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Abstract

Nowadays, there are many functions to control the machineries by using many joysticks and
buttons. Therefore, it is necessary for workers to be trained before using the machineries.

This project presents Machinery Controlled with Speech Recognition using Thai speech with
1 syllable to reduce complex functions of machineries control. The system uses personal
computer for speech recognition processing, The PC will process and send output to control the

machinery model.
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U7 3.6 nsmnuduiudseninnuiidadu (Herz) funnudiua (Mel)

Fyaraufuanriunsmnanianuiuds ssgmituinalas Discrete Fourier Transform

(DFT) womanilnasuvosdyais feawunsf 6

N-1 —j2mn
Y(f) = Dymye /¥ ©

n=0

dyanafirumsualas DFT veaudaziuladvzgnimiiiu Mel-frequency Filterbank
& ' o .
mri'fluﬂqmm Band Pass Filter laofinuals Mel-frequency Filterbank WNUAIY Y,

& o 3
(k=1,2,3, ..., K) $uiul Triangular Filter fag1lil 3.7

- frog

Finergy i
B o) - ] ™ Fach Band

g‘ﬂﬁ 3.7 Mel-frequency Filterbank
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Taodeyanmiindas DFT ud) 9z1iiwngaiua1 Filter Gain Aeaun1sh 7

N-—

1
Y, = fZIY(f)I H, () %)
=0

qﬂﬁwﬁﬂzﬁnm Mel-frequency Cepstrum 1211 Discrete Cosine Transform (DCT)

o9 1dilu MECC Vectors Aaatums 8

2 & 7
o = ZOYk .cos(—ﬁ(k ~ 0.5)) (3)
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3.3 MAlAMS gﬁ‘l (Speech Recognition)
- hlﬁ" [ o ar F= | ) 1 3 o o 1 P
e ldmdnvuzdrguendomadteylugives MFCC Vector muda dezieini
= L o dy = L= [ b~
Tondinsedihdiusdmala Tusguyiildmaiansfiudose Taelfuuudinosdadu

3J1§ﬂ81”| (Hidden Markov Model L) HMM)

° = o< ¢
nyudraesdamnninew (Hidden Markov Model : HMM)
o o d o - o & )
uuuiaesBamuinined fa MINUSIVTWYBIADUSHAW 9 Aauzhigryeu e
e -:iqy - ar o - N A P =
Taomsuldeuaniuz luntiaoue Ao AnYMEYRIFYIMABINTOIATBINININHYIUDI
o = & 4 [ = A - - =
fuygnaudoniu w namils 9 dwmalfeuamue Ao maReunIeuldouuilasves
s = &4 = & o - o a0 1 ﬂ r
FoymnaudssnianamitsdliwBanamis Tusvviassgaauuniaediinnnuuiiiuey
= v ] a - 4 =3 13 . e )
avswriie Ao marwshazdufiorsaldeugoiuznilesfindiu (Transition probability) 1#azf1
1 ys A o e & J s {
anunieziflueae1iyn Output probability) Wefinmsilasuaozwnilufioliu ©mywidh

]

E 3 ’ »
Heeri 1 Flunsaaduleindesi 1douiudludoes s

—mmmmmmmm——— N

zﬂ‘ﬁ 3.8 Left-to-Right Hidden Markov Model
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nszvaumiluunuiaedaduinined  Wunsmsidun)shdeusy  (Hidden
parameter) 1NAIAMUIAT I WITANIIUR IS (Observable parameter) 151 liemNsauean
UARZED UL (State) UBATEULIAIAATY wdisauIousaiud iR unaninnaniuz

» ] ]
4 18 Tasudazaoiuzeziinnmbeniiufiediulyidveseminney fgifiae

31 3.9 uwunmmsasuraus lunszuums HMM

Taon

x Ao Hidden states

y Ao Observable outputs

amo  anmbenfufiis@anisi/Souaniue (Transition probability)
bfie  Anmieziluveue1Hm (Output probability)
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all=06 a22=1.0

b11(A)=0.8 b22(A)=0.8
bl11(B)=0.2 al2=04 b22(B)=0.2

b12(A)=0.8
b12(B)=0.2

= o a d 4 {
3u#is.10 nywimedmhunined 7l 2 do1uz uazd 2 1wy

717 3.10 uemsfaiaednunsuuuinedadunineniis 2 eninade A uax B uas
2 moug An 1 uas 2 uaziimsdimuaminininziiuresa uaz b wwda A1 al2=04
mnenwh o fleramsilepiufiu 1 aonzaslililua  esfinannivsdiueg 0.4
#IU b12(A) = 0.8 fp defimsnAsusmmznn 1 2 mmninzdufeeiioniymiu o

- A e = = ¥ o < & &
o 0.8 (lnaﬂﬂ15lﬂﬂﬂuﬁﬂ1u3ﬁ]$1.|ﬂ'lﬁfﬁ1\1lﬂ‘]ﬂﬂﬂ1ﬂ£ﬂ1“w‘ﬂﬁu@ﬂﬂﬂﬂ‘]lﬂ‘luu)

a; = P(X,,=]X, =i ©)
bi(k) = P(Y,=k|X,=iX, =/) (10)
a, fin anminzfiuvesaniueda’ly j eanzilegiudu i

bW  fie maniesiluvewsninmily k dielimsuwlfewanzananiug i T

AueruiiAved a Az b UAAT
La;20 , bi(k)20 , Vi jk

2, Zay =1
3. .0, (k) =1

[} o o a o o w y =1 = L
dmsuuuudiasedamuinsneddinuh | vzdedinuydgiuegaesnlsyms Ao
r o J 1 4r aQr 1 3
1. amnheszshvasaauzda ldusgdumouz Hegtiuviniu
1 e J I ar 1 ar 1 g 1 ]
2. anuingiluveuenivndallivegiumsnfoumnugdegiumniu lidledns

Wasuaauelueda
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#afavamanma nazvomndimansety

o od
3.3.1 dymvswvudaesgariumninen
Pymvsayiaesdaduuiined Tegaudodoiu fe
1. Evaluation Problem
o 4 P} 3 =1 a ) - 1 = 1 .
svudassaunsaadaniolafean 1ddudualvu Sundn Evaluation

o & ° ° a
Problem gywiiiauisoun19laold Forward Algorithm  &evzvirlfuuviiaesd

.
&

o ot ) = i l& o =] e 1 o
Anvaz@erfutudeanlaty Fraunsaldlunsisufumehn lidadasula
2. Decoding Problem

drvvvesaouslunuudians adrafesfi lddudua Inu Sond1 Decoding

»
Problem ilgyvitenunsouf luTaeld Viterbi  Algorithm ¥l aui1sandrduves

» r
ol e °

a r-] - as = - =Y A b4 Yo = =
anuzhangalumsdSoufoududean 18w imediazhurldlunis jinfeed
=y [ Y] ¥
Ansanu 1A
3. Learning Problem

o o ' A A ° Vo
#2115 (Parameter) vosuvV$100Ins ey NNz ldTiny
Aanaralunmsadradswmsodlnfoshildduioshga (Sond1 Leaming Problem
2 A,
HamriieursondlvIaold Forward-Backward (Baum-Welch) Algorithm $49z11d
s:uummmﬁuuﬂé’uuuﬁﬂTuﬁﬁmmhﬁ’amlwha 9 'Iﬂunﬁ'ﬂndumwmfayaﬁ

Howdhszuy

721959



18

3.3.2 The Forward Algorithm
. - =t ' é é a
Evaluation Problem ansnefuielddnudyunila Ao W Tuwaaniiailu M fu

1 1 ) { 3 a L
A3 {s} - a nQuBITRIUL, {a}, {b} WA ey Tmaaiuszafd iy

b4
Qr o1

o T - =1
vouewinn ¥ | Hdgmilmuisodouiluauns1ddai

P(er =y|T) = ;P(XTH =x‘T+u)P(I/‘T =y“r | X|T+1 =x1?‘+|) (11)

L4

= ¥ e b r = M e A
VINTUUATIUUVONHU muin'uamnmimaﬁmmmmmmwuu"lwn"lﬂ U

X =x,) (12)

f+1

P(X/" =xI") =TIP(X,, =x

»

vnruyAgudeniass mideswesaumsmadiuanansadouniladed
T T Tl _ THy_T-
+l __ + —- —- — -
P(Yl =N |Xl =X )_HP(Y:_}’:IXt_antﬂ'sz) (13)
=1

