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Abstract

This paper presents the application of microcomputer for controlling output
power of magnetron. The tested solution, which simulated the heating material, is
heated by microwave power and its temperature is sened by a thermocouple . The
thermocouple is interfaced with a microcomputer in order to control and display

temperature . The application of interrest is to develop a hyperthermia system.
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T 2.4 TEUUATUAN
MIMNUANSAA (Autiomatic Control) Fumimdgyacheivlunud
Jmnssn iy Wlsougamvngay wiseudnaln Tuemeunid dudu
sruumuguanuindu 2 rlandnlade stuumuauuuuszuulla (closed
loop control system) WarsTUUAIUANLUULLA (open-loop control system)
stuumuguuuuszuudle dussuumuaniioniynassssuy echifnode
mimuauee uds  Tunsdimassruumuauuuussuudiady  @wiwndesssuuey
LifgmsgminnuSeuiisudufudunn iarimsmuaustuuies fetheessuy
u‘Jeu.z.u’m':r lﬁuﬁmsmuquuquﬂﬂﬂﬂw (manual control) ‘

input-) output->

Controller Process

3T 2.17 stuumuquuuuida
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.Controller process

" ¢-feedback
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4 ) -
) e(t) = 2WNPTYYIUMUANNIA ¢
T; =fendl duinia
e(t) =mMRANMIAN I ¢t
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108 m(t) = YOO UANTIIGT ¢t
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MIMUANLUY PI #novzudamlamannsasluil
t
m(t) = Kp.e(t) + Kp/Ti[e(t)dt........(2.4.4.1)

4 1] o w
Toefi Kp  Hludzsssanomnaviainudasiy
Ti udnaduninia (integral time)
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m(t) = Kp.e(t) + Kp.Td.de(t)/dt .......ven.n...(2.4.5.1)
' & i 4 g . ¥ -
ey Kp wae Td wwsnfuamiiviulduazluinasaeGunmsmy
:I L L d
ANULUULYY MIMUANUUUBAT (rate control)  INTIFBINATENTYQNOUE I NN B
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MIMUANUUY Derivative i BIR3ENTIMIMUANLUUAMANSAINME
2.4.6017AUAUULPID
5 v ) -~
MsmuANUUUT  ldnamsssueimsmuanuuudadiy uuudy
Anfauazuuusnlutd smnsavcuamlalugtaesannmsaislui

t
m(t) =Kp.e(t)+ Kp.Tp.de(t) + Kp/TiIe(t)dt. ........ 1...32 (2.4.6.1)
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2.5.1880130u1in%8
NNFUMIN (2.4.3.1) FUMIMIMUANLUUINTINIAe

t
my(t) = 1/Ti [ e(t)dt vrrrrerreen
ANSHNRWIE FUNNTaINON

t
G® = fe()dt (2.5.1.1)

a, J 4 ) - ; 4 L I'I J »v []
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1 U ) z : ~. Ll ) v ¥
Wudadng meae T, iy svsusodssnnmuiisingnldmenannaama
ausEINAMAaNIAN M dulaq Audmad T, vieadngldesanms



e(t) = Tg.eq +Ts.eq +otTger ; k= T/T
=Ty &gy ... (2.5.1.2)

Wa T, = Mgy
¢ = MAAWMANATNOIFUT §
T = nm?fmumn”muqu
2.5.2 aun15aaTnswa sy lag
my(t) = Tylde(t)/dt]
ﬁmsmgﬂf‘i 2.23(b) WU Cy(t)=[de(t)/dt]
mﬁﬂwamﬁz'mnamﬁnq (dt) il msehemzaihanaty
PBITNN 1EN 11 lean eIy W szl

de(t)/dt = [e(k)~e(k-1)/Ty ... (2.5.2.1)

ANITNFNMS PID
t
m(t)= Kp {e(t)+1/Ti [e(t)dt +Td[de(t)/de))

unuAlaNmMI (2.5.1.2)uat (2.5.2.1) aslluaums pID

m(k) = ’p{e(k)+1 /Ti[Ts..ei)+Td[e(k)-e(k-1)]1/Ts}

ADNAGNTEWI N
P '
FAXINITOUNUA

m(k-1) = Kp{e(k~1)+l /Ti[Ts..eil+Td[e(k-1)-e(k-2))/Ts}
m(k)-m(k-1) = Kp{e(k)+Ts/Ti.e(k)+Td/Ts.e(k)—Td/Ts.e(k—1)

-e(k~1)-Td/Ts.e(k-1)+Td/Ts.e(k-2))

=Kp([1 +(Ts /Ti)+(Td/Ts)).e(k)-[1+(2Td/Ts))e(k-1)

+[Td/TsJe(k-2)}

Al mk)=m(k-1)+ Cte()+Pelk-1) ~Ye(k-2)

loy o = Kp[1+(Ts/Ti)+(Td/Ts)]

B = -k, (1+2(Td/Ts))
Y = Kp(Td/TS)
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2.6 A 4 { (Zeegler-Nichols
Estimation Method)

lumseuanmuaums  PID nlludaondnndweiis 3 wie Aa
Kp,Ti,Td Wimnzaufussuy alimsmuauiilagugndss uasivszansmw
Fonniwedvaii  wmlddansunmuinadiledfy  (Transfer  function)
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S oy ]
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L= aawielumihgiung

o

‘J L4 ~V vV a a v k4 i r
ganmuwasiadgud ¢lnd Lﬂmnunwmumﬂummsauunm

a v

JanaecldlalumamamandwedGudu Taalvduwn (P) Aawdanunnoudssuy
wazininn (T)  Asgaumgizasansmeaaulunszuiums

