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Abstract

Presently, the PID (prcportional - integral — derivative) controller is widely used
in the industries with the well-known Dahlin tuning method and other varieties. In the
past, most of the PID controller was required trial and error adjustment, which is a time
consuming process and needs operator experiences to obtain the best results for each
process. Recently, the self - tuning control function are added to the general — purpose
controller with PID function in order to reduce the complication and the time consuming
of the controller parameter tuning.

This thesis proposes a design of an automatic PID controller parameter
program. Experimental results using the PID controller parameter synthesized from this
program to the liquid level control plant model by Dahlin tuning method show that the
response of controlled systems can be efficiently controlled. However, their parameters
derived from this method use for normally controlling. In practice, Fine - tuning method

is done once again for the best response.
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2.1 Piping (or Process) and Instrument Diagrams (P&IDs)
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Schematic
Kind of actuator symbols for Schematic symbols
actuator for valve

Diaphragm or
bellows type ’

Diaphiragm type

control valve

Motor-driven or

electromagnetic Electromagnetic

type type valve

Piston type i Piston type

control valve

Manual control

Manual type l

Valve




Item Schematic symbol

Piping or mechanic linkage from

measured object to indicator, VYR,

controller, transmitter, or other

instrument or device.

Pneumatic piping —S——

Hydraulic pressure piping

Electrical wiring

= o as o
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SIGNLL AIR— H G [~ —————SPRING
PRESSURE CONNECTION

OPERATOR STEM
TRAVEL INDICATOR
AND SCALE

ADJUSTING SCREW
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Pivot

4-20 mA
Gap

Nozzle

Spring

SS

Supply W
pressute § Faowi
120:p) Qestriction
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Pressure
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wisaatlasunssuaiiluussiuan (I/P converter) iludautlsznaungndny lunsuau

4‘ v k4 d‘d . %
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Frunusieaynsuetfuusiuings  (v,) lneazi@idnvnseiindadndlflunis  (da-in

Fucunow muanuzaesdynoddanesdaille 2 seiume aaan 0" fu 1" msseanEMY
.. d. g

Hangasdad U uasidn lundazinminTiatdas 2 aaanne azlmaaws R, 2R, 4R, ... AU

U

be

ee

24 nR eadausluannislidan 27 R Tned n Aednuaniinretarluund Razninisuilag

iap Fant WANIAA

dlaasumusintiugnaiessnanadarlifinezualvarinusiasuniu

=)

v
1'% o

Frumusaiuseatiuusafuineds wufaeszauasaniinssirauiunissiesasuniudn R
uaz 2R gnAefuussiudnsBmFeuiu faziinszualvarudafiun R Ay V, /R
uaznszualuariin 2R Aty V. /2R Anszuadia 2 luaunsauriufiqasas (Summing

Point) 431

4-bit
register

S8 bit3

91071 2.6 ugmI29as D/A Converter wunldsamumuwLisimin

©

< v o
angilanunsadsuanng sl

—V”fxib’

.[ - -1
& R i1 Z(I )
edl I, = nszusiensinm (fyoyniauiasn) Indaetluuenunls (A)
4 i - dla ” <A & ”
bi = mmmﬂum?ﬁuvgw (“0” viTa “17)
R = AsasunusiausniisiAnaange (fudn R 1esdniadAtygegn

oY 9

(MSB — Most Significant Bit)
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anglil 2.6 azdiuldddsasiummiinldnszualualdgega Ae R dulusiasiu
1 R andlusasuniuresiniadiAnygagn (MSB - Most Significant Bit) uazazeafiule
' t v v A‘ é’ < 1 <l aa a 1%
daAnaassasunRLIsRazunn q iy funinsuiladyynn’neaunn 8 LN

E%A0 R = 10kQ) udasngumugai 8 azilawinty 2%"R = 128R = 128x10k{D =

a

1280kQY vi3a 1.28MQ) azfnlfinszualvaninusasinuniuiaitieaunuazansssuaiin
Vo v ' £% v o = q‘ v <l Py 1%
JFRFNUNINAIIINAZaF LA e LA TSI HNANTYNLANNAUIARBNAEUENEN ABANITEY
o Yo k% dl o v nl'd 1 o % =
azinlfrpnuiunutaeull (eaewigiasiununiiaiuan) mlianuastenuas
Anuusiuinsasnisuasdygnodaneaiiuewnaenuuuiianss dauaindesntiafidnidie
< o - i o t 2% Yo v Aﬂ.d 1 lﬁ' v % v < o
fdruruingsauayinlidesldfafunuifidnung e denuazaireldenn soudededl
: i o 2 A ao a X =2 uywo o
nansenusepNsduinlunaudas  wesvastiuilafidnueuingsauasldivaniaaeu
wilaelduuugaguniuduriule (R - 2R Ladder) uilunisadadlymiinaraundnesiule

feaznanalusindadnaly

aa Qs ¥ & QU
242 mawlashanesiiiuauisansuuaasmunuauiula (R — 2R Ladder D/A
Converter)

—AAN

. i il !
R ! 2) 2R
{RES ] b 3 AN
/"—':0.—.5/'_4
b22 AV L
zn
. P
bit1 K . L )
L1 g J; T 2R
RN AR —
35| buo e .-?-/' "
% o
3 v
SR
\
. b :
: 1
*
\ o) 2R

51171 2.7 uam123a7 D/A Converter kuusiasinumuduiules



aziinasienldl 2.7 Teinnsldnsudasdynnianaaidiueunaenuunldiasiy

:' LY t=’i/ Yo v 1 ’; o N N .
mututiule davudlaflomeauuldsasunuwtisiinin (Binary weighted Resistor
Ladder) figasldmnuirumwmaieAdsenaazmanldlinssiufidainis unldiasuniy
. - o . ¥ ” vo X
g 2 Anditiulunsudasunl A R uay 2R Aeiuazanunsadeaduaunisldfial

&

AR

[out - l//;f . g 2€~i1)

d‘ P v o Yo v 1 ‘g o
mtﬂmumsmmﬂuﬂuLmuh}mmummmmuun

2.5 famruANLULTlaunaL

251 sriRanudumnassfauasuuiiaunsy
mseuandiaunfukuudatudmdngnidnladniuinennisadali usluranaiy
fﬁmﬁwzunmﬂ@mmuﬂ@uné’ugﬂ%mﬁuimm’mn‘?mﬁ'ﬂ 250 11 riussanna iitetinanld
lunﬁ?ﬁquaui:ﬁnﬁﬂ Tneddnmsinnuduieaiusiaaauauszaun (Level Regulator)
Tugainueldlutlaqiiu sounlul a.a. 1788 1aud Tas iszAwfirdasraunugnase
(Fly - Ball governor) dunsun Weldlulweiaasnsleti %uﬂuﬁuggﬂﬂumsﬁmm?wu
wiclevinluaansienn lunAassed 30 (A.A. 1930 - 1939) nigasuAnLLLTauNALHLNLY
dndrylunnavmunsaenaidnniiunag (Operation Amplifier) ?‘iﬁa’mmmmﬂqq Sesiounld
gnianldauednndngnsuginsalfidnnselind uaTAABANALSTE 30 1 FaAILAN

<l

q' = ° [ 74 < dl s %
PID Zuiinnsansd e luiiewmana uszumanumamgefiieeiunsauaussuulagng
FurpFasnludaanaosssil lugameasssd 40 (A.A. 1940 - 1949) AamaLiAN PID kuuila
windfiduneeniulunugranunssuatsunsuae wazAilanasaiinnseiindunssia
pauaNTtiniléiingvieananmludaanaesssdl 50 (A.A. 1950 - 1959) lutlanemeasswil
paufinmasaruANnszurunslunugasunssldgnianliafuen uazaaas 20 Ty

dv I's o an P oo v o ¥ oo | 9 o o

WiansauasresAanesmeudmediidgniandiduetnenidrAtylunasinaurassaaqy

ANNTTUIUNNARENT U
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252 panjuaNkuutila - Tla (On - Off Controller)

samuauuuils - Taufaaauauiidsuuunisinnuiiiengaussiisaign

feuldlunnsmauaunsyusumsilifasnisanuiiieanagain LATHATEIANNARIA

4 . : | a v & o o -
wiaulifinasianisaruau iun1sasuangauugitesdidunliluihuiseldlunugram
nesumiinsnnuliduden mseuanszautiidssinnuazlflunsaruAusTILAY
v N Yo -1 = . .o
au wiidaidemanisasunnlanldinacuanTinienalinase A NmeIle 1B INaRR LA LEY
TBINTZUIUNG I

nsrauauuuLle — Talunmge]) wiiwnsesiaasuanasiulyifiies 2 Aae

B Pie, €< 0
p(t)_{pmm,e<0} 2-1)
de e AadtynsBianann (Error)

P MWATP ﬁfaﬁiﬂumimmu@;mmazﬁmmmuﬁﬁéﬁj wulwsiaatuAnilunAng
aznwualk P = 15 psiway P, = 3 psi w38 P, = 20 mA uaz P, = 4 mA luginsad
Aannsalind

ANEuMsT (2 - 1) aznudanisaauauuuila - TadunisaruauuL 2 Aus
v3aulauAaulnga (Bang- Bang Control) #aanafiansasdnilunisaaunsuy P lin

a aao G v
WLﬂﬁ‘VlSJ'E][’]?’]ﬂ']?‘HEHEIQ\?N’]ﬂﬂiﬂ

Control Output
PmaxT i: >
Y I A (Direct Action)
Prin — €725 3¢ ¥ Lalr
fe—>
Dead Band

517 2.8 nsaruANuuLLTe - Ta

arauANkLLTe - TasnnsadSulsslisanAnnauuus (Dead band) wludeynyn

Aananals ineanaanulodedygyrusuniwhussesiiadnvdaiadlasiulidldaouauinem
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vaapsaamniull a1ng1l 2.8 winAnAuRanaais@wAuAING A (Critical Value) 358
! - o = = o a4 o g9 - o
+€ AnaniimnresianLAtAsazilaauann P iflu P iievinlidiauasateuansii

ndnvide -€ uanilenqaliAenimnazilaeuann P Wu P,

2.5.3 A3IAUANKUL PID (PID Controllers)
w X . daw o fn e
msesuautlaunduiiiuguey 3 wuuildnuiuisliae measuauuuy
Proportional (P), nnsA3auiANLUL Integral (1) kazn1gAIUANKLL Derivative (D) ANz 2.9

Wadauazuilassnsnisivaseslevndudyginsausindliiusarauaunisinauda sa

1
al

AauANaz Faudiuaida liiuAniinwane (Set Point) %sa SP udaagadtyryininaLANm
v ' 'y a a v o/ o r&l <4 o
wnzanlfuninncuau dynraudounindlfdyansnitugupedurunusindunss
Flow controller
Flow transmitter @
' Control Valve