& e VoW 1 b LR
L?JBﬂﬂ'I‘iLL‘I’ILIﬂ'lﬂﬂﬂﬁTJﬂiJﬂ'l‘qu’l'ltlTﬂﬂﬂfJ

-

0,t =0ni %S,
a(t)=<1t =0Ni=§, (14)

Yot —-vab, (v, )t >0

P(y|M)vio q,(t) fle anuhesiuiinszuiumsndnedlumoe i ldad

iy p
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Output=A Output=A Output=B
=0 t=1 = =
Stute 0.6%0.8 0.6*0.8 =2 0.6*0.2 =3
NEE———
, o |l ]
0.4%0.5 0.4*0.5
State 1,0%0.3 1.0*0.7

319 3.11 M3fman Trellis MuzUuUD Forward Computation

Uil 311 uamsiamsdwanesd o #fenin Treis Tasmsldnguives

o a d - a1 o o ar
uuvinesdaauusaod awgli 11 lesmuyAhddumsdunady A A B
°_ o o o o
auddy IWeniwniudwuvesanuz 1112

v d P Yo = ’ a a A a
E)U'Nulﬁﬂﬂ]uiuﬂf]ﬂﬂﬂ’lﬁgﬂ'nﬁﬂq ﬂTIJJ‘H'I‘i]zLﬂu‘YIﬂ’J‘iW'inim'IﬂE] P(M[}') Lan

[} a o
fuan Tdd s PyiM) 9Innguo s

P(M|y) = T

(15)

4 i - v

ziuldn P(y) Tmashidmiumdunaiug pov) Asanuinziiuiivnen
i o = o &

o [ g s Ao £
#UUS1ADINI9NIYT (Language Model) Adtiu d9hdfgyhinasfriledefio P(Mly) 93

a
d e o &

T i L J o o
winldiudiofia pyM) gadufesild PMY) gevurusu §aiuldmsdiuon

Y

P(y]M) unula



20

3.3.3 The Viterbi Algorithm
211441 Forward Algorithm ifimsdnandisuvesaaus uaiinly 145

v
g o o ~

=1 1 1 4 i o o ar Q’l
waindhduvesanuznianuinziiugahgqaionesihdrduvesaavetuinld

Tuvaehmdsadedidumsduna lumsadenszuaunisaanansaimsaaudlay

AUN5BY Forward Algorithm A3duA1TAUA

0, =0Mi %S,
v.(t)=<1t =0oni =S, (16)
max v (t —Na,b,(y,)t >0

Viterbi Algorithm @ unsauaasdduvesaouziinnuihendugihiga lae

Y E S ' = '
!.ﬂﬂﬂﬂ”l'il,‘ljﬁﬂ‘uﬁﬂ'luz‘lfl‘lJﬂ’TllluWSLﬂuiﬂﬂ‘l’lt’Iﬂjuuﬂ‘ﬁzﬁmux

3.3.4 The Forward-Backward Algorithm
Y - el ARLEE = P Ceden o
Pymiihilgmiieniigamsiznda biiaimslafeenmiinesnangs
o o ° = o I3 ¥ o o 1 § )
dmiuuuuioesdanuininedld Aniunszuumsddeusy Forward-Backward
. = g E} v A 1 = & o w
(Baum-Welch) Algorithm 33deuthunldiRemamsilimeifimungauigadmiy
o 1 ﬂ'. 1 . A
wpvdmes @, (f) duamnhezduil M 1dadhay " uezegluaeiue i Fuihy

Forward Algorithm 3, (¢ ) iflusruniwzdui M lueowe i Wadraeniyn y |

v
o o

guilu Backward Algorithm an15 U B () fidaidl
0,6 =T mni =8,
/B:(t) =ht =T Ni :SF
2B, +9ab, (v, )ost <T
./

(17)
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A = o [=] O A 4 1 E;
wazdalimsefineiedunlsBndmiiefie y, (1) flumunivziduvesnisulou

= 9

4 4 ) o T
aouznilafeh llgemun y |

}/U(t):P(Xr :i’Xr+1 zjly‘T)

3 o, (t —1)auby_(y,),81.(t) (18)
B o, (T)

» ]
o =

o ] o =
wfudelfienivmitly ¥ smnihnzdluvesiurumswfouaniuzan

T '
oz i Tumaowe j e Dy, (¢) uazamnhesiluvesdmounsiou

I

T v .
aomuzamaniue i lumamuglan fe D). ¥, (¢) dnlufuiiuly1fdes
=1 k

° ' o a . LA
Ammnnuinaniuvesszuuaimatasuaomzan i Tow j Faduldawauns

Fun

D ¥ Q

a;, = V77— (19)

WA

t=1 &

@ o @ 1 1 14 o 4
TuweuRondu sasdsenianuifszuusziioniyndu k uazanud

4 o
fiszuuegilomyniuez 15014 Ao

_ 2. 7, @)
by(k)=2t— 20)
2.7,(t)
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Hidden Markov Medel. from hitp://en. wikipedia.org/wiki/Hidden _Markov_model

Amarin Deemagam, Asanee Kawtrakul. Thai Connected Digit Speech Recognition Using
Hidden Markov Models. from http://www.isca-speech.org

Ben Milner, Xu Shao. Speech Reconstruction from Mel-Frequency Cepstral Coefficients
using a Source-Filter Model. from http://www.dcs.shef.ac.uk/~xu

Li Tan, Montri Kamjanadecha. Modifted Mel-Frequency Cepstral Coefficients. from
http://fivedots.coe.psu.ac.th/~montri

] dulszady. msadeseduduayaniuilne. 910 hitp//micro.se-
ed.com/content/mc188/MC188_75.asp

Speecy. ﬂﬁ’nﬂva’iﬁ‘llam. 110 http://thaispeech.longdo.org/speechy/thaispeechl/index_html

37.A3.UFN3 §90: Digital Filter. 99 http://www.kmitl.ac.th/~kchsomsa/

Window function. from http://en.wikipedia.org/wiki’Window_function
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d o ar ' v ' 1 [y =)
1. energy.m ‘Mammummmwmsmzmqmmammum_,msam

% %

%Read file wave

% %
figure(2);

clf;

figure(1);

clf;

[signal,fs,nbits,opts] = wavread('C:\Documents and Settings\Nancy\Desktop\wave');

% %

% Preempazis speech signal

Y% %
preemphasis=filter([1,-0.95),1 signal);
subplot(3,1,1);

plot(preemphasis);

axis([0 length(preemphasis) -1 1]);

% %
% Calculate energy

% ' %

signal=preemphasis';
winSizeMs=15;

winShiftMs=5;

winSize=round({fs*winSizeMs)/1000);
winShifi=round({fs*winShiftMs)}/1000);

mywindow=window({@hamming,winSize);



i

for i=1:winShift:length(signal)-winSize

52

energy(j)=(sum((abs(signal(i:i+winSize-1))).*mywindow"));

(g™

end

% %
% Calculate and Print thresdshold
% %

normal=400/max(energy);
energy=energy*normal;
thredshold=max(energy)*0.1;
thredshold1=max(energy)*0.2;
subplot(3,1,2);

plot(energy);

axis([0 length(energy) 0 max(energy)]);
linet=energy;
linet(1:length(linet))=thredshold1;
hold on;

plot(linet,'y');

plot(linet/2,'r');
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% -%

% Define start position

% %

leveluv=min(energy(1:5));

b

while(energy(j}<thredshold1)
=L

end

endpointl=floor{winShift*j);

while(energy(j)>max(energy)*0.02)
iy

end

endpoints=floor{winShift*j);

fstart=j+2;

% %

% Define end position

% %
j=length{energy);
if energy(j}<thredshold/2
while(energy(j)}<thredshold)
=
end
while(energy(j)>(thredshold/2))
it
end
end
endpointe=floor(winShift*(j+0.5));

signal=signal(endpoints:endpointe);

%Threshold value




subplot(3,1,1);

hold on;

stem(endpointl, 1,-.",'y");
stem(endpointl,-1,-.",'y");
stem(endpoints, 1,-.",'r);
stem(endpoints,-1,'-.','r");
stem(endpointe, 1,-.','r');

stem(endpointe,-1,-."'r');

subplot(3,1,3);
hold on;

plot(signal);

54

axis([0 length(signal) min(signal) max(signal) });

figure(2);
plot(energy,'r’);

axis([0 length(energy) 0 400]);

hold on;
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2. wavetomfee.m 1HAFMIVM 311 MFCC Vectors

function parameter= wavetomfcc(y, fs, FP)

% wave2mfcc: Wave to MFCC (Mel-Frequency Cepstral Cofficient) conversion
% Usage:

% parameter = wave2mfcc(y, fs, FP)

% parameter: MFCC and log energy, plus their delta value.