Ui 2.24 wudmvdenlassunswaasssuui  dnluguil 2.25
quamnamauaumzmziﬂﬂﬁmsmuqu (opened-loop) Feneanansomeain



waz L l6nnuamsmeantaaenssuiumsasi g

W R= rlafisudzasdunnineilasbiimseuay

<t .Y ] a, 4' A
NNnaefuatlssnu mwndees Kp,Ti,Td iWasrlananauauad
. <d » as :
Watimimuan (closed loop) 1Anl

Mode Kp Ti Td
P 1/RL - -
PI 0.9/RL 3.3L -
PID 1.2/RL 2L 0.5L
P (Re~Lfy /s " >
sUft 2.24 usasudaalapsunsnassssuuiildmadsanaummuanmsiinass
-laad

o/p

L1

A A -
JUN 2.24 noaBuTUB@MLT TMIMULN
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2.7 lauasintastlilaad (DIRECTIONAL COUPLER)

Fliaesilflulassrmilifhuuuy SHIELD COUPLER-STRIP TRANSMISSION
LINE  #Aadiulane 2 winwawnuduadesy 2.5 mngﬂa:xﬁu:ilwﬁaz‘x:éfmﬁ'u 4
wodn Swunlddl | "

wadni 1 Wunainduwn (INPUT PORT )

wadnil 4 (Slunadnianriwn (OUTPUT PORT)

wadnil 2 (Sunadndtdsdunn (INPUT-COUPLING PORT )

£ ] -‘ s :
waimi 3 WuwaimAuvUdaniun (OUTPUT-COUPLING PORT)
s’ : . | N)
P4 ~
\.
o 2 NN S Z ;!. GER O

PO = RN~ 4
~ WOTYW 1 - WoTVY 4
. ; N (/ < D ACCron \

<, . !

JUN 2.25 uaaansureaealilans
. w o o o o : E]
fimmualinsanuid lUdmeing 1 Jup;  weswdnuilannnaing
2,3uaz 4 (U Py,Pguarky ewaeu umaslédd erdlud  uszdlasadase
o~ S o 13 vo J
aluasdidsuilivanmslanel

Fuds \\=107og By /Be). )~ UL~ o8 L (2.7.1)

TasAdia 0log(Py /Py LA~ o S (2.7.2)
Tumsesnuuudiens anmsilgidel

Zoo Zoe = (ZO)Z .......... (2.1.3)

Eg /E = Gksin®)/ { (Q-k2)cos ® +jsin® oo (2.7.4)

Eq4/E = (1k2)/{ (1k2)cos® +jsin® } = (2.7.5)

.......... (2.7.6)

k = {(ZoesZoo)-1}/{(ZoerZoo) +1

~ .
NSV
i \\\!%

| 1

»
dunn i Tulvung
Uil 2.26 ) uaadnsmsmsnsTEamedululnung
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amu‘lﬂﬁﬂuﬁv\uﬂ#

~ YA

S v P -t
Eﬂﬂ 2.26 ?.1) Llaﬂ\‘lanﬁmgn’ﬁniijaﬂa‘iﬂau‘luIﬁumﬂ

do 7o, dueuanidinvndniuendlulveed  (ODD-MODE
CHARACTERSTIC
Zoo Unanantdnndniuaudliulvuag (EVEN-MODE
CHARACTERSTIC IMPEDANCE)

khummuuaaaluds (COUPLING FACTOR)

®  Wuenuemoeniutiulane

1
]

a: 4' -} v o
mnaumsn2.7.4mam€ln E3/E Nﬂ'm'lﬂﬂi'!ﬂ
sin @ =1
®=1

nudaanuemaesnular: = ©
= A/4 sdenufedunizau

Q'maumsf; (2.7.3)
Zoe = (Zo)27 Zog

unuasluaumsi (2.7.6) atld
Zoo = Zo ((1-K)/C1+OIT/2Z L, (2.7.7)

dudenny aunuan
Zoo = (20)2 ! Zoe



€, + BLLANIYE DALICTRIC COSIAMT OF
= O1Um FIULING ™ CRO3 S SLCTION

V€ 2os

[

« CRARACTERISTIC IMPLOANCE OF ONE
STRIP T0 CROUND WITH [QUAL (PRRINTS
IN SAME DIRECTION,

Zqq® CRARACTERISTIC IMPLDANCE OF ON
STRIP TO GROUND WIIH [QUAL CURRENIS
IN OPPOSITE DIRECTION

1 .<1,

90

30

| '
3UA 2.27 ugemmsmean w/b nlulainsy
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Zoe * CHARACTERISTIC IMPEDANCE OF ONC
STRIP 10 CROUND WilH fQUAL CURRENTS
IH SAME DIRECTION,

2o * CHARACTERISTIC IMPEDANCE OF ONE
STRIP TO GROUND WITH EQUAL CURRENTS 160
IN OPPOSITE DIRECTION,

€+ RCLATIVE DICLICTRIC CONSTANT OF

- MLOIUM FILLING THE CRO3S SECTION

A\
E
%

|

e o —

L

Q03 —+
004 -
Qo3

ooz -+

001 -+
<0005 -
Q004
0003 +
0002

0001 -T-

30

200 4
160 -

LI S I O A |

140 ~

100 +-

80 4=

© +

50 4=

0 4

30 <+

sUfi 2.28  ugmaimamen s/b anluluunsy
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NnEumMT (2.7.3)aluaumsn (2.7.6) ¥l
Zoe = Zo " [(A+K)/(1-k)11/2  (2.7.8)