Process stream >

g1l 2.9 syuuAtUANNITivg

Tug? 2.10 usmsuifenlaazunsuaassaatuauuuutlaundy Audnanauanlaeld
< ° P ° ° ¢ Ao < o :
ullsvasgnivualagnistleudnizanisninuafiunianfaauAN@iseanda Local set

point AaAUANLNAAAIsansATnanessazinasise Remote set point lélaefiusauly

o o '

FansuANFuAtyyInsAtihvaneainginsaintauanituRaA LANBNAINIIVERIATEIAAB A

o

paufianas dunnuazenwnaawiaauaNdudynuuusaiiasdadulaiadtynyinii

wuAnduazdryyrnsluiin

Set point R
I ignal ‘ QOutput signal
nput signal ¢ utput signal p
HELSIsH —» Controller [—>
(from transmitter) (to control valve)

5171 2.10 vRenlaezunsuaasiancuanwuulaundy
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254 mIpIuANLULTaUNAY

2.5.4.1 NMIAIUANKULU Proportional (P)

o

gUszasAannsruauuLLlaunduReN sandty g IuEANaTA (Error) si9a e (1)

WllAwiniuaue Asannis
e(t) = R(t) - c(t) (2-2)

Wa  R@) = Atliuune
c(t) = NARALAURITRINTZLIUNNTUIRAG LY EYIAINNTIUAIALARS (Transmitter)
QINANNTT A (2 — 2) aznudrAtinunaginasatlaslainiunianan be

NN9ATLANNITLILNITULL P LaNsTnnaassianauatazulsiunu gty ndinna1nd

INATUAIGNNTT
p(t) = p+K,et) (2-3)
Wil p(t) = mva'w‘fvgmmﬁqmu@u
D = A1 Bias
K, =sansnasasianiuau Tnednfaclsitnion

d
Rewlaran1sATUANLLL P
o o [ g 1'% 4“' 4 5. o d‘
1. fhsrenaresansuan : K 8 1wnsadiudld ialiianiyniesiaasuauaiunsanltes
wlasanldlamuaanusiasnisuasinliinasauauasrainszuaunisdagiivune
< ' o L% G o g™ o X <A e
2. mMsiendn K, anunsainliianinnaessaasuauiAnfinauviresnasls
A1 P aunsadfuanldlaadiensiwnaassiorauauazdiaiaiu o fiseudiaAdananai
Tugud Geluanaziisnanaaldddnenimnresinuausnliiesnsuauesreinsyuay
nsagluaniazasd (Steady - state) §wiusiapauanildauiulaeiallen K azhisinen
' = ' N o ] < [y < a a A
WAFIEAT p(t) WA e(t) HuuEmEINY mulun'a‘mmmqﬂnimwﬁalw%m@mdmumnz{ ZE]
a1ang luglaeesiaet 0 - 100% Merauareanlunisinanuaessauanns Hinuazaa n
widpanauaaniamef ludnnsdimilsAdryyinfiananazaglugiaasmizanisddanssy

wmdsegoaglidussanaadies (°C) Wamisaaasarnamuuiuty mol/L Flunstiil K,
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o

. o 4 , o
wazdnaaEneNan1avAel (Steady - state gain) 1e9gnanilunssauaruAnfaaue iy
nudinmasitadinruguiasliniaeidui

faPauANLULALRNINaaz 1A Proportional Band (PB) ununisldien K, @9 PB

avfimiaendu % uwararldnadinid K laifimioawintu

100%
= (2-4)
Kp
famauANuLY P lumsgauafazlifiarsuniadedndianienianinaesieyidanay

PB

< a v o a al os d} < A
Ay mﬂnmmmmuamzmmm?@mmmﬂnwauwmmqmﬂmwm Pmax 3Pt Pmin

TumsRansanisiduninalausasiarunuuuy P azninueld

pt)=pt)-p (2-5)

l

20

0

4

~

91#1 2.11 msaruAnuLY P lunsgauai (Audureadunsasiniu K)

p'(t) =K ,e(t) (2-6)

d‘ [ o ' o A
aunsandanggaiuisidudnelautessanruaune

P'(s) B
Es) K, 2-7)




fadeduiudnensianizaasnisacuauuuy P Aelisnunsanndn Steady - state
o a & o = ' < Yo o P
error TAsAUMAIa N sAEuulasAiinmunesisanisiFudtynansunauanivan ey
a 2{ o ' g ° o i’; '
Antutunisaauauuuy P lunngan K lunangedAreerianasnsaindalilaanissi

5 & o, — X Y a '« a al A My @ aa P
dhwmnesidern p Tulndndainfiaeanian wieenslsinuasnisitlilaiddsnisiaige
- v o wa o = ' 4 R -4 ;%
\esandesendadilanudnuniameuaznismaninanevzedn p luddsedldnis
a Aﬁl a a dy ¥ =‘l’ a o k73 b
anafinaasgnisenainauiana1nauld msudladymiflumaljifagldnismieuaes
v 4wy daX
AngArLIANLLL Integral (1) sndaedearlfnaneuauasiagy iiaeaInnisALANULL | A2
finaudsuuasAinisaauauiesnaaman lilnadnlulim
\UNNTATLANNIZLIIUNNIUNIREN T hiffasAnTlsiannainA1Ra TR N1TAILIANULIL
G 174 A‘-‘l| =! o i (K- 74 !
P Anpanaumunzanlunisiden dasaniisluuumsinaiivewsidudeu duniseoy
o Ay (o 1% o o % ' { (% <l 1§ &
ausvAUTnanaai s usesinmsiuldegludndihwinausfesniaifiaanisaounalaili

v o A ' Z/ [ v
YAIUNAINUTINTANUALYINEM LT 9A%

2 min

0 €

g1l 2.12 nspauAuuuL P lunalfiia
2.5.4.2 NMIAILANLLL Integral (1) LASNITAILANKLIL Pl

nMzALIANLIL | MneBansreuANLLTigRviauLLaen (Floating) Inefidniensinm

193f2AUANAZNILNTELTINIMATY Y IUHANAA AIaNNT

p(t) = p+ %je(t)dt 2-8)

- " a a 4 = < o o , o I ¥y
($303)] T/ ﬂ@L’Jﬂq@u“ﬂl’ﬂ?“ﬂﬁ3@1,’3@'7?L‘ﬁﬂsﬁﬂuuuQﬂLﬂuﬂuQﬂﬂlﬂﬂL'Jﬂ"]LL@zﬁ’]ﬂJq?ﬂﬂ?UﬂqlmGmll

AAMHLRUNTAN
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|
' 1%

Q aa v o v =l
N1IAILANLLIY | LﬂuWUHulﬁ]ﬂu’ﬂEI’Nﬂ']"N‘il"J’NLW?’]Z’&'NJ’]?QI‘?N'TuiﬂﬂLLﬂZ@’]N')fm

fndnaanianldatnaillss@vsnin anaunisi (2-8) Wanszuaunisdnganiaaed
o a I's o a dl = 1 70 1 dl
Fryry 1 EANAI AT NIBIAIAILIANAL AR Wsaanananaldidnan p(t) azilasw

udasmuiaanaunsziis e() = 0 fudwilaldnnsaauguuuy | A p(t) axlfAlunngAduAEs

o o

avilidrynfinnannluaniovasifipindudud Sadnygruianaiaiiasintuied

u

nsulasuuasAntlmungvie lasudynasunauanninaauaznismandoy sy rnfinnam

o 4

Wainiugudaznszinléfinadianninnaasianiuquiieginsaipruansagaiinadiling

1uaANNTaNAauswINIAvdsrauaRlludaAraanssusunisaliguisansugati

U
w 9/dl o v oS o 4 o ' a ] !
wuneifgennsausdafiaandyonmsunaursanisdasundasaiimaneiiuioseesan p(t)
o/ o 4o <4 o o U 1 o
nsratAnan1eaNsAILANLLL | ABNIINIAAABaNR (Offset) whRAILAN
uuy | ldflanshandonuiessaneamszazlialunisaruaudasuinaundnasia
fourunauiianaatuinattasatiiasluunga YNt AINAIINEANITALANLLIL | 1N
NM9uFNALNIALANLLL P WEaRFendnfanIuANLLIL Pl insznisaauAnuuy Pzl
ralunisaruanLuLiuislalunzasanudtyyIuianan

ANNNTIBIAIAILANULL Pl AE

PE) =D+ K|t + % [e)at " @2-9)

Hardudnalavaasianauauuuy Pl lugilaesasnisantlatgne

Ps) _ —~—— 7, 5+1
E(S)—K”(HT,»SJ_K”( T:5 J (2-10)

lugilfl 2.13 uamenanauaueITBIFaAILAN Pl Aanaasuuasuuuduiulages

e(t) filaan t = 0 LeTnaassAuANaziasuulanfesiuAEAna s Ineninaannisaiy
ANLLL P n1seuAsuUy | azvinli p() innanludnenizandu (Ramp) e t>0fit=T,

< Yo (-
tnad | "i\‘il‘ﬁﬂ’ﬂuﬂ’]?ﬂ’JUQﬁJL‘Vl’m‘Um’ﬂN P

45732
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0 t 0 t

21071 2.13 nanaudueasiamLANLLY Pl Aamsfasuuasuuduiulates e

o/ o/ 1 :’/ v 1
saraupnnwaazldiney — (A5 / wiil) wnunasld 7, (ud) ud 7, = 0.2 Wi

/
1 7 &
Wa1 — =5 A% WuAw
T;
v = | = 1 O £ =
faderaenisaiuaNuLL | AeszuLAvinsRaUauaILLLULNdain lsTULTALaDEs
A ualuu19ASafanun 0N sUlEwINNNSLNI AR AT UNEA NNITAALIAAITAINTZLIUNNTA
(-1 [ ] gc‘ -l dl o U a %
a7 uidaideesnmsmauanuuLiiiacunsananiaesldiaenisysudinistime flinuny

