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ABSTRACT

This thesis proposes the design and implement of a fuzzy controller for tuning the fuzzy
logic parameter using back-propagation neural network. The controller is implemented to control
the unknown system transfer function of real plants. The controller consists of 2 parts which are
fuzzy logic and back-propagation neural network. As the main part, the fuzzy logic components
are fuzzification, fuzzy inference, fuzzy rule base and defuzzification. The fuzzy parameters
consist of 2 parts which are antecedent and consequent part. The fuzzy logic is used for adjusting
the center and width of the antecedsnt part and real value of the consequent part using back-
propagation neurzl network. The output response rise time, overshoot and steady state error of
system are adjusted by scaling factor corresponding to appropriate gituations. The controller is
implemented to control level and flow processes. The results are shown that the performance of

this controller is improved in term of tracking of set point compared with a standard controller.
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Tadudrsevnasumniesulasneufiames Woldmauaunszuaumsnigamnnssy
03¢14
1.2.3 iWednymavesn mlAsunlassuny (scaling factor) vosAMsBUNATIIAD

»
ausTouzYRITzUURIUANIazYse ANt atnmsSoufvesdanauquil

=
1.3 auyASIHTBINIFANE
flogumaTuladHeFaedn (fuzzy logic) uazlnrethelssam (neural network) iy
] ¥
faulsedenivneicluasmsfoyunzgammnisy ludauveslnsensdszamilfedde
anwemnsalunisioud arwansalumsmimaeunadiqe (optimization) Juaauvesila
= o o =3 3 o o o 9/ T °
SaetniinisAentenunisAnueayud 1¥ngues IEThen tazmamdielumsiinanidile
uavdszgna 1funminnddvirg deruedfedveslaswinlszamuazfleFasdamin
fropu AR ansaiinsdoudlussdudwnsnsduillssdnininvesTasaig
UszamasflsFastauazdilFasironlussdugaluSewesmsfauuuywd 1dng I
= o= ¥ 1 = 9 4 3 B ]
Then tazmgravesiadaniadelnssholszam dunmaiudedvesianesiinislums

Uszandifludrenuausa Tuiduunlfudue 14 (3)



1.4 nquiinseunanafaildlumsise

szuvitsddsznedromniimedateg  wu HedwmiliiudunlsSuyauazeni
wa HanFumsifumndn (membership function) szuvrdannsadalfeglugyvesilandy
Tifwduduiall Fond1 Universal approximators Muauelay Kosko [5] Ensdanarai
anumursaduiledsulsznans hidhuSududaly (approxiniating general nonlinear
function)1d whuesurfunaiidnin Taswinlszamuuudloufwnih (fedforward
neural network) vuauslar Homik [5} fgniivituddimomifedestuilafion dus
awmsalszgnd lasssUszamlunsdivdsamsiimesvesssuuilad

assaufuveaflsdiu Taseinodssamuatiu 2 nyufie Neural network based fuzzy
systems AU Fuzzy logic based neural network models 33msusaiiaaudseneunansedluau
v h o LT HiInTU(fuzzification) RuZowWe1Tus (fuzzy inference) unz ANTTRIATU
(defuzzification) 1¥Iaseviedszamludiuiimsvesndadsenlzndu (ack-propagation)
TunislSurlsaminifiinesdauues antecedent Uaz WA FAIUVEY consequent YBIHFF
[3] Fushasiaaslusneriinugs swGonisnsmasudidaefiin Nearo Fuzzy [3,4] 359
avsldudszneuudniiulasedssamasinsdediedeyariuinies mstaatimin
veadayanin Inualuawesusngimsesonlyl I treshold Tuiniwesgavie 1¥Hadasialuy

as b s :‘ o 1 2 w0 & -~ u’d,’
UU'JUﬂ']‘.Tl]iUﬂ‘Iﬂ'JQ'UTHuﬂﬂ']Ucl'HTﬂi*QU']U‘])'Qulﬂﬂﬁ]?:lu']ﬂﬂ']uwu'ﬁu [3]

=y Qf
1.5 YBUUANSIVY
Sar ¥ ¥ o -9 =9 of ol d‘é’
vauwanItmianiumsesnuuudnl uauuuLiia Isfasddereriiindszynadu
190 luTasmeniiames Tunsasuguaszuaums luiemanesves mamaTuladnisiagu
& A - 4
nsganassuFadediunisfrassmsnugunisgaamassueie aszuMsinauguiiiu
arRILRUIzA U MEzNTTUINMIAILqUMS Tva dnaunuila Tsfle@iduuuy 2 Sune 1
< as . o [ ey o P v = dyd e’l ar
pwiye nsliuudsniimesvesladinmrilmesnlSundaluns3deiilinmua 3 dauals
foludiuund antecedent 1FadFumsiumnauvumdiFsuiisanlssesdindeasy
1 r % 1 o P
UANABAINAN (center) HAZAMUATIY (width) nazludIuuey consequent HAMYTHIIIRIAD
»
eWyangmInuguilsd nndnesnmualivudsTaslaswiedssamuuundnysouls
¥y naasInTifasuntlanuny (scaling factor) Y9IAILIBUNANNABAUTINUZYDITZUL

¥
nvguuazdseansmwmaBouivesdaniuguil



o) =
1.6 THABUNITANHL
1 o X é L ]

16.1. Tudunsadumsdnyindnnisuazngufiugudainnlszgnd 1 $luns

a - o = 1 of o
panuUUAIRILgUUsTRsudIsadiasrasled Tnsshedlszmmuuunindseuilzindy ms

» . +
TINAUYBININDITINGUN T Neural network based fuzzy systems MANAITHAZAITUSTLUAS
wniinesdrvatuesvesiia Tsfled
o o P 1 [ - o ar

1.6.2. Amnnuiinusesmiailflufendesznin lulnsnauiiuresfunszuau
N13UB4UTEN Advantech $160@ Ju PCL-818 iflunia A/D unz D/A TanegluduAsadusan
3 »
fansiweuTdsunsufesudadoyasznitellsunsufumia uazesnuuurees1dulag
Ty v/ uag UV isannnssuaunms [dyaianunm 4-20 mA

1.6.3. senuuudnuguiia lsdsddroredurfunluTnsneufaaesuassiinig

»

nanesluienanesvesnndvima TuTaimsdanulunmsmuquszdiny uazaugusan
m3lva

= @ 55 J &
1.6.4 nisumsunnvesdanuguiiadniuiudiniuguunas gy



YNt 2
=y =N ¢ t:; s = =
'ﬂﬁ]‘l‘:l ﬂﬂ]ﬁﬂmﬂﬂ1ﬁﬂ‘3lﬂEl']ﬂ‘l]ﬁ"ﬁdliﬂi’)"ﬂﬂ

] ¢
tazlassnedszanuuuvaisaeas

fu1nu1«1ﬂ1"l¢’1’nﬁn’51ﬁ'sTiﬁmt‘fﬁﬁnﬁua‘luf‘mmﬁwuﬁ'ﬁxﬂmmu Neural network
based fuzzy systems Hdausznsundnszifludiuvesiladanin Tuﬁwmﬁwuﬁ'ﬁ’ﬁﬂnéuqh
s uazl¥lasevelszamludiuisaisveaudalsouilzindu (Back-Propagation) “l'umi
YFutgansiimesdIuues antecedent UAZ WIS 1LADSIUVBY consequent YBIHHT A Farfu
a3eRnIUUNTTAILANTI Ts A ﬂvﬂaqmﬁﬂmmswNﬂtuﬁmﬁmmmﬂuﬁw oy
muTumsmﬂ’nuwﬂfnTﬂsqﬂsmmvwanﬂﬁmamwammmnuﬂsﬁw nazrie 191y
nstmualasardaasisnsesniuuldimnz fudnyaznis 1oy sotudiomluunile:
aafanquinendasaas veeiled Taseadraves Iasesthelssamuuuvaiomigesiing
wannsveadinlserhlzndu ﬁaﬁswamﬁﬂﬂﬁaﬁa“lﬂﬁ [3]

Taseadiandnvesilad Usznoudie 4 wusnvdnaledu Ao Haddindu
(fuzzification) WwFeumelsud (fuzzy inference) ATladWIAFU (defuzzification) HAZAHNI

ARl (fuzzy rale base) AaiaatlugIH 2.1

Fuzzy Ruie Base
Input . F Inf . Output
—y| Fuzzifier » PERIRGIS S 3| Defuzzifier £
Engine

] »

g1 2.1 Tasamdaitugruvesdanauguilyd
pndautlszneundnvesilud luusardiuszaeundndsdiswaziBeaneluves

[} A A4 9t 1 o ﬂ 9} ] ci:i' .;.1 -, g 1 1 o
azdiuiiintemaeds sulludesnanludififiesiuelussuihoimdazesnilszney
wanszidu lnunlfihdaomeuala

=i =

2.1 nguHu%IyR (Fuzzy Set Theory) [1,3,4,5,6,8]
a a . - ' A A ase Y e &£ oo
i 1 a3uilisa (Crisp Set ) Ap nquussasnFnfiliguauidnmdsimun el

sivanse s afld



MF A Crisp set A

)

170 Heights (cm)
il 22 Fednaiaiianvesngaazsyauaiunngn

» »
{070 2 PANNFUWNS (Universe of Discouse : U ) A1 wanitauFniusuFananuaves

veuwadidhnsAnsen duald « Suanidnlen vee v Aoumudredydouc veU

$iow 3 Aedgun1siiuaan®n (Membership function : £2) Heddunisiuandnveawn Wy
¥
unudrodadnyel L gniioual
=t i ar A =
L4, () Tifwiiu 1 e w fumngnvesan 4

L2, () Tfwiiu o1ife » hidluan@nveusa 4

wldd g, (w):U €{0,1)
1 :u€ 4

Pa@=9 0 (21)

F1uR 4 MTININUVBIYA
1 d " - s - ar
w8 4 vEAuEe B NeeilsauFnNndIvesn 4 fumnFanndavessa B uny

e ar U4

mngnnnaaveaa B umnSoyndivesan 4 o Wenumudaedadnyel 4=B

17

(4=B)<> (Vae BYA(VbE 4)) (2.2)

Taoh a€ 4,b€ B AWAIAY

fowd 5 Miiuduiea (Subset)

e 4 snifluduiraveusn 8 fneiomndnyndiveusa 4 GumnFnnndaves



s

6 B Wouunudaedydovel 4 C B
(AC BY<>(VaEB) (23)
Taoh a € 4

Qs d 3 & ar o os
a4 seilufusaniveusa B fdailemndnyndveasa 4 HumnFayndaves

150 B uaziwa 4 Wivifuise B @eunmudisdydnue 4C B
(AC B)$>(VaE€B)N(4# B) (2.4)
Tath a € 4
a af e ¥
newd 6 YRUaAnTHUgIMvBUTA
= o & o o ogra (] - - = [y
apuninug Ao dufialunsadiusalvinnsady Tashimngnoveusalvife
e a o 4 PR = - -t o o o ar J
mSnveuenawduing U i hidluauSaveusadu Hounmudedaydnuaiael

A={u|(uEU) A (& A)} (2.5)

= = s = ae, 1 = ‘5 = ]
gitou e daliians lunsedaralninmaady 2 wa Tashau¥nveusalm

) X < = 2 a2 P
"&0nmssanmndndanuanidusndaveusalawanilinoia 2 wa Aouunudag

ot

Q ar o dy
Fydnuoiaal
AU B={u|(u€ 4) N\ (uE B)} (2.6)
- o o 2 as £ g (] = 3 -
Fumeiigau fe alfjiamslunsadhuralminn@uisas 2 e Tashmngnues
» ¥ W
walvy 14 innissanvesmndniatuaidvmndnveusa@uny 2 e Geuunuday

o & i
dyanyuaIu

ANB={u|(uEAHV (uE B)} 2.7



fiou 7 WesGara (Fuzzy Set)
HaSia Ao wmvegdusu wunziladsumniumndn 4, () Taofiu dumngn

»
o o as o a T @
laq vesenanduing U Moumudsdadnunives Aediva 4 agmelu U Tddail

A={(u, L, W) |ucl} (2.8)

iy 8 Heddunintuaudnveafadian (Membership Function of Fuzzy Set: 4L , (1))
fsfFunaiumndavesiledian 4 gniiswifiegmelugae o a1 @ouiny

Modganual 42, (v) fhawiszyfersauanuiiumngnvesilaFion 4 dedrasu

& fe, G lewii o uaaed « hifinrnniluandnvesilsdian 4
f @) dieiey ueaadn o dadumn¥avesiasdiye 4 ey
&1 i (u) HEwn wa@adn u demfuangnvesilaBian 4 10
f p, G Ty uaasn « innudlumnfovesiladion 4 odw
auyssing 149
L)t —=>[0,1] 2.9
\ Fuzzy set A
e |
10

>
2 \) Membership

" function

>

P . Jm 180 Heights (cm)
st 2.3 HeddumaiiuamnBovesilafivn 4 uazszdvnaiumnsnvesniug

973 9 MITIIAUYIRY A
1 o = a1 H - ar o o 1
Hasda 4 vzefudaTon B Aredloauisn « nnm“lmannwrmwwﬁ U i
o = = r o ] o o = =1
fefsunsiiumndnvesiledion 4 whnudsinsumaduandnvesilofioa B @ouunu

Srodadnual 4=B



(A= B)<> [, ()= [y (x) 2.10)
Tﬂﬂ‘ﬁ Yueu

few 10 nsdlufuiravssfladsa
o a! = I~ | H - o o ar
Hodia 4 sufluduwavoiladion B fdeuloandn » yadaluenanduiims U i)
] o - = » i o L] o -
ailafsumsiumngnvesladiaa 4 Younimienidy mifleaddunisiiumndnvesilad

e B Wovimudodydnuel 4C B

(ACB) > M, (S Lp(x) 2.11)
Tﬂﬂ‘ff;l Yueu
iy

1

o

o
0 —).
Y Core > x

Crossover points

< CL - cut —>

S Support >

qii 2.4 Swwedn, a -Cut, yadadhn uaz guinarefladive vesHlendunmbumnin
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fienw 11 swesavosfladian (Support : S(4))
o = L3 o o A = 1
Srnoiavesiladisn 4 fo wavesmnTanndaves « Tuwenanduing U i

o s - L) ' = @ o < o d’
HurFunsiiluaindnvesiladiamunnndl o Wouunudredydnyaiasil
S(A)={uEU | fh,(u)>0} %78 Support(4)={u| t,(u)>0} 2.12)