% fs: sampling rate

% FP: Parameters for deriving the speech features

if nargin<2; fs=8000; end

if nargin<3, FP=setFeatureParam(fs); end

y=double(y); % Convert to double

y=y-mean(y); % Shift to zero mean

%p =m-mmmmen First Step : pre-emphasis.
y = filter((1, -0.95], 1, y);

% -------—-Second Step: frame blocking.
framedY = buffer2(y, FP.frameSize, FP.overlap);
filterBankParam = getTriFilterParam(FP.frameSize, fs, FP.filterNum, 0); % Parameters for
triangular filterbank
parameter = [];
for i = 1:size(framedY, 2),
% ---r-meen Third Step: hamming window.
Wirame = hamming(FP.frameSize). *framedY(:,i);




end
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Yo -mmmmmmes Forth Step: fast fourier transform.

fitMag = abs(fft(Wframe));

halfindex = floor{(FP.frameSize+1)/2);

fliMag = fftMag(1:halfIndex};

fftMag = interp1(1:halfIndex,fitMag,1:1/FP.alpha:halfIndex)'; % VTLN
fftMag = [ffiMag;zeros(halfIndex-length(fftMag),1)];

Yo ------m--- Fifth Step: triangular bandpass fiiter,
tbfCoef = triBandFilter(fftMag, FP.filterNum, filterBankParam);

Up =mmmmmmnmn Sixth Step: cosine transform. (Using DCT to get L-order MFCC parameters.)
mfce = melCepstrum(FP.mfccDim, FP. filterNum, tbfCoef);

parameter = [parameter mfcc'l;

if (FP.useEnergyFeature==1)

end

energy = sum(framedY.#2)/FP.frameSize;
logEnergy = 10*log10(eps+energy);

parameter = [parameter; logEnergy};
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Yo ----—---- compute delta energy and delta cepstrum
if (FP.useDelta>=1)
deltaWindow = 2;
paraDelta = deltaFunction(deltaWindow, parameter);
parameter = [parameter; paraDelta];
end
if (FP.useDelta==2)
paraDeltaDelta = deltaFunction(deltaWindow, paraDelta);

parameter = [parameter; paraDeltaDeltal;

end
% —----- Subfunction-----=---- %
% ----------Triangular band-pass filters

function tbfCocf = triBandFilter{fftMag, P, filterBankParam)
fstart=filterBankParam(1,:);
fecenter=filterBankParam(2,:);

fstop=filterBankParam(3,:);

% Triangular bandpass filter.
for i=1:P
for j = fstart(i):feenter(i),
filtmag(j) = (j-fstart(i))/(fcenter(i)-fstart(i));
end
for j = feenter(i)+1:fstop(i),
filtmag(j) = 1-(j-fcenter(i))/(fstop(i)-feenter(i));

end

tbfCoef(i) = sum(fftMag(fstart(i):fstop(i)). *filtmag(fstart(i): fstop(i))');

end

tbfCoef=log(eps+tbfCoef.A2);



58

Yo =rmmmmmnen TBF coefficients to MFCC

function mfce = melCepstrum(L, P, tbfCoef)

%% === DCT to find MFCC

fori=LL
coef = cos((pi/P)*i*(linspace(1,P,P)-0.5))";
mfcce(i) = sum(coef. *tbfCoef");

end

% =m-mmmmm- Delta function

function parameter = deltaFunction(deltaWindow,parameter)
% compute delta cepstrum and delta log energy.

rows = size(parameter,1);

cols = size(parameter,2);

temp = [parameter(:,1)*ones(1,deltaWindow) parameter
parameter(:,end)}*ones(1,deltaWindow)];

temp2 = zeros(rows,cols);

denominator = sum(f 1:deltaWindow].~2)*2;

for i = 1+deltaWindow : cols+deltaWindow,
subtrahend = 0;
minuend =0;
for j=1: deltaWindow,
subtrahend = subtrahend + temp(:,i+j)*j;
minuend = minuend + temp(:,i-j)*(-j);
end;
temp2(:,i-deltaWindow} = (subtrahend + minuend)/denominator;
end;

parameter = temp2;
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function filterBankParam = getTriFilterParam(frameSize, fs, filterNum, plotOpt)

% getTriParam: Get parameters of triangular filter bank

maxMelFreq = freq2mel(fs/2);

sideWidth=maxMelFreq/(fiterNum-+1);

index=0:filterNum-1;

filterBankParam=Ffloor{mel2freq(lindex; index+1; index+2]*sideWidth)/fs*frameSize)}+1;
filterBankParam(end, end)= frameSize/2;

% -------~--Normal frequency to mel-scaled frequency conversion
function mel = freq2mel(freq)
mel = 2595*log10(1+freq/700);

Y —remmmem- Mel-scaled frequency to normal frequency conversion
function freq = mel2freq(mel)
freq = 700*(10.~(mel/2595)-1);

function out = buffer2(y, frameSize, overlap)
% BUFFER2 Frame blocking

% This is almost the same as "buffer" except that there is no leading zeros

if nargin<3, overlap=0; end
if nargin<2, frameSize=256; end
y =y0);
step = frameSize-overlap;
frameCount = floor{(length(y)-overlap)/step);
out = zeros{frameSize, frameCount);
for i=1:frameCount,
startIndex = (i-1)Y*step+1;
out(:, i) = y(startIndex:(startIndex+frameSize-1));

end
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3. Hantun19qvaslvld autotrain.m

1) endpointdt

Ymnemen %

%Read file wave

% %

function signal=endpointdt(signal,fs)

% ~%

% Preempazis speech signal

% %

preemphasis=filter([1,-0.95],1,signal);

Yo %
% Calculate energy

% %

signal=preemphasis';
winSizeMs=15;

winShiftMs=5;

winSize=round((fs*winSizeMs)/1000);

winShift=round({fs*winShiftMs)/1000);

mywindow=window(@hamming,winSize),

=L

for i=1:winShift:length(signal)-winSize
energy(j)=(sum((abs(signal(i:i+winSize-1))).*mywindow'));
zerocr(j)=sum(abs(sgnz(signal(i+1:i+winSize))-sgnz(signal(i:i+winSize-1)))/2)/winSize;
bander(j)=sum(abs(sgnb(signal(i+1:i+winSize))-sgnb(signal(i:i+winSize-1))));
=it

end



% %

% Calculate and Print thresdshold

% Ya

normal=400/max(energy);
energy=energy*normal;
normal=150/max(zerocr);
zerocr=zerocr*normal;
thredshold=max(energy)*0.1;
thredshold 1=max(energy)*0.2;

linet=energy;

linet(1:length(linet))=thredsholdl;

% %

% Define start position

% ~%

leveluv=min(energy(1:5));
leveltt=max(energy)*0.02;
i
iflleveluv>ieveltt) leveltt=leveluv; end
while(energy(j)<thredsholdl)

L
end

endpointl=floor(winShift*;};

while(energy(j)>leveltt) % Threshold value
=il

end

endpoints=floor(winShifi*j};

fstart=j+2;
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% ~%

% Define end position

% %

j=length(energy);

if energy(j)<thredshold/2

while(energy(j)<thredshold)
=L

end

while(energy(j)>(thredshold/2))
=L

end

end

endpointe=floor(winShift*(j+0.5));

signal=signal(endpoints:endpointe);
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2) find_ MFCC

function [MFCC,DeltaMFCC,DeltaDeltaMFCC,MixMFCC] = findMFCC(s,num_MFCC)
w=512;
ow=100;
L=length(s);
b=1; m=1;
e=b+w-1;
while e<L
x=s(b:e);
f=abs(fft(x'. *hanning(w)));
=11:(w/2));
f=f"2;
ef=log10(mel(f));
MFECC(m,:)=dct(ef)*200;
tDe(m)=b+w/2;
m=m-+1;
b=b+ow;
e=b+w-1;
end