J + J . k)
Waunue kasluanmsi (2.7.7)ues (2.7.8) faslam
ZooMaTZo MUY NNANZUavZ,,  hllimmmnasunin  wazaavieeas

: Z v P - - o a - a
awnausiulanemaaldann Ul 2.27 wasgui 2.28 Toedl & Aedaiiladidanda
o’ L4 st * 1 [] 8
dnvns (RELATIVE DIELETRIC CONSTANT) 2a9sinansevinusiulonsmiasy 3

1 &

lufiideenmea (g, =1)
' v v ¥ - . > - o v
N w/b UaL s/b nlm’mgﬂmﬁmmamnum’lw b Naslden w
UaE s MNAIAU
, L d Jd 1 e : J 3
NN w,s WAL b Heesnanseadndlens AdmeUudwenuiimvuale
wnemeg usulaneniaes dedaiugudmden wesdanedigui 2.29
#p2 #ptl

= gl |

1 i B

. < . l
2
A = 12.224 cn

w »llcm
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H1UBANNE  293TRLNALND?

]

L1 [

I

4

tmlularan 9Tt Lnes

A ) A4 o
3UN 2.30 uaeemssisldnumiass
1 J & 1 J z 1 ~' v [ | o4
NAWMMBANIFIUIENIN 5 /b = w/b INNTINUU N s/b T ldasliidazasBen
J t 4 1 d. 1 v /7 ‘vl * - ot d'
sebismnsammuad s/b = wo Awivauld  dnfulumsdnuei uligash

3 J v ar ] :
INIT0 AMWIUMNAT s 18 aeae Ul

§IU s o (OATSAG,
bz Jez,\1-¢?

“Vezyte,

188.32C,

o \/Zzo Vl_cvz

C, = mmsaduaeadygnu

w 94.15/1-C, lln[2(1+e¢)]

£ = laddadn
94.15
Z E = -
oN%r W Cf

___+ ——
bx  0.0885¢,

0.0885¢, 2

Cp =22 In(=+1)- (——1>Ln(~—1)]
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f= anNNMMNUENEiTuaIe(mm.)

— v “ 4
Y= grupiennuaiaguaia(em.)

b= andlaldniulaalulesd(em.)
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4.7 ufF ||
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Alarm To digital
1 input on
. 11 12 DAQ card
Type K
thermocouple V+ +ALM
[ '
1 Al 14 9 Vour To analog

Vo input on
DAQ card
ADS95
8
F8

A = atumel IN+ COM V- =ALM

C = chromel 1 4 7 <L13

Vgyr = 247.3 {type K
voltage + 11 pV)
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1
-t 1

fyadanaspuidi 0 svmyadue fuwihaamgiakegiasuiemy Tumsaus
arfidnusduanriynuldeulumudaomgd  uasimsufeuuadudneundady
(linear) m'liamauﬁ'ﬁﬁﬂ'lauhﬁa fimswdsuuseeu @HNONAY 10 mv/C
nnApuniduysal

dmiudygnauainnildihumensuasagsgamgian AD 595 ud
ardauihlviduiumimasuadygnasnaweeniiviiseaiadneniomed

4 - '
Walvdasuiiwaimuaudsly

3.2 N1I2ENUUUAIIAEIMIUNTTEULABSING (Interface card )
msdwaadile Wlaseauiieas (IBM PC) imnsadwdumafivamsiniu
w1 Tosuuméaestsenaulusesiudn qasiiae
n) d2u08aNd (DECODER)
2) NesuUmdgygnuewaeniiiufinea (A-DConverter)
a) WasulasdygnuddIneaitiusndan
1) shuringaya (STORAGE REGISTER)

1) dUNBATHE

duilfumsoansidandamna@anain  (ADRESS BUS ) uat
é’mrmmmuqu (CONTROL BUS) a1nmiaglssananananaadnauiimes (CPU)
Toel¥lediuad 7415138 , 741802 uas 74LS04

viusardanaeaneimiy  dviueies BMpc  dvua
Tilddunnuasianiynuein (170 PORT) sewinel 300 &9 31F (300 HEX-
31F HEX)

Avsanamantfzssladiuas 7415138 iFlumsoansvanas
Tasenudl ) 624 dlu Low (0) , G2B 1{lu Low (0), G1 flu HIGH (1)
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D/A CONVERTER #CH1 ADDRESS PORT #8 301 [HEX]
D/A CONVERTER #CH2 ADDRESS PORT #a 302 [HEX]

Tushuaansoaasvail (DECODER CITCUIT) asvnnuduwudiu
WIIMUAN (CONTROL BUS ) (&8

36



U1 BCaags

F20C1 3301 CLOCK

it

AQ A1Y

e
00 07

VO C» roY

-.-n-.-(.-.u-.*—.n-.-*.n-—}.u...
S I W I NS B O R

x YALI0 PORT ausliagss

-

ALV}

mactiy

Rt Iivty

Al

; /
¥4LID DAL 1RO w0 PORT

ity

MaNaelaltalwaion
TTIUS LT TIML & § » 210as o 10308y
SOTIW o warl STATE 113 mSER1ED BY