[

flgw 12 quinaiaueailsdizn (Center) 138 (Core : Cote(4))
= o @ o o &2 o
quinauusafladian 4 fle iraveamnFnnndaves « lulenanduing U Him

o ar o = T ar . L o« ar :
fafsunmiiumndoveslafivamiiy 1 Soumudedydnysiaai

Core(A)Z{uhuA (1)=1} (2.13)

"YW 13 HyEFunadY (Fuzzy Singleton)
Hedsunasy G Hednilsnnefaveusafimndnifesduden uaslidiadduns

Fuaundnsiny 1

e A

1.0

>

Heights (cm)

170
Core and Support

514 2.5 HwBFufaduYBIAINYY

Gt

fio1u 14 150 & - Level n50 & -Cutves¥adia (4,)
i fiaflantu

59 O - Level vaailadian 4 fip iwavesdan®n « Jumanwduding U
o ar ﬂy
ninadl

msfumndovesiladian 4 nnnimieniny o Weuwmudisdaydny

Ay ={u| )20} (2.14)
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ity 15 AMgeueaisFiye (Height of Fuzzy Set)
argavesiladion 4 fle mileisumaiiunndngagavesilaion 4 Anuumudas
o o )

Yyanuol

hgt(A4) = max L, (u) (2.15)
ucl/

u1y 16 Auiauidnisuenea laguesfaFiva (Nomalization W3 Normality)

HaFian 4 vzlguauianisuswea ladhdeils Hedwa 4 nnuguiiy 1
A is normalized €<= hgr(A4)=1 (2.16)
fiy 17 Auranianisae i nduesiladion (Convexity)

Harresa 4 Tlullﬂm’dll‘llﬂﬂ']‘iﬂﬂllll'!ﬂ‘h’ﬂﬂﬂmﬂ ‘:’qﬂﬂ‘if'llﬂ'lﬂﬂuﬂ'll"l‘h'ﬂ‘uﬂd A aeARAnY

amideu'luselali
A is convex €3 1L, () = (Auy + 0 — Aduy ) 2 min{ gL, (), 14, (1)} (2.17)
Tae? o1, €U oz A €[0,1] adiy
o ‘d as o '
nay 18 Hedues (Fuzzy Number)
Hainyeveeiladian 4 fe Hediandusnnuddiiauauiansueenlad
HAZAMITATULANG
0o 19 ‘E](v‘léfﬂ{l"m (Crossover point)
w8 ] r-] = = L 4 =t 1 o as
wadadwuesiladion 4 Ao gafidudn « Tuennnduind U fisiendumsiiu
= = 1 =2 A ar o ar dy
mnFnvesisien M1y 0.5 Weuunudredyanuaided]
crossover(A)={u| £ ;(4)=0.5} (2.18)
fie1w 20 tuies (Bandwidth M58 Width)

AsFiadnuauiidnisusuen ladiaznsaeunnd Juvulaifleszormeszning

Qﬂﬁ'ﬁﬁﬁﬂ5fuﬂ1ilﬂuﬁn1§ﬂﬂaﬂﬂﬂlﬁ1ﬁv 0.5 (Crossover point) (Hy (u))=H, (uy)=05 )
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Bandwidth(4) =|u; —u, | 219

HE 21 ASANUIAT (Symmetric)
Hudhian 4 mnnasie @avemdn « lusnandudimg U delandunsdiy

mnnvesiladisa 4 seugalan aumnesiu @ wn u=c

,UA(c+u)=/JA(C'—u) (2.20)

Hew 22 Wadne (Open lefi),/FA121 (Open right),1la (Closed)

[ |4
HAwFaa 4 Dado (Open lef) My ludil
81 lim oo M y=1Uag lim,_y 4o H,@)=0

[ [
HerSiwa 4 1lau1 (Open right) A1ty ludail
k3 # +
M lim, o M, )=0 1T lim,_5 100 [, () =1

HAaFirn 4 Ua (Closed) audou lugsil
1 lim, 5 o ()= lim, 5 o0 M, (u)=0

B

He1u 23 anfauaavesHadiea (Cardinality)
o o 2
WnT U fle wavan
2
0

ANMHIAITAUIGA (Scalar Cardinality) vosHsHIaa 4 YUBAANAY

1 o o - o =y =2 o e o
vessfenFunsiiiumndnves u nada luiladioa 4 Wonunudrsdydnyal

|41= DM () (2.21)

vl

MyAuTRATUINT (Relative Cardinality) vasflarFiam 4 uvepnnduwing U fio das

t 1 1 oo act o a 1 . A a
'(’I"J'NTS'H”J'N'F]'I?TFI"lﬁ']gﬂ']?ﬂ'lflﬂﬂ'l]ﬂqw%"]ﬂ‘]fﬂ AU ﬂ'lﬁﬂ']ﬂ'lgﬂW;ﬂU'lﬁﬁ‘llBﬂ!E}ﬂﬂﬂﬁﬂﬂ'ﬂg U

-

¥
Lo oo

Alpunnudedyanyolaedl

|4
(2.22)

= ol
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fin1w 24 UfiAnsRuguvesdlaiian

=y or o g — =
AsnounanuAvesiadian 4 Beuunudiedydnul 4 (—d4, NOT 4) gaiiouly

L3
siasFuntsdumingndad

Hz ()=1—H, (u) (2.23)

= = as =1 a o a oo a -
msgdisuvesiadian 4 fuilediae B Asuunuasdyanym 4B 130 4OR B

o
gaiienlugveailandunisiiumndndei

Hog (1) = max(LL (u), g ()= L, (W)V Uy (1) (2.24)

SumewatuvesilyFian 4 Aufledian B Aoumudiedydnue £ M B 1Te

< o ar o oo dy
4 AND 8 gt ugdfledfunisidumngndail

ﬂAmB (u) = min(ﬂA (u),ﬂB (u)) = lLlA () A\ luB (u) (2-25)

Tagh v, A iHUAINTEHN max 1 min WEIAY

[= d dar [ o
2.2 gﬂ‘xuazwﬁmmawmﬁ&n%umﬁsﬁuﬂm%ﬂ
» [
Tuduflesueigasiaziniimesvesilandumsidumingn sy
S 25 RasFunisiiuauEanuua ey (Triangular membership function) AAIMUA

¥
Tae 3 W15101005 {a,b,c} uandlaasil

(0, xZa
x—a
a<x<bh
b—a
triangle(x;a,b,c) =< (2.26)
c—x
b<x<e
e ]
LO, e<x

Tasf @< b<c MWABT {a,b,c} WudrdadusilsidunsiuminFoond: x
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10

: >

a ¢

51 2.6 infimesuazginssvesiliiFunsiilumnFanuuaimaoy

o 26 HedFunsdiuauFauuufivasuniany (rapezoidal membership finction)

b4
=

° - o W
anfimualas 4 wWisiaes {a,b,c,d} HaaslAa

g, :<a
x—a
a<x=<bh
b—a
trapezoid(x;a,b,c,d)=11 b<x=<c¢ (2.27)
d—x
c<x<d
d—c¢
0, d<x

o

Tatfl @ <b<c<d W5H005 {a,b,c,d} Husadadusleadsunniumngneina x

v A

h ¢
1.0 / \
0 =
d

a

51 2.7 winlimeiuay jmswesilaidumsdumnFnuuutivasuaienyg
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Redsunfumnsnuuyaumasmasilidunsdumnfamnnfmfon oy
Wugasiasuazmsdiianhinn Fafimsldednnhanusidedeveansiiuduasdle
Tifinnws i suyafidugmuuduase
Sy 27 HadsumsifuauSnuuumdiFou (gaussian membership function) gAAMUATAY 2

=s '
WITWHBT {c, T}

2

x—¢

gaussian(x;c,0 ) =exp| — ( ) (2.28)
c

Tavdt ¢ Muguinawuay o dusrmphwesilandumsiluandnaudidy

“ g

10

>

(o

51t 2.8 winfiasfunzgimsavesitedfunsiumnFouuuindidou

fo1y 28 AardunisueuFanuszaia (bell membership function) gnfimuaTag 3 w13

= &
Ao {a,b,c}

bell(x;a,b,c)= (2.29)

Taedl b asuduuan
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1.0

~ Slop=-bf2a

o
“,‘

[r] ] cta

517 2.9 gimsavesitefFumsiiuanFanyuseals

Sl 28 #1fANS Triangular norms 139 T-noms fie msBumesiwnFuveladiraaes
FasuilsFiva 4 swaedmaduiy B urmeglugilves 7:(0,11% [0,11—>[0,1] Tagaunsn

wissauvasihiFunmiuann ldvngas

Ly = T (), g ()= i () F LU () (2.30)

Taos * iWudufiauuy s msuiledsu 7 —morms Taoieddu 7 —norms Hnaiausia

o

i

=W

1. A au1ld boundary condition Hoad Iddaums
T (),0) =0, T (). =T(, £, )= [, ()
2. auauif commutativity U@ IRATIANT
T (), i () = T (), g ()
3. AUANLTA associativity KRS IAAANNTT
T (), T L (), e ()= T(TCLL g (), L (), e ()
4. AuTrIAiA monotonicity AR 1RGNS
$ L )< e ) 0y L)< fp ()
uda T (), L ) ST (), Ly ()
FUfIANTS T-norms A1Faurioon 1 4 wuusadl

Minimum ;

T (M4 (), [ g (u)) = min(Lep (u), L2, (u))= (g (W) N\ [ ;1 €u)) (2.31)



T — e gl .\ i IS
fVNBEUANTIY MIzVOMIN0I0NNIELS

Algebraic product :
T (M4 (), fhg ()= g Gu) - Hpg ()
Bounded product :
Typ (4 (), fg ) =0V (L () + Hplu)—1)

Drastic product :

MG, =1

Ty, (), Mg ) =14 M), 8140, 0)=1

.

0, L, (), iy (1) <1

17

(2.32)

(2.33)

(2.34)

fit1w 29 #1l§1AN17 Triangular conorms ¥3® S-norms fie M3giisuvasHaFTATDIAUTY

Asdimn 4 Suwmefiradudy B uaateglugilues s:[0,0X[0,11—>[0,1] Tavawisam

szfpvesiladdumsiiuendnldningns

L p (0= S, G0, iy ()= J2 () F 11, ()

(2.35)

Taed T dudadgifuuyluunidmiuadsu S —norms Taofendu § —norms Hnmauda

W
fadl
I. ﬂmauﬂ‘ﬁ boundary condition naas Jafaanlg
SCL1 =1, 8L, (0),0) = T(0, L, () = [, ()
2. AUANIA commutativity LA [AASANNT

S(/,lA (), ,uB (u))= S(ﬂB (“),ﬂA (1))
3. AUANIIA associativity R IAAIANATT

SOy (), SCL g (), H D)= (S 4 (w0), i (D), e ()
4. poiautiA monotonicity A IdAeasn3

i H )< fhe () ung Ly (0) < [y (u)

W8y SO (), My ) S SCL e (), i ()

37661
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s

ar ooass dr 9 v ‘ e dy
a21ANT S-norms A 1FuLies & 4 uuuaIUd

Minimum ;
S, in Uy (), g () = max( L (), i (e)) = (g )V f 4 () (236)
Algebraic product :
S g (g () g () = g )+ g ()= fL 4 )~ fp () (237)
Bounded product :
Sty (g (0, L G = UA (g @)+ fp () : (2.38)

Drastic product

My, Ty =0

S gp (g (), g ) =4 Mg (), 01 1, ) =0 (2.39)

1, 8 1L, (), g (w) >0

-

2.3 ﬂ‘.lmfrl%lﬁ’uﬁ!ﬁcﬁc?f (Fuzzy Relation)

{1 30 nARMAITAFOU (Cartesian Product)
fmuald 4,,.., 4, dufledsalwenandwing v,,..v, Tavh-

) sty €U,y U, AWAAL HOgUATTITOU0 4, .., 4, aofladiyalusnnandusing
3

a&d o ot |
U, X...xU, fidladdumailumngndail

min{/.tAl (14g )y fL, (u,)} min - intersection

(ty oot )= (2.40)
#AIX-"X“'.. 1 i ﬂAl (M1 ) T /,1_4" (u") algebraic product
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187 31 ANTURUSHYS (Fuzzy Relation)

dwuald R HuaruduiuidsdnnfaGise 4 T HaGiun B
Taon A HulaFsaluenanduing U, uEU
uag B WulaFa luennawduving v vEV

auduuiAy® R dufsfisaveenisguuuy Product Twennwding U Xy

TasiHasFumsiueanFmbu e (u,v) 22lédn
Ry = AXB={(u,v), U (u,v)|(u,v) EU XV} (2.41)

min{ 44 () g (v)} min - intersection

. i 242
Mg v) = M g (1,) L W) fp (V) algebraic product @4

awduiuiiladune » fhvesiladion 4,.,4, Jaefl 4,,.., 4, HuilaFaly
AN U,,..,U, awddy) feilsddusaluwennnduing v, x..xu, fua’ld

} 4
ar

i
Re s x = KC ety ), Mg Gty ) ottt ) EU X XU, } (2.43)
He ("1’---'",,)5#,1, (u;) (2.44)
1007 1= 1,0 Vg VEU, X XU,

Ty 32 nsUfiansdeanudiniusdad

fmualy R uoy R, Wuarudunusdsduussuu@oiude Uy X.. XU,

3
=i

=1 e a o S & o/ o . [
magiisunmFuRuTHsd do Tao1$aUf1i8n13 maximum TéAeD
ﬂRx UR, (W peentt, ) = max{/.le (- ),ﬂRl Crty yeenytiy I} (2.45)

Taof (u),..,u,)EU; X XU,

»
msounefIEATuAWALWIEHYE o Tar]¥a21§1&Ms minimum TdAail



#Rl MR, (s sty ) = min{,l,lR2 (1 50y 1y, ),/JR1 (O}

Taoh (1) peoatt JEU | X XU

b

e 33 AuautAvewnuiuTu T Hed

-

fivuald R DusnuduiusvesilaFuaasdeanns
R={(u,v), ep(u,v)| (u,v)EU XV}
Tao R lguauiliade ffi
Reflexitivity
R vzilqmansRiin reflexitivity Adaile g (u,u) =1 Ve €U
[rreflexitivity
R n:ﬁﬂmﬁnﬂﬁlﬂu irreflexitivity ﬁﬁlﬂlﬁia Hr (u,u)=0; Yuevu
Symmetry
R veiinuaniadiu symmetry faeiie R(u,v)=R0v,1u)
Antisymmetry R 0:ﬁf}m PGSR Antisymmetry ﬁﬂ'ﬂ!fiﬂ
i wE v udn HpG,v)F Lo (v,u)
B ﬂR(u,v):ﬂR(v,u)ZO
Taoh Vu,Vver
Perfectly antisymmetry
R zilamauiaiiu antisymmetry ethauysol Haeiile
f uF v oz Up(u,v)>0
i Upv,uw)=0
Iﬂﬂﬁ VM,VV ev
Transitivity
R oxdinuausAidy wansitivity Areiile