MFCC = MFCC(:,1:num_MFCC);
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[a,b] = size{MFCC) ;
DeltaMFCC = zeros(a,b) ;
DeltaMFCC(1,:) = zeros(1,b) ;
fori=2:a

DeltaMFCC(i,:} = MFCC(,:)-MFCC(i-1,:) ;
end
DeltaDeltaMFCC = zeros(a,b) ;
DeltaDeltaMFCC(1,:) = zeros(1,b) ;
DeltaDeltaMFCC(2,:) = zeros(1,b) ;
fori=3:a

DeltaDeltaMFCC(i,:} = DeltaMFCC(i,:)-DeltaMFCC(i-1,:) ;
end
MixMFCC(:,1:b) = MFCC(.,:) ;
MixXMFCC(:,b+1:2*b) = DeltaMFCC(:,:) ;
MixMFCC(:,2*b+1:3*b) = DeltaDeltaMFCC(:,:) ;
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3) init_mhmm

function [init_state_prob, transmat, mixmat, mu, Sigma] = init_mhmm{(data, Q, M, cov_type,
left_right)

% INIT_MHMM Compute initial param. estimates for an HMM with mixture of Gaussian

outputs.

% Inputs:

% data(:,t,1) = observation vector at time t in sequence 1

% Q = num. hidden states

% M = num. mixture components

% cov_type ="full', 'diag' or 'spherical'

% left_right = I if the model is a left-to-right HMM, 0 otherwise

%

% Outputs:

% init_state_prob(i) = Pr(Q(1) =1)

% transmat(i,j) = Pr{Q(t+1)=} | Q(t)=i)

% mixmat(j,k) = Pr(M(t)=k | Q(t)=}) where M(t) is the mixture component at time t

% mu(:,j,k) = mean of Y(t) given Q(t)=j, M(t)=k

% Sigma(:,:,j,k) = cov. of Y(t) given Q(t)=j, M{t)=k

O = size(data, 1);
T = size(data, 2);
nex = size(data, 3);
data = reshape(data, [O T*nex]);
init_state_prob = normalise(ones(Q,1));
transmat = mk_stochastic(ones(Q,Q));
ifM>1

mixmat = mk_stochastic(rand(Q,M));
else

mixmat = ones(Q, 1);



end
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if0
Sigma = repmat(eye(0), [1 1 Q M]);
% Initialize each mean to a random data point
indices = randperm(T);
mu = reshape(data(:,indices(1:(Q*M))), [0 Q M]};

end

% Initialize using K-means, where K = Q*M
% We should really segment the sequence uniformly into Q strips,
% and run M-means on each segment.
mix = gmm(O, Q*M, cov_type);
options = foptions;
max_iter=5;
options(14) = max_iter;
mix = gmminit(mix, data’, options);
mu = reshape{mix.centres’, [0 Q M]);
i=1;
for g=1:Q
for m=1:M
switch cov_type
case 'diag/,
Sigma(:,:,q,m) = diag(mix.covars(i,:});
case 'full',
Sigmal(:,:,q,m) = mix.covars(:,:,i);
case 'spherical’,
Sigma(:,:,q,m} = mix.covars(i) * eye(O);
end
i=i+1;
end

end



68

4) learn_mhmm

function {LL, init_state_prob, transmat, mu, Sigma, mixmat, mu_history] = learn_mhmm(data,

init_state_prob, transmat, mu, Sigma, mixmat, max_iter, thresh, verbose, cov_type, static2)

% LEARN_MHMM Compute the ML parameters of an HMM with mixtures of Gaussians output
using EM.

%

% [LL, PRIOR, TRANSMAT, MU, SIGMA, MIXMAT, MU_HISTORY] =
LEARN _MHMM(DATA, PRIOR0, TRANSMATO,

% MU0, SIGM A0, MIXMATO) computes the ML estimates of the following parameters,

% where, for each time t, Q(t) is the hidden state, M(t} is the mixture component, and Y(t) is

% the observation.

% prior(i) = Pr(Q(1) =1),

% transmat(i,j) = Pr(Q{t+1)=j | Q(t)=1)

% mixmat(j,k) = Pr{iM(t)=k | Q(t)=))

% mu(:,jk) = E[Y(t) | Q(t)=j, M(t)=k ]

% Sigma(:,:j.k) = Cov[Y(t) | Q(t)=j, M(t)=k]

% PRIORO is the initial estimate of PRIOR, etc.

% To learn an HMM with a single Gaussian output, just set mixmat = ones(Q,1).

%

% DATAC(:,t,1) is the observation vector at time t for sequence 1. If the sequences are of

% different lengths, you can pass in a cell array, so DATA({1} is an O*T matrix.

%

% LL is the "leamning curve": a vector of the log lik. values at each iteration.

% LL might go positive, since prob. densities can exceed 1, although this probably

% indicates that something has gone wrong e.g., a variance has collapsed to 0.

% MU_HISTORY(:,:,:,r) is MU at iteration r.

%

% There are several optional arguments, which should be passed in the following order

% LEARN_MHMM(DATA, INIT_STATE_PROB, TRANSMAT, MU, SIGMA, MIXMAT, ...
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% MAX ITER, THRESH, VERBOSE, COV_TYPE, STATIC)

% These have the following meanings

%

% max_iter = max. num EM steps to take (default 10)

% thresh = threshold for stopping EM (default le-4)

% verbose = 0 to suppress the display of the log lik at each iteration (Default 1).

% cov_type = 'full’, 'diag’ or 'spherical' (default 'full’)

% static = | if we don't want to re-estimate prior and transmat, i.e., no dynamics (default = 0)
%

%learn_mhmm(data, init_state_prob, transmat, mu, Sigma, mixmat, max_iter, thresh, verbose,

cov_type, static)

if nargin<7, max_iter = 10; end

if nargin<8, thresh = le-4; end

if nargin<9, verbose = 1; end

if nargin<10, cov_type = 'full’; end

if nargin<l11, static2 = 0; end

if ~iscell(data)
data = num2cell(data, [1 2]); % each ¢lt of the 3rd dim gets its own ceil
end

numex = length(data),

previous_loglik = -inf;
loglik = 0

converged = 0;
iter=1;

LL=]];
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O =size(data{1},1);
Q = length(init_state_prob);
M = size{mixmat,2);

mu_history = zeros(0,Q,M,max_iter);

while (iter <= max_iter) & ~converged
% E step
[loglik, exp_num_trans, exp_num_visits], posimix, m, ip, op} = ...
ess_mhmm(init_state_prob, transmat, mixmat, mu, Sigma, data);
[a,b] = size(postmix) ;
status =0 ;
forj=1:a
for k=1:b
if postmix(j,k) <=0
status =1 ;
end
end
end
if status == 1
break ;
end

if verbose, fprintf(iteration %d, loglik = %f\n', iter, loglik); end
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% M step
if ~static2
init_state_prob = normalise{exp_num_visits!);
transmat = mk_stochastic(exp_num_trans);
end
ifM==
mixmat = ones{Q,1);
else
mixmat = mk_stochastic{postmix);

end

for j=1:Q
fork=1:M

mu(:,j k) = m{:,j.k) / postmix(j,k);

if cov_type(1) =="'s'
s2 = (1/0)*( (ip(j,k)/postmix(j,k)) - mu(:,j,k)*mu(:,j.k) );
Sigma(:,:j.k) = s2 * eye(O);

else
%8S = op(:,:,j,k)/postmix(j,k) - mu(:,j,k)*mu(:,j,k);

SS = op(:,:,j.k)/postmix(j,k) ;
if cov_type(1)=='d'
88 = diag{diag(SS));

end
Sigma(:,:,j.k) = §S;

end

end

end
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mu_history(:,:,:,iter) = mu;

11_history(iter) = loglik;

converged = em_converged{loglik, previous_loglik, thresh);
previous_loglik = loglik;

iter = iter + 1;