PROCI330% (OCK NOF BY Thi
VO (w907 SICNAIY

-l b - 3 -
3N 3.2 uaenialuAomssudoyaaasdunmuazianinnuadn

fU2 25 VIR

PROCIYINA ¢ KA
At

Ap A1y

VO Cn ROV

les 1) - 12 e 1) —te 10 o wlB
[ NTL) S s (]

1
| X

vhi i FORD ABDR(SY

unal vty

aCTivey

AWALTIVEe

1

-

:'lz 0 DATA 10 A FORT

WAL ivty

Wl

THellatlallalns 10s
CTBULCNIL TNl = 3 3 J10a » 10Y0 M
TTU AW e mat] SIATE 13 0 ttiRIL0 B PROCESSOR

1OCIL ROt B Inf vO CW KDY $3Chiy

. a‘ s - el v -
U7 3.3 waanisluidemsiBaudayarssdunnuasianivnwain

v



:mlastﬁanuaqé’mapmﬁnﬂﬁ’u;aa“an )

A0-A9 dygnauanriwn  (OUTPUT SIGNAL) Tdlumsmvua
uadasd (ADDRESS) gavaunsel /0 aswszuu é’mmmﬁgnaﬁ"n’a’ﬂm
PROCESSOR %38gn&i431n DMA CONTROLLER

D0-D7 é’tytuﬂmmﬁ'lﬁquﬁunn (INPUT )uaz (OUTPUT)shwiugy
n3al 170

0SC  dynnauaiwn (OUTPUT SIGNAL) 281 CLOCK las
OSCILLATORMNA 14.31818 MHz

RESET DRV dnygnoianiwn (OUTPUT SIGNAL)  15lums

RESET 52UV wasrinuiiladtyanantiu HIGH

-IOR dyanauenriyn (OUTPUT SIGNAL)  vhwhiimuauly
qunsal /O dwdayaand DATA BUS dygnasiasrinnud Low

-10W dygnouaminn  (OUTPUT SIGNAL) yvimhiiemuanlsgy
nsal 170 swdayain DATA BUS dqyanaiieerinud LOW

AEN dqqneuaninn (OUTPUT SIGNAL) asviwuf HIGH liila
Tidssmslszuudasanu 170

e W3OS - g L 4n cusin exes
s g x Ml cun vt

R, P ) 3 L ey

..t [ -} L P TR W I ¢

HenC — . N T PR

o4y 2 7 = ,L:-——— sty

e :': :. —— R ET D
NUIYP e O e

K e B} e L]
Uoves g ST, :'—'—— ey Gasewns AN
o — M

Yy e im0
et m 1 —t Y )
o —_—ty L cazaest3 041 17
aazry 1 T
o ﬂ M sstsi M
BTN} _:u". :—::————-—— cd2me{ il 01 30
oY ——ti et an 13
M —t T T R | )
o —ty ‘:: R R !
an —t] i «amn s ot g
et — ! «asoaal 3t 4
- 5] C¢] R UTIR N
aga —_—t oL, .o B}

Ll ] Y TN

rued RN in

Ly — "G camsasl pt b
ae ___ﬁ_ ‘; DY TR
W] ———— stooeins b1 )
e & -—“.l Ll capwattd gl 7
w —_—xt e e 1
[ ——— L seunwt s

jodlly pldend il

o @ o a
31U 3.4 uammN e Ty g IMUUEIDAaIREN A IADS

381



-

7) shuuwdaidygnaeuasniiiudines (ANALOG TO DIGITAL
CONVERTOR) it 1#ledued  ADC0S08 ‘éqmujm%'ué'tummamaan
(ANALOG INPUT)I® 8 #av (CHANNEL) Wdygnaddess  (DIGITAL
OUTPUT ) 81 ..

nehdyRlETe

-ALE (ADDRESS LOAD ENABLE) Ywihfi LATCH MULTIPLEXER
ADDRESS INPUT uaxvi'muLﬁﬂﬁé’fytmmmﬁm(CLOCK) wWasunn LOW (0)
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-ADDRESS  (A,B,C) ﬁwﬁwﬁumstﬁaﬂ'&mﬁtytyﬂmdw (INPUT
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3.3 7aWnuay (SOFT WARE)

T = N v oo o o s 8w .

Wwdhuldsunsuiiasimhi muaumsinuzsssaniiamed Wannsar
nuldmuiindasmsda Wisusdaya (Ayanamunudgumal) aaseuiums

v . a “ ¢ & s I & &
uaMIudNHaMUMYIULRBARNTIADY  nWurarSIalUsunsiias i

lddsumes mwhaea (PASCAL LANGUAGE) au¥innsémameny filaivue
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Aunpuzasmainouessisuns mnaodedldiulneini (flow chart) leigiagu
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Q)egin setup <:§1asme§s:)

input data 4ch)
{loop{40
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@nd sinimum | c@
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PROGRAM Tempcontrol (input,output):
USES Crit,Graph;
CONST c¢hi=0;
CONST chnnl=4;
type Datain = anay(l..chnnl] of byte;

type Data = amayl..chnnl] of 1eal;

type Sdata = amay{l..chnnl] of string;

type Intdata= amay(l..chnnl] of integer;

VAR chChar;
ta;fin,T's x, maxx,maxy:Integer:
qq3,uud i3 tt3,0ne, two,three four reftemp Kp,Ti,T'd Alpha Beta,Gamma:Real;
tim1,tmpl.intdata;

PROCEDURE Initgph;

VAR  ddvermoede:Integer;

BEGIN
DetectGraph(driver,mode);
Initgraph(driver,mode,");
maxx:=getmaxx;maxy:=getmaxy;