A a 2 P P o
@NVI?@LWNﬂq?ﬂQUQNuUU D ﬂiﬁqzﬂquq?ﬂﬂﬁNﬂﬁlﬂﬂﬂu@ﬁ“fﬂuﬂLﬂﬂﬂ?ﬂ']‘wa\']llﬂ

2.5.4.3 N19AUANLKUL Derivative (D) N19AIUANLUL Proportional plus
derivative (PD) WaEn1FAUANLLUL Proportion plus integral plus derivative (PID)
NN2ATLIANLLY D ManeifiinnsratAnLLLERsId9u (Rate action) HTBNNIHNMNEAN
¥ L4 a o a all = é’ 914.
U (Pre — act) Tmmzmmﬂwqﬂﬂiﬁ?mmatyﬂ&nmmwmmmzmmuluﬂmﬂmlv\ 199

a

fansanandasnisilaeuwlawasidyuadanais ulunsaiimnynealtigumni

u
Winau 10°C lwaan 3 it deanunsoagylddnfaaudandTunsdingoumngfiinau 10°C lu
1981 30 w1# uazarunsolsziulssAninmlunsutlaaniazaasmaiadfizeninale
gaunpiifingeauld dnisaauammnfnsalldszunlfudaeiia (Manual) frauanilszay
o a dl - é/ ¥  ; o/
nsaianunsasuiiunamneusuasiazinaauuazui laantanisnildadnanunzanluaanay
$9ALFUNDNINIFAAGNNNAY UANITAILANALLTTULER IUNFRFAIAILANULY P AZARUANDS
sanisilasuutlasresgumgiviniy udbisnunsauenuezaaiuuansere st iiang
wWasuwlasls idwdeniusanaunsuy | Felaednfudaazairsdtyninnsuanniulsdu
ATNTZEZ9ANT89RTY T LNAUTLIAT ATTUWA TS LININIWNALEN AT LN IE 7
o & s v o/ n:tel ' 3 v
anunsannifeanuRua iy sinueauaniitAanauen e

N1SMNNUTBFAAILANULL D lUNNeaNARNAHINI5A 1
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_ 5., de (2 -11)
pit)=p+Ty it

, P2l Derivative Hmidaeidumiagraag

' o a g 1 o - d‘ o a al dl =l d; de
FRINANTBINIAILANNAUNINY P HHBARYRUTUNANATANATAINNTBLND E =0

maauguuLy D azhildnuiewadeausazldmnusaniunisasuruuuy P vise PI

nsrauANLLY PD Afsridudnelaune

g (s)
E(s)

=K,(1+745) (2-12)

) 9 = = £ < a
nsAauANLLY D wlfnszuaunisladiasninuasanuwua linaulaifianesnin
199n13ALANKLIL | wananiguhaundinedfulsranauausinimarianslaganioan
y = ) e nyy o, ds &
iingan19Aed (Setting time) 289N15UAUNTAS TN IHNITLIUNININANIIZAINTIAY LA
lunsdifiazaaiiadalunszuaunisfidyinisunauanadgeuaziinisundelaifiuuuuam nns
AaUANULY D azinlinane uauessaanszuaunslaauuasiuisindrauasdnyoiney
i Qs d‘ _a g 1
nauazgnaenausianunsoilesiulilaenisnsasraud lnednfiuganisrauauuuy D Azl
feuldfunsasuaumisisaiiiasainasaunisaeupuiinsnauauesfissniuaziasesiiadn

o IS ' v
ansnslwaldnyinsunauraudinegs

1
| o

NN2ALIANLLL D A3 30M9usauiuiLnIsALANLLIL P uaz | visailFandnsn

AYLIAN PID T9HANNNIAS

de

7 (2-13)

— 1 %
MH=p+Kpdn+7jdﬂw+Td
0

6o

Fenifaridunnalauna

P'(s):,(,,(1+—1—+rdsj @3
E(s) T:5

i
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' [ < = G a a a cd‘ i o/
wreeislainuatnsof@idnnsainduaziaunsndiiduinaruauuuy D unsgay
= ] v 4&{ = d‘ 9w o o =® o U = =S
F’]F’th’&’\N’]?ﬂﬂ?qﬁﬂumqlé’@?\‘]Lu‘ﬂ\m’]@’mﬂlﬂ’qqﬂﬂVI’]\?ﬂ’]EIfI’]W fq\imtﬂummumsﬂa‘:mqum

nssunsgaNARvesscAtuANluansT (2 - 14) draflsidudnelau

PUS) _ (r,s+1j(rds+1]
E(s) "PU Tes NaTs+1 (2 -15)

Wla o 1luA19E1919 0.05 - 0.2

fadadnisynnsuilssesdmauau PID negasaRnaiialinInUfauLlasAih
wngatnaraiFaazliAanaIn D AAunuasinlinaAALAN D 1sg9 (Derivative
% « o 1% a a} a a; a A’ :’/ o
Kick) luginsainnupusagnineg mananidesaudenieianafinruiuaiuisninldlae

d’ ' Y 1 o dll A o Y
Lﬁaﬂuuﬂmmmsmu@mmu D IﬂEll‘ﬂﬂ’lﬁfgﬁy’]m@’mLﬂi‘@\‘iN’ﬂQﬁLL‘UU B ununsldan

o = d v dB dl v
QURANANA TN Z’E gl 7 luaunisi (2 - 15) 16
[ t

£=p 0+ (e -1,% -
pE)=p+K, e()+;£e() o (2 -16)

nnsindaerAauAn D vegailwngafuianguitienldiuluioarunudiulngiusl

< o o 1 d‘ o a ' 1
vamgrjazindadutihvenglumes P uazinex D ieflasiunisifinAiaaugu P viege
(Proportional Kick) tilatinnsulasuwlasAniinvune usingufideliduneeniuiuasiaung

nanel

2.5.4.4 48N19 PID d145UMSATUINIAE AR NNILARS

AMNANNFTINaNNNT9E L AsuRataasluunsnTinanntsi il M lunsdssananale
nensasgasinnisul aatluannisarinafisudaasaiiiaanuueas (Discrete Differential
. P v a a o v o ajl,
Equation) ivelireufiainafansnsaninistlszanana lineil

§1n"9 PID Hugnume
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pE) = Vo) = K, (e(t) ; %jje(t)dt ‘T, d‘;ﬁf ) ] 2-17)

AINANNIST (2 - 17) Haunisayiusauduniing

dv(t) _ [de®) de(t)
a K [ at f e+ 7 dt( ﬂ

dt
_ e |28 1 g’ e(t)
- Kp[ dt 7., e(t) Td dtz :l

Aua L

e(t) = €o

dVa(t) _ Al/o - Vo,,—l/oH
at At At

(2-18)
ge(t) _Ae e,-e,.,
D AL

Von — Vo,H €En—6En- 1 1 (En —6En-1
WLIEN 4 i o Sl | )
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2.5.4.5 HARALAURINTTUIUMSAANITAILANLLLTaUNAULARE AR
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2.5.5.1.1 NMSATUITUAQEAT Process Reaction Curve
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FansHazuanfiansnipingi 2 ArAeaa Mg (Delay time) t, WazAIASH (time

o o o dlal o/ nl' d” v o

constant) T laansanidudndaiuaaniansinadenuugegn idulasafuLAUAA AL
\{unssaaae iy c) 7 c(t) = K

sratuiasdunisdnelanazdszunasldmaaszuudusunilandinnsuiaawlan Ae

C(s) _ ket
M(s)  z5+1 (# — 20}
1 _
() Plant o’ »
A )
c(1) Tangent line at
/ inflection point
K

i3 |

gﬂ‘ﬁ 220 NNIATUIUIIAINITHLARFA2EAT Process Reaction Curve



26

i 1 a o o ad .
ﬁ]’]ﬁ"]\‘iﬁ 2.1 ﬂ’]W’\i"WﬁJLWﬂﬁ]ﬂ\?ﬂ')ﬂQU@N’Q’]ﬂﬂ"]ﬁ‘ﬂqu’lmgf’lﬂ"lﬁ Process Reaction Curve

TUATRIFIAILIAN K, T, Ty
P - . -
to
P - 09= Lo -
to 3
ol 125 2to 0.5¢
to

dam189n151478 Process Reaction Curve

1. FmsnageufiesasaReaLTig

2. lLidndusiasldnsaesinaaign

3. NTANMITIMIANNIIRLERS AN TN LA

uiatalsfimnaiansuniia g iunaiadans

1. nsnagavaznsznnialian1azaaila (Open - Loop) saunTuaniinislasuulag
IR INAgAY HAMMAdeLTIERavAnALRANATA

2. Turnisnmemagey mnsesiledalifyninsunauvitens Wi ldannimmageydl
awnadin Faunismeanaduiignaesiainléenn

3. Ansnsuwliinflasennafianaiaainnisseufiauresianaug

4. msldamsiinedlunnnaduiiufiasin nasauauaaienisunds

aa d’l ] o’ el'el 1 - r_'ll 1 d‘ v
5, ’Jﬁﬂ’?‘é‘ulllL‘WﬂﬂZﬂ‘l_lﬂﬁ‘z‘lJ’]uﬂ'15‘71Nﬂ'li‘[ﬂ'ﬁ]‘l_lﬂuﬂ\‘iLL‘Ll‘ULm’NlWNL‘]_Iﬂ Lu@qmﬂmwimmnms

NARDUAZLNANITHANAA

2.5.5.1.2 M9ATUIUALIT Ultimate Method

ABNIFUATMANINTADFTBIFIAILANKLL PID ANNARDLIALAITBINTLLUNNTH
gnAfuANlEAaALANLUL P AedunnuuLTuTule Tnaazinisuudiaes K aunseians
AALALBLAANITUNIIBE 136 ALAY (Sustained Oscillations) Tsaan1siiazliarunsainlduan

N9vaLNIg lAANISUNG 19 einaF Ll



Input

4
c(t)

A

27

Output C

Plant

}4_
/\

P

-]
AW

517 2.21 uandIENIsM AN TimasTasanILANAYLaE Ultimate Method
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wa K = fRg1TEBUDINTELIUNIT (Process gain)
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Model PCL - 726

Six Channel
D/A Output Card



1. GENERAL INFORMATION

1.1. Description

The PCL-726 provides six analog output channels on a single PC-BUS
add-on card. Each channel can be set individually to any of the
following ranges: 0 to 5V, 0 to 10V, +/-5V, +/-10V and 4 to 20mA
curren: output. Designed for rugged environment, the PCL-726 is an
ideal and economical solution for industrial application requiring
multiple analog voltage and/or current output channels.

In addition to the analog output, PCL-726 also provides 16 channels of
digital output znd 16 channels of input. The D/I and D/O ports are
TTL compatible and designed to be fully compatible with the available
daughter boards those offer convenient soluiion to industrial ON/OFF
control and sensing application. These daughter boards include
PCLD-782 Isolated D/l Board, PCLD-785 Relay Output Board and
PCLD-786 SSR & Relay .Driver Board. , ;

A utility program disk is supplied with the purpose to minimize user’s
software effort. The disk contains ready-to-run calibration program,

demonstration program as well as program examples.

1.2. Features
* 6 independent D/A output channels.
R 12 bit resolution, double buffered D/A converters..

* Multiple voltage ranges: +/- 10V, +/- 5V, 0 w0 10V, 0 to 5V and
4 to 20 mA current loop (sink).

* All D/A outputs will be at 0 volt initial state after RESET or
POWER-ON at either bipolar or unipolar mode.

* 16 digital input and 16 digital output channels. They are all TTL
compatible.



* D/I and D/O ports are fully compatible with the valid PC-
LabCard daughter boards : ;

- PCLD-782 16 channel opto-isolated D/I board.

- PCLD-785 16 channel relay output board.

- PCLD-786 8 channel SSR output & 8 channel relay
driver board.