LL = [LL loglik];

end

function [loglik, exp_num_trans, exp_num_visits1, postmix, m, ip, op] = ...
ess_mhmm(prior, transmat, mixmat, mu, Sigma, data)
% ESS_MHMM Compute the Expected Sufficient Statistics for a MOG Hidden Markov Model.
%
% Outputs:
% exp_num_trans(i,j) =sum_lsum_{t=2}*T Pr{Q(1-1) = i, Q(1) = j} Obs(1})
% exp_num_visits1(i) =sum_ | Pr{Q(1)=i| Obs(1))
% postmix(i,k) = sum_l sum_t w(i,k,t) where w(i,k,t) = PHQ(t)=1, M(t)=k | Obs(1)) (posterior
mixing weights)
% m(:,i,k) =sum 1sum t w(ik,1) * Obs(.t,1)
% ip(i,k) = sum_I sum_t w(i,k,]) * Obs(:,t,1)’ * Obs(:,t,)
% op(:,:,i,k) = sum_l sum_t w(i,k,1) * Obs(:,t,1) * Obs(:,t,1)'
%
% where Obs(l) = Obs(:,:,]1)=0O_1 .. O_T for sequence |

verbose = 0;
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%[O T numex] = size(data);
numex = length(data);
O = size(data{1},1);
Q = length(prior);
M = size(mixmat,2);
exp_num_trans = zeros(Q,Q);
exp_num_visits]l = zeros(Q,1);
postmix = zeros(Q,M);
m = zeros(Q,Q,M);
op = zeros(0,0,Q,M);
ip = zeros(Q,M);
loglik = 0;
if verbose, fprintf{1, 'forwards-backwards example # ); end
for ex=1:numex
if verbose, fprintf(1, '%d ", ex); end
%obs = data(:,:,ex);
obs = data{ex};
T = size(obs,2);
[B, B2] = mk_mhmm_obs_lik(obs, mu, Sigma, mixmat);
[gamma, xit, current_loglik, gamma2] = forwards_backwards_mix(prior, transmat, B, B2,
mixmat);
loglik = loglik + current_loglik;
if verbose, fprintf{1, 'l at ex %d = %f\n', ex, loglik); end
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exp_num_trans = exp_num_trans + sum{xit,3);
exp_num_visits] = exp_num_visits] + gamma(:,1);
postmix = postmix + sum(gamma?2,3);
for j=1:Q
for k=1:M
w = reshape(gamma2(j k,:), [1 T)); % w(t) = Pr(Q(t)=j, M(t)=k | obs)
wobs = obs .* repmat(w, [O 1]); % wobs(:,t) = w(t) * obs(:,t)
m(:,j,k) = m(:,j,k) + sum(wobs, 2); % m(:) = sum_t w{t) obs(:,t)
%op(:,:,j,k) = op(:,:,j,k) + wobs * abs'; % op(:,:) = sum_t w(t) * obs(:,t) * obs(: 1)
ip(j.k) = ip(j,k) + sum(sum(wobs .* obs, 2)); % ip = sum_t w(t) * obs(:,t)' * obs(:,t)
end
end
[d N] = size{obs);
for j=1:Q
for k=1:M
w = reshape(gamma2(j.k,:), [1 T]) ;
new_mu(:,j,k) = m(:j.k) / postmix(j.k) ;
temp = new_mu(:,j,k)*ones(1,N);
op(:,:4j,k) = op(:,:,j,k)+ (repmat(w, [O 1]).*(obs-temp))*(obs-temp)' ;
end
end
end

if verbose, fprintf(1, "n'); end
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de [ ar Y 5
4. test.m g w¥unsmenFaanaudefian

% %
%QOpen Port

% %

warning off MATLAB:serial:fscanf:unsuccessfulRead
C3=serial('com3"};
fopen(C3);
fprintfl(C3,'%s','S');
while 1==1
input=fscanf{C3,"%¢',1);

if input=='C'

o
a~

%
%Speech Recognition System

0,
% %

%][s,fs,nbits,opts] = wavread...
%('C:\Documents and Settings\admin\Desktop\pu');
s=wavrecord{8000,8000);
fs=8000;
testl_System;
test2_System;

test3_System;
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rl=(result(1)}+result2(1)+result3(1))/3;

r2=(result(2 H+result2(2)+result3(2))/3;

r3=(result(3)+result2(3)+result3(3))/3;

rd=(result{d)+result2(4)+result3(4))/3;

r5=(result{s H+result2(5)+result3(5))/3;

r6=(resuit(6)+result2(6)+result3(6))/3;
. r7=(result{7)+result2(7)+result3(7))/3;

R=[r1r2 13 15 16];

RR=[rl r2 13 r4 15 16];

RRR=[r1 r2 341516 17];

% ~%

c7=result(7);
cd=result(4);
forn=1:5

if max(R) == R{(n)

if n==
;:(n)=resu1t3(n);
if e(n)>¢7 | c(n) > result(3)
fprintf{C3,'%s",'L');
elseif max(RR) == r4
if c4>c(n)
fprintf{C3,'%s','B");

end
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elseif max(RRR) ==r7
if ¢7>c(n)
fprintf{C3,'%s','S");
end
else fprintf{C3,"%s",'S")

end

elseif n==
c(n)=result(n);
if result(6) > result(2) & result(6) > result3(2) %Becouse R(2) close to R(6)
fprintflC3,"%s','DY;
elseif c(n)>c7 | c{n) > result2(3)
fprintf{C3,'%s",'R");
elseif max(RR) == 4
if c4>c(n)
fprintf{C3,'%s','B');
end
elseif max(RRR) ==r7
if ¢7>c(n}
fprintf{C3,"%s",'S");
end
else fprintf{C3,'%s','S")

end



elseif n==
c(n)=result(n);
if c(n)>c7 | c(n) > result3(5)
Tprintf(C3,'%s','F');
elseif max(RR) ==r4
if cd4>c(n)
fprintf(C3,%s','B");
end
elseif max(RRR) == r7
if ¢7>c(n)
fprintf(C3,'%¢','S"Y);
end
else fprintf(C3,'%s','S")

end

elseif n==
n=n+1;
c(n)=result3(n);
if c(n)>result3(7)
fprintf(C3,%s','U");
elseif max(RRR) ==r7
if ¢7>c(n)
fprintf(C3,"%s','S");
end
elseif max(RR) ==r4
if cd>c(n)
fprintf{C3,'%s','B");
end
else fprintf{C3,'%s",'S")

end
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elseif n==
n=n+1;
c(n)=result{n);
if e(n)>c7 | c(n)>result3(7)
fprintf{C3,'%s",'D");
elseif max(RR) ==r4
if c4>c(n)
fprintf(C3,"%s','B');
end
elseif max(RRR) ==r7
if c7>c(n)
fprintf(C3,'%s','S");
end
else fprintf{C3,'%s",'S")

end

end
end

end



80

5. Hanvum1939vaslvla test.m

1) log_lik_mhmm

function loglik = log_lik_mhmm(data, prior, transmat, mixmat, mu, Sigma)
% LOG_LIK_MHMM Compute the log-likelihood of a dataset using a mixture of Gaussians
HMM

% loglik = log_lik_mhmm(data, prior, transmat, mixmat, mu, sigma)

[O T ncases] = size(data);

loglik = 0;

for m=1:ncases
obslik = mk_mhmm_obs_lik(data(:,:,m), mu, Sigma, mixmat);
[alpha, LL, xi] = forwards(prior, transmat, obslik);
loglik = loglik + LL;

end
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HIARNUIN VU

Source Code litlulasnoulnsataes
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vk ko kR kR ko ok sk kot ok sk ke ke kR R  k dkokk ok ok Rk ko ke
s

; Program : Serial Port
; Controller : AT89S8252
; XTAL : 11.0592 MHz

SRR EER kR Rk ko kR kR kR Rk kR ko kR kR kR kA Rk Rk kR R R Rk
’

ORG
SIMP
ORG
IMP
ORG

0000H
MAIN
0003H
SPEAK
0030H

ek gk ks dk gk sk sk ke sk sk kb dk ok kb ke sk bk ok Rk sk ok ok ok ok ok bk ok Rk ok kR ok ok ko ok ok ik ok ok ko ok
s