END;

PROCEDURE Scale(f1:integer);

Var dotl abcinteger,;
d1,tm_strng;

BEGIN
setcolor(3);
Cleardevice;
Line(20,276,700,276);
Line(20,10,20,276);
Outtextxy (5,0, Temperature (C]");
Outtextxy(5565,290, Time [MIN]');



END:

PROCEDURE  showdata (temperature:Sdata;time:string)

dot1:=Round(f1/3);
a:=216;
While a <=616 Do
BEGIN
Str(dot1,d1);
Outtextxy(a,280,d1);
dot1:=dot1+Round(f1/3);
. Line(a+4,276,a+4,271);
a:=a+200;
END;
Line(20,265,25,265);
Outtexb(y(0,265,‘20'>);
b:=30;
¢:=205;
While b<=60 Do
BEGIN
Line(20,c,25,c);
St(b.tm_);
Outtextxy(0,c.tm_);
b:=b+10;
c:=c-60;

END:

Outtextxy(30,340, Press ESC -> Stop');

BEGIN

setviewport(0,305,maxx,349 true);

clearviewport;
setcolor(13);

Outtextxy(20,0,'CH1 = '),

"



Outtextxy(65,0,temperature(1]):
Outtextxy(130,0,'C");
setcolor(9);
Outtextxy(180,0,'CH2 = ');
Outtexb(y(ZZS,O,tempexe;tuIe[ZI);
Outtextxy(290,0,'C');
setcolor(10);
Outtextxy(340,0,'CH3 = *);
Outtextxy(385,0,temperature(3]);
Outtextxy(450,0,'C");
seteolor(14);
Outtextxy(500,0,CH4 = ');
Outtextxy(545,0 temperature(4));
Outtextxy(610,0,'C");
setcolor(3);
Outtextxy(500,16,' TIME = *);
Outtextxy(665,15 time);
QOuttextxy(600,16,'SEC");

END; { SHOW DATA }
PROCEDURE STEP(ste:integer);
VAR

ald integer,

aa :1eal;
BEGIN
1:=784;

aa:=Exp(Ln(2)*ste);

a :=Round(aa);

Portfi]:=a;

delay(100);porti]:=0;
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END; { OUT CONTROL STEP MOTCR }

PROCEDURE Control(con:eal);
VAR
cout,cou : integer;
tempp,tem: 1eal;
BEGIN
tempp:=Round(con);
if tempp > 40 then
for cou:=0 to 3 do
step(cou)
else if tempp < 34 then
for cou:=0 to 3 do
begin
cout:=3-cou;
step(cout);

end;

END;{ CONTROL POWER }

PROCEDURE Gphdisplay(temp:Data;T finteger);

VAR countdot2Integer;
dover,mode:integer;
ti:String;
st:Sdata;
tmp,tim2:Intdata;

BEGIN
setviewport(0,0,maxx,maxy true);
ta:=ta+T;

Str(ta,ti);
for count:=1 to chnnl do
BEGIN



if count=1 then setcoior(13)
else if count=2 then setcolor(9)
else if count=3 then setcolor(10)
else if count=4 then setcolor(14);

Str{templcount):3:3 st{count]):

If templcount] < 20 Then
i tmplcount]:=265+{Round((20-temp(count])*11/20))
else
tmp(count}:=265-(Round(temp(count]-20)*6);

dot2:=Round(f/3);
tim2[count]:=Round(tim1(count]+(10*T/(3*dot2))):
Moveto(tim1{count],tmp1[count]);
Lineto(tim2(count),tmplcount]);
tim1[count}.=tim2{count|;
tmp1[count}:=tmplcount];

END;

showdata (st.ti);

END;

PROCEDURE PIDprocess (qq3,uu3 i3 tt3:Real; T fn:Integer);
CONST pidarea = 20;
CONST po=767;
VAR  countt.count,snum,tt.code,t!,cha loop integer;
pidzonewxy.z :1eal;
temp Data;
AD mmmi byte:
[nputt ‘Array(1..120] of 1eal;
input :Datain;
e0ele2ml eal,

ch .char;



st :Sdata;
BEGIN
for count:=1 to chnnl do

BEGIN tim1[count]:=20;tmp1(count]:=276; END:

ta:=0;
ch:=#00,
Initgph;
Scale(fn);
snum:=Round({(fn*60)/T)+0.5);
cha:=6;
Repeat

for tt:=1 t0 3 do

BEGIN

w:=0x:=0;y:=0;2:=0;

for loop:=1 to 32 do

BEGIN
for count:=1 to chnnl do
BEGIN

Port[po+count]:= 0;  {set Port channel=0 }
Delay(2); {delay for convert to digital}
inputt{count]:= Port[po+count]; . {get data}

Delay(2);

END;
w:=inputt{1}+w;
X:=inputt{2)}+x;
y:=inputt(3}+y;
z:=inputt(4}+z;