- Furnished utility software disk contains :
- Calibration program.
- Demonstration program.

- Program examples.

* DIP switch selectable wait state (0/2/4/6  wait states)
insertion to ensure the compatibility with very high speed
PCs.

¥ Screw terminal board (PCLD-780 or PCLD-781) available for D/A
output signal wiring. '

1.3. Specifications

1.3.1. Analog Output

Channels : 6 channels.

Resolution : 12 Bits. Double buffered.

Output range : 0 to +5V (unipolar)
0 to +10V (unipolar)
+/- 5V (bipolar)
4 to 20mA current loop (sink).
+/- 10V with external DC or AC reference.

Reference voltage :

Internal - -5V (+/- 0.05V)
10V (+/- 0.05V)

S 2



2. INSTALLATION

2.1. Initial Inspection

Inside the shipping container, you should find this operating manual
and the PCL-726 card. The PCL-726 was carefully inspected both
mechanically and electrically before being shipped. It should be free of
marks and scratches and in perfect working order on receipt.

When unpacking, check the unit for signs of shipping damage (damaged
box, scratches, dents, etc). If there is damage to the unit or it fails to
meet specifications, notify your local sales representative immediately.

Remove the PCL-726 interface card from its protective packaging by
grasping the rear metal panel.  Keep the anti-vibration ~ packing.
Whenever you remove the card from the PC J/O slot, please store the
card in the package for protection.

Discharge any static electricity by touching the back of the system unit
before you handle this card.  You should avoid contact with materials
that create static electricity such as plastic, vinyl, and styrofoam. The
board should be handled only by the edges to avoid static electric
discharge which may damage the integrated circuits on the PCL-726.

2.2. Jumper Settings
The PCL-726 is designed with easy to use in mind. There are one DIF
switch and seven jumpers on the PCL-726 card and the function of each

switch is discussed in this section. You may want to refer to Appendix
B for the physical location of each switch.

2.2.1. Base Address Selection

Switch name: SW1 position 1 to S

Most PC peripheral devices and interface cards are controlled through
the input/output (I/O) ports. These ports are addressed using the /O

5



port address space. Appendix C provides a PC /O port address map to
help you locate appropriate addresses for different devices.

The /O port base address for the PCL-726 is selectable via an 8
position DIP switch.  The PCL-726 requires 16 consecutive address
locations in the I/O space. Valid addresses are from hex 200 to hex
3F0, however you might have used some of these addresses for other
devices Your PCL-726 bhase address .switch setting is set.to hex 2C0 in
the factory. If you need to adjust it to some other address range, the
switch settings for various base addresses are illustrated as below :

I/0 Address Switch Position

Range (Hex) 1 2 3 4 5
A9 A8 A7 A6 AS A4
———————————— (Fixed)
200-20F 1 0 0 0 0 0
210-21F 1 0 0 0 0 1
220-22F 1 0 0 0 1 0
2C0-2CF  * 1 0 1 1 0 0
300-30F - 1 1 ] 0 0 0
3F0-3FF 1772 Yy W Je1 y I
Note : - ON = 0, OFF =1

- A4...A9 correspond to PC bus address lines.
- * means factory setting. ’
- Switch position 6 is not used.
22.2. Wait State Selection
Switch name: SWI1 position 7 and 8
Some high speed PC’s may require that wait states are inserted to

achieve stable data transfer. The PCL-726 can be configured with 0, 2,
4, or 6 wait state delays for each transfer of data. The length of the
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Output range Jp2 JP1

o o o
* 0 to +5V o o o
o

Unipolar [ oJ o
(o] o] -
0 to +10V o]
Unipolar o o o o
o o (o} o
+/-5V o o
Bipolar | K
o o o o
+/-10V
Bipolar o o
(o] e} o
4 to 20mA o o o
ol ° o
Ext. Ref.
(Programmable oy fo
Attenuator) o o o o
Note : 1. For programmable attenuator function should, the input
signal should be connected to the “ref in" pin of CN3
and CN4.
2. * means factory setting

2.3. Connector Pin Assignment

The PCL-726 is equipped with two 20-pin insulation displacement (mass
termination) connectors, accessible from the rear plate, and two other
20-pin insulation displacement connectors on-board. All these connectors
can be connected to the same type of flat cables, or connected to 37-pin
D-type connectors through our PCLK-1050 industrial wiring kit. Please
refer to Appendix B for the location of each connector.

The following diagrams illustrate the pin assignment of each connector.



Connector 1 (CN1)

Connector

D/0
D/O
D/0O
D/0
D/O
D/0O
D/0
D/0

2

6
8
10
12
14

D.GND

48V

2 (CN2)

D/I
D/I
D/I
D/I
D/I
D/I
D/I
D/I

oA NO

10
12
14

D.GND

+5V

Analog voltage output

Analog current output

Reference voltage output

Voltage reference input

Digital output

Digital input

Digital and power supply ground
Analog ground

No connection

- Digital Output

1 2 D/0 1
2 4 D/0 3
5 6 D/O 5
7 8 D/0 7
9 10 D/O 9

11 12| bp/o 11
331> 194 DoL13
15 16| D/O 15
17 18| D.GND
l19 20| +12v

- Digital Input

1 2 D/I 1
3 4 D/I 3
5 6 D/I S
p 8 D/I 7
9 10 D/I 9

=/ 171" p/1 1¥
13 14| D/I 13
15 16| D/I 15
17 18| D-GND
19 20| +12V




Connector 3 (CN3) - D/A Output (Ch #1 to Ch #3)

-5V REF OUT 1 2 -10V REF OUT
-5V REF OUT 3 4 -10V REF OUT
D/A £1 V OUT S 6 D/A #1 I OUT
D/A #1 REF IN 7 8 A.GND

D/An §#2 V OUT 9=wl0 D/A #2 I OUT

D/A #2 REF IN 11 12 A.GND

D/A #3 V OUT 13 14 D/A #3 I OUT
D/A $#3 REF IN -|15 16| A.GND

A.GND 17 18 A.GND

NC 19 20 NC

Connector 4 (CN4) - D/A Output (Ch #4 to Ch #6)

n/A §#4 V OUT it 2 C/A #4 I OUT
D/L #4 REF IN 3 4 A.GND
D/A #5 V OUT 5 6 D/A #5 I OUT
D/A #5 REF IN 7 8 A.GND
D/A #6 V OUT 9.10 D/A #6 L OUT
D/A $6 REF IN 1IN 2 A.GND

A.GND 13 14 A.GND
D.GND 15 16 D.GND
+5V 157 \\ 18 +5V
+12V 19 20 +12V

2.4. Hardware Installation
Installing the card in your computer

1.  Turn the computer off. Turn the power off to any peripheral
devices (such as printers and monitors). ;

2. Disconnect the power code and any other cables from the back of
the computer. Turn the system unit so the back of the unit faces
you.

3. Remove the system unit cover (refer to your computer users guide

if necessary).

4. Locate the expansion slots at the rear of the unit and choose any
unused slot. :
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3. SIGNAL CONNECTION

3.1. Introduction

Correct signal connection is one of the most important steps to assure
your application system will send and receive data correctly. Since most
data acquisition applications involve voltage measurement, correct signal
connection will avoid costly damage to your equipment.  This section
prevides some useful information on signal connection in different types
of data acquisition applications.

3.2. Voltage Output Connection

The PCL-726 supports 6 channels of D/A voltage output. There is only
one output signal wire for each channel. The voltage is referred to the
common ground. It is fairly simple to connect a voltage output channel
to a floating load. A standard wiring diagram is illustrated below :

PCL-726 Side External Side
'
Mo t -
‘-Connv/:‘ter _WF'L—I Flp-t—_“
il W ! Load 1
! = |
|

For grounded load, the signal should be connected as:
ConD./eAr-tcf' aNes = = Grounded
/ Load

1
i
J 1 -
[l
1
1

13



For some differential input loads, an external ground wire is needed and
the signal connection is recommended as following:

[ ~
i l_ __1 v QUT ot -
Cnr‘Dv/eArtcr @’ >
A .

[

33. 4 to 20mA Current Output Connection

The PCL-726 provides 6 channels of 4 to 20mA current output. The
current loop output utilizes the 0 to 5V (unipolar) voltage output as the
driving source and a current drive circuit consists of a power FET,
reverse protection diode and a constant current source. The voltage bias
of this current output should be within 8 to 36 volts to insure correct
operation. A 24 volt power supply is ideal for this application. The
PCL-726 also provides internal 12 volt power source for current loop by
user’s selection. There are three ways of connecting: a grounded load
with a floating supply, a floating load with a grounded power supply, a
floating load with internal 12 volt supply. The connections are shown
below:

|
Z 0OUT OI + Float -
o/ b——r- ) Power
Converter I_AMP‘

0 to SV
Unipolar
Output
A

Grounded
Load

o oy T

14



3 I OUT
Qs/A
Converter ’_’“MP | ]
 mm—— H l Floﬂt
0 to SV | tosd
Unipolar
Output amA |
v
! = Power +
i ‘ Supply
7
I
I0UT o
o/A = -
Converter _‘MP- |
/A AN :
Snign?v i ' j !
ar
Float
output l 4mA % | Loea
:_____.—A—-CND—_OI_ T
1
~ -
tlf W 4 |
PC -412V - _0[_"
Supply + +42V h !

3.4. Programmable Attennuator Connection

A variety of D/A operations can be supported by your PCL-726. For
example, the PCL-726 can function as a digital attenuator by inputing
variable -AC or DC Treferences,  or_can be used to gencrate arbitrary
waveform outputs. The connection is :

1 _——

Converter .

Ga-EXT. =F _IN
Dl Q 5 5 Sl ey OV External ‘
L o0 =SV | AEF . source |
REF IN [ ?
I
D/4 \
|
|

15



4. REGISTER STRUCTURE AND FORMAT

4.1. Introduction

The PCL-726 requires 16 consecutive addresses in /O space. The mos®
important issue in programming the PCi-726 is understanding the
meaning of the 16 registers addressable from the selected J/O port base
address. A summary map of the functions of each address and the data

format of each register arc given in the following sections.

42. /O Port Address Map

The following table provides the locaticn of each register and driver
relative to the base address, and its usage.