RORCR  wie  max{min{ g (u,v),[ g 0, w)} < Lep (u,w)
ver

fisy 34 Tlsionsuveead AU T RS (Fuzzy Relation Projection)

fmuald R HusnuduiufveslsFuaasaaaunis

R={(u,v), lp (u,v)|(u,») EU XV}

20

(2.46)

(247)
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3
a o o - Yo
Tsienduvasanuduiuided r dewldaeil

first projection:

R = {(u, max L2 (o, 9) | (4,v) EU X V) (2.48)
Vv
second projection
(2) _
R ={(v,max Lhp (t,v))| (1,v) EU XV} (2.49)
U
total projection
(2.50)

RTY = (((u, v),max max Ly, (u, )| (1, Y EU X V)

u v

2.4 maneNlnavuuvuHYd (Fuzzy Composition)

o U
fivualy

%) as o ar ar o Lk a:i
usnuduiutoinennnduint Ul 7 laswt (wv) EU XV g

Rl (u) V)
Funnudmiuioneaanduint 7 wlagh (v,w)EV X W

R2 (V’W)
nsaenTwATY Ao mafanslumsmanuduius Ry (u,w) Dnaamduiugi

doneanaiiosiuilugnTa R (u,v) unz R, (v,w) dauaaslunmii 29

Y
Vs R ¥V
V3
Ry {UXV] R,V XW]) |
e LS e W
.t Ry [U X W] wy
u2 S Wz
u3 W3

51lft 2.10 msneu InAFuveanuduiugiled
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. ¥
nsaen Tndsuvesnnuduiuided gafowduden Tddd

181 35 Max-Min composition 158 Max-Min product

Ry =R, OR, ={[(u, w), max n:lin(/.tRl (u,v),/,tRz (vw)uEU vEV, wEW} (2.51)
vl

Reueglugdileddunniumngn

,Lth (i, w)= )l.tRl oR, (e, w)— max min[,l.lRl {u,v), ,URZ (v,w)] (2.52)
: vely

‘uRa (u,w)= /JRI oR, (u,w)= \/V[IUR1 (e, v) I\ /JRz (v,w)] (2.53)

Taof v, A {udanszii max tag min awdwn lunsdl R,R, Tanmduiuiiiuaming

lusisdAniam R, °R, HNUAINTERT V, A A28 + 102 - ANd AU

b

#1136 Max—product Composition

Ry =R, * R, = {[(u,w),max(/uRl (u,v), j,le (v,w)]|uEUvEV,wEW} (2.54)
vl

@oueglugiflsnFumaniuaansda

/JR1 (u,w) = )uR1 *R, (u,w)—= n'w.x[/l.‘lRl (u,v),‘l,lR2 {v,w)] (2.55)
’ vEV

fp (W)= Ly xp W)=ty @IV, Ly ()] (2.56)



e 37 Max—Average Composition

/‘tR (us v):ﬂR (V,W)
Ry = Ry av Ry ={[(x,w), max - : lluEU,vEV,wEW}
VeV 2

11871 38 Min—-Max composition

R, =R, ®R, ={{(u, w), min max(LLp (u,v), Ly (v,w)llu€EU vEV, WEW)
vey 2 2

Weveglugtiladdunsiumngn

ﬂR, (e, w)= ﬂR: oz, {1, w) = min max[ﬂRl (u, \J),!IR2 (v,w)]
! vl

JuR3 (U,W):,uRloRz (“,W):/\v[,uRl (”’V)V/JRZ (v,w)]

g3

35115 Min-Max composition L‘ﬂuﬁﬁﬁﬂnmﬂﬁqﬂ ﬁqmﬁuﬁ'ﬁﬁ'ﬁmﬁﬁ
1. Distributed w.r.t. union
(R \JRy)OR; =(R; O R3)\J (R, ORy)
2 Non distributed w.r.t. union
(R MR,)O Ry TR OR MR, © Ry)
3. Assoctation property
(Ry ©Ry)O Ry = (R °(R, O &y)
4. Inclusion property
1 R CR,
u&r (R OR)C (R, OR;)
5.8 R, R, ﬁf»}mﬂnﬁ'ﬁsﬂu reflexitivity
uda R, o R, fguaifiilu reflexitivity
6. 01 Ry, R, ﬁﬂfufmﬁﬁrflu symmetry U (R; O R,)=(R, OR,)

uda R, o R, Spuanlifiiy symmetry

23

(257

(2.58)

(2.59)

(2.60)
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7.8 Ry, R, Haueniady wansitivity (02 (R © Ry)=(R, O R;)
u# R, o R, Tnuaui@iily wansitivity

8. &1 R HquaniAiiu symmetry Uz transitivity
uan Hpu,v) < Hp (v,u);Vu,Vv =0

9.8 R ﬁf]ﬂlﬁuﬁal‘ﬂu reflexitivity
1431 RCROR

10. #1 & Hguandddiu reflexitvity Ut transitivity

ud1 ROR=R

{itnu 39 Sup-Star composition fIMUAIR R ag S HuaruduiusAsdilussun UxXy
Lae ¥ XW @SR a9y Sup-Star compostion 84 R uaz S Huanuduiuidedunudae

RO S uazfimualay

Hpas (e, w)=sup, o [Hp (e, v) */JS (v, w)] (2.61)

Tash wEU,wEW uag * (HUAINTLHRIVBY T-norms fMua RO S HudleFimaly vxw
Tagf s Duilatisatuonawding ¥ unsdit f2,0,w) I8 2, () 102 Lhgos (u,w)
wld M pos ()

Tﬂﬂ‘ﬁ")"lﬂ Sup-Star composition zity Sup-min composition 1A% Sup-product

= g ) o o
composition BIUNU * Tuarunis 1ag min HasN1IG algebraic WAL

2.5 frulsasnIaan (Linguistic Variable)
$ienw 40 FautlsAena@n (linguistic variable) fis fi1,smanedsz Toamesssumaniondng
J L] - L4 & - i P o
Yunued dagnilonyTag Zadeh Tums MaumnsisnAzAINN WMAUATINTUAS
a o Y a o <t o o W1 a ¢ o
Smyisvszuulhdunisinmesd luaruineiuyudidhle 18w atdemsaaveyudiu
mslszanams,agideyauazdnausnauvesaiaiiva lumenvesiladian
ar 0 = .. [l I [] kN - [ 5/
Faotravesieniaan Judauves aanda i 1, 1§, Srnn Hudu
FausAendadn gnilomdroiladdu 5 meu fle (<, &), U, G, M)
Tag#
x i ¥ouoaails (label)
Tx) A9 I¥AvUsImaInInan x

- ot w o d'
U Ao nANTURNTS 198 u €U
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P . & 4“
G #® Semantic rule Tun1IfIMUAYRUBINBL x
M #® Semantic ule lumsiomguantfvesnen x afmuana g
fret1elunTARI YD AT (speed) HuAmilsianIa@nlag U =[1,100], x = speed

Eisaveanes T(speed) fail
T(speed) = {VERY slow, Slow, Moderate, Fast,...} (2.62)

G funnimuadelddyrfoudiu ¥ dunsimuagu MElow) = AeFigadmiy

2 . 1 o o o -
aifadng 40 TudredaTus Tasiladdumsifumndnilu g,

e A

10

AuSlaw /uMid /uF‘m

q >

40 55 70 Speed (mph)

51t 2.1 mendanlsAanIafnuenauia

fienu 41 #UHIART Linguistic Hedge 130 Modifier

Lingvistic Hedge W38 Modifier fin dalfiamslumsudamisvasveuivaves
amnuIsvesiaFan monveidalsaninAnendiot1uYy Very, Extremely, More or
less, Not too Hwdaa 4 wdruidadwaluidiu aco dmuald 4 duilafiaaluonan
Fuving U leoh uEU

fowsanfianTs modifier : m Yulardian 4 @ovuimudedydnyo m(a) &t

Concentration : CON(A)

Hconw, wy=(L, )’ . (2.63)
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Dilation : DIL(A)

Ho, 0=, wn'’? 2.64)
[ntensification : INT(A)

24, ) () E[0,05]
Hpr 0= . (2.65)
“ 1—200— () ,Bu

= 2 A @1 oA
921 Linguistic hedge 91 191gen8

VERY (A) =CON(A) = A’ : (2.66)
HIGHTLY(A) =A’ (2.67)
FAIRLY(Morc or less) (A) =DIL{A)=A" (2.68)
ROUGHTLY(A) =DIL{DIL(A)] (2.69)
PLUS(A) = A (2.70)
MINUS(A) =A"" Q.71)
RATHER(A) = INT[CON(A)] AND NOT [CON(A)] (2.72)
SLIGHTLY(A) = INT[PLUS(A) AND NOT (VERY(A))] 2.73)
SORT OF(A) = INT{DIL(A] AND.INT.[DIL(NOT(A))] (2.74)
PRETTY(A) =INT(A) AND NOT [INT(CON(A))] (2.75)

d v a
2.6 NQUIATINAITATUVUAUAN
a 4 e -
nqufassnenanssuiiundnmsiuguvesnmdengylaslfimgna Usznoudae

3 g1 B0 AR W34 (truth value) ,n1IURTANT (vocabulary) nazdinanidengauman

b
=1

% o ey 1 3 1 o/
ANSINANE (reasoning procedure) 1UATS nenaafyduldtondaudsznoundazdiuTid
= < o't o o
fienu 42 A weTevestszuntluassnenaasyou
Urznofluassasmaniyfiu wlimamniaiidy o dedszvalifhuiie uazeziie

= 1l A o =
ANUTTUNRING 1 maﬂﬁx‘wwrﬂu-’nﬂ



figw 43 Yfiansnaassnaaaiydu

oS ans o
UfiiansneassarIandy
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=S ey [ = o o
Au gotlsmdasiinnmeTwessznaidumasiua

7199 1
A:li * = ot -oas d A

A19199 2.1 srnuesssalsznniludfiansnwasinmaasyau
A B A Y XV —> <
1 1 1 I 0 1 1
1 0 0 1 1 0 0
0 l 0 1 1 1 0
0 0 0 0 0 1 1

ey 44 nMsnideasdammdnnisiazivarn

nsmidensdaumdnnisunzivaralasldnguijassamaniuuman ozlddeed

¥

¥ 1
fund (mutology) dmsudiufugniluntsvengy Fesndveiiiuaiilfiduiugdy

b4
menoagtanmannsmann uaadne

Modus ponens ANAA—>B)—>B

Modus tollens 1A —> B) A (HB)—>(—4A)
Syllogism g {(A—>BAB—O)—=>A—>C0)
Contraposition : (A—=>B)—>({(—B)—>(—4A)

HvFassnfunquiinieassnanaasfversuisinnquineassaaiaai vaoa

(multi-valued logic) Tavfiouenameswesilsenolifudaunlsdandadn Tdlinsivwns

Uifiamsneassamanidmiuiledasinlidug iy

k7 @ 3 b= =y o
27 msmveagimundnmsmaualaslinquyiayasin

Y o i =y = = - ar
myndeasaumdnnismgaa Taslinquiiladasin sufumsvesiiswaesdes

Frupsildluassasnaaduuian weldmdeasmundamsmanaveslsznnifduilyd

e TaeviinsueieTionnued Modus Ponens (a2 Modus Tollens dmiuiladasinFani

Generalized Modus Ponens : GMP 112 Generalized Modus Tollens : GMT aanaaaluiiony 28

naziiely 29 fNdIAy
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{ie1 45 Generalized Modus Ponens : GMP #i8 m1smidfensyonmag lilwaa (forward data -

driven)
GMP: Premise uisd
Implication If uisAthenv is B
Conclusion vis B

Taeh GMP Implication §AHgINAAUNT
A—> B=max{c €[0,1),T(4,c) < B} (2.76)

{1611 46 Generalized Modus Tollens : GMT fin mismiWeagUoinan lyuung (backward data

— driven)
GMT: Premise vis B
Implication If u is4 thenv is B
Conclusion wisd

TagH GMT Implication QNHIEIAITUNIT
A—> B=max{c€[0,1],5(B,c) < 4} @77

=t o 3 w o
M135199 2.2 ngnasiransnteaIUnumanuasmaun laels GMP

Criteria Premise (u is AN Conclusion (v is B')
1 uis A visB
2a uis (very A) v 1s (very B)
2b uis (very A) visB
3a u is (more or less A) v is (more or less B)
3b u is (more or less A) visB
4a uis (not A) v is unknown
4b ' u is (not A) v is (not B)
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at o o -
Q151971 2.3 nipnasinansmiderandniasimgua lagls GMT

Criteria Premise(u is B') Conclusion(v is A")
1 v is (not B) uis (not A)
2 v is (not very B) u is (not very A)
3 v is (not more or less B) u is (not more or less A)
4a visB u is unknown
4b vis B uis A

ity 47 WeFdunAndu (fuzzy Implication) fin Meulvarudniufuuudedsznitdiu

(19 (antecedent) HAZAIUAA (consequence) 71 1Fumsmidoasdammdnnisivgaa

dmualy 4 a8 Huilediwalu U uaz ¥ awdwu Asddumdmduunudie

LY L = o ar - L] A =1
4—> g fusrudiuiiled vxy  suilaidsumaitivenFnutaiudedddalunisa

-1
AIUAIU

® Fuzzy conjunction
(1e,v) = fL, () ¥ Ly (¥)
N Ry AL
® Fuzzy disconjunction

RS Ok M)+ iy &)

® Material implication

ISR CORY 5O + pp ()

4

® Propositional calculus

ﬂA%B(H’V):#X(H)_*_ﬂA*B(V)

2.78)

(2.79)

(2.80)

(2.81)
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®  Generalization of modus ponens

/JA___>B (u,v) = sup{c €10,1]| L, ) ¥ c = LLp (W)} (2.82)

® Generalization of modus tollens

By (1,v)= int{c E[0,11] 4, (W) + ¢ £ Uz W)} (2.83)

P b - c:a é < 5;
HAoFsundmsu 4—> B SeifengHe® 1£Then : IF x is 4, THEN y is B, lagi

x€U uny y v dudwlsfaniaana

2.8 nNINIVANUBIAYT (Fuzzy Rule Base)

finw_a8 ngmisaavquiled iumizeiissusangniamuguvesilydldeglugduuy

»
IF...THEN... fivualdngnisasuauegiugiiuusail
! !
R IFx,is F; and ..andx is F, thenyis & (2.84)

i 1 l o = o oa A 1
Taoit £ une ¢ @ufulsfaniafnBunpnazieniyavesilyfianegluenan
- .. : i -
fvimg U nay ¥ awdwy 100 x =(x.0x,) €U X XU, Az y €V (Huduna
i o
e inavesszuniad , M duiwaungaiaauguiled - Then Neovuauas 1=12,...M

flusnnungiiiied prngaivauiladteduihnizlvessuyiladlmdoaveiled

Tamvesngguauguiledi 2 defle ng IEThen wunldeielsuaznizdmua
o =% 1 L] L] l
ﬂaﬁwmﬂﬁuﬂnwﬂumu AIUMY (antecedent) HATTIUNG (consequence) VEL) F, lae