;Main Program : set up some involving registers

kR Rk ARk kR Ak Ak kR ke kg kg k ko ko kk ok kkkkkkk kR k kR k kb kkkkk kR kY
E)

MAIN: CLR

MOV
MOV

MOV
MOV
MOV

MOV
MOV

A

PO,#00H
1E,#10000001B

TMOD,#00100000B
TH1,#0FDH
TL1,TH1

SCON,#01010000B
TCON,#01000001B

:Clear Accumulator

;Clear port 0
;Enable INTQ / Disable timer 1

;Timer 1 mode 2

;Baud rate = 9600 bps

;Serial port in mode 1
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kR kR R Rk ckk ko kR kR kR kN kR ke kR kR ko Rk kkk
E)

;Index : output loop

w3t e e o o ok ol e o o e e e e ol o o ool ok ol ool ok o o ool ol ok ol 2K o o a0 o o o o ok o o o o ke ok ol ok ok sk ol sl e ol ol ol o ok ool ok o ok ok ok
b

INDEX: JNB RIINDEX
MOV A,SBUF
CLR RI

R RN RN RN R R R AR kR kR Rk ek ke kk ok kR ko kR kR kR kR kX
L]

;Subroutine : Output Condition

w2000 e o e ol o o oo e o e o s o ok o e ok e sk ol ek ok ke s e kR e akok Rtk ek R ke e ok ok ok e Rk R kR Rk ok R
3

LEFT: CINE AM#L' RIGHT
MOV P0,#00001000B
AIMP INDEX

RIGHT:CINE A #R FRONT
MOV  PO,#00000001B
AJMP INDEX

FRONT:CINE AM#F BACK
MOV  P0,#000001001B
AJMP INDEX

BACK: CINE A#B,UP
MOV  P0,#00000110B
AJMP INDEX
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UP: CINE A#U.DOWN
MOV  P0,#00010000B
AJMP INDEX

DOWN:CINE A#D',STOP
MOV  P0,#00100000B
AJMP INDEX

STOP: MOV PO,#00H
AJMP INDEX

KRRk AR Rk R kR kR R KRk kR kR ke kR kR kK kR h Rk kR kkkkk
1

;Interrupt service routine : Push-to-talk

R R kR KR kR R Rk R Rk Kk KKk kR kR Rk Rk R kR kR kR Kk Rk kKR kRN kXS kX kK E
’

SPEAK : MOV SBUF.#C'

JNB TL%
CLR TI
RETI
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MARUIN A

Datasheet




g6

Microcontroller AT8958252

Features
» Compatibtte with MC5°51 Products

* 8K Bytes of In-System Reprogrammabie Downloadable Flach Memory
- 5P| Serfal Interface for Program Downloading
-~ Endurance: 1,000 Write/Erase Cycles
e tanoon 10 — 7

- Endurance: 100,000 Wriic/Erase Cycles
4¥ ta &V Operating Range
Fully Statlc Oparation: O Hz to 24 MHz
Thyee-level Pragram Memory Lock .
256 x 8-bIt Internal RAM 8-bit
32 Pregrammatle 1/O Lines .
Threo 16-bit Timer/Countars Microcontroller

Mine Interrupt Sources

:mr:::::r::ﬂl:;m Sertal Channel With BK B ytes

Lcww-pawer ldte and Power-down Modes

interrupt Recovery from Power-down Flash
Programmable Watchdog Timer
Dual Data Pelnter

Power-off Flag

.

26 4 6 8 B B4 &8 RS

AT8958252

Description

The ATE0S8252 i3 a low-power, high-perlermance CMOS B-bit microcontroller with 8K Not Recommended
bytas of downloadable Flash programmable and erasable read-only memory and 2K f
bytos of EEPROM. The devics ia manufactured using Atmef's high-densiy nonvolatiis | 1OF New Designs.
memory technology and is compatible with the industry-standard 80C61 instruction | Use AT8956253.
set and pinout. The on-chip downloadable Flash sllows the program memory to be
repragrammad In-System through an $P1 serial intadace or by a conventional nonval-
atile memory programmer. By combining & versatife 8-bit CPU with downloadable
Flash on a monolithic chip, the Atmel ATBIS8252 is a powerful microcontroller, which
provides @ highly-floxible and cost-eftactive sclution to many embedded conirol
applications.

The ATBBS8252 provides the following standard featurea: K bytes of downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 1/O ines, programmabls watchdog
timer, two data pointere, throe 16-bit timer/counters, a six-vector two-level intermupt
architecture, a full duplex serial port, on-chip oscillator. and clack circuitry In addition,
the ATBES8252 is designed with static fegic for operation down to zero frequency and
supports two software selectable powsr saving modes. Thae kdla Mode stops the CPU
while allowing the RAM, timercountars, saria! port, and intarrupt gystem to continue
funclioning. Tha Power-down mode saves the RAM cantents bui freezes the oscillator,
disabling all other chip functiors until the next external interrupt or hardware reset.
The downloadable Flash can be changed a single byte at & time and is accessible
through the SP} ssrial intsrface. Holding AESET aclive forces the SPI bus into a sarial
programming interface and aliows the program memory to be written to or read from
unless lock bits have been activated.

0407 G-MTC RO-M06
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Pin Configurations
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Pin Description
vee
GND

Port 0

Port 1

pPLCC
I3 -
¢ =& 18
:t:E:!galat
~GESoBERI000.
=T b o‘n s [ Ped 1t
psceratln = Pes poe
=0 whrenon
nrelw [ T AT
pxzyeragin mhTrer
@ wpw
oty R 4% E JoFH
Dl Te il U =P VEER
(R e Hamram
M whrepay
L E T TTY FTT T4 of ikl
esam-pgo= h'r%f'
itdidee Efd
(Lt i3

Supply voltage.
Ground,

Port ¢ is an 8-bit open drain bi-didirectional YO port. As an ouipul pon, each pin can
sink eight TTL inputs, When ts are written to port 0 pins, the pine can be used as high-
impedance inputs.

Port O can alse bs configured to be the mulliplexed fow-erder addresa/data bus during
acoesses to extemnal program end data memory. In this mode, P hes imemal pull-ups.

Port 0 also recaives the code bytes during Flash programming and autputs the code
bytes during program verification. Externesl pull-ups are required during program
verification,

Port 1 is an 8-bil bi-directional /O pont with intemal pull-ups. The Pon 1 output butfers
<an sink/sourca four TTL inputa. When 1s are written to Pont 1 pins, they are pulled high
by the internal pull-upe and can be used as inputs. As inpute, Port 1 pins that are exter-
nely baing pulled low will source current {1 ) because of the internal pullups.

2 A T89S 5 25 2 00000
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AT8958252

Block Diagram
POO - PGT P20 - F27
[ I S S W W W W 4 4 4 44445
Vo YYreyyryyy Y YYIYYYY
=—
I FOAT 0 ORAVERS I ' POAT 2 DANERS [
o} T i
; h L 4
1 RAM ADDR. PORAT 0
EEPROM REGISTER [=#{ Pa LATCH PoRLE FLARM
» - .
A 4
b F 3
¥ h 2 1
PROGRAM :
a STACK
reckren | | wc PSR RS e
;
¢
Y k L 4
*—3 BUFFER  |4—b
e e
H
i
H PG —
ALY INGREMENTER [+
INTERFUIPT, SERIAL PORT
H AND TIMER BLOGKS
H h 4 3 3
PROGRAM " -
Psw COUNTER
F
PSEN I
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WATCH POAT PORT 1 50
oG LATCH urcd |{ rorr [ T
F -
o y y b
i PCGRT 3 DAIVERS I‘— I PORT 1} DRAIVERS I
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ATNEL

Some Port 1 pins provide additional functions, P1.0 and P1.1 can be configured to be
the timerfcounter 2 externsl courd input (P1.0/T2) and the timer/counter 2 tigger input
(P1.1/T2EX), respactivoly.

Furtharmorae, P1.4, P1.5, P1.6, and P1.7 can be configured as the SPi slave port saled,
data input/output and shift deck input/cutput pins as shown in the following able.