Legend :
DA <= Analog output
D/0 - Digital output
D/ &= pigital input .
R - Read operation on that byte
W - Write operation on that byte
Address R/W Usage
BASE + 0 Y D/A ch £#1 high byte data (bit 0-3)
BASE + 1 W D/A ch %1 low byte data i
BASE + 2 W D/A ch #2 high byte data (bit 0-3)
BASE + 3 W D/A ch #2 low byte data
BASE + 4 W D/A ch #3 high byte data (bit 0-3)
BASE + 5 W D/A ch &3 low byte data
BASE + © W D/A ch #4 hich byte data (bit 0-3)
BASE + 7 W D/BA ch #4 low byte data
BASE + 8 W D/A ch #5 high byte aata (bit 0-3)
BASE + 9 W D/A ch #5 low byte data
BASE + 10 W D/Ach §6 high byte data (bit 0-3)
BASE + 11 W D/A ch #6 low byte data
BASE + 12 W p/0 zh 8-15
BASE + 13 W pD/0 ch 0-7
BASE + 14 R p/I ch 8-15
BASE + 15 R D/I ch 0-7

17



43. D/A Output Registers

The D/A output registers are write registers using address BASE +0 to
base +11. -

Data Format :

BASE + 0 (2,4,6,8,10) p7 D6 D5 D4 D3 D2 DI DO
p/A $ 1 (2,3,4.5,6) X X X X DAll DAl10 DAS9 DAS
High byte

BASE + 1 (3,5,7,9,11) p7 D6 D5 D4 D3 D2 Dl DO
p/a & 1 (2,3,4,5,6) DA7 DA6 DAS DA4 DA3 DA2 DAl DAO
Low byte

LEGEND :

DA11 to DAO - Digital to analog data. DAQis the least significant byte
(LSB) and DAI1 is the most significant byte (MSB) of
the D/A data.

X - Don’t care

The DJ/A circuit utilizes a double buffer technique to eliminate the
transient stage between the writing operations of high byte and low byte
data. The high byte data (only the lower 4 bits are significant) must be
written first and it is then latched into a latch for temporary storage
and does mot change the analog output. While the low byte is being
sent, the high byte data reaches the D/A converter at the same time as
the low byte data.

NOTE . THE HIGH BYTE DATA MUST BE SENT FIRST.

4.4. Digital /O Registers

The PCL-726 offers 16 digital input channels and 16 digital output
channels. The digital input channels use the I/O address BASE +14
and BASE +15. The digital output channels use the I/O address BASE
+12 and BASE +13. The data format of each port is as following :

18



5. APPLICATION

5.1. D/A Applications

The PCL-726 provides 6 D/A channels which use double buffered 12
bit multiplying D/A converters. The D/A registers are write registers
using address BASE +0 to BASE +11. .

When programming the D/A channels, please note that the most
significant byte (high byte data) should be sent firstt It is then
temporarily held by a register in the D/A and not released to the D/A
converter. After the least significant byte (low byte data) is written, the
low byte and high byte are added and passed to the D/A converter at
the same time. This double buffering process protects the D/A data
integrity through a single step update.

The PCL-726 provides an internal precision fixed -5V reference. If this
voltage is used as D/A input reference, the D/A output range will be 0
to +SV. You may select other external DC or AC sources as the D/A
reference inputs. The maximum reference voltage is +/-10V and the
maximum D/A output range is +/- 10V.

Connector CN3 and CN4 support all D/A signal connections. The pin
assignment of these connectors is described in Section 2.3. Section 3.2.
and 3.3. cover the D/A signal connections and gives an illustration of a
wiring dGiagram.

The PCL-726 DJ/A functions can be performed in the. way by writing
/O instructions to the registers directly. A commonly used. D/A
application is clearly illustrated in the demonstration program on your
diskette. The demonstration program, DEMO726A.BAS, on the PCL-726
software diskette provides a complete explanation of programming either
a single D/A channel or more D/A channels.

The following program examples written in BASIC show how to pro-
gram D/A channel #1 to generate a voltage of +3V.
10 ¢ Figure out the values of the low and high bytes.

20 ¢ The jumper is set to -5V reference and unipolar
30  and the D/A range is 0V to +5V.

20



40 v = 3.0

50 X% = (V/5*4096).

60 ¢ X% = (V/5%2048)+2048 for bipolar -5V to +5V

70 IF X%>4095 OR X$%<0 THEN PRINT "OVERFIOW !{'!*" : END
80 HI%$ = X% \ 256

90 LO% = X% MOD 256

100 ‘ Write the value into registers

110 OUT &H2C0+0, HI% : OUT &H2CO+1, LO%

120 END 2

5.2. Digital Input and Output
The PCL-726 provides 16 digital input channels and 16 digital output
channels. It is fairly straight forward to program the digital input and

output channels. Attention should be paid to the pin assignments of
connectors CN1 (digital output) and CN2 (digital input).

A reading operation on any of the D/ ports will read in the value of
the 8 corresponding digital input channels. To access the D/I ports in
BASIC, use the following statement:
VALUE = INP (ADDRESS)

Where ADDRESS is BASE+14 (high byte) or BASE+15 (low byte).
A writing operation to any of the D/O ports will set the desired value
of the 8 corresponding digital output channels. To access the D/O ports
in BASIC, use the statement shown below: :

OUT ADDRESS, VALUE

Where ADDRESS is BASE+12 (high byte) or BASE+13 (low byte).

- 21
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APPENDIX B. CONNECTOR, SWITCH AND VR LOCATIONS
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APPENDIX C. PC /O PORT ADDRESS MAP

I/0 Address Range (Hex) Function

000-1FF
200

201
202-277
278-27F
280-2F7
2F8-2FF
300-377
378-37F
380-3AF
3B0-3BF
3C0-3CF
3D0-3DF
3E0-3EF
3F0-3F7
3F8-3FF

Base system
Reserved

Game control
Reserved

Second printer port
Reserved

COM2

Reserved

First printer port
Reserved

Mono Disp/Print adapter
Reserved
Color/Graphics
Reserved

Floppy disk drive
COM1

24



APPENDIX D. CALIBRATION

In the application of data acquisition and control, it is important to constantly
calibrate your measurement device to maintain its accuracy. A calibration program,
CALB726.BAS, is provided on the PCL-726 software diskette to assist your
calibration work.

D.1. VR Assignment

There are 28 variable resistors (VR) on the PCL-726 to allow you making accurate
adjustment on D/A channels. The location of each VR is indicated in Appendix B.
Connector, Switch and VR Locations. There are 6 sets of VR1, VR2, and VR3
for the adjustment of 6 D/A channels respectively. The functions of the VR's are
listed below:

VRI : D/A gain adjustment for each channel

VR2 : D/A unipolar offset adjustment for each channel

VR3 : D/A bipolar offset adjustment for each channel

VR4 : -10V reference voltage adjustment for D/A Ch #4 to Ch #6
VRS : -5V reference voltage adjustment for D/A Ch #4 to Ch #6
VR6 : -10V reference voltage adjustment for D/A Ch #1 to Ch #3
VR7 : -5V reference voltage adjustment for D/A Ch #1 to Ch #3
CHI1 : Ch #1 current offset adjustment (4 mA)

CH2 : Ch #2 current offset adjustment (4 mA)

CH3 : Ch #3 current offset adjustment (4 mA)

CH4 : Ch #4 current offset adjustment (4 mA)

CES : Ch #5 current offset adjustment (4 mA)

CH6 : Ch #6 current offset adjustmen’ '+ mA)

D.2. D/A Calibration

The calibration program is written in BASIC language. To use it, simply load the
program into BASIC and run the program. The default I/O port address setting in
the program is hex 2CO0. If address hex 2C0 had been occupied by another device,
you may either replace that device with the PCL-716 on address hex 2CO or
modify the address setting in the calibration program. It is strongly recommended
that do not change

25



the program unless you thoroughly understand the PCL-726 calibration program.

Once the calibration program has been loaded and executed, it used the graphic
display and prompts to guide you through the calibration process.

In addition to the calibration program, it is necessary to have a5 1/2 digit
multimeter to perform the calibration. A slot exteasion card will make your access
to the VR's easier. Tne PC-LabCARD product PCL- 755A (Slot Extension Card)
is an ideal product to support the slot extension.

A standard procedure to calibrate the PCL-726 card is illustrated below:

Stepol 21 # Calibrate REFERENCE VOLTAGE SOURCES including -10V
REF! ( Ch #4 - Ch #6), -5V REF1 (Ch #4 - Ch #6), -10V REF2
(Ch #1 - Ch #3) and -5V REF2 (Ch #1 - Ch #3). <VR4-VR7>

Stdpl2.1) 3 Ad;iust D/A voltage output OFFSET of unipolar. mode.
< < Adjust VR2 of each channel > >

Step3 Adjust D/A voliage output GAIN of unipolar mode.
< < Adjust VRI of each channel > >

Step 4 : Adjust D/A precision 4mA constant current.
< < Adjust VR named “CH1" to "CH6" > >

Step5 Adjust D/A voltage output OFFSET of bipolar mode.
< < Adjust VR3 of each channel > > ;

Note: The voltage output GAIN of bipolar mode depends on the GAIN
of unipolar mode, so it is- not necessary to be adjusted. The
current gain depends on a precise fixed resistor and does not need
adjustment.
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CHAPTER 1. GENERAL INFORMATION

1.1. Introduction

The PCL-812PG is a high performance, high speed, multi-function
data acquisition card {or IBM PCXT/AT and compatible computers.
The high-end specifications of this full-sized card, and complete
software support from thlrd-party vendors make it ideal for a wide
range of applications in industrial and laboratory environments.
These applications include data acquzsmon process control, automatic
testing and factory automation.

12. Key Features

*

16 single-ended analog input channels.

Anindustrial standard 12-bit successive approximation converter
(HADCS74Z) to convert analog inputs. The maximum A/D
sampling rate is 30 KHz in DMA mode.

Software programmable analog input ranges.
Bipolar : +/- 5V, +/- 2.5V, +/- 125V, +/- 0.625V, +/- 0.3125V.

Tﬁrec_: A/D trigger modes : Software trigger.

’ Programmable pacer trigger.
External pulse trigger.
The ability to transfer A/D converted data by program control,
interrupt handler routine or DMA transfer.

An LNTEL 8253-5 Programmable Timer/Counter provides pacer
output (trigger pulse) at the rate of 0.5MHz to 35 minutes/pulse
to the A/D. The timer time base is 2MHz. One 16-bit counter
channel is reserved for user configurable applications.

Two 12 bit -monolithic multiplying D/A output channels. An
output range of from 0 to +5V or 0 to +10V can be created by
using the on-board -5V or -10V reference. This precision



PCL-812PG General Information

1.4. Software Support

The PCL-812PG also provides powerful and easy to use software
driver routines which can be accessed by the BASIC CALL statement.
With these driver routines, application programming becomes much
casier especially when you want to use some of the |sophisticated/
features available with the PCL-812PG, e.g., interrupt or DMA data
transfer.

A variety of third party application software = packages will be
integrated with the PCL-812PG. Please contact your local PC-
LabCard representative for most updated information.

This manual is organized to help you understand the functions of the
PCL-812PG, and serve as a programming reference book.

1.5. Product Specifications

1.5.1. Analog Input (A/D Converter)

Channels : 16 single-ended.
Resolution : 12 bits.
Input Range : Bipolar : +/- 5V, +/- 2.5V, +/- 125V,

+/- 0.625V, +/- 0.3125V.
All input ranges are software programmable.