[ o o o a’; 3 Aaat w:i L] ot A "1:’] 9 e
G awanal 1Uﬂ1iﬂ1ﬂ1ﬂﬂﬂ'ﬂ\‘lﬁﬂﬁ'ﬂﬂ'}'ﬁﬂ'l“.l'!ﬁﬂiJ'I‘il']ﬂE‘ll‘]fﬂ'J‘IﬂfUu MIUATNT DY ﬂi‘lﬁ)ﬁ-
ool [ ' o Ao r A W o o o o =
nesiulunisdiuussnindeyaniald Aeududessmuaginsswesilanduniniumndn

- Py a’d’ v [ da o o w 1 as A
Moo o fo Tnenfiwutdsznan luauvesHiATuIMaeou (Gaussian) AIUBANBTNY

or v ~ o 4 i
Tunsdfuuasrinaiimesues L, uns vznanae il
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a d <t
2.9 myounpIsUTYoIN WY (Fuzzy Inference) &
~ - L4 el -l 3/ .
o149 MsoWBITUSHYE (Fuzzy Inference) fib n3zu2un13 lumsnIvoasl (conclusion)
VINMBNGIY (premise) Tag14iTou lummduiuissninamauazna (implication) Aanaaslu
fBE1NINA 2.11

whsisdouresud  HunrmdeasvesilaFiaaludiuenivaninflaFivady

va Tas1¥ngHa® 16 Then voangaisaIunuilad nnmuns 2.84 aunsounasideglugyily

. a o o a I f 1 & r = -
Fouwdindulédadl £ X x £ —>G Feglusniny uxy Taeldiladisn 4 Hudy
wauas Hodian B duenivavesfladBumeaisudawddy

»
anidoagUilsddumerud aunsofagduuueniya lAresudail

#
nsdiediaa M adenFunmdiumnniiudsil

Mo ) =sup ey [ LT (2.85)

F/X.XF —>G
e = - o I o ﬁ ot F]j e
Hﬂxﬂ?mﬁ‘ﬂ‘]ﬁ‘h’ﬂ B lﬂﬂﬂ‘]ﬂﬂ'ﬁgluﬂui}ﬂq:fq‘m’ﬁﬂ B ﬂﬂﬂfuﬂ'ﬁl U UARIU

Hp V= oy )t [ (9) (2.36)

Implication | Premise

Inference |

Conclusion

1 2.12 msmdeasnnnang i Taslfitew lvarwdniuiszuitumeuaznn

N A TFOUNAATU aunT 2.78 714 2.83 185 IMAVITAT T-norms N30 S-norms

anHaF 1£:Then annsoutaslfoglugdswonld ifelihislumsmdeasing e 1f-Then



32

. { z ! b A
fmualf F, X..XF, =4,G =B llnzaumy 2.84 unudis 4—>B aflaGoundin
¥
g lvai dadl
® Min-operation

ﬂA_>B (x,y)=min{ &, (x), g (¥)} (2.87)

® Product-operation

,UA_>B(£,y) =) Up(y) (2.88)

® Arithmetic rule

H _>B(gc.,y):min{l,l—,l-lA(a)'l‘ﬂB(y)} (2.89)

A
® Max-min rule

H Y (x,y)=max{min[ £  (x), L, (y)]1— L, (x)} (2.90)

A

@ PBooleanrule

ﬂA__}B(Ly)=max{1—ﬂA (), Hy (¥)} (2.91)

® (Goguen's rule

1 /—[A(-E)Sﬂg(}’)

(5.9)= (2.92)
‘uA—éaxy {pB(y)l,uA-(z) M (x)> fHe(y)

AUNTT (2.87)-(2.92) tnus L, (x)= U s g (x) aaluaunis A2919TU Min operation
1 b a
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ﬂFl'xmel (E) = mm{ﬂFl (xl )r“a ﬂFi’ (xn)} (293)
%38 Product operation
}uF:X...XF; (_E):#Fl, (xl)”"uF: fo, ] (2.94)

2.10 M5AYFWIAFH (Fuzzification)
fin 50 msladedu Ao nszuamsnAisdisauuenandining U vesduya 1o
Fusumuvesduyainduiuduovdmivlfidudunavesszuniled asadRinguludi
wmid'ld 3 3% deil

1 nsesinsy Tnel9fa3Fufiadu (Singleton Fuzzifier) Mo 4 1HuieSFufadu

< ]
1au# Support(4) = {uy} 4

1 ru=ap

BRI \T =4 (2.95)
; 0

2. My AadTindu Tae 190 a@Tuived (Nonsingleton fuzzifier) o 4 Wuiadiiy
Ll 4
o3 Aneiide
Hy@)=1 (e u=u,
lﬁl‘ L] 1
unz Ay () anad 108 « ogveenn lilon u,

[ r -, ar g/ = ar o (] = ¥ oo
Frog19unInsHrTRnTy TaeldHaTiuues (U IFveunidieu

(u-ug)”
My (w)=exp| — — 0 (2.96)

2

O-_

Taofl w0 fuwniiwes lumsimuaguinaanazaauninvesginie 4, ) aw
d1ay
= ar a e o o <3 = oo o
3. msadRindu a1 lsuSatiuues (hybrid number) e 4 18 lauTminwes
ﬁﬂﬁ‘ﬁ%ﬁﬂ!ﬂﬂ%ﬁlﬂﬂﬁh?ﬁﬂﬂlmﬂﬂﬂWﬁUﬁ%glﬂu random number
H)=1 o u=u,

Hay J7 ) annd il u agrvean 11 «,
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2.11 mMsaHrBHInTY (Defuzzification)

= = LY ar = ’ o = o=t c; dl d‘l LY
flonu 51 MIaRrEHIATY fo yIumMTMIA e NAIReA uATINIMINE IR eiiuda
o 7 At 1 9 ' v o o o 5
unuvesileFeminadirini iyl 18nszoeeduenandning 7 veusmive fivua
19
& ar g o = [ w o = o e 1 Py
R 8 auduiuidAsFrinenanduing Ul ¥ fuaasteanudunuissningu
WA u HAZIDHA v
u, fio Sunadin ¥ hiiledFufiadu
o oar 1 a o oo as Qs o o t o
TunsneyInddusenineiledFuiady o Auanuduius R w2 | dnadustiiudadion B
& o ar a o A'l o A = ar S = ol -é Q.
2 udumaususnandusing ¥ uaziforadedtmdy semiladFufadiu Fududumy
¥ 1 . ¥ »
yosiadonive B e ldiTueninafiudeswasszun 1A uniiuiie1d 6 T5Aa
= = o ey L o P o o -
|. Max Procedure tHun1safadiindu Tasdenauomnaniafadsuninduaundn

4 - @ p ¢ o
WINNTYA e ldfudumuvesiladioning susaunasdagaunisfeil

v, =max ftp (v) (2.97
ver

2. Mean of Maxima (MOM) 1135 Aug101191035 Max procedure 118 19 1unsdidia

=
]
1

o - & o = 1 o t v = 1 o = =
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COA(B) 28]
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IDFZ(B,Q;)= DFZ(Q — cut(B,CX,))
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wie sansailiousglugdaunsn 3.15 (5,6]
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M15197 3.1 AYAIAALAN

e/fe | NB NM NS ZE PS PM PB
. NB -100 | -100 | -100 | -100 | -66.67 | -33.33 0

NM -100 | -100 | -100 | -66.67 | -33.33 0 33.33
NS -100 | -100 | -66.67 | -33.33 | 0 3333 | 66.67
ZE -100 | -66.67 | -33.33 0 3333 | 66.67 | 100
PS | -66.67 | -33.33 0 33.33 | 66.67 | 100 100
PM | -33.33 0 33.33 | 66.67 | 100 100 100
PB 0 3333 | 66.67 | 100 | 100 100 100

s I. a [ as
3.2 malfundarnniimesvesdanaunnilad

ganaun1si 3.18 munsaunuaselassienvudeulufunidt (Feedforward

network) 3 tmed3 [5,6] degit 33 Tasmsvinndaiiu 2 daudedauflenlldnmi

(feedforward) tazaauTioUNdUVINE NG (backward) Tudruflenldumd finsviteu

Tunrazieiag

511 3.3 Tnssthodeu ludumdhvesdnrunuilsd (3,4]

}
X x

layer 3

layer 2

layer 1
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AUMS 3.15 uaz 3.6 Mhdronuee 1ddaaunsf 3.19 [3 4]
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x.—X.

2 = [Jexp(—(——1%) (3.19)

i=1 o;

ueesi 2 naf ldinmessd 1 utuily 2 mefenndudus o vnanssumesus

' I L) ] ! 2 a = 1 a 1
iz quinel 5 FudusnnueTewesdau consequent udnnanfumudasaunisd 3.20

(5,61

o i
a=)(vz) (3.20)
=1

ar = ar 3 i 1
HasIATUEINS biRannnTsTIuAuYeea £ uNuRIeEnTh 3.21 [5,6)
- :
i il
b= z (3.21)
=

4 ot & 4 '
mieesh 3 e vinauesszunfon1sim o wisdae b 9218 F=a/b, Fuitounus
¥ )
aunsvianuaez A minavesszuudeaunisi 3.18

daufloundunndumduiiunisdfundsamnn-inesveailodTael93501s gradient

: - { o N I _1 {
descent [6] 910 awmsh 3.18 Tmsilmeifiamnsodiuuds1dfe 5 = uae o szuunn

) 3 - o o [ oy a1 o Y
Yundemnsuimedrdiuuddlumiweii 1 war 2 hdueduna-eninaluanmnzilegiv

a ] ot s o =1 a -
floulvnulnssrelaslisduna-eninafidosnisunudas (=¥,47) Tassinsvianaia

MY 1A9089 (Mean square error) ANATH 3.22 [5,6] vosszuuiladassnluaunis 3.18 51

fpmyadens 47

& =1120767)—d" ) (3.22)
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(5,6] 1%

I ! [
y k+D)=y (B)—a;,— |k (3.23)
18;’

1 ' . 1 &
Tagdl 1=1,2,.., M,k =0,1,2,... uaz & 1Hus1 Learning rate [5,6] 11ngy 1 9iitudn Fyufy

5 etudes 19nggnTedes 18 5,61

Uk % S, % (f—d)ms’ (3.24)
= o <Y _—T: = 3 324
5y! aaayf b

¥ Yo ad a’ Tt ¥ _l oA o
umumaung 3.24 luauns 3.23 sz lddanesiulunsdfuuam 5 iuswiegnwes

2 g 1 ugasdsaun1sil 3.25 [5,6] A9l

—d
e (3.25)
b

1 3%
y (ktD)=y (B)—0

ar L 1 d'. 3 o ’
TumsdFunasa lwmeesh 1 Taesdunlsie © uay o*: [5,6] 1o

! I ae
D=5 00— — |k (3.26)

xr

& a4 0 o2 e ] ! P o
Taoh 1 =1,2,....,n, 90310 1 e Yuegiu ¥ 19¥nggnTaee Iddsaunish 3.28 [5,6]

Oe 8f azl
Py =(f—d)§af, (3.27)
Oke F =7 2 =z2h

l=(f-—-d) z L . d (3.28)

O, b o,
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1 1 4 o/ =) -7 L [] l ar ¥
unusTun1sh 3.28 Tuaumsh 3.26 v 1deaneTiuiunmsdfunden x° [5,6] Aedi

!
—d 267 — % (k)
Futn=5 0—a, f—(;’ — s — (3.29)
b o5 k)
1HtaRgInulunsdiuuasnives O': Fearun1s 3.31 [5,6]
! ! €
O NNF T, B — 0NN (3.30)
7 2
; y f—d 2xF =% (k)
O (k+D) =0, )= ——(F — f)f —— (331)
b o, (k)

Tuneniinuf fimua f1 Leaming rate iusiasiiTay &, vhdy 0.6 &, iy 0.01 @,
L o o & 3 - : u‘: 9t = T
Wiy 0.001 muday Feldenmsassdiaassgndmalsn aseouldmfimnzay dauves
o n’: ar 1 o!: J 1/ T [ ' s r = ar [ oo 9 o
funuastlunsdSusninduediurmasvasnusiyaiuaduasiidannndt 025 nlivh
mifuanae liTesn drmsannnsdSuudsnsiimedidie: idunldealunisfsus

¥ [ ¥
$1adaluaseas lilesnnrzuud hidwsadn Tiaunsoldamnivesinnd o 'ld

A d ar d L4 w e dde
3.3 misanaa ladduilsemnaldegluenandudiminiivuea
@ 1MNAYBIRINIUANHYFLAITTNIN u=[-100,100] uaninTusunsuozdeildsznan
=i ot o LY ) L] Y] S = de P} 1 o
u=[0,100] nisANea lagauemyalteglusndygunivgyluinativuiil Aeadyaio

my (manipulate value) AIAUATTN 3.32
mv = ((Neuro fuzzy output * 4V)/100) +1V (3.32)
Fuone mv 1 idtusedusening 1.5 Taavdaldaees D/a Tasmida PCL-818 goutlauily

nsTiE 4-20 mA Menvsnasmssuiiunszua (VA converter) Aauaumsillailaveanda

ARy AT Tuunes i)
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3.4 AUVl 5BUNA (scaling factor)

o

1 ¥
Ay e unz Ae 910310 3.1 Fygnuiaaedssqudao Scaling factor g, U0z g, AW
o @ PR & a v e = - & A
ddudlunsueuealaden e noz Ae lumsaanediuniulhdedaynnudunanaaes Faii
4 - =1 - t ] ] - J
- HoAR Y TEANTMWIALENITNINYBITZUY MTIHAN g, ILFITHARBUAUBIABATONBUTIVU
usoromhiiin Tonefgnguaseeaaeniicnzasdanin  mudivar g, szsoldanls
- A o o n,: ar o a & %
neiynuaziazesadaanfinnzaadadaiunsifiu g uaz g, sxdesduiudiudesii
» [3
Iszuuhufidsz@ninm (7,8] dygastaasuiiuduyavesiiad dugiii 33 Tao
x =[x, ,x, 1=[e,de] amudrdudIUVOL Gain schedule Wudrindrannzilogpiuvesszyn
' o o 2 ¢ 4 - <
dszneudisnismim Tenefyn lsd Ind wadsInd aauduesnisesadaan vemsuide
u [7,8] maiasdenanfuranteinnisimuad g, g, a, a, ez o, Wmnsaueziy
Thiidudsluszuommsfonnsveassdm @, @, nar o, dudnsfideismun
ud7 1% Gain schedule iluA?iaf ¢ etrufsaasimslTudsiimesamaums 3.25,
3.29 uay 3.31 delimsalasuulaiidede @ena Scaling factor imunzay ldvnmsans
- :/‘ =3 A’l " . P as cf
Annpegnraleaii uazlidou lvue e Scaling factor M 1FUAITNARD IR
34.1 vavesdyauileunduszuing 0-75% weedannudedezdmuald g = 2
uaz g, =1 nsfiwmuadenansei i lsd Inddwanevausuirdedyanadreds
v ot as [ J ar o o

342 frveadyguilounduinanit 75% vullvesdygudredazimuali g,
=210y g, =18 mstmuasanarafiunsaalensigosmsdnndyyndesaionnzag

ahildifenseeadamn
343 wiwndgygyudeundudigiaeszuin +-1% vndygiudusazdimua

¥ g,= 1 uny g, =1 dufundn +-1% sefmual g = 2 unz g, =18
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AMANUIN .

