 2.4 GHz

Dimensions 0.960" x 1.087" (2.438cm x 2.761cm) 0.960" x 1.297" (2.438¢m x 3.294cm)

Operating Temperature -40 to 85° C (industrial) -40 to 85° C (industrial)

Antenna Options

Integrated Whip, Chip or U.FL Connector

lnteg;afed Whip, Chip or U.FL Connector

Networking & Security

Supported Network Topologies

Point-to-point, Point-to-multipoint & Peer-to-peer

Number of Channels
(software selectable)

16 Direct Sequence Channels

12 Direct Sequence Channels

Addressing Options | PAN D, Channel and Addresses ,

Agency Approvals

United States (FCC Part 15.247) | OUR-XBEE OUR-XBEEPRO

Industry Canada (IC) 42144 XBEE 42147 XBEEPRO i
Europe CE) CETSI ETSI (Max. 10 dBm transmit power output)

Japan nfa 005&YCA0378 (Max. 10 dBm transmit power output)**

* When operating in Europe: XBee-PRO RF Modules must be configured to operate at a maximum transmit power output level
of 10 dBm. The power output level is set using the PL. command. The PL parameter must equal “0” (10 dBm).

Additionally, European regulations stipulate an EIRP power maximum of 12.86 dBm (19 mW) for the XBee-PRO and 12.11 dBm
for the XBee when integrating high-gain antennas.

** When operating in Japan: Transmit power output is limited to 10 dBm. A special part number is required when ordering
modules approved for use in Japan. Contact MaxStream for more information [call 1-801-765-9885 or send e-mails to sales@max-

stream.net].

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors. For more information, refer to the “XBee Antenna” appli-
cation note located on MaxStream'’s web site (http://www.maxstream.net/support/knowledgebase/article.php?kb=153).

MaxStieam. _©.o006 MaxStrean, dac.

Seeal
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1.3. Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee/XBee-PRO OEM RF Modules (antenna options not shown)
The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO XBee & XBee-PRO
(top view) (top view) (side views)
0.299% - 1
{7.5%nm) o
’ 1 0,257 Xbee e 0020 . XBew-BRG
1 { (6.53mm) {0, Slmm) &
PIN 1w (B o i !
0.031%.. 0.110% |
Id b < shield-to-PCB 5 P :
S I s © PIN 20 | PIN 1/ L 0.030% s0.030 (07| (2.75mm)
°o VT ° " - 4 (2.03mm £0.51) 0.050* |
(=) §=] 1.087 { o
:)\@U @g: (27.61mm) L (a2 m’y 1y
o ' =iy
PIN 10-w»|o o|=-{-PIN 11 PIN 10-= : 1 i i
fgn 0, 866 o] e | . i
{22.00mm) 125 s 0.160"
BT — 3 o.g7gy  \4-06mm}
{24, 38mm) {2 . 00mm)

1.4. Mounting Considerations

The XBee/XBee-PRO RF Module was designed to mount into a receptacle (socket) and therefore
does not require any soldering when mounting it to a board. The XBee Development Kits contain
RS-232 and USB interface boards which use two 20-pin receptacles to receive modules.

Figure 1-02. XBee Module Mounting to an RS-232 Interface Board.

The receptacles used on MaxStream development boards are manufactured by Century Intercon-
nect. Several other manufacturers provide comparable mounting solutions; however, MaxStream
currently uses the following receptacles:
e Through-hole single-row receptacles -
Samtec P/N: MMS-110-01-L-SV (or equivalent)
e Surface-mount double-row receptacles -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

o Surface-mount single-row receptacles -
Samtec P/N: SMM-110-02-SM-S

MaxStream also recommends printing an outline of the module on the board to indicate the orienta-
tion the module should be mounted.

o

Max5iream . ©.2006 MaxSteam,dnc, 5
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1.5. Pin Signals

Figure 1-03. XBee/XBee-PRO RF Module Pin Numbers
(top sides shown - shields on bottom)

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

Pin # Name Direction Description

1 VCC - Power supply
2 DOUT Output UART Data Out
3 DIN / CONFIG Input UART Data In
4 DO8* Output ) Digital Output 8-
5 RESET Input : Module Reset (reset pulse must be at least 200 ns)
6 PWMO/ RSS! Output PWM Output 0 / RX Signal Strength Indicator
7 PWM1 ouput | PWM Output 1
8 [reserved] - ' ' Do not connect
9 DTR/SLEEP_RQ/DI8 Input Pin Sleep Control Line or Digital Input 8

10 GND - Ground
W 4 AD4 /DI04 Either Analog Input 4 or Digital /O 4
12 ~ CTs /D07 Either Clear-to-Send Flow Control or Digital IO 7
13 ON / SLEEP Output ' Module Status Indicator
14 VREF Input Voltage Reference for A/D lnput; iiiii
15 Associate / AD5/ DIO5 Etther | . Associated Indicator, Analog Inpdt 5 or Digital /O 5
16 RTS /AD6 / DIO6 "~ Either | Request-o-Send Flow Control, Analog Input 6 or Digital /0 6

| KT AD3/DI03 17 TEither |/ Analog Input 3 or Digital 103 |
18 \ AD2/DIO2 | Either * Analog Input 2 or Digital 110 2