Overvoltage : Continuous +/- 30V max.
Conversion type : Successive approximation.
Converter : HADCS74Z.

Conversion speed : 30 KHz max.

Accuracy : 0.015 % of reading +/- 1 bit.
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PCL-812PG

Installation

Fig. 2.1
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PCL-812PG Installation
22.1. Base Address Selection

Switch name: SW1

Most PC peripheral devices and interface cards are controlled through
the input/output (I/O) ports. These ports are addressed using the
I/Q port address space. Appendix A provides a PC /O port address
map to help you locate appropriate addresses for different devices.

The I/O port base address for the PCL-812PG is selectable via an 8
position Dip switch. The PCL-812PG requires 16 consecutive address
locations in I/O space. Valid addresses are from bex 200 to hex 3FO,
however you might have used some of these addresses for other
devices. Your PCL-812PG base address switch setting is set to hex
220 in the factory. If you need to adjust it to some other address
range, the switch settings for various base addresses are illustrated as
below :

I/0 Address Switch Position
Range (hex) 1 2 3 4 3 6
A8 A7 A6 AS A4 A3
200-20F 0 0 0 0 0 X
21C-21F 0 0 0 0 gl X
220-22F=* 0 0 0 1 0 X
220-23F 0 0 Q 1 1 X
300-30F 1 0 0 0 0 X
3F0-3FF 1 1 1 Y X X
Note : - A9 is fixed to 1 with hardware.

- ON =0, OFF = 1.
- A4..AS correspond to PC bus address lines.
- * means factory setting.

222 Wait State Selecton

Some high speed PC's may require wait states be added to the bus
I/O to achieve stable data transfer. The PCL-812PG can be
configured with 0, 2, 4, or 6 wait state delay for each transfer of
data. The length of the wait state can be selected with the positions

11



PCL-812PG - Installation

these connectors can be connected to the same type of flat_cables, or__
connected to 37-pin D-type connectors through our PCLK-1050
industrial wiring kit. Please rzfer to Fig. 2.1 for the location of each
connector.

The following diagrams illustrate the pin alignment of each
connector.

Legend :
A/D - Analog input
AGND - Analog ground
D/A 7 Analog output
D/O - Digital output
D/1 - Digital input
D.GND - Digital and power supply ground
CLK - Clock input for the 8253 counter
GATE - Gate input for the 8253 counter
ouT - Signal output of the 8253 counter
VREF - Voltage reference

Connector 1 (CN1) - Analog Input (Single-ended channels)

A/D Q 1 /2 A.GND
A/D bl 3 4 A.GND
A/D 2 5 6 A.GND
A/D ) a8 A.GND
A/D 4 9 10 A.GND
A/D 5 ded 12 A.GND
A/D 6 13 14 A.GND
A/D 7 15 16 A.GND
A/D 8 7 18 A.GND
A/D 9 19 20 A.GND

17



PCL-812PG ] Installation

the PC memory segment in this section.

The PCL-812PG I/O driver is written in assembly language and
compiled into a machine language program called 812PGBAS.BIN.
The actual size of the program is more than 4K bytes. There are
two possible ways of loading the I/O driver into memory, your
selection depends on the memory size available on you PC.

e J The first method is loading the machine language driver
< immediately after the normal BASIC work space area. This
approach is more complicated than the other approach, because
it requires. close verification of the free bytes available in the
BASIC work space area, and calculation of the driver routine

starting address.

Steps involved (in sequence) are :

a.  Check the free bytes available in the BASIC work space
area.

b.  If the BASIC free work space does not exceed 60,000 bytes,
it is recommended that you use the BASICA WS ( work
space) command to reduce the BASIC work space area and
reserve sufficient space for the driver routines.

C. Identify the segment address containing BASIC.

d.  Calculate the end address of the BASIC work space from
the position the driver program is loaded.

Q e.  Load the binary program 812PGBAS.BIN using the BASIC
“BLOAD" command.

A sample program is provided as following.

110 ‘LOAD 812PGBAS.BIN DRIVER TO BASIC AREA
120 CLEAR 57344! ‘SET BASIC HIGHEST WORK SPACE WITHIN 56K
130 DEF SEG=0
140 SG=256*PEEK(&H511)+PEEK(&HS10) *GET BASIC SEGMENT
150 SG=SG+573441/16

] 160 DEF SEG=SG

- 170 BLOAD"812PGBAS.BIN“,0
180 °‘END OF DRIVER LOADING
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CHAPTER 4. REGISTER STRUCTURE AND FORMAT

The PCL-812PG requires 16 consecutive addresses in I/O space. The
most important issue in programming the PCL-812PG is
understanding the meaning of the 16 _registers—addréssable ifrom the
selected I/O port base address. A summary map of the functions of .
each address and the data format of each register are given in the
following sections.

4.1. VO Port Address Map

The following table shows the location of each register and ariver
relative to the base address, and its usage.

- - Location Read Write

Base + 0 Counter O Counter O
+1 Counter 1 Counter 1
+ 2 Counter 2 Counter 2
+ 3 N/U Counter control
+ 4 A/D low byte CH1 D/A low byte
+35 A/D high byte CH1 DJ/A high byte
+ 6 D/I low byte CH2 D/A low byte
+ 7 D/1 high byte CH2 D/A high byte
+ 8 N/U Clear interrupt request
+9 N/U Gain control
+10 N/U MUX control
+11 N/U Mode control
+12 N/U Scftware A/D trigger
+13 N/U D/O low byte
+14 N/U D/O high byte
+15 N/U N/U

* N/U = Not Used
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Register Format ’ PCL-8I2PG
42. A/D Data Registers

The A/D data registers use address BASE +4 and +5.
Data Format :

1. A/D Low byte and Channel number.
° BASE +4 D7 D6 D5 D4 D3 D2 Dl DO

AD7 AD6 ADS AD4 AD3 AD2 AD1 ADC

2. A/D High byte.
BASE +5 N7 D6 DS D4 D3 D2 D1 DO

0 0 0 DRDY AD11 AD10 AD9 ADS
LEGEND :

ADI11 to AD0 - Analog to digital data. ADO is the least significant
byte (LSB) and ADI11 is the most significant byte
(MSB) of the A/D data.

DRDY - Data ready signal. When the A/D data is not ready,
this bit is 1. This bit becomes 0 when A/D
conversion completed and it is set to 1 when reading
A/D low byte register BASE +4.

£ 3. MUX Control Register

The Multiplexer control register- is'a write only register using -address
BASE +10. The low nybble provides the scan channel number. The
multiplexer ~switches to the new channel when writing to this
register.

Data Format :
BASE +10 D7 D6 D5 D4 D3 D2 Dl DO

Mux channel X X X X CL3 CL2 CL1 CLO



Register Format

PCL-812PG

BASE +6
D/A #2 low
byte
BASE +7
D/A #2 hig
bytg
@ =ceno
DA11 to DAO -

D7 D6 D5 D4 D3 D2 D1 DO

DA7 DAo DA3 DA4 DA3 DA2 DAl DAO

D7 D6 D5 D4 D3 D2 Dl DO

h X X X X DA11°TAlO0 DAS DAS

Digital to analog data. DAOQ is the least significant
bit (LSB) and DAI11 is the most significant bit (MSB)
of the D/A data. The register of the D/A low byte
BASE +4 (BASE +6) is double buffered. The data
is stored in a buffer when writing BASE +4 (BASE
+6). When writing BASE +5 (BASE +7), the data
in BASE +4 (BASE +6) is sent to D/A converter
with high byte data at the same time:

4.6. Gain Control Register

The gain control
+9. It is used
amplifier.  The
below :

Data Format :

‘." BASE + 9
GAI

N

register is a write-only register using address BASE
to set the gain of the analog input programmable
data format of this register and gain is defined as

D7 D6 D5 D4 D3 D2 Dl DO

Gain Definition :

R2 R1

—CcCOoOOoOOo
o= - oo

30
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PCL-812PG ] Register Formnat

1 0 1 Invalid
1 1 0 Invalid
1 1 1 Invalid

The analog input range, maximum input voltage and gain has the
relation as the following equation :

maximum input voltage

Analog input range =
gain

The maximum input voltage is selected by JP9. It cau be +/- 5V or
+/- 10V. The default maximum input voltage is +/- 5 volts. From
this equation, the analog input ranges are +/-5V, +/-2.5V, +/[-125V,
+/- 0.625V and +/- 0.3125V.

4.7. Mode Control Register /
The Mode control register is a write-only register using address BASE
+11. This register provides the way to control on the operating

modes of the PCL-812PG.

Data Format :

BASE +11 D7 D6 DS D4 D3 D2 Pl DO
Control X X X X X S2 S1 SO
register

A. Under internal trigger condition ‘(JP1 is set to internal)

S2 S1 SO

0 0 0 : Disable software & pacer trigger.

0 8 1z Enable software trigger and program transfer
only. Power ON status.

0 1 0 : Enable pacer trigger and DMA transfer only

1 1 0 : Enable pacer trigger and program transfer or

interrupt transfer. If using program transfer,
the jumper JP4 must be set to the "X" position,
as below :

31



CHAPTER 5. A/D CONVERSION

This chapter provides a complete explanation of how to use the
PCL-812PG A/D conversion functions. It covers A/D data format,
input range selection, MUX multiplexer channel control, trigger
modes and data transfer in the first five sections. Thc last section
gives step by step implementation guidelines with sample progrems
on different A/D operations.

5.1. A/D Data Format and Status Register

When the PCL-812PG performs 12 bit A/D conversions, an 8 bit

register is not big enough to accommodate all 12 bits of data.

" Therefore A/D data are stored in two registers located at address

BASE +4 and BASE +5. The A/D low byte data are in the positions *
DO (ADOQ) through D7 (AD7) of BASE +4 and high byte data are in

the positions DO (ADS8) through D3 (AD11) of BASE +5. The least

significant bit is ADO and the most significant bit is AD11. The A/D

channel number from which the conversion data derived is available

at register BASE +10 position D0 (CLO) to D3 (CL3). The gain is
set at register BASE + 9 position DO (R0) to D2 (R2).

The data format of the A/D data registers is :

A/D Low byte and Channel number.
BASE +4 D7 D6 DS D4 D3 D2 Dl DO

AD7 AD6 ADS AD4 AD3 AD2 AD1 ADD

A/D High byte.
BASE +5 D7 D6 DS D4 D3 D2 D1 DO

0 0 0 DRDY AD11 AD10 AD9 ADS8

5.2. MUX Setting

Data Format :
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. A/D Conversion ' PCL-812PG

BASE +10 D7 D6 D5 D4 D3 D2 D1 DO

X X X X CL3 CL2 CL1 CLO

53. Gain Setting
Data Format :
BASE +9 D7 D6 D5 D4 D3 D2 DI DO

5.4. Tiigger Mode

The PCL-812PG A/D conversions can be triggered in any one of
three ways - software trigger. on-board programmable pacer or
external pulse trigger. .