SOURCE CODE

VERSION 5.00
Begin VB.Form frmRun
Appearance = 0 'Flat
BackColor = &H80000005&
BorderStyle = 1 'Fixed Single
Caption = "Neuro Fuzzy Controller (Fuzzy Sigleton Rule 2ad order +/-100 ) flow”
ClientHeight = 8625
ClientLefl = 45
ClientTop = 330
ClientWidth = 11910

BeginProperty Font

Name = "MS Sans Serif”
Size = 8125
Charset = 222

Weight = 700
Underline = O 'False
Ttalic = 0 'False

Strikethrough = O ‘'False

EndProperty
ForeColor = &HB80000008&
LinkTopic = “Forml"

MaxButton = 0 ‘False

PaletteMode = 1 ‘UseZOrder
ScaleHeight = 8625

ScaleWidth = 11910

Begin VB.CheckBox ChkAdjust
BackColor = &HB0000009&
Capticn = "Adjust Parameter”
Height = 420
Left = 6390

Tablndex = 100
Top = 7695
Value = 1 "Checked
Width * = 2355
Ead
Begin VB.TextBox vatG_k
Alignment = 1 'Right Justify



Height = 330

Left = 4950
Tablndex = 98

Text = Q"

Top = 3690

Width = 1230

End
Begin VB.TextBox txtEss
Alignment = 1 'Right Justify
Height = 330

Left = (435
Tublndex = 96

Text = "g"

Top = 4140

Width = 600

End

Begin VB.TextBox txtVeltRead
Alignment = 2 ‘Center

Appearance = 0 ‘Flat

BeginProperty Font
Name = "Times New Roman"
Size = 14.25
Charset =0
Weight = 700
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

Height = 450

Index =2

Left = 1215
Tablndex = 94

Text = "(.0000"
Top = 5985

Width = 1110

End

Begin VB.ComboBox e¢mbChannellnpMul

Enabled
Height
Left
Style
Tablndex

Top

= 0 ‘False
= 315

n

2385

2 'Dropdown List

= 78

5445
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Visible = 0 'False
Width = 1005
End

Begin VB.ComboBox cmabVoltageRangelnpMul

Enabied = 0 'False
Height = 315

Left = 2385

Style = 2 'Dropdown List
Tablndex = 7

Top = 5760

Visible = 0 'False

Width = 1005
End

Begin VB.CommandButton cmdReadMul

Appearance = 0 'Flat

BackColor = &HZ20000005&

Caption = “&Read onc data"

Enabled = 0 ‘False
Height = 495

Left = 2385

TabIndex = 76

Top = 4950

Visible = 0 'False

Width = 1005
End
Begin VB.Frame Frame2
Appearance = 0 'Flat
BackColor = &HBO000005&
Caption = "Sampling Rate"
ForeColor = &HS0000003&
Height = 780

Left = 90

Tablndex = 71
Top = 6435
Width = 2235

Begin VB.HScrollBar hscrlFreqMul

Height = 255
LargeChange = 10

Left = 90
Max = 100
Tablndex = 73
Top = 225

Value = 100
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Width = 2040
Ead
Begin VB.TextBox txtSampleMul
Height = 285
Left = 990
Tablndex = 72
Text = "10.0"
Top = 450
Width = 495
End
Begin VB.Label Label22
Appearance = 0 'Flat
BackColor = &H80000005&
Caption = "0 (Stop)”
ForeColor = &HB0000008&
Height = 255

Left = 120
TabIndex =175
Top = 480

Width = 855
End
Begin VB.Label Label2i

Appearance = 0 'Flat

BackColor = &HB0000005&
Caption = "10HZ"
ForeColer .= &HB0000008&
Height = 255

Left = 1530

Tablndex = 74
Top = 495
Width = 615
End

End

Begin VB, Timer tmrReadMul

Interval = 1000

Left = 3060
Top = 6075

End

Begin VB.TextBox txtVoltRead
Alignment = 2 'Center

Appearance = 0 TFlat
BeginProperty Font

Name = "Times New Roman"
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Size = 1425
Charset =0

Weight = 700
Undertine = O 'False
Ttalic = (0 'False
Strikethrough = 0 'False

EndProperty
Height = 450
Index =0

Left = 1215
Tablndex = 70
Text = "0.0000"
Top = 4995
Width = 11i0
End
Begin VB.Timer tmrLedMul
Interval = 400

Left = 2655
Top = 6075
End
Begin VB.TextBox txtVoltRead

Alignment = 2 'Center

Appearance = 0 'Flat

BeginProperty Font
Name = "Times New Roman"
Size = 14,25
Charset =0

Weight = 700
Underline = 0 ‘False
Italic = 0 'False
Strikethrongh = 0 'False

EndProperty

Height = 450
Index = 1

Left = 1215
TablIndex = 69
Text = "0.0000"
Tep = 5480

Width = 1110

End

Begin VB.TextBox txtGainDelE
Alignment = 1 'Right Justify
Height = 330



Lefl = 11295
Tablndex = 68
Text = "g"
Top = 4140
Width = 600
End
Begin VB.TextBox txtGainE
Alignment = 1 ‘Right Justify
Height = 330
Left = 9810
Tablndex = 66
Text = "0"
Top = 4140
Width = 600
End
Begin VB.TextBox txtGainl
Alignment = 1 'Right Justify
Height = 330
Left = 8595
Tablndex = 64
Text = "Q"
Top = 4140
Width = 600
End
Begin VB.TextBox txtTimer
Alignment = 1 'Right Justify
Height = 330
Left = 6435
TabIndex = 61
Text = Q"
Top = 4500
Width = 1095
End
Begin VB.TextBox txtTs
Alignment = 1 'Right Justify

Height = 330

Left = 5220
Tablndex = 58
Text = "Q"
Top = 4140
Width = 735
End

Begin VB.TextBox txtTr
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Alignment = 1 ‘Right Justify
Height = 330

Left = 3645

Tablndex = 57

Text = "p"

Top = 4140

Width = 735
End
Begin VB.TextBox txtTd
Alignment = 1 "Right Justify
Height = 330

Left = 1980

Tablndex = 56

Text = "o
Top = 4140
Width = 735
End
Begin VB.TextBox odtOs

Alignment = 1 'Right Justify
Height = 330
Left = 585
Tablndex = 54

Text = Q"

Top 4140
Width = 735

End

Begin VB.CommandBution Commmand4

BackColor = &HOOCOFFCO&
Caption = "Run Cnt!"
Height = 555

Left = 3420

Style = 1 'Graphical
Tablodex = 50

Top = 7920
Width = 1140
End

Begin VB.Timer Timer3

Interval = 1000

Left = 9090

Top = 4725
End

Begin VB.Timer Timer2
Interval = 1000
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Left = 8730
Top = 4725
End
Begin VB.TextBox tx{Ref
Alignment = 1 'Right Justify
BeginProperty Font
Name = "Courier New"
Size = 9.75
Charset =0
Weight = 700

Undetline = 0 'False

Italic

= 0 'False

Strikethrongh = 0 ‘False

EndProperty
Height = 375
Leit = 5850
MaxLength = 5
Tablndex = 45
Text = "0.00"
Top = 6660
Width = 015
End

Begin VB.VScrollBar vacLevel

Height

= 1215

LargeChange = 10

Left

Max

Min

TabIndex

Top

Width
End

= 10215

= 0

= 100
= 43

= 5895
= 1185

Begin VB.CheckBox chkReadFuzzy

BackColor
Caption
Height
Left
Tablndex
Top
Width
End

= &HS0000009&
= "Read fuzzy from File"
= 465
= 1260
= 42
= 7965
= 2085

Begin VB.CommandButton cmbWriteFzs

BackColor

= &HOOCOFFCO&
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Caption = "Write Fza2File"
Enabled = 0 'False
Height = 553

Left = 90

Style = 1 'Graphical
Tablndex = 40

Top = 7920

Width = 1140
End
Begin VB.Timer Timerl

Interval = 1000

L= = 8370
Top = 4725
End

Begin VB.PictureBox Piet2
AutoRedraw = -1 'True
BackColor = &HOOFFFFFF&
Height = 3165
Left = 6345
ScaleHeight = 3105
ScaleWidth = 5355

TabIndex = 35
Top = 360

Width = 5415
End

Begin VB.VScrollBar vsclOut
Height = 1215

LargeChange = 10

Lefl = 8460
Max =0
Min = 100

Tablndex = 25

Top = 5835
Visible = 0 'False
Width = 375

End

Begin VB.VScrollBar vsclRef
Height = 1215

LargeChange = 10

Left = §795
Max =
Min = 100

Tablndex = 22

110



111

Top = 5895

Width = 375

End
Begin VB.TextBox txtAlpha
Alignment = 1 'Right Justify
Height = 375

Left = 7425

TabIndex = 20

Text = “Q.1"

Top = 4770

Width = 960
End
Begin VB.CommandButton Command3
BackColor = &HOOCOFFCO&
Caption = "NeuroFuzzy”
Height = 555

Left = 4635

Style = ] 'Graphical
TabIndex = 19

Top = 7920

Width = 1140

End
Begin VB.PictureBox Pictl
AntoRedraw = -1 'True

BackColor = &HOOFFFFFF&
Height = 3165

Left = 45

ScaleHeight = 3105
ScaleWidth = 5625
Tablndex = 18

Top = 360
Width = 5685
End

Begin VB.ComboBox cinbChannellnp
Enabled = 0 'False
Height = 315

Left = 2475

Style = 2 'Dropdown List
Tablndex = 17

Top = 3240

Visible = 0 'False

Width = 1365

End
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Begin VB.ComboBox cmbVoltageRangelnp

Enabled = Q 'False
Height = 315

Lefi = 2475

Style = 2 ‘Dropdown List
Tablndex = 16

Top = 3600

Vigible = 0 'False
Width = 1365
End
Begin VB.TexiBox xtVoltReadOneCh
Alignment = 2 'Center
Appearance = 0 'Flat
Enabled = 0 'False

BeginProperty Font

Name = "Courier New"
Size = 1575

Charset =0

Weight 700
Underline = 0 ‘False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

Height = 450

Left = %0

Tablndex = 14

Teaxt = "0.000"
Top 2610
Visible = 0 'False

Width = }755

End
Begin VB.CommandButton cmdRead
Appearance = 0 'Flat
BackColor = &HSB0000005&
Caplion = "&Read one data"
Enabled = 0 'False

Height = 495
Left = 2655
Tablndex = 13
Top = 2655
Visible = 0 'False
Width = 1095

End
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Begin VB.Timer tmrRead
Enabled = 0 'False
Iaterval = 1000

Left = 2250
Top = 2700
End

Begin VB.Timer unrLed

Enabled = 0 'False

Interval = 400

Left = |845
Top = 2700
End

Begin VB.ComboBox crabVoltageRange
Height = 315
Left = 3465
Style = 2 'Dropdown List
TablIndex = 7

Top = 6525

Width = 1410

End
Begin VB.ComboBox cmbChannel
Height = 315

Left = 3465

Style = 2 'Dropdown List
TabIndex =6

Top = 6165

Width = 1410

End

Begin VB.VScrollBar vsclVoltage
Height = 1395
LargeChange = 10

Left = 4860
Max =0
Min = 4095
Tablndex =1
Top = 5175
Width = 375
End

Begin VB.CommandButton cmdExit
Appearance = 0 'Flat
BackColor = &HOOCOEOFF&
Caption = “"E&xit”

Height = 585
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Left = 9990
Style = 1 'Graphical
Tablndex = 0
Top = 7875
Width = 1275
End
Begin VB.Frame frmmSampleRate
Appearance = 0 'Flat
BackColor = &HS80000005&
Caption = "Sampling Rate"
Enabled = 0 'False
ForeColor = &HB0000008&
Height = 855
Left = 60
Tablndex = 8.
Top = 3090
Visible = 0 'False
Width = 2370
Begin VB.HScrollBar hscrlFreq
Height = 255
LargeChange = 10

Lefi = 120
Max = 100
Tablndex = 10
Top = 240

Value = 100
Width = 2130

End

Begin VB.TextBox txtSample
Height = 285

Left = 765
Tablndex = ¢
Text = "10.0"
Top = 540
Width = 495
End
Begin VB.Labe] labFrequencyLow

Appearance = 0 'Flat
BackColor = &HS80000005&
Caption = "0 (Stop)"
ForeColor = &HE00000084
Height = 255

Left = 45
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Tablndex = 12
Top = 495
Width = 855
End
Begin VB.Label labFreqHigh
Appearance = 0 'Flat
BackColor = &HB0000005&
Caption = "10 (time/s)"
ForeColor = &H30000008&
Height = 255
Left = 1260
Tablndex =11
Top = 540
Width = 975
End
End
Begin VB.Frame Framel
BackColor = &HB0000009&
Enabled = 0 ‘False
Height = 590

Left = 45
Tablndex = 41
Top = 2430
Visible = 0 'False
Width = 3930
Ead
Begin VB.Label Label39
BackColor = &HS0000009&
Caption = "G_K"
Height = 330
Left = 4455

Tablndex = 99

Top = 3690
Width = 555
End

Begin VB.Label Label38
BackColor = &HB0000009&
Caption = "Ess"

Height = 330
Left = 5940

Tablndex = 97
Top = 4140
Width = 555



End

Begin VB.Label Label37
BackColor = &HB0000009&
Caption = “In3-(v}"
Height = 375
Left = %0
Tablndex = 95
Top = 5985
Width = 1095
End