END;
mput{1]:=Round(w/30);
input(2]:=Round (x/30);
input(3]:=Round(y/30);
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input{4]:=Round(z/30);
templ(1}:=(nput{1]-Round(qq3))*80/256:;
te;np[Z]:=(1'nput[2]—Round(uu3))*80/255;
temp{3]:=(input(3]-Round(1r3))*80/255;
temp(4]:=(input(4]-Round(tt3))*80/255;
delay(5);
for count:=1 to chnnl do
begin )
Gphdisplay(temp,T,fﬁ);
Delay(T*900);
if tt=2 then
if count=4 then
begin
val(st[4],t1,code);
control(ti);
end;
If Keypressed Then ch:=Readkey;
If ch<> #27 Then
Else Closegraph;
end;
END;.
until ch=#27,
END;
{end for PID Process}
PROCEDURE SETUP(var qq3,uu3,u3,tt3:1eal);
VAR q,qq2,uu2 2 tt2kiinteger;
qqluul ol i1 minimum:Real;
ww xx kk,yy zz:Anay(1..100] of Integer;
BEGIN
q:=20;
fori:=1toqdo
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begin
Port(768):=0:delay(10);ww(i]:=port{768];delay(10);
Port(769]:=0:delay(10)xx(i]:=port{769]:delay(10);
Port{770]:=0;delay(10)yy(i}:=port(770],delay(10);
Poxt[771]:=0;de1ay(10);zz[i]:=poxt[7'j1];delay(lO);
end;
qq2:=0;uu2:=0;112:=0;tt2:=0;
fori:=1to q do
begin
qq2:=wwlil+qq2;
uu2:=xx{il+uu2;
12:=yylil+12;
tt2:=zz[i 4 t12;
end;
qql:=0uul;=0;rr1:=0;tt1:=0;
qqli={qq2Vq;
uul:=uu2yq;
ul:=m2)q;
tt1:=(t2)/q;
if qql<=uul then
rm'nimum:=qqi
else
minimum:=uul;
if ml<=minimum then
minimum;=11;
if ttl<=minimum then
minimum:=ttl; write(minimum*80/2556:3:3);
qq3:=qq1-minimum,
uud:=uul-minimum;
113:=1r1-minimum;

tt3:=tt1-minimum;



END;
BEGIN {MAIN}

END.

CliSer;

Write('input sample time perod (T's) in seconds');
Readin(Ts);

Wiite('input final time (minute)");

ReadIn(fin);

setup(qq3,uud, i3, it3);
PIDprocess(qq3,uud i3 tt3,Ts,fin);
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TYPES SN54LSZ40.SN54[8241,8&54L8244~,SN548240,SH548241.
: SN741S240,SN74L5241,SN7418244,5N745240,5N74S5241
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS -

+ Typicsl Typicst Typicel Propagation Typiced Typical Power
lou loH Delay Times Enabla/ Diwipstion
{Senk {Source Disabie {Enabled)
N Current)  Current) Inwverting  Noninverting  Times tnverting  Noninverting
SNB4ALS® 12mA -12mA  10b6ns 12ns 18 ra 130 mW 135 mwW - .
SNY4LS’ 24 mA -16mA  105ns 12 me 18 ne 130 mw 135 mw
SNS4as* 48 mA -2 mA 4.5nm 6, Im 450 mw 538 mw
SN74S°  GdmA  —1EmA  4Bns X 9m 450 mw 638 mw *
SN64L5240, SNS48240 ... 4
¢ 3-State Qutputs Drive Bus Lines SN7415240, SN745240 ... JOR N
or Buffer Memory Address Registers . {TOP VIEW)
Yee M vV jae avr a1 wvr aar e sas

¢ P-N-P Inputs Reduce D-C Loading

oo el ]wt twl fol Jw] fu| [ul (o] jel |n

¢ Hysteresis at Inputs Improves . o
. Noise Margins
description . G, )
Thesa octal buflers and line drivers sre designed /( //'///
specifically 1o Improve both the performancs and ‘-{>
density of three-state memory address drivers, clock
drivers, and bus-oriented receivers and transmitters.
The designer has a choice of salected comibinations of _i 1 ) T s s ) S
inverting and noninverting outputs, symmetrical G et e ) 1 Al v wa P oo
{active-low output control} inputs, and comple

mentary G and G inputs, These devices feature high
fan-out, improved fan.in, snd 400-mV noise-margin,

SNS4LE241, BNL4S241,,,J
SN74LS241, 5N745241 ., . JORN

{TOP ViEW)
The SN74LS' and SN74S’ can be used to drive - .
. . 1Y) »” s Jne ‘. 180 193 184 1ve 141
terminsted lines down 10 133 ohms. wl =l vl wl [l [wlfal [Tl =
. . T
schematics of inputs and outputs
‘L5240, 'LE241, 'LE244
EQUIVALENT OF TYPICAL OF ALL o +
EACH INPUT OuTPUTS //’//[/// .
y \\ .
ce :{> A .
INPUT 3
i - —— e Vee "Iy s s s »
- A » [ry) ™a [rY) ELX) [y} e las TYr w0
“ -_.‘{ SNBALS244 ,,.J
* SN74LS244 .. .JORN
A (Tor View)
uTPUT
Yee 1) [ 7ae vy 143 1vy a3 tse  lAv
‘§240 '5241% n " » v » " L] o - 4 n
EQUIVALENT OF
P
EACH INPUT GND
a
vee /’////’/
u
tNFUT - ‘L5240, L5241, *LS244;
A« L0 11 NOM
*$240, '5241: —
* t ] »
R - 75 0 NOM ! R RN
e "y 1" a) [11) rae Ead) Onals
TEXAS INSTRUMENTS 6-83

INCONPOKAILD
FOST OFACE BOR V01S + DALLAS, TERAS 700D
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T " TYPES SN54LS245, SN7415245
MSl " . OCTAL?BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