1.

34

The_software trigger is controlled by the application program
issued software command. Writing to register BASE +12 with
any value causes a software trigger. This trigger mode normally
is not used in high speed A/D applications due to the
limitations of the applications program execution time.

The PCL-812PG uses the INTEL 8253 programmable interval
timer/counter. Counters 1 and 2 of the INTEL 8253 are
configured to be a pacer to offer A/D converter trigger pulses
with precise periods in the pacer trigger mode. The pacer
output of the PCL-812PG is between 0.5MHz and 35 minutes
per pulse. Chapter 8 covers the details of using the INTEL
8253  timer/counter. The pacer trigger mode is ideal for
interrupt and DMA data transfer which normally used in A/D
applications requiring a higher conversion speed.

The PCL812PG direct external trigger pulses are controlled
through EXT.TRG (connector CNS5 pinl). This type of trigger
mode is mostly used in A/D applications requiring A/D
conversions not periodically but conditionally, e.g., thermocouple
temperature control.



PCL-812PG . A/D Conversion
55. AD Data Transfer

. There are three possible ways t> perform the PCL-812PG A/D data
transfer - by program control, interrupt routine or DMA.

1.  The-program -control .data transfer uses the polling concept.
After the A/D converter has been triggered, the application
program checks the data ready (DRDY)bit of the A/D high byte
~e register. If the DRDY bit is 0, the converted data ic moved
from the A/D data register to computer memory by application
program control.

2. In interrupt routine transfer, data is transferred from the A/D
dafa registers to a previously defined memory segmcnt by the
interrupt routine handler. At the end of each conversion, the
data ready signal generates an interrupt which enables tae
interrupt handler routine to perform the transfer. The
interrupt level selection on JPS, interrupt vector, interrupt
controller 8259 and .interrupt control bit in the PCL-812PG
controi register (BASE +11) must be specified before the use of

~ interrupt routine. A write action to the A/D status register
address (BASE +8) with any value resets the PCL-812PG
interrupt request and re-enables the PCL-812PG interrupt.

3s Direct memory access (DMA)transfer moves the A/D data from
the PCL-812PG hardware device to the PC system memory
without operation of the system CPU. DMA s very useful in
high speed data transfer, but it is complicated to operate. The
DMA level selection jumper, JPS and JP6, and the DMA enable
bit in the PCL-812PG control register as well as the 8237 DMA
’@ controller registers must be set up before performing DMA
operations. It is recommended that users use the PCL-812PG
driver Function 6 to perform DMA operation. For more
information  regarding the 8237 DMA controller and the
PCL-812PG DMA operations, please read Chapter 10.

5.6. How to Execute an A/D Conversion

‘\J You may execute A/D operations with a program writing all /O port
instructions directly, or by a program utilizing the PCL-812PG driver
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CHAPTER 11. CALIBRATION

In data acquisition and control, it is important to constantly calibrate
your measurement device to maintain its accuracy. A calibration
program, CALB.BAS, is provided on the PCL-812PG software diskette
to assist your calibration work.

The calibratior. program is written in BASIC and utilizes the
PCL-812PG driver routines. To use it, simply load the program into
BASIC and run the program. The default I/O port address setting in
the program is hex 220. If address hex 220 had been occupied by
another device, you may either replace that device with the
PCL-812PG on address hex 220 or modify the address setting in the
calibration program. It is strongly recommended that you don't
change the program unless you thoroughly  understand the
PCL-812PG driver functions and the calibration program.

Since the calibration program requires the PCL-812PG driver
program, 812PGBAS.BIN, to operate, when you are loading the
calibration program to BASIC, please ensure that the 812PGBAS.BIN
program is also available on the same floppy diskette or hard disk.

Once the calibration program has been loaded and executed, it uses
the graphic display and prompts to guide you through the calibration
process.

In addition to the calibration program, it is necessary to have a 5 1/2
digit multimeter and a voltage calibrator or very stable and noise free
DC voltage source to perform the calibration. A slot extension card
will make your access to the VRs easier. The PC-LabCard product
PCL-755A (Slot Extension Card) is an ideai product to support the
slot extension.

11.1. VR Assignment
There are 5 variable resistors (VR) on the PCL-812PG to allow you

making accurate adjustment on A/D and D/A channels. The location
of each VRis indicated in Fig. 2.1. The function of each VR is listed
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Calibration - . PCL-812PG

below :

VR1: D/A 1 gain adjustment

VR2: D/A 2 gain adjustment

VR3: A/D gain adjustment

VR4 : Programmable amplifier offset adjustment
VRS : A/D offset adjustment ‘

11.2. A/D Calibration

Since the PCL-812PG provides many A/D input ranges, the
calibration on one A/D range may cause a small offset on other
ranges. it is suggested that you calibrate the A/D range which you
need best accuracy.

The calibration program will prompt you to specify the following
items :

1. Input range setting
2. Channel number

It then leads you to adjust the programmable amplifier offset, A/D
offset, and A/D gain.

11.3. D/A Calibration

The D/A input reference should be connected to the channel to be
calibrated. You may use the on-board -5V or -10V reference even
external references. The full scale gain of each D/A channel are
adjusted through different VR. The reading should be 4.9997V for
the full scale gain.
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APPENDIX A PC I/O PORT ADDRESS MAP

I/O Address Range (hex) Function

000-1FF
200

201
202-277
278-27F
280-2F7
2F8-2FF
300-377
378-37F
380-3AF
3B0-3BF
3C0-3CF
3D0-3DF
3E0-3EF
3F0-3F7
3F8-3FF

Base system
Reserved

Game control
Reserved

Second printer port
Reserved

COM2:

Reserved

First printer port
Reserved

Mono Disp/Print adapter
Reserved
Color/Graphics
Reserved

Floppy disk drive
COM1:
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Option Explicit

Public result As Double ' define result in every form
Dim result1(2400) As Double
Dim countl As Double 'number count of timerl

Dim timeint, timenow As Double ' timeintial and timenow
Dim check, checkl, check2 As Double 'check Value
Dim t1, t2, t3 As Double " define t0,t1,t2
Dim c1, ¢2 As Double 'Result of t1,t2 , k=Gain, T
Dim DAvalue, Gain As Integer
Private Sub Command1_Click()
Form3.Show
End Sub
Private Sub Form_Load()
Call StopValue

End Sub
Private Sub StopValue()
Dim x, Hi, Lo As Integer
DAvalue =4

x = (DAvalue - 4) * (4096 / 16)

If x > 4095 Or x <0 Then
Print "STEP 3 OVERFLOW !!!"
End If

Hi=x\256

Lo =x Mod 256

Out &H2CO0 + 6, Hi

Out &H2CO0 + 7, Lo

Command3.Caption = "Start"

Timerl.Enabled = False

Labell.Caption =""

Label2.Caption =""

Textl. Text=""
End Sub
Private Sub Command5_Click()
Call linegrid
End Sub

Private Sub Timerl Timer()

Dim XPos, YPos, difftime, tOvalue As Double

Dim ref, N, time, adhigh, adlow As Integer

Dim sumresult As Boolean

Dim cc, bb, aa, adhighhex, adlowhex, Value As String
Dim advalue As String

countl = countl + 1

ref=0
time =0 'time init

Out &H220 + 10, 1 ' Mux control register

Out &H220 + 12,0 ' Trigger twice to get a stable data
Do

time = time + 1
adhigh = Inp(&H220 + 5) " Input value at address H220+5



aa = Hex(adhigh)

bb =Mid(aa, 1, 1)

If time = 1000 Then time = 0

Loop While bb ="1" And time < 1000000

adlow = Inp(&H?220 + 4) " Input value at address H220+4
Out &H220 + 12,0 "Trigger twice to get a stable data
time =0 ' time init

Do

time = time + 1

adhigh = Inp(&H220 + 5) "Input value at address H220+5

aa = Hex(adhigh)

bb =Mid(aa, 1, 1)

If time = 1000 Then time =0

Loop While bb="1" And time < 1000000

adlow = Inp(&H220 + 4) "Input value at address H220+4
adhighhex = Hex(adhigh)
adlowhex = Hex(adlow)

If Len(adhighhex) = 1 Then

adhighhex = ("0") + adhighhex

End If

If Len(adlowhex) = 1 Then
adlowhex = ("0") + adlowhex
End If

advalue = (adhighhex) + (adlowhex)

Value = dec(advalue)

cc = Val(Value)

result = (10 * cc / 4096) - 5

result = -(result) 'card is currnent sink

result = Round(result, 3)

Label1.Caption = result

resultl(countl) = result

XPos =40 + (countl * 0.25) 'Get horizontal position.792
YPos = 540 - (5 * (DAvalue /20) * 80)

PSet (XPos, YPos), QBColor(4) ' Draw confetti. rnd=0.7

ScaleMode =3 ' Set ScaleMode to pixels.

DrawWidth = 3 ' Set DrawWidth.

XPos =40 + (countl * 0.25) 'Get horizontal position.792
YPos = 540 - (resultl(count1) * 80) 'Get vertical position.573
PSet (XPos, YPos), QBColor(9) ' Draw confetti. rnd=0.7

If countl = 2400 Then
k = (result1(2400) - result1(1))/ (DAvalue / 4) - 1)
k = Round(k, 3)
Label7.Caption = k
c2 = ((result1(2400) - result1(1)) * 0.632) + result1(1)
¢2 = Round(c2, 2)
cl = ((result1(2400) - result1(1)) * 0.283) + result1(1)



cl =Round(cl, 2)
checkl =0
For countl =1 To 2400
If Round(result1(countl), 2) =c2 And (checkl < 1) Then
t2 = countl
checkl =1
End If
Next countl
checkl =0
For countl =1 To 2400
If Round(resultl(countl), 2) =cl And (checkl <> 1) Then
tl = countl
checkl =1
End If
Next countl
T=t2-t1)*3/2
T =Round(T, 2)
Label9.Caption =T
t0=t2-T
Label2.Caption = t0
Ift0 > (T / 4) Then
Labell1.Caption = "PID"
Else: Labell1.Caption = "PI"
End If
Timerl.Enabled = False
End If

End Sub
Private Sub Command3_Click()
Dim Hi, Lo, x As Integer
Timer1.Interval = 1000
timeint = Timer
If Timerl.Enabled = False Then
Timerl.Enabled = True
End If
DAvalue = Text1.Text
DAvalue = (DAvalue * 4/25)+4
x = (DAvalue - 4) * (4096 / 16)
If x > 4095 Then
x =4095
End If
If x <0 Then
x=0
End If
Hi=x\256
Lo =x Mod 256
Out &H2CO0 + 6, Hi
Out &H2CO0 + 7, Lo
End Sub
Private Sub Command4 Click()