Begin VB.Label Label36

Alignment = 2 ‘Center
BackColor = &HE0000009&
Caption = "%Control overall"
Height = 420
Left = 7470
Tablndex = 93
Top = 5670
Width = 915
Ead
Begin VB.Label Label35
Alignment = 2 'Center
BackColor = &HB00000098
Caption = "750"
Height = 285
Lefl = 10080
Tablndex = 92
Top = 3555
Width = 645
End
Begin VB.Labe! Label34
Alignment = 2 'Center
BackColor = &HB0000009&
Caption = "250"
Height = 285
Left = 7380
Tablndex = 91
Top = 3555
Width = 600
End
Begin VB.Label Label33
Alignment = 2 'Center

BackColor = &HB0000009&
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Caption = "500"
Height = 285

Left = 8820
Tablndex = 90

Top = 3555
Width = 600

End
Begin VB.Label Label32
Alignment = 2 'Center
BackColor = &HB0000005&
Caption = "0
Height = 240

Left = 6210
Tablndex = 89

Top = 3555
Width = 285

End
Begin VB.Label Label31
Alignment = 2 'Center

BackColor = &HB0000009&
Caption = "Time(sec)"

Hetght = 285
Left = 10935
Tablndex = 83
Top = 3510
Width = 960
End
Begin VB.Label Label30

BackColor = &HBOC00009&

Caption = "50%-"
Height = 240
Left = 5895
Tablndex = 87
Top = 1845

Width = 463

End
Begin VB Label Label29
Alignment = 2 ‘Center
BackColor = &HB0000009&
Caption = "0%"

Height = 240

L=ft = 5940

Tablndex = 86
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Top = 3375
Width = 420
End
Begin VB.Label Label28

Alignment = 2 'Center
BackColor = &HS80000009&
Caption = "100%-"
Height = 240
Left = 5805
Tablndex = 85
Top = 270
Width = 510

End

Begin VB.Label Label27
Alignment = 2 'Center
BackColor = &HS0000009&
Caption = "Desire value"
Height = 420
Lzfi = 5850

. Tablndex = 384

Top = 5670
Width = 870
End

Begin VB.Label labPercentinp2
Alignment = 1 'Right Justify
Appearance = 0 'Flat

BackColor = &HSB0000005&
BorderStyle = 1 'Fixed Single
Capticn = "0,000"
BeginProperty Font

Narne = "Courier New"
Size = 975

Charset = 0

Weight = 700

Underline = 0 'False
Iealic = 0 ‘False

Strikethrough = 0 'False
EndProperty
ForeColor = &HS0000008&
Height = 360
Left = 10215
Tablndex = §3
Top = 5085
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Width = 1170

End

Begin VB.Label Label26
Alignment = 2 'Center

Appearance = 0 'Flat

BackColor = &HB0000005&
Caption = "PV2:"
ForeColor = &HB0000008&
Height = 255

Left = 9630

Tablndex = 82

Top = 5085

Width = 3585
End

Begin VB.Label Lubel25

BackColor = &H30000009&
Caption = "[p2-{v)"
Height = 375
Left = 90
Tablndex = B8l
Top = 5333
Width = 1095
End
Begin VB.Label Label24

BackColor = &HB0000003&

Caption = "lnl{v)"

Height = 375

Left = 90

Tablndex = 80

Top = 5085

Width = 1095
End

Begin VB.Label Label23

Appearance = 0 'Flat

BackColor = &HS30000005&

Caption = "Voltage read"

Enabled = 0 'False :
ForeColor = &HB0000008&

Height = 255

Left = 450

TablIndex =79

Top = 4725

Width = 1215



End

Begiu VB.Shape shapLedMul
BorderColor = &HOOQO0OFF&
BorderStyle = ¢ 'Transparent
FiliColor = &HO0808080&
FillStyle = 0 'Solid

Height = 255
Left = 90
Shape = 3 'Circle
Top = 4725
Width = 255
End

Begin VB.Label Label20
BackColor = &HB0000009&
Caption = "Guin DelE"

Height = 330

Left = 10395
TablIndex = 67
Top = 4140
Width = 915
End

Begin VB.Label Label19

BackColor = &HS00000098&
Caption = "Gaine"

Height = 283

Left = 9180

Tablndex = 65

Top = 4140

Width = 600

End

Begin VB.Lubel Labell8

BackColor = &H80000009&
Caption = "Gain U"
Height = 330

Left = 7920

Tablndex = 63

Top = 4140

Width = 645
End

Begin VB.Label Label17
BackColor = &HB0000009&
Caption = "Timer"

Height = 330
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Left = 5940
Tablndex = §2
Top = 4500
Widih = 555
End

Begin VB.Label Label16
BackColor = &HS0000009&

Caption = "Ts{+/-5%)"
Height = 330
Left = 4365
Tablndex = 60
Top = 4140

Width = 815

End

Begin VB.Label Labell5
BackColor = &H80000009&
Caption = "Tr(10-90%)"
Height = 330

Left = 2700

TabIndex = 59

Top = 4140

Width =915
End

Begin VB.Label Labell4
BackColor = &H30000009&

Caption = "Td{50%)"
Height = 330
Left = 1305

Tablndex = 55

Top = 4140
Width = 645
End

Begin VB.Label Labell2
BackColor = &HSB00600009&
Caption = "Oss%"

Height = 330
Left = 45
Tablndex = 53
Top = 4140
Width = 555
End
Begin VB.Label Label13

Appearance = 0 'Flat
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BackColer = &H80000005&
Caption = "Gain Del efror”
ForeColor = &HB0000008&
Height = 255

Left = 90

Tablndex = 52

Top = 7380

Visible = 0 'False

Width = 1215
End
Begin VB.Label LabGainDelE
Alignment = 1 'Right Justify
Appearance = 0 'Flat
BackColor = &HB80000005&
BorderStyle = 1 'Fixed Single

Caption = "1.000"

BeginProperty Font
Name = "Courier New"
Size = 975

Charset =0
Weight = 700
Underline = 0 'False
ltalic = 0 ‘False
Strikethrongh = O 'False
EndProperty
ForeColor = &HS0000008&

Height = 360
Left = 1440
Tablndex = 51
Top = 7335
Vistble = 0 'False
Width = 1170
End

Begin VB.Label Labell1
Alignment = 2 'Center
Appearance = 0 'Flat
BackColor = &HE0000005&
Caption = "MMV:"
ForeColor = &HB80000008&
Height = 255
Left = 9630
Tablndex = 49
Top = 5490



Width
End

= 585

Begin VB.Label Labell0

Alignment = 2 'Center
Appearance = O 'Flat
BackColor = &HB0000005&
Caption = "PVI:"
ForeColor = &HB0000008&
Height = 255
Left = 9630
Tabindex = 48
Top = 4725
Width = 585
End
Begin VB.Label LabPercentInp
Alignment = 1 'Right Justify
Appearance = 0 'Flat
BackColor = &HS0000005&

BorderStyle = 1 'Fixed Single
Caption = ",000"

BeginProperty Font

Name = "Courier New"
Size = 975

Charset =0

Weight = 700
Underline = O 'False
Ttalic = 0 'False

Strikethrough = 0 ‘False

EndProperty

ForeColor = &HB0000008&
Heiglt = 360

Left = 10215

Tablndex = 47

Top = 4680

Width = 1170

End
Begin VB.Label labPercentOut
Alignment = 1 'RighLJluslify
Appearance = 0 'Flat

BackColor = &HBO000005&
BorderStyle = 1 'Fixed Single
Caption = "0.000"

BeginProperty Font
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Name = "Courier New"
Size = 075

Charset =0

Weight = 700
Underline = 0 'False
Italic = 0 'False

Strikethrough = 0 'False
EndProperty
ForeColor = &HB0000008&

Height = 360

Left = 10215

Tablndex = 46

Top = 5490

Width = 1170
End

Begin VB.Label Label9

Alignment = 2 'Center

Kﬂﬁ;amnce = 0 'Flat
BackColor = &H80000005&
Caption = APV

ForeColor = &HS0000008&

Height = 240
Left = 9630
Tablndex = 44
Top = 6345
Width = 540
End

Begin VB.Label Labeil

Appearance = 0 'Flat

BackColor = &HS80000005&
Caption = "Voltage read"
ForeColor = &HS0000008&
Height = 255

Left = 375

TabIndex = 15

Top = =270

Width = 1215

End

Begin VB.Shape shapLed

BorderColor = &HO00CO0FF&

BorderStyle = 0 'Transparent
FillColor = &H00808080&
FillStyle = 0 'Solid
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Height = 255
Left = 45
Shape = 3 'Circle
Top = -270
Width = 255
End

Begin VB.Lubel Label?

BackStyle = O 'Transparent

Caption = "Output(PV)*
ForeColor = &HOOOOCO00&
Height = 285

Left = 10350

Tablndex = 39

Top = 90

Width = 1410
End
Begin VB.Label Labeld

BackStyle = 0 'Transparent
Caption = “"Control action(MV)"

ForeColor = &HOO0Q0OFF&
Height = 330
Left = 8460
Tablndex = 38

Top = 90
Width = 1590

End

Begin VB.Label Label3
Alignment = 2 'Center
BackStyle = 0 'Transparent
Caption = "Input Voliage (PV)"
Height = 330
Left = 90

Tablndex = 37

Top = 135
Width = 1635
End

Begin VB.Label Label2

BackStyle = O 'Transparent
Caption = "Desire value(SV)"
ForeColor = &HOOFFOO00&
Height = 285

Left = 6345

Tablndex = 36



R

Top = 90

Width = 1455

End

Begin VB.Label Label8
Appearance = 0 'Flat
BackColor = &HS80000005&
Caption = "Delta Err:"
ForeColor = &HB0000008&
Height = 330

Left = 7380

Tablndex = 34

Top = 5175

Width = 840

End
Begin VB.Label LabDelErr
Alignment = 1 'Right Justify
Appearance = 0 'Flat
BackColor = &HB0000005&

BorderStyle = 1 'Fixed Single

Caption = "0.000"
BeginProperty Font

Name = “Couricr New"
Size = 975

Charset = Q

Weight = 700
Underline = 0 'False
Italic = 0 'False

Strikethrough = 0 'False

EndProperty

ForeColor = &HS0000008&
Heiglt = 360

Left = 8235

Tablndex = 33

Top = 5175

Width = 855
End

Bepin VB.Lubel Label6

Appearance = 0 'Flat
BackColor = &HB80000005&
Caption = "Error:"
ForeColor = &HB0000008&

Height
Left

= 330

= 5805
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Tablndex

Top

Width
End

= 32
= 5175
= 570

Begin VB.Lubel LabErr

Alignment

Appearance

BackColor

= | 'Right Justify
= 0 'Flat
= &H80000005&

BorderStyle = 1 Fixed Single

Caption = "“0.000"
BeginProperty Font

Name = "Courier New"
Size = 0,75

Charset =0

Weight = 700
Undetline = 0-'False
Italic = 0 'False

Strikethrough = 0 'False

EndProperty

ForeColor = &HB80000008&
Height = 360

Lefi = 6480

Tabindex = 31

Top = 5175

Width = 855
End
Begin VB.Label LabOutCnt
Alignment = 1 "Right Justify
Appearance = 0 'Flat
BackColor = &HB0000005&
BorderStyle = 1 'Fixed Single
Caption = "0.000"
BeginProperty Font

Name = "Courier New"

Size = 075

Charset = 0

Weight = 700

Underline - = 0 'False

Italic = O 'False

Strikethrough = 0 ‘False
EndProperty
ForeColor = &HB80000008&
Height = 360
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Left = 10215
Tubindex = 30
Top = 7110
Width = 1155

End
Begin VB.Label LabOut
Alignment = 1 'Right Justify

Appearance = 0 'Flat
BackColor = &HBO0000005&
BorderStyle = 1 'Fixed Single
Caplion = "0.00"

BeginProperty Font
Name = "Courier New"
Size = 975
Charset =0

Weight = 700
Underline = 0 'False.
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

ForeColor = &HSB0000008&

Height = 360

Left = 7470

Tablndex = 29

Top = 6120

Width = 990

End
Begin VB.Label LabRef
Alignment = 1 'Right Justify

Appearance = 0 'Flat
BackColor = &H80000005&
BorderStyle = 1 ‘'Fixed Single

Caption = "0.0001"
BeginProperty Font
Name = “Courier New"
Size = 9.75

Charset =0
Weight = 700
Underdine = O 'False
[talic = 0 ‘False
Strikethrough = O ‘False
EndProperty
ForeColor = &HB80000008&
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Height

Left

Tablndex

Top

Width
End

= 360
= 5850

= 28
= 6120

= 900

Begin VB.Label LabHiOut

Appearance = 0 'Flat

BackColor = &HS0000005&

Caption = "100"

ForeColor = &HS0000008&

Height = 375

Left = 8460

Tablndex = 27

Top = 5580

Visible = 0 'False

Width = 495 o
End 3

Begin VB.Label LabLowQut

Appearance = 0 'Flat
BackColor = &HB800000058
Caption = "y
ForeColor = &HS80000008&
Height = 255
Left = 8460
Tablndex = 26
Top = 7065
Visible = (O 'False
Width = 495
End
Begin VB.Label LabHiRef
Appearance = 0 'Flat
BackColor = &H80000005&
Caption = "100"
ForeColor = &HR0000008&
Height = 375
Lefi = 6795
Tablndex = 24
Top = 5625
Width = 495
End
Begin VB.Label LabLowRef
Appearance = 0 'Flat
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BackColor = &HB0000005&
Caption = "Q"

ForeColor = &HB0000008&
Height = 255

Left = §795

TabIndex = 23

Top = 7110

Width = 495

End
Begin VB.Label Labels

BackStyle = 0 'Transparent

Caption = "Alpha (step size):"

Height = 285
Left = 5940
Tablndex = 21
Top = 4815
Width = 1545

End

Begin VB.Label labVoltage
Alignment = 2 'Center

Appearance = 0 Flat
BackColor = &HS0000005&

BorderStyle = 1 'Fixed Single

Caption = "10.000"
BeginProperty Font

Name = "Courier New"
Size = 2025

Charset = 0

Weight = 700
Underline = 0 ’'False
Italic = 0 'False

Strikethrough = 0 'False

EndPropenty
ForeColor = &HB0000008&
Height = 945
Left = 3465
TahInciex =5
Top = 5175
Width = 1395
End
Begin VB.Label labLoVoit

Aligament = 2 "Center

Appearance = 0 'Flat
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BackColor = &HB0000005&

Caption = *-10V"