T T ADY/DIOY Either " Analog Input 1 or Digital /0 1

20 ADO/DI00 Either : Analog Input 0 or Digital /0 0

* Function is not supported at the time of this release

Design Notes:
e Minimum connections: VCC, GND, DOUT & DIN
s Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
e Signal Direction is specified with respect to the module
e Module includes a 50k Q pull-up resistor attached to RESET
¢ Several of the input pull-ups can be configured using the PR command
e Unused pins should be left disconnected
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XBee/XBee-PRO 802,154 OEM RF Modules v1.xAx [2006.10.13]

Chapter 1 - XBee/XBee-PRO OEM RF Modules

1.6. Electrical Characteristics

Table 1-03. DC Characteristics (VCC = 2.8 - 3.4 VDC)

Symbol , Characteristic Condition Min Typical Max Unit
ViL Input Low Voltage All Digital Inputs - - 0.35*VCC v
Vi4 Input High Voltage All Digital Inputs 0.7*VvCC - - v
Vou Output Low Voltage lo,=2mA,VCC>=27V p 2 05 Vv
Vou Qutput High Voltage lon = 2mA, VEC>= 2.7V VCC-05 - - v
Iy Input Leakage Current Vi = VCC or GND, all inputs, per pin - 0.025 1 pA
lloz High Impedance Leakage Current Vi =VCC or GND, all /0 High-Z, per pin - 0.025 1 pA

. _ 45 215
TX Transmit Curre?t« VCC =33V - (XBee) (PRO) - mA
. _ 5 55
RX Reﬂcelve Current VCC =33V - (XBee) (PRO) | - mA
PWR-DWN Power-down Current SM parameter=1 - <10 | - pA
Table 1-04. ADC Characteristics (Operating)
Symbol | Characteristic Condition Min Typical Max Unit
VREF - Analog-to-Digital converter
VrerH reference range 05 3 Vooap v
Enabled - 200 : pA
RER VRER- Refarence gyfgifCunent Disabled or Sleep Mode - <0.01 0.02 LA
Vinoe Analog Input Voltage Vgsap-0.3 - . Vopap*0.3 v
1. Maximum electrical operating range, not valid conversion range.
Table 1-05. ADC Timing/Performance Characteristics’

Symbol | Characteristic _Condition Min Typical Max Unit
Ras Source Impedance at Input? - % 10 ko
Va Analog Input Voltage® VRerL © VRerH v

RES Ideal Resolution (1 LSB)* 2.08V'< Vppap £ 3.6V 2031 = } 3516 mv
DNL Differential Non-linearity® - 205 1.0 LsB
INL Integral Non-linearity® y +0.5 10 LSB
Ezs Zero-scale Error’ ¥ 0.4 ‘ _:1_.0 LSB _
Fs Full-scale Error® ¥ 04 0 LSB
i __ Input Leakage Error . s - 0 & o Lo
Ery Total Unadjusted Error ' - 1.1 +25 LSB

1. All ACCURACY numbers are based on processor and system being in WAIT state (very little activity and no IO switching)
and that adequate low-pass filtering is present on analog input pins (filter with 0.01 uF to 0.1 uF capacitor between analog
input and VREFL). Failure to observe these guidelines may result in system or microcontroller noise causing accuracy errors
which will vary based on board layout and the type and magnitude of the activity.

Data transmission and reception during data conversion may cause some degradation of these specifications, depending on
the number and timing of packets. It is advisable to test the ADCs in your installation if best accuracy is required.

2. Rpg s the real portion of the impedance of the network driving the analog input pin. Values greater than this amount may
not fully charge the input circuitry of the ATD resulting in accuracy error.

3. Analog input must be between Vgeg and Vgery for valid conversion. Values greater than Vggpy will convert to $3FF.

4. The resolution is the ideal step size or 1LSB = (Vrgry—VRrerL)/1024

5. Differential non-linearity is the difference between the current code width and the ideal code width (ILSB). The current
code width is the difference in the transition voltages to and from the current code.

6. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted ideal transition
voltage for the current code. The adjusted ideal transition voltage is (Current Code-1/2)*(1/((Vrgry+Ers)~(Vrer +Ezs)))-

7. Zero-scale error is the difference between the transition to the first valid code and the ideal transition to that code. The
Ideal transition voltage to a given code is (Code-1/2)*(1/(VRerH—VRerL))-

8. Full-scale error is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is (Code—1/2)*(1/(Vreri—VRerL)-

9. Inputleakage error is error due to input leakage across the real portion of the impedance of the network driving the analog
pin. Reducing the impedance of the network reduces this error.

10. Total unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line trans-
fer function. This measure of error includes inherent quantization error (1/2LSB) and circuit error (differential, integral, zero-
scale, and full-scale) error. The specified value of Eyy assumes zero Ey_(no leakage or zero real source impedance).
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