Call StopValue
End Sub
Private Sub Command2_Click()
Dim i As Integer
Dim strl, str2 As String
Dim myobject As Object
Dim mychart As Object
Set myobject = CreateObject("excel.application")
myobject.Visible = True
myobject.workbooks.Add
Fori=1 To 2400
strl = LTrim(Str(1))
str2 = Chr(65) + strl
myobject.range(str2). Value = result1(i)
Next i
myobject.range("A1:A2400").Select
Set mychart = myobject.charts.Add()
End Sub
Sub linegrid()
If checkl = 0 Then
Command5.Caption = "Hide Grid"
checkl =1
Line9.Visible = True
Linel1.Visible = True
Linel3.Visible = True
Linel4.Visible = True
Linel6.Visible = True
Linel7.Visible = True
Line19.Visible = True
Line20.Visible = True
Line22.Visible = True
Line23.Visible = True
Line24.Visible = True
Line25.Visible = True
Line26.Visible = True
Line27.Visible = True
Line28.Visible = True
Line29.Visible = True
Line30.Visible = True
Line31.Visible = True
Line32.Visible = True
Line33.Visible = True
Line34.Visible = True
Line35.Visible = True
Line36.Visible = True
Line37.Visible = True
Line38.Visible = True
Line39.Visible = True
Line40.Visible = True
Line41.Visible = True



Line42.Visible = True
Line43.Visible = True
Line44.Visible = True
Line45.Visible = True
Line46.Visible = True
Lined7.Visible = True
Linel.Visible = True
Line2.Visible = True
Line3.Visible = True
Line4.Visible = True
Line6.Visible = True
Else: checkl =0
Command5.Caption = "Show Grid"
Line9.Visible = False
Linel1.Visible = False
Linel3.Visible = False
Linel4.Visible = False
Linel6.Visible = False
Linel7.Visible = False
Linel19.Visible = False
Line20.Visible = False
Line22.Visible = False
Line23.Visible = False
Line24.Visible = False
Line25.Visible = False
Line26.Visible = False
Line27.Visible = False
Line28.Visible = False
Line29.Visible = False
Line30.Visible = False
Line31.Visible = False
Line32.Visible = False
Line33.Visible = False
Line34.Visible = False
Line35.Visible = False
Line36.Visible = False
Line37.Visible = False
Line38.Visible = False
Line39.Visible = False
Line40.Visible = False
Line41.Visible = False
Line42.Visible = False
Line43.Visible = False
Line44.Visible = False
Line45.Visible = False
Line46.Visible = False
Line47.Visible = False
Linel.Visible = False
Line2.Visible = False
Line3.Visible = False



Line4.Visible = False
Line6.Visible = False
End If

End Sub

Option Explicit
Public result As Double
Dim result2(2400) As Double
Dim DA(2400) As Double
Dim count2 As Double
Dim count3 As Double
Private timeint As Double
Dim Tc, kp, Ti, Td, delt, ki, kd, Sp As Double
Dim DAbuffer As Double
Dim check, checkl As Double
Private Sub Commandl_Click()
Form3.Hide
Form2.Show
End Sub
Private Sub Command2_Click()
Dim i As Integer
Dim strl, str2 As String
Dim myobject As Object
Dim mychart As Object
Set myobject = CreateObject("excel.application")
myobject.Visible = True
myobject.workbooks.Add
Fori=1 To 2400
strl = LTrim(Str(1))
str2 = Chr(65) + strl
myobject.range(str2).Value =result2(i)
Next i
myobject.range("A1:A2400").Select
Set mychart = myobject.charts.Add()
End Sub
Private Sub Command5_Click()
Call linegrid
End Sub
Private Sub Form_Load()
delt=1
Call StopValue
End Sub
Private Sub Command3 Click()
Dim Hi, Lo, x As Integer
Dim delt As Double
kp = Text3.Text
ki = Text4.Text
kd = Text5.Text
Timerl.Interval = 1000



Sp = ((Text1.Text) / 25) + 1
check =0
If Timer1.Enabled = False Then
Timerl.Enabled = True
End If
End Sub
Private Sub Option]_Click()
Text3.Enabled = True
Text4.Enabled = True
Text5.Enabled = True
Text3. Text=""
Text4. Text=""
Text5.Text=0
End Sub
Private Sub Option2_Click()
Text3.Enabled = False
Text4 Enabled = False
Text5.Enabled = False
" should use Tc=t0 because value raise not more 5%
Ift0>T /4 Then 'Calculate PID Parameter Kp,Ti,Td'
kp=T/(k* (t0 + Tc))
Ti=T
Td=t0/2
Else: kp =T/ (k * (t0 + Tc)) ' Calculate PI Parameter Kp,Ti
Ti=T
Td=0
End If
Text3.Text = Round(kp, 3)
Text4.Text = Round(1 / Ti, 4)
Text5.Text = Round(Td, 3)
End Sub
Private Sub Timer]l Timer()
Dim setpoint, error, errorl, error2, output, outputl, output2 As Double
Dim XPos, YPos, difftime, tOvalue, A As Double
Dim DAvalue, ref, N, time, adhigh, adlow As Integer
Dim sumresult As Boolean
Dim cc, bb, aa, adhighhex, adlowhex, Value As String
Dim x, Hi, Lo As Integer
Dim advalue As String
count2 = count2 + 1

ref=10
time =0 'time init

Out &H220 + 10, 1 'Mux control register

Out &H220 + 12,0 " Trigger twice to get a stable data
Do

time = time + 1

adhigh = Inp(&H220 + 5) " Input value at address H220+5
aa = Hex(adhigh)

bb = Mid(aa, 1, 1)



If time = 1000 Then time =0
Loop While bb="1" And time < 1000000

adlow = Inp(&H220 + 4) " Input value at address H220+4
Out &H220+ 12,0 "Trigger twice to get a stable data
time =0 ' time init

Do

time = time + 1

adhigh = Inp(&H220 + 5) "Input value at address H220+5

aa = Hex(adhigh)

bb = Mid(aa, 1, 1)

If time = 1000 Then time = 0

Loop While bb ="1" And time < 1000000

adlow = Inp(&H220 + 4) 'Input value at address H220+4
adhighhex = Hex(adhigh)
adlowhex = Hex(adlow)

If Len(adhighhex) = 1 Then
adhighhex = ("0") + adhighhex
End If
If Len(adlowhex) = 1 Then
adlowhex = ("0") + adlowhex
End If
advalue = (adhighhex) + (adlowhex)
Value = dec(advalue)
cc = Val(Value)
result = (10 * cc / 4096) - 5
result = -(result) 'card is currnent sink
result = Round(result, 3)
Label2.Caption = result
result2(count2) = result
Text2.Text = Round((result - 1) * 25, 2)
XPos = 40 + (count2 * 0.25) 'Get horizontal position.792
YPos =540 - (Sp * 80)
PSet (XPos, YPos), QBColor(4) ' Draw confetti. rnd=0.7
If count2 > 0 Then
setpoint = Sp
output = (result2(count2))
outputl = (result2(count? - 1))
error = (Round((setpoint - output), 3))
error]l = (Round((setpoint - outputl), 3))

A =kp * error + ((ki * error * delt) + DAbuffer) + ((kd * (error - errorl)) / delt)

DA(count2) = Round(A, 2) "' Amp time
If DA(count2) > 20 Then

DA(count2) = 19.9

Elself DA(count2) < 4 Then



DA(count2) = 4
End If
DAbuffer = DA(count2)
If DA(count2) < 19.99 And A < 19.99 Then
check =1
End If
x = (DA(count2) - 4) * (4096 / 16)
If x > 4095 Then
x =4095
End If
If x <0 Then
x=0
End If
Hi=x\256
Lo =x Mod 256
Out &H2C0 + 6, Hi
Out &H2CO0 +7, Lo
ScaleMode =3 ' Set ScaleMode to
DrawWidth = 3 ' Set DrawWidth
If count2 <2401 Then
XPos = 40 + (count2 * 0.25) 'Get horizontal position.792
YPos = 540 - (result2(count2) * 80) 'Get vertical position.573
PSet (XPos, YPos), QBColor(9) ' Draw confetti. rnd=0.7
End If
End If
If count2 = 2400 Then
Timerl.Enabled = False
End If
End Sub
Private Sub StopValue()
Dim DAvalue, x, Hi, Lo As Integer
DAvalue = 4
x = (DAvalue - 4) * (4096 / 16)
If x > 4095 Or x <0 Then
Print "STEP 3 OVERFLOW !!!"
End If
Hi=x\256
Lo =x Mod 256
Out &H2CO0 + 6, Hi
Out &H2C0 + 7, Lo
Timerl.Enabled = False
Textl. Text=""
End Sub
Sub linegrid()
If checkl = 0 Then
Command5.Caption = "Hide Grid"
checkl =1
Line9.Visible = True
Linel1.Visible = True
Linel3.Visible = True



Linel4.Visible = True
Linel6.Visible = True
Linel7.Visible = True
Linel9.Visible = True
Line20.Visible = True
Line22.Visible = True
Line23.Visible = True
Line24.Visible = True
Line25.Visible = True
Line26.Visible = True
Line27.Visible = True
Line28.Visible = True
Line29.Visible = True
Line30.Visible = True
Line31.Visible = True
Line32.Visible = True
Line33.Visible = True
Line34.Visible = True
Line35.Visible = True
Line36.Visible = True
Line37.Visible = True
Line38.Visible = True
Line39.Visible = True
Line40.Visible = True
Line41.Visible = True
Line42.Visible = True
Line43.Visible = True
Line44.Visible = True
Line45.Visible = True
Line47.Visible = True
Linel.Visible = True
Line2.Visible = True
Line3.Visible = True
Line4.Visible = True
Line6.Visible = True
Line9.Visible = True
Linel10.Visible = True
Else: checkl =0
Command5.Caption = "Show Grid"
Linel1.Visible = False
Linel3.Visible = False
Linel4.Visible = False
Linel6.Visible = False
Linel7.Visible = False
Linel9.Visible = False
Line20.Visible = False
Line22.Visible = False
Line23.Visible = False
Line24.Visible = False
Line25.Visible = False



Line26.Visible = False
Line27.Visible = False
Line28.Visible = False
Line29.Visible = False
Line30.Visible = False
Line31.Visible = False
Line32.Visible = False
Line33.Visible = False
Line34.Visible = False
Line35.Visible = False
Line36.Visible = False
Line37.Visible = False
Line38.Visible = False
Line39.Visible = False
Line40.Visible = False
Line41.Visible = False
Line42.Visible = False
Line43.Visible = False
Line44.Visible = False
Line45.Visible = False
Line47.Visible = False
Linel.Visible = False
Line2.Visible = False
Line3.Visible = False
Line4.Visible = False
Line6.Visible = False
Linel0.Visible = False
End If

End Sub
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