ForeColor = &H30000008&

Height = 255

Lefl = 4815

Tablndex = 4

Top = 6615

Width = 495

End
Begin VB.Label labHiVolt
Alignment = 2 'Center
Appearance = 0 'Flat
BackColor = &HS80000005&
Caption = "1oV"
ForeColor = &HS0000008&
Height = 240

Left = 4815

Tablndex =3

Top = 4905

Width = 495

End
Begin VB.Label labVolt
Appearance = 0 'Flat
BackColor = &H80000005&

Caption = "O/P Voltage"

ForeColor = &HS80000008&

Height = 390
Left = 3465
Tablndex =2

Top = 4770
Width = 1335
End
End

Attribute VB_Name = "frmRun"

Attribute VB_GlobalNameSpace = False

Attribute VB_Creatable = False
Attribute VB_Predeclaredld = True
Aftribuie VB_Exposed = False
Dim Old_ref As Double

Dim Old_Os As Double, Old_Td As Double, Old_Tr As Double, Old_Ts As Double
Dim Old_controll As Double, New_control As Double
Dim Old_control2 As Double, Old_control3 As Double
Dim Old_control4 As Double, Old_control5 As Double
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Dim Old_control6 As Double, Old_control7 As Double

Dim Old_control8 As Double, Old_control9 As Double

Dim Old_deltra_inputl As Double, Old_deltra_input2 As Double
Dim Qld_deltra_input3 As Double, Old_deltra_inputd As Double
Dim Old_deltra_inputs As Double, Old_deltra_inputé As Double
Dim Old_deltra_input7 As Double, Old_deltra_input8 As Double
Dim Cld_dettra_input? As Double, Old_deltra_input10 As Double
Dim new_detra_input As Double

Dim Old_err_inputl As Double, Old_err_input2 As Double

Dim Old_err_input3 As Double, Old_err_input4 As Double

Dim Old_err_input3 As Double, Old_err_inputé As Double

Dimn Obd_err_input7 As Double, Old_err_input8 As Double

Dim Old_err_input9 As Double, Old_err_input10 As Double
Dim new_err_input As Double

Dim New_ref As Double

Dim New_Os As Double, New_Td As Double, New_Tr As Double, New Ts As Double
Dim ref_offset As Double

Dim ref_change As Boolean

Dim ref_more_100percent As Boolean

Dim Ess As Double

Dim Os As Double

Dim.Td As Double

Dim Tr As Double

Dim Ts As Double

Dim Ts_max As Double

Dim Ts_min As Double

Dim G_delia As Double

Dim G_error As Double

Dimn G_u As Double

Dim G._k As Double

Public frmLoadOk As Boolean

Public vscRefChange As Boolean

Public txtRefChange As Boolean

Public NeuroOperate As Boolean

Public CurrentChannel

Public Temp(GainCode

Dim 1pDEVCONFIG_AI As DEVCONFIG_AI

Dim tpAlGetConfig As PT_AlIGetConfig

Dim gnNumQfSubdevices As Integer

Dim bRun As Boolean

‘for multi channe!

Dim ErrCount As [nteger

Dim fVoltage(0 To 15) As Single



Const MAX_INP=2
Const MAX MF=7
Const MAX NO_OF_INPUTS =2
Const MAX_NO_OF_INP_REGIONS =7'5
Const MAX_NO_OF_OUTPUT_VALUES =8
Const LOWER _THESHOLD = 0.00001
Private Type GaussMf
mean(MAX_NO_OF_INPUTS, MAX_NO_OF_INP_REGIONS) As Single
sigma(MAX_NO_OF INPUTS, MAX_NO_OF_INP_REGICNS) As Single
End Type
Enum trapz_type
regular
Left
Right
End Enum
Private Type trapezoid
tp As trapz_type
a As Double
b As Double
C As Dounble
d As Double
1_slope As Double
1_slope As Double
End Type
Private Type gaussian
tp As trapz_type
mean As Double
sigma As Double
End Type
Private Type rule
inp index(MAX_NO_OF_INPUTS) As Integer
inp_fuzzy_settMAX NO_OF_INPUTS) As Integer
out_fuzzy sat As Double
weight_out_set As Double
End Type
Private Type fuzzy_system_rec
allocated As Boolean
inp_ mem_fos(MAX_NO_OF_INPUTS, MAX_NO_OF_INP_REGIONS) As gaussian
rules() As rule
no_of_inputs As Integer
no_of inp_regions As Integer
no_of rules As Integer

no_of_outputs As Integer
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output_values(MAX_NO_OF_OUTPUT_VALUES) As Double
a_out As Double
b_out As Double
f_out As Double
End Type
Egum in_fuz_error_deltaerror
in_e
in_de
End Bpum
Enum error
e nb
e_nm
e_ns
e_zo
e_ps
o_pm
e _pb
Eod Enum
Enum delta_error
de_nb
de_nm
de_ns
de_zo
de _ps
de_pm
de pb
End Enum
Enum out_fuz
out_nb -
out_nm
out_ns
out_zo
out_ps
out_pm
out_pb
End Enum
Private Type file_names_rec
sctup_fite name As String
trining_sctup_file name As String
in_wis_file name As String
out_wts_file_name As String
tmining_file_pame As String

test_file name As String
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data_file_name As String
new_data_file_name As String

End Type

Private Type fI’ seiup_rec
error_threshold As Double
start_iter As Integer
shuffle As Boolean
no_of_inputs As Integer
no_of hl_nodes As Integer
no_of outputs As Integer
in_weights_from_file As Boolean
files As file_names rec
sigmoid_out As Boolean
alpha As Double
learning_rate As Double
norm_in_mtin As Double
norm_in_range As Double
norm_out_min As Double
nomm_out_range As Double
weight_range As Double

End Type

Private Type training_rec
allocated As Boolean
no_of training_items As Integer
no_of training_items inv As Doubls
notrm_error_scaling As Double
training_array() As Double
correct_answers() As Double
norm_answers() As Double
max_min_allocated As Boolean
max_in() As Double
min_in(} As Double
max_out{) As Double
mit_out() As Double

End Type

Private Type network_rec
allocated As Boolean
%_inp() As Double
y_out() As Double
hi{} As Double

End Type

Private Type weights_rec

allocated As Boolean
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wi() As Double
wol) As Double
End Type
Dim g_fuzzy_system As fuzzy system_rec
Private Sub ecmbChannel_Click()
If frmLoadOk = True Then
Call Config_OQutput
labVolt.Caption = "Ch# " + Str{lpAOConfig.chan) + " O/P Voltage:"
End If
End Sub
Private Sub embChanneilnp_Click()
If frmLoadCk = True Then
Call Config_Input
End If
End Sub
Private Sub embVoltageRange Click()
If frmLoadOk = True Then
Call Config_Qutput
labHiVolt.Caption = Str{lpACConfig.MaxValue) + "V*
labLoVult.Caption = Str{lpAOConfig.MinValue) + "V*
vselVoltage.value =0
labVoltage.Caption = 0
End If
End Sub
Private Sub cmnbVoltageRangeInp Click()
If frmLoad Ok = True Then ‘
Call Config_Input
End If
End Sub
Private Sub cmbWriteFzs_Click()
Call write_tuzzy_system("D:NeuroFuzzyPro_FuzzySingleTon_Tidapom_rule lstorder flow\NeurcFuz.fzs", g_fuzzy system)
End Sub
Private Sub cmdExit_Click(}
Dim i As Integer
For i = 1 To vsclVoltage.value
If vsclVoltage.value = 819 Then
Exit For
End If
vsclVeltage.vatue = vsclVoliage.value - 1
Next i
End
End Sub
Private Sub ¢mdRead_Click()



Dim tt As Long
Dim voltage As Single
tmrRead Enabled = False
AiVolln.chan = IpAlConfig.DasChan
AiVolln.gain = IpAlIConfig.DasGain
AiVolln. TrigMode = AiCtrMoede
AiVolln.voltage = DRV_GetAddress(voltage)
shapLed.FillColor = QBColor(12)
ErrCde = DRV_AIVoltageln(DeviceHandle, AiVolln)
IF(EnCde <> 0) Then
DRV_GetErmorMessage ErrCde, szErrMsg
Response = MsgBox{szErrMsg, vbOKOnly, “Error!!™)
Exit Sub
End If
UpDateValue (voltage)
End Sub

Private Sub emdRead_MouseDown{Button As Intcger, Shift As Integer, x As Single, y As Single)

shapLed.FillColor = QBColor(12)
End Sub
Private Sub cmdReadMul_Click(}
tmrReadMul.Enabled = False
shapLedMul.FillColor = QBColor{12)
ptMAIVoltugeln.NumChan = ptMAIConfig.NumChan
ptMATIVoltageln.StartChan = ptMAIConfig.StartChan
pMATVoltageln.GainAmay = DRV_GetAddress(usGainCode(ptMAIConfig.StartChan))
ptMAIVoltageln. TrighMode = AiCtrMode
'ifMAIVoltageln. Voltage doesn't point to a array, then it would be nil.
pMAIVoltageln. VoltageArray = DRV_GetAddress(fVoltage(ptMAIConfig.StartChan))
EnCde = DRV_MAIVoltageln(DeviceHandle, ptMATVoltageln)
If (EnrCde <> 0) Then
ErrCount = ErrCount + 1
If (ErrCount > 2) Then
Unload frmRun
frmDevSel.cindExit.S¢tFogus
Else
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Brror!!")
Exit Suh
End If
End If "
UpDateValueMul
End Sub
Private Sub Command3_Click()
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cmbWriteFzs.Enabled = False
NeuroOperate = True
Call run_fuzzy_logic_controller
cmbWriteFzs.Enabled = True
End Sub
Private Sub Command4_Click()
Call Control_system_fuzzy_logic(g_fuzzy_system}
End $ub '
Private Sub Form_Load(}
Dim AOConfig As PT_AOConfig
Dim gnNumOfDevices As Integer
Dim nQutEntries As Integer
Dim i. i As Integer
Dim it As Long
Dim tempStr As String
frmLoadOk = False
bRun = False
isStartChan = True * This variable is for Start/Stop channel setup only
CurrentChannel =0
* Add type of PC Laboratory Card
it = DRV_GetAddress(devicelisi{0})
ErrCde = DRV_DeviceGetList(ti, MaxEntries, nOutEntries)
If (ErtCde <> 0) Then
DRV_GetErrorMessage ErrCde, szErrMsg
Response = MsgBox{szErMsg, vbOKOnly. "Brroc!!")
Exit Sub
End If
' Return the nummber of devices which you install in the system using
' Device [nstallation
EnCde = DRV_DeviceGetNumOfList(gnNumOfDevices)
If (EnCde <> 0) Then
DRV _GetErrorMessage EnCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Eror!!™)
Exit Sub
End If
Pict1.Scale (0. 1201000, -20)
Pictl.Line (0, 0)<1000, 0), QBColor(0)
Pictl.Line (0, 100)(1000, 100}, QBColor(0)
Pict1.CurrentX = 10
Pict1.Currenty = -8
Pict1.Print "0 Volt”
Pict] CurrentX =10
Pictl CurrentY = 115



, -

Pict].Print "10 Volt*
Call Chanel_Volt
Call Config_Qutput
Call Config_Multi_Input
labVolL.Caption = "Ch# * + Str{lpAQConfig.chan) + * " + labVolt.Caption + ""
labHiVolt.Caption = Str(lpAOConfig.MaxValue) + "V
labLoVolt.Caption = Str{lpAQConfig.MinValue) + "V*
veclVoltage.vajue = 819
labVoltage.Caption = 1
Call SetScalePict
cmbWriteFzs.Enabled = False
NeuroQOperate = True
Call run_fuzzy_logic_controller
cinbWriteFzs.Enabled = True
frmLoadOk = True
G_delta= 10
G_emor=2
G u=5
G k=1

End Sub

Private Sub hscrlFreq_Change()
If hsorlFreq.value = 0 Then

tmrRead.Interval =0
Else
tmrRead.Interval = 10000 / hscrlfreq.value

End If

txtSample.Text = Format((hscriFreq.value / 10, “###0.000")
* “Read One Shot" would disable the "trmREAD" Timer,
‘ 50 it need to enable here.
tmrRead.Enabled = True
tmrled . Enabled = True
End Sub
Private Sub hscrlFreqMul_Change()
If hserlFreqMul.value = O Then
tmrReadMul.Interval = 0
Else )
tmrReadMul.Interval = 10000 / hserlFreqMul.value
End If
xtSampleMul.Text = Format((bscidFreqMul.value / 10), "###0.00")
'Read One Shot” would disable the "trmREAD" Timer
" 80 it need to enable here.

tmrReadMul.Enabled = True
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tmrLedMul.Enabled = True
End Sub
Private Sub labVoltage Change()
labPercentQut.Caption = Format((labVoltage.Caption - 1)/ (5 - 1) * 100, "##0.000")
End Sub
Private Sub Timerl_Timer(}
If txtRef. Text = "" Then
txtRef. Text = O#
End If
If txtRef. Text < O# Then
LabRef.Caption = 0.001
End If
If NeuroOperate = True Then
Call PlotRef
End If
If val(txtRef.Text) <> New_ref Then
Td=0
Tr=0
Ts=0
Bss=0
Os=0
txtTimer. Text = 0
txtTd.Text = Format(Td, "##0")
txtTr. Text = Format{Tr, "##0")
txtTs. Text = Format(Ts, "##0")
txtEss. Text = Format(Ess, "##0")
txtOs. Text = Format{Os, "##0")
Old_ref = New_ref
New_ref = val{txtRef Text)
ref change = True
G _delta= 10
G etror=2
G u=35
G k=1
Ead It
txtTimer. Text = txtTimer. Text + 1
If(Abs(New_ref - O1d_ref) > 0%#) And ref_change = True Then
‘check Tr & Td
ref_offset = New_ref - Old_ref
If LebPercentInp.Caption <= ({ref_offset * 75) / 100) + Old_ref Then
Td=Td+1
1X(Td. Text = Format(Td, "#40")
End If
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If LabPercentlnp.Caption >= ((ref_offset * 10) / 100) + Old_ref And LabPercentInp.Caption <= ((ref_offset * 75)/ 100} +
Old_ref Then
Te=Tr+1
txtTr.Text = Format(Tr, “##0")
End If
‘check Ess
If LabPercentInp.Caption >= ((ref_offset * 95)/ 100) + Old_ref And LabPercentinp.Caption <= ((ref_offset * 105) / 100) +
Old_ref Then
ref_more_100percent = True
ref change = False
Else
ref_more_100percent = False
End If
If ref_more_i00percent = True Then
Ts=Ts+1
If LabPercentInp.Caption >= ((ref _offset * 95)/ 100) + Old_ref And LabPercentInp.Caption <= ({(ref offset * 105}/ 100)
+Old_ref Then
txtTs. Text = Formai(Ts, "#4#0")
If Tr<> O# And Te > 2 * Tr Then
End If
End If
Else
Ts=Ts+1
txtTs. Text = Format(Ts, "##0™)
End If
‘end check Ess
End If
Ess = Format((LabRef.Caption - LabPercentInp.Caption), "##-0.000")
txtEss Text = Esg
If Abs(Ess) > 0.1 And LabRef.Caption > 0.01 Then
G_k = (1 + ((Ess / val(LabRef.Caption)) * 2))
End If
XIG_k.Text = Format(G_k, "#0.0##")
If val(LabPercentInp.Caption) > New_ref And ref_change = True Then
[f val(LabPercentInp.Caption) - New_ref > txtOs, Text Then
New_Os = val{LabPercentInp.Caption) - New_ref
txtOs.Text = New_Os
End If
End If
End Sub
Private Sub Timer2_Timer()
Dim VsclRange As Long
Dim VsclOffset As Long