Port Pin Alternate Funciicns

PO T2 (eaemnal court input o TimerCounter 2), chock-out

P T2EX (TmerCourmer 2 capiurerakoad trigger and direction contrd)
P14 53 (Sieve port salect input

£1.6 MOS!I (Master data outpul, siave data input pin for SPI channel}
P16 MISO (Master data input, slave data output pin for SPI channel}
Pi.T SCK (Mastar clogk output, slave clock input pin tor SPI channet)

Pon 1 also receives the low-order address bytee during Flash programming and
varification.

Port 2 ie an 8-bit bi-directional LD port with intemnal pull-ups. The Port 2 oulput bulters
can sink/source four TTL inputs. YWhen 15 are written to Port 2 pins, they are pulled high
by the intemnal pull-ups and can be used as inpuls. As inputs, Por 2 pins that are exter-
nally being pulled low wil source current () because of the intemal pull-ups.

Port 2 emits the high-order addresa byte during fetches from extemal program memory
and during acceseea to axternal data memory that use 16-bit addressas (MOVX &
DPTR). In this application, Part 2 uses strong internal pull-ups when emitting is. During
acoesses to external data mamory that use 8-bh addreases (MOVX @ R}, Port 2 emnits
the contents of tha P2 Special Function Registar.

Port 2 also receives the high-order address bits and some control signals during Flash
programiming and verification,

Port 3 is an 8-bit bi-directional {#O pert with intema! pull-ups. The Pon 3 output buffers
can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulted high
by the intemal pull-ups and can be used as inputs. Aa inputs, Pont 3 ping that ara exter-
nally being pulled low will source current (f, } because of the pull-ups.

Port 3 receives some controi signals for Flash programming and verification.

Port 3 also serves the functions ol verious epecial features of the AT8958252, as shown
in ihe tollowing table.

AT O S 825 2 s s
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90

e A T89S 8252

RST

ALE/PROG

PSEN

EA/VPP

XTAL1

XTAL2

Ol G=ANCRO-306

Porl Pin ARernate Functions

P30 AXD ¢serial input port)

P3.t TXD {3erial ouiped port)

P3.2 TRTT (extamal interrupt 0}

P3.3 TNTT (edemal interrupt 1)

P3.4 TO (fmer ¢ external npuf)

PG T1 (§mer t exernal Inpuf)

P3.6 WR (extemai data mamory write strobe)
P37 D (external data memory read strobe}

Resat input. A high on this pin for two machine cycles while the escillater is running
resets the device.

Addrass Latch Enable is an culput pulse for latching the low byle of the address during
accesses to external memory, This pin is aleo the program pulse input {(FROG} during
Flash programming.

In normal operation, ALE is amitted at a constant rate of 1/6 the oacillator frequency and
may ba used for extarnal timing or clocking purposes. Note, however, that ona ALE
pulsa is skippad during each acoess to extemal data memory,

If desired, ALE oparation can be disabled by setting bit 0 of SFR location BEH. With the
bit s51, ALE is aclive only during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no eftect i the micrecontroller is in
extemal execulion mode.

Program Store Enable ia the read strobe to extemal program memory.

When the ATB959252 la exacuting cods from extemal prograrm memory, PSEN ia acti-
vated twice sach machine cycle, axcept that two PSEN activations are skipped during
sach acoess to external data memory,

External Access Enable, EA must be strapped to GND in ardsr to enable the devica to
fetch code from external program rnemary locations starting at 0000H up to FFFFH.
Nate, however, that if lack bit 1 is pregrammed, EA will be internally latched on reset,

EA shauld be strapped to Ve for internal program executions. This pin also receives the
12-volt programming anable voltage (V) during Flash programming when 12-volt pro-
gramming ia selected.

Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

Qutput from the inverting osckator amplifier.

ATMEL :
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MAX232 Comunication Interface

10-4325; Rey 10, &01

N XIM

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX242 famity of fne drivers/recelvers is
intandad for all EIA/TIA-232E and V.25/¥.24 communica-
tions interfaces, particularly applications where £12V is
not available,

These parts e especially usefu in batiery-powered sys.
tems, since thelr low-power shutdown maode reduces
powar dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245MAX24GMAX247 use
no external components and are recormmended for appli-
catlons where printed circult board spacais critical.

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +3V Power Supply
{+5V and +12V--MAX231/MAX238)

¢ Low-Power Receive Mode in Shuldown
(MAX223MAX 242}

+ Moel All EIATEA-222E and V.28 Specifications

+ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Ouputs

+ Open-Line Detection {MAX243)

Appffcafions Ordarl'ng Information
Portable Computers PAAT TEMP. RANGE PIN-PACKAGE
MAXZ20CPE 0°Cto +70°C 16 Fastic BP
Low-Power Modems MAXZZ0CSE OCt0 +70°C___ 16 Narow SO
Interface Translation MAX220CWE 0TI +70°C___ 16Wide 50
Bahery-Powered RS-232 Systems MAX220C/D 0°Cio +70°C Dice*
Multidrop RS-232 Networks MAX220EPE A0 1 +85°C 16 Plmstic DIP
MAX220ESE 40°C 1o +85°C 16 Marrow 5O
MAXZ20EWE «A0°G o +B5°C 16 Wide SO
MAXP20EJE 40°C o +B5°C 16 CERDIP
MAKZ2OMIE -55°C to +125°C 168 CERDIP
Ordering infor mation conlinued &t end of dasa sheet,
Contact factony for dice specifications,
Solection Table
Power Ny, of Nomirsi  SHOH  Ax
Pert Supply RE212 Mook Cxp. Vaio Kk Three Actvein DelaRalge
v Hvors/RY Ext, Caps 1)) At M KD DM FOUreS
[IEN ] +3 2 E) ('K} Ho, = 120 LT Rjov-power, nclisky-gtandeid pinos |
MEX2R2 + o2 a 0t Y _ 200 Low-powsr shuidown
AXZES (MAX213) +5 45 4 1e{D1)  Yes v 120 MAX2141 and Iscaivers scifs in shudown
MANZ22E +5 5% Q - Y4 L 120 Avallatle in 5O
MAX20 (MAXC0) +5 50 4 1601 Yeu - 120 5 dirbvars with shdclown
HALZE (MAX2(A) +Sard ird 2 1.04D1) Ho - 120 Standard +5+ 12V or battary suppliva:
+7S+132 aams luncliors as MAXEIZ
HLEX232 (MAX202) +5 2 d 10{01) Mo - 120(64)  Indusky standard
MAXZIZA +3 For) A 1] He — 206 Highat cww mio, eTakcaps
MAXPRE {MAN203) +5 g Q _ N - 1 Ne #xiemal capa
Lt B2 ] = e = Mogxipmaloapy highstlow ety |
MAAZH (MAXZDS) +5 40 4 1.040.1) Ho - 120 Raplacas 1483
MAX22S (MAX2D8) +5 5% a . Yos — 120 Noaxemal caps
MAXZEE (MAX20G] +5 &3 4 1040 Yes - 120 Shutdown, Broo alate
MAX23T {MAX2DT) +5 53 4 1.8{0.1) Ho — 10 Compleraniy BM PC swrinl port
MAXZEE (MAXZDE) +5 i Fl 10{01) Mo - 120 Fapinces 1458 and 1489
MAXZI0 (MA20H) +5and ¥ 2 1.0(01) Ho - 120 Standard +5/4 T2Y ar batlery suppline:
+7 S50 +122 singhr-package sciution tor |BM PC serial porl
MAXZAD ] 55 d 10 You — 120 DiP or fistpack packags
| MAXZAT (AAX211] +5 45 4 10N Yoo 1 } e
MAX242 5 az 4 5} Yo v 200 Saparsts shuadown ard snabls
MAX243 +5 22 4 at Ner o 200 Opan-line delection sivpiifies cobling
MAXZH +5 8190 4 10 No —_ 120 High slws rato
MAX24E +5 £10 1] —_ You v 120 High glins rade, il caph twd shatdown modee
MAXZ2E +5 810 Q — Yos v 20 High slew rade. . caps thres suidosn modes.
MaxX257 +5 an 0 —_ Yea 4 120 High slew rali, int. capn, nins cpsraling modes
NAXZER +5 a9 4 10 Yea ¥ 120 High alew rate, mective haf-chp snabley
jmexze +5 19 4 1.0 Yuu v 120 Avsilable in quad Hatpack package
A AXLMNA Maxim integraled Products

For pricing, delivery, and ordering information, please contact MaximyDallas Direct! at
1-888-629-4642, or visit Maxim's website at www.maxim-ic.com.