AULLE TI0 NO, DL-S 12477, OCTOBER 1976- REVISED FEARUARY 1979

SN64LS246 ., .J PACKAGE

Bi-directional Bus Transceiver in a
SN74LS245,..J OR N PACKAGE

High-Density 20-Pin Package

. ITOP VIEW)
* 3.Stats Qutputs Drive Bus Lines Directly
e P-N.P Inputs Reducs D-C Loadingon | tnamtt
BUS Lines vee G " (X4 [x] 4 " 38 [ 1] 8
vo Jul lo| ol lwl ju{ jul joljolin
e Hysteresis at Bus Inputs Improve Noise J JJ
Margins B
o . Typical Propagation Delay Times, )
Port-to-Port ... Bns ST |87 | Sa7 18a7 | N7 | Na | A/ | e/
. » Typical Enable/Disable Times ... 17 ns
o z a ‘A ] o f-g A
oL ‘oH ' a1 |
TYPE ISINK (SOURCE 1 —
CURRENT] CURRENT) 1 3 3 1 s s 7 . ’ )
SNIALS246 12 mA -1 mA bin A a2 Y] a4 a vy »t as  an0
SN74L524% M mA -15mA
potitive logic: see lunction tsdle
description

These octal bus transceivers are designed for asynchionous two-way Communication between data buses. The control

lunction implementation munmizes extetnal timing requirtements.

The device allows data transmission from the A bus to the B but o¢ from the B bus to the A bus depending upon the
logic level at the ditection control (DIR] input. The enable input (G) can be used to disable the device 10 that the buses

are etfectively isolsted.

The SN54LS245 it characterized for operation over the fuil military temperature fange of ~-55°C to 125° C The

SNT4LS5245 is charactenized for operation from 0°C to 70 °C. E
schematics of inputs and outputs FUNCTION TABLE !
EOUIVALENT OF EACH INPUT | TYPICAL OF ALL DUTPUTS ENABLE DIRECTION

)} — vee = CONTROL | OPERATION
veg == === 50 2 NOM oI
DL“ NOM ALY L t BosswAbus |
lNlUI n g L H A dsis 10 8 bus .
ouTrUT H X Iyotstion ;
i

I M = nigh level, L © tow leval, X = ltrelavent

sbsolute maximum ratings over oparating {ree-air temporature range (unless otherwise noted)

Supply voltage, Vo (see NOte 1) o u it ii i e it ittt i sttt Vv
Input voltage ... vvuee.en 7V
O atalw QUIPUTL VOIIBO ittt v i ettt onasnsssosasnaanssrosesannns i eieenees., BBV
Operating free-air temperature range: SN5H4LS” et e et -55°C10 125°C

SN74LS" .. ...... RN v L [

SlOraye OMPOIMIUIP IBNPE  «\ vttt oo enarcusannennoaonsssesssossnss ..... =065°C10160°C

NOTL 1. Volieye veluss are with 1ewe | 0 netwath glound 1eiminel

Cupeyriyht © 1870 Ly Tesse Instturernis LI uIpUraied

TE
XAS INSTRUMENTS 2349

INCORPORATLD

PO UL 6] s 220407 0 DALE AL Tz AL LI,




L TYPES"SN541S138, SN5415138, SN545138, SNS&S‘BS,
- 1S| . SN74LS138, SN74LS139, SN74S5138, SH74S5139
DECODERS/DEMULTIPLEXERS

BULLETIN NO. OL-S 7611804, OECEMBER 1972-AEVISED OCTOBER 1974

Designed Specilically for High-Speed:

Memory Decoders SNS4LS1I8, SNS4S138 ... J OR W PACKAGE

SN7418138, SN74S138,..J OR N PACKAGE

Data Transmission Systems . TOP VIEW)
'S138 and ‘L S138 3-t0-8:Line Decoders
Incorporate 3 Enable {nputs to Simplify patacuruTs

Cascading and/or Data Recsption .

o 'S139 and 'LS139 Contain Two Fully
- Independent 2-to4-Line Decoders/
Demuttiplexers .

s Schotntky Clamped for High Performancs

TYPICAL
TYPICAL
TYPE PROPAGATION OELAY
POWER DISSIPATION
{JLEVELS OF LOGIC) :
‘Ls138 72 2 mw
‘8138 8 ns 245 mwW
‘LS139 22 34 W
5139 250 00 mwW posttive logic: see function tabie
description )
These Schotthy-clamped TTL MSI circuits are SNSALS13D, SNSAS139 ... J OR W PACKAGE .
designed to be used in high-performance memory- SN74LS139,5N745139 ... J OR N PACXAGE:
decoding or data-routing spplications requiring very (TOP VIEW)
short propagation delsy times. In high performance
memory systems these decoders can -be used to o i b aind
minimize the effects of system decoding, When vee it 1A 1elive 1wy orvr o 1v)

employed with high-speed memories utilizing a {ast-
enatile circuit the delsy times of these decoders and
the enable time of the memory are usually less than
the typical access time of the memory. This means
that the elfective system delay inuoduced by the
Schottky-clamped system decoder is negligible.