6VCXVIN-OCCXVIN
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+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
WINPT oy
TORMER P o e [
- i1 S
et [1] (] ¥ee o) . B
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24X il =
5] puom  [©lfw s
v-le ] e ] ki - tiga i
RS2
T2 7] ) s s
row [£] 9] rean Rl 7,
opso <2 Rz Rl 13
CAPLTTANEE (F} TILCWOS 5t R3.23
T T T - - wmm | b o [T
MAXTY) K b X ~a— |—,
WATTE] 7151 =
; T
G =
j__l!n
Fgure 5. MAXZ2QMMAXZIZMAX23 2A Pin Configuration and Typical Jpecating Circuit
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MAXILM 17

6PCXVIN-0CTXVIN



93

L293D Motor Driver

£203, L293D

QUADRUPLE HALF-H DRIVERS

SLRSNBC - SEPTEMBER 1084 - REVISED NCVEMBER 2004

Fenturing Unitrode L293 and L2330

Products Now From Texns instruments

Wide Supply-Voltage Range: 4.5V to 36 V

Separate Input-Loglc Supply

{ntamal ESD Protection

Thermal Shutdown

High-Nolsedmmunity Inputs

Functionally Similar to $G5 L293 and

SGS§ L293D

Cnntput Current 1 A Per Chonnetl

{600 mA for L293D})

® Peak Qutput Current 2 A Per Channe!
(1.2 A for L2930}

®  Quiput Clamp Dicdes for inductive

Transient Suppression {L293D}

descriptionfordering information

The L2893 and L293D are quadruaple high-current
half-H drivers. The L293 is designed to provide
bidirectiona) drive currenis of up to 1A at voltages
from 4.5 ¥V to 35 V. The L293D is designed to
provide bidirectional drive cuments of up lo
B00-mA at voltages from 4.5 V fo 36 V. Both
devices are designed to drive inductive loads such
as relays, solenoids, dc and bipolar stepping
molors, as well as other high-currenthigh-voltage
loads in positive-supply applications.

Al inputs are TTL compatible. Each oulput is a

compiete tolem-pofe dnve circuit, wih a
Darlington transislor sink and a pseudo-

L293 ... N OR NE PACKAGE
293D ... NE PACKAGE
{TQOP NTEW)

1,2EN [}
1A ]
¥ [

{1
Fig
24

Yeez

HEAT SINK AND
GROUND

@~ Ot bR

“ 16
15
hL ]
13
12

-
© o e

] Vecs
i
[ 4Y

[l
) ?
1Exd
] 34
] 3,4EN

HEAT SINK AND
GROUND

1253 .. . DWP PACKAGE

{TOP VIEW}

HEAT SINK ANE
GROUND

HEAT SINK AND
GROUND

I NC
] NC
] 3y
1L
[ 3.4EN

Darfington source, Drivers ase enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4
enabled by 3 4EN, When an enable mpuiis high, the associated drivers are enabled, and their outputs are active
and in phase with their inputs. When the enable inpw is low, those drivers are disabled, and their outputs are
off and in the high-impedance state. With the proper data inputs, each pair of drivers farms a full-H (or bridge)
reversible drive suitable for solencid or motor applications.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MASING
HEGP (DWP) Tubef 20| L2930WP L2930WP
rcope [POPOE Taom o 25 | LI9aN Lzoan
Tube of 35| LHONE L29E
POIP (HE)
Tube of 75| LSSAONE L2530NE

1 Peckage dmwings, stondord packing quantiies, thermal casa. symbolization, and PCB gesign quidelines amm avaiabie ot
vy B comfscipockage.

53

Piease bs gware that #n important natice conceming svailabllity, standard warraniy, and use in critteat appheations of
Texas insfruments semitonductor products mnd daciaimers thereto spreara ot the and of this dala sheet,

MRCGIETION BATA idaceben b caral i o fridestna das
lvu-lsuun.-q_u--uu“u Il

T

TEXAS
INSTRUMENTS

Cepynght 4 F004

POAT OFFICE BOX ASIM) * UALLAS. FEXAS TEAY

. Tazzs nstrurnens ncorporamd
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L293, L2030
QUADRUPLE HALF-H DRIVERS

SRSSISC - SEFTEMBER 1456 - REWVGED NOVEMEBER 2{104
=+ ————

description/ordering infarmation (eontinuad)

On the L293, externa! high-speed oulput clamp diodes should be used for inductive transient suppression.
A Veet terminal, separate from Vg, is provided for Lhe logic inputs io minimize device power dissipation.
The LZ93and L 293D are characterized for operation fram 0°C to 70°C.

block diagram

Voot

(o : -
T A AL T

T

h
—x

o
Veea

NOTE: Output diodes are internal i L293D.

FUNCTION TABLE
teach driver}

puTst OUTRUT

INSTRUMENTS

2 POET OFNCE BOX 555003 & DALLAS. TEXAS 70303
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74HC14 Schmitt Trigger

Philips Semiconductors

Product specification

Hex inverting Schmitt trigger

74HC/HCT14

PIN DESCRIPTION

September 1993

PIN NG. SYMBOL NAME AND FUNCTION
1.3,5.9.11,13 1Ato 6A data inputs
2,4,6,8,10,12 1Y 1o 67 data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
LT
o= I g L
1 [T i3] aa r
= ) N
Fal E 14 [OLL] |“@I¥ . "
e I =i ves 7o, {7
oo 7] gu ‘: Y
1 SLAT 3 -J' b 12
F8aM1
e FRRMEY.}
Fig.1 Pin configuration. Fig.2 Logic symbol Fig.3 {EC logic symbol.
FUNCTION TABLE
INPUT ouTPUT
nA nY
L H
H L
Notes
1. H=HIGH voitage level
& = Fp—Do—>o—~ L = LOW voRage level
T
APPLICATIONS
= Wave and pulse shapers
+ Astable muftivibrators
+ Monostable muitivibrators
Fig.4 Functional diagram. Fig5 Log'cdiagmmA
{one Schmitt tngger).
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Serial Port, RS-232

Serial Port,RS-232
(Coml,Com2)

s AT

9 21 @anils
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Rlng Indisator ........R1 & —= §
Data Terminal Ready .DTR Ou1 + §
Clear To Send ....... JCTS W —— B
Teansmit Data ........TXD Ot +— J
Request To Send.....RTS Oui +—— 7
Receive Data ........RXD N — 2
Data Set Readw
Carrier Deteat

(25 %
fanagnde
wua PC

RI -m:-ucmrrmﬁnﬁﬁytg-nmwluiﬁu
nmm "Gata Teaningd Reaty fumnnsonlaha
1B lauw ou Suyrnilus

ey “Clear To S ni0SuAyrwm Ty
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"
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InmBuddiuanomiufy

Corresponding 176 anoaess
INTERRUPT

Serial port pins

TTOM 1

msdsBayRInnsy
DATA EITS 8 MAX)

3FER-3FFA T
1RG4 STATE

HEXT

2Bpin / 9pin

| [
1/0 avoress ZFBH=-2FFH
INTERRUPT _IRGQ3

HEN N

PYTE

2 Txo 3 StaRt B -¥ pada'll:“l’(r.-? ttror &
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o b s Ml ay o T e
g g.:g : PC dafu PC 9 sdiag e oeTL o [anetsda dafar nasy Stasght-Thiough'”
Ay TEOIE Al MERE WNTH | DCD 1 1 xp 25PH 2.7 ISFR JZ3FR 9.3 T FH
& DSR & ENSTERLMK bath meisneen | o 5 2 mxo Mals 505 Emels [Meur 305 '
7 OGND 5 7 NRE OTH nw 3 Gl (TR, 4-4 BhF e -7 Ln'*
8 Dcp 1 otn 1 L ocofom 4 aom| (TR o g GO fanr -8 Semon
20 DTR 4 'm‘::% g o) wo 2 g ool |rcnon g-g @TE) | HEcTIoNn %-g OTE)
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