The "LS138 and °‘S138 decode one-of-eight lines
Uependent on the conditions at the three binary -
sefect inputs and the three enable inputs. Two thanct
active-low and one sctive-high ensble inputs reduce
the need for external gates or inverters when
expanding. A 24.line decoder can be implemented
without external inverters and a 32:.line decodor positive logic: 1se lunction table
requires only one inverter, An enable input can be
usid as & data input {or demultiplexing spplications,

1A

sItece BATA OUTPVIS

The *LS139 and ‘5139 compiise twa individual two-lina-to-four-line dacodors in s single pack age, The active-low enable
it can be used as @ dats line in demuitiplexing applications,

Alt of these decoders/demultiplexers faature fully buftered Inputs esch of which represents only one normalized Series
SALS/74LS load {*1.S130, 'LS129) or one normalized Series 545/74S lox! (*S138, 'S139) 1o itydriving circuit. All
nputy are slamped with high-pet lormance Schottky diodes 1o wppress line-ringing and simplify system design, Sories
5415 and 54S devices are characterized for operstion over the full military temperature range of -65°C 10 125°C;
Series 74LS and 74S devicus are characterized for 0°C to 70°C industrial tystems.
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TYPES SNS4LS‘I38,' SN54S138, SN5418138, SN54S139
SN741S138, SN74S138, SN741S139, SN748133
DECODERS/DEMULTIPLEXERS

functionsl block diagrams and logic -

‘L5138, 'S138

‘LS138, 5138
FUNCTION TABLE

YO

B 3 INPUTS
E’:}'—'!’w ENABLE | SELECT

” . war g1 _G*fc 8 A

1 7]
. . X He | X X X

treagt
LR PN t}—'lz'ﬂ L X X X X
= O R PR R
DAfA

- 1 10 ye| outruts H L t H L
“ L L H H
Al = > 'n WL iH oLt
[YeT4) L N p— e H L A L H
weruts H L H H L
U] H L jH H H

¢ 131 c )

‘LS138, 5139

thasit m.‘.l&

£

MLICY

[
i3
Wty "w D

(L)
(HAMT G

h'—.—{“' o

strace
i PLLL C

schematics of inputs and outputs

XYXXrxrrxxITIrxIx

OUTPUTS
YTY2 Y3 Y4 Y8 Y8 Y7
H H B, H H HH
H H HN?J’ M= H
H H H H HH
L HHHHHH
H L H H H HH
H H L H X HH
H H H L M HH
H H HH L HH
H H N H H L H
H H H H H H L

012 - GIA + G28

M = hegh toeel, L = low lovel, X = rreievant

'LS139, 5139
{EACH DECODER/MDEMULTIPLEXER)
FUNCTION TABLE

W INPUTS
> A OUTPUTS
" ENABLE | SELECT
SaNE a 8 A|YOYIY2Y3
nn R H X X H H HH
\ ; Dgtaie L L Lt W HH
{ LAALSYN L L HiH L H M
| oo L H L{HHLMH
1 & L H H|H H H L

H = hign Jevel, L = low level, X = krrelovant

EQUIVALENT OF EACH
INPUT OF 'L.S138, 'L5129

Vee —1

INPUT —pf -
) 4

. ?

m

20203 NOM

EQUIVALENT OF EACH
INPUT OF 3133, 5139

Vee s
2.8 8l NOM

INPUT -

TYPICAL OF OVUITPUTS
OF 'L5134, ‘L5139

- —————— VeC

280 il NOM

oulruT

TYPICAL OF QUTPUTS
OF 5118, 5129

———1—Vec
50 1} NOM

—Ooulrul
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TYPES SN54273, SN54LS273, SN74273, SN74L~827.3'

OCTAL D-TYPE FLIP-FLOP WITH CLEAR

BULLETIN NO, DL-§ 7812091, OCTOBER 197¢

functional block diagram

* Contains Eight Flip-Flops with
Single-Rail Qutputs

e Buifered Clock and Direct Clear Inputs
¢ Individual Data Input to Each Flip-Flop

* Applications Include:
Butler/Storaga Registers
Shift Registers
Pattern Generators

description

These manobthie, positive-edge-tiggeted Hi;rllobs
utiize 110 cucutry to implement D-type flip-flop
lugre with o dwect clcar input.

tnfunmation at the D inp\.us meeting the setup time

s i transdesied to the O outpuis on the
positive going  edge of the clock pulse. Clock
Wiggrring occurs at a particular voltage level and is
not deertly selated 10 the transiton ume of the
positiveyiing pulse. When the clock input is 3t either

Tegae

the tught or low level, the O input tignal has no effect.

a1 the ouipnsl

These thp flaps are guaranteed to respond 1o clock
trequent it tanging rom 0 to 30 megahertz winle
marvuwpn ched Loenuency s typically 40 megaheit sz,
Typeal power duspation i 39 milliwatts per
{hp Hup for the *273 and 10 nulliwatts for the
‘145273

schematics of inputs and ocutput

‘21
TOUtVALI %1 OF J ACH 1wrUT Trecal OF aLL OUTIUTSE
vee s
Rey B T
7\ e I

Y— oureut
Cuw A, J01ENOM “[ )
Cums K, = 6001 NOM bt

AN ine ey Ry, @000 NOM

. SNS4273, SNS4LS273, ., PACKAGE
SN74273,SN74LS273...J OR N PACKAGE

positive logic: we tunt tim tobie

k)
FUNCTION TABLE
(EACH FLIP-FLOP)

INPUTS QUTPUT
CLEAR CLOCX O Q
L X x L
M t H H
H 1 t]e b
M L x Qg

See saplanation of funciion 1sbies On pege J 8,

-
-
L5273 :
LOUIVALINT OF LACH INPUT TYPICAL OF ALL QUTPUTS
\ Toumow] vee
vee - — PRaye
2080 N - I‘. {
.
INPUT - 9 4 ey . I..J - ouTrUL
- o
-- %
-
P

7.388
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