If txtRef. Text = " Thea
xtRef.Text =0
End [f
If taRef. Text < 0# Then
LabRef.Caption = 0.001
End If
If vscRefChange = True Then 4
Exit Sub
ElseIf vscRefChange = False And txtRefChange = True Then
[£ val(txtRef.Text) > vsclRef.Min Then
ixtRef. Text = vsclRef.Min
Elself val{txtRef. Text) < vsclRefMax Then
ixtRef. Text = vsclRef.Max
Else
vsclRefvalue = val{txtRef Text)
VsclRange = vsclRef. Min - vsclRef. Max
VsclOffset = vaclRef.value - vsclRef Max
LabRef.Caption = Format(VsclOffset, “#£0.000")
tuRefChange = False
End If
End If
End Sub
Private Sub Timer3_Timer)
Call unTimer3
End Sub
Private Sub tmtLed_Timer()
shapLed.FillColor = QBColor(8)
End Sub
Private Sub tmrLedMul_Timer()
shapl.edMul FillColor = QBColon(8)
End Sub
Private Sub tmrReadMul_Timer()
shapLedMul.FillColor = QBColor(12)
ptMAIVoltageln.NumChan =~ 2

ptMAIVoltageln.StartChan = 0

pMAIVoltageln.GainArray = DRV_GetAddress(usGainCode{ptMAIConfig.StartChan))

ptMA[Voltageln. TrigMode = AiCutMode 2

piMAIVoltageln.VoltageArray = DRV_GetAddress(fVoltage{ptMAIConfig.StariChan))

EaCde = DRV_MAIVoltageln(DeviceHandle, ptMAIVoltageln)
If (BrrCde <> 0) Then
ErrCount = EnCount + 1
If (EmCount > 2) Then
End
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Else
DRV _GetErrorMessage EnrCde, szEnMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!")
Exit Sub
End If
End If
UpDateValueMul
End Sub
Private Sub wxtRef Change()
xtRefChange = True
End Sub
Private Sub txtVoltRead_Change({Index As Integer)
Dim dum As Double
tmrRead.Enabled = True
tmrLed.Enabled = True
‘channal #0 LTI
xtVoltReadOneCh. Text = txtVoltRead{0). Text

duin = Format({txtVoltRead(0).Text - 1)/ (5 - 1) * 100, "4##0.00")

If dum > 100 Then
dum = 100
Elself dem < O Then
dum =0
End If
LabPercentlap.Caption = dum

dum =0

dum = Format((txtVoltRead(1).Text - 0.84) / (4.37 - 0.84) * 100, "#40.00")

If dum > 100 Then
dum = 100
Elself dum < 0 Then
durn = 0
End If
labPercentlnp2.Caption = dum
End Sub
Private Sub vsclOut_Change(}
Dim AoVoltage As PT_AOVoltageOut
Dim VsclRange As Long
Dim VsclOffset As Lm;g
VsclRange = vselQut.Min - vselQut. Max
VaclOffset = vselOut.value - vsclOut. Max
LabQOut.Caption = Format(VsclOffset, "#40.000")
End Sub
Private Sub vsciRef Change{)
Dim AoVoltage As PT_AQVoltageQOut
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Dim VsclRange As Long
Dim VselOffset As Long
vscRefChange = True
If txtRefChange = False Then
DoEvents
VsclRange = vaclRef. Min - vsclRef.Max
= VeclOffset = vsclRef.value - veclRef Max
LabRef.Caption = Format(VsclOfTset, "##0.000")
xtRef Text = Fonmat(VsclOffset, "##0.000™)
vscRefChange = False
End If
vscRefChange = False
End Sub
Private Sub vsclVoltage Change()
Dim AoVoltage As PT_AOVoltageOut
Dim VsclRange As Long
Dim VolRange As Integer
Dim VsclOffset As Long
VolRange = IpAOConfig.MaxValue - IpAQConfig. MinValue
VsclRange = vselVoltage. Min - vselVoltage. Max
VsclOffset = vsclVoltage.value ~ vsc[Voltage. Max
AoVoltage.chan = IpAQConfig.chan
AoVoltage.OutputValue = VsclOffset / VsclRange * VolRange + IpAOConfig.MinValue
EnCde = DRV_AOVoltageOut(DeviceHandle, AoVoltage)
If (EcrCde <> 0) Then
DRV_GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szErrMsg, vbOKOnly, "Error!!)
Exit Sub
End If

labVeltage.Caption = Format({VscIOffset / VsclRange * VolRange + IpAOConfig.MinValue), “##0.00™)

End Sub
Public Sub Config_Multi_Input()
Dim i As !nl.eg_.er
Dim Cade  AsInteger
" The Original defanlt is the value of 1pDevConfig_ALusGainCtrMode,
' Because this program uses external Trigger Signal, so AiCtrMode is
‘setto 1. (1 External trigger) Since we find something wrong, so we
' sel it to O for temporary.
AiCirMode = 0
usStartChan =0
usStopChan = 1
ptMAIConfig. NumChan = usStopChan - usStartChan + 1
pIMAIConfig.StartChan = nsStartChan
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* Here you must point the GainArray to the Start Channel, not the Al Channel
usGainCode(0) = 4 '0-10 volt
usGainCode(l) = 4
If gnNumOfSubdevices = 0 Then
pPMAIConfig GainArray = DRV_GetAddress(usGainCode{usStartChan))
Else
pIMAIConfig.GainArray = Nul
End If
EnCde = DRV_MAIConfig(DeviceHandle, ptMAIConfig)
If (EnCde <> 0) Then
DRV_GetEmrorMessage EnCde, szErMsg
Response = MsgBox(szErMsg. vbOKGaly, "Error!!")
Exit Sub
End If
End Sub
Private Sub Config_Input()
Dim tempNum As Iuteger
tempNum = cmbVoltageRangelnp.ListIndex
lpATConfig.DasChan = embChannellnp.Listindex
AiCtrMode = [pDEVCONFIG_ALusGainCuMode
* Gain code no use for ADAM series
If gnNumOfSubdevices = 0 Then
IpAlConfig.DasGain = IpDevFeatures.glGainList(tempNum).usGainCde
End If
EnCde = DRV_AIConfig{DeviceHandle, IpAlConfig)
If (EmCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Response = MsgBox(szEnMsg, vbOKOaly, "Error!!")
ExitSub
End If
End Sub
Private Sub Config_Qutput()
If embChannel.ListIndex = 0 Then
IpAOConfig.chan=0'0,1
Else
IpAQConfig.chan = 10,1
End if
If cmbVoltageRange.Listindex = 0 Then
lpAOConfig. MaxValue = §
pAOConfig.MinValue = 0
Else
1pAOConfig.MaxValue = 10
IpAQConfig.MinValue = 0
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End If
If (genNumOfSubdevices = 0) Then
EnCde = DRV_AOConfig(DeviceHendle, IpAOConfig)
1f (ErxCde <> 0) Then
DRV _GetEmrotMessage ErCde, szEMsg
Response = MsgBox(szErrMsg, vbOK.Only, “Error!!")
Exit Sub
End If
End If
End Sub
Private Sub Chanel_Volt(}
Dim i, ii As Integer
Dim tempNum As Integer
Dim FestRes As Boolean
Dim nOutEntries As Integer
Dim IpSubDeviceList As Long
Dirn dwDeviceNum As Long
Dim IpDEVCONFIG_AI As DEVCONFIG_AI
' Check if there i3 any device attatched on this COM port or CAN
' gnNumCfSubdevices = devicelist{lstDevice. Listindex).nNumOfSubdevices
enNumQfSubdevices = devicelist{0).aNumOfSubdevices
If (enNumOfSubdevices > MaxDev) Then
gnNumOfSubdevices = MaxDev
End If
I (paNumOUtSubdevices = 0) Then
dwDeviceNum = devicelist(0).dwDeviceNum
EnCde = DRV_DeviceOpen{dwDeviceNunt, DeviceHandle)
If{ErCde <> 0) Then
DRV _GetErrorMessage ErrCde, sz2EmMsg
Response = MsgBox(szErtMsg, vbOKOnly, "Error!!™)
Exit Sub
Else
bRun = True
End If

ptDevGetFeatures, buffer = DRV _GetAddress{lpDevFeatures)
ErrCde = DRV_DeviceGetFeatures(DeviceHandle, ptDevGetFeatures)
If(ErCde <> 0) Then

DRV_GetErorMessage ErrCde, szErrMsg

Response = MsgBox(szEnMsg, vbOKOnly, "Error!!*}
Exit Sub

End If
* Add analog output channel item

tempNum = IpDevFestures.usMaxAOChI



If (tempNum > 0) Then
Fori= 0 To (tempNum - 1}
temp3 = "Chan#" + Str(i)
embChannel. AddItem temp$, i
Next i
cembChannel. Text = cmbChannel.List(0)
embChannel.Enabled = True
End If
cmmbVaoltageRange. Addltem "0~ 5V, 0
cmbVoltageRange.Addltem "0~ 10 V", 1
cmbVoltageRange. Text = embVoltageRange.List(0)
'Data Acquisition & Control or Digital IO card One channel
ptAIGetConfig buffer = DRV_GetAddress(lpDEVCONFIG_AI)
EnCde = DRV_AIGetConfig{DeviceHandle, ptAIGetConfig)
If (ErrCde <> 0) Then
DRV _GetErrorMessage ErrCde, szErrMsg
Respoase = MsgBox(szErmMsg, vbOKOuly, "Error!!"™)
Exit Sub
End If
‘config combobox of input one channel and multichannel
If (IlpDEVCONFIG_AlLusChanConfig = 0) Then
tempNum = [pDevFeatures.usMaxAlISigiChl
Else
tempNusm = [pDevFeatures.usMax AIDIfIChi
End If
If (tempNum > Q) Then
Fori =0 To (t¢empNum - 1)
temp3 = "Chan¥#" + Str(i)
cmbChannellnp.AddItermn temp$, i
cmbChannellnpMul.AddItem temp$, i
Next i
embChannellnp.Text = cmbChannellnp.List(0)
cmbChannelinpMul. Text = cmbChannelInpMul. List(0}
cmbChannellnp.Enabled = True
embChannellnpMul.Enabled = True
End If
*add gain code list (voltage list)
lempNum = lpDevFeatures.usNumGain
If (IpDevFeatures.usNumGain > 0) Then
Fori = 0 To (IpDevFeatures.usNumGain - 1)
tempStr =""
Forii=0To 15

tempStr = tempStr + Chr{lpDevFeatures.glGainList(i).szGainStr(ii)}
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Next ii
cmbVoltageRangelnp. AddItern tempStr
embVoltageRangelnpMul.AddItern tempStr
Nexti
cmbVoltageRangelnp. Text = cmbVoltageRangeInp.List{5)
cmbVoltageRangelnp.Enabled = True
embVoltageRangelnpMul.Text = cmbVoltageRangelnp.List(5)
cmbVoltageRangelnpMul.Enabled = True
End If
End If
End Sub
Private Sub Voltage Change(value As Integer)
Dim AoVoltage As PT_AQVoltageOut
Dim VsclRange As Long
Dim VolRange As Integer
Dim VsclOffset As Long
DoEvents
If value > 0 And value <4096 Then
VolRange = [pAOConfig. MaxValue - lpAQConfig MinValue
VsclRange =4095 - ¢
VeclOffset = value -0
AoVoltage.chan = IpAOConfig.chan
AcVoltage.OutputValue = VsclOffset / VsclRange * VolRange + IpAQConfig. MinValue
ErCde = DRV_AQOVoltageOQut(DeviceHandle, AoVoltage)
[f (ErCde <> 0) Then
DRV_GetErrortMessage ErCde, szEnMsg
Response = MsgBox(szEnMsg, vbOKOnly, "Brror!™)
Exit Sub
End If
labVoltage.Caption = Format((VsclOffset / VsclRange * VolRange + [pAGConfig.MinValue), "#40.000")
End If
End Sub
Private Sub UpDateValue(fValue As Double)
' Since the output box is too small to display all the digits
" of the input voltage, so it must use to format to get better
* display.
Static x! As Single. y1 As Single
Static x2 As Single, y2 As Single
Dim dum As Single
xtVoltReadOneCh. Text = Format{fValue, "##0.0000™)
Xl = x2
x2=x2+1

Ifx1 > 1000 Then
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xl=1
x2=1
Pict1.Cls
PictL.Line (0, 0)-{1000. 0), QBColox{0)
Pict1.Line (0, 100){1000, 100}, QBColor{0)
Pictl .CurrentX = 10
Pictl.CurrentY = -8
Pict!.Print "0 Volt"
Pict] .CurrentX = 10
Pict] . CurrentY = 115
Pictl.Print "10 Volt"
End If
dum = fValue / 10
yi=y2
¥2 =dum * 100
Pictl.Line (x1, y1)-(x2, y2), QBColor(9)
Open "D:\WNenroFuzzyPro_FuzzySingleTon_Tidaporn_rule_lstorder_ flowAmv.tck" For Append Shared As #1
Print #1. x1, Format(y2, "##0.000")
Close #1
Ezd Sub
Private Sub UpDateValueMul()
Dim i As Integer
Static x1 As Single, y1 As Single
Static x2 Ax Single, y2 As Single
Static x3 As Single. y3 As Single
Static x4 As Single, y4 As Single
Dim dum As Single
' Since the output box is too small to display all the digits
" of the input voltage, so it must use to format to get better
' display.
For i = usStaitChan To usStopChan
ctVoltRead(i).Text = Format(fVoltage(i), "###0.0000")
Next i
xl=x2
x3=x2+1
Ifx! > 1000 Then
xl=1
x2=1]
Pict1 Cls
Pictl.Line (0, 0}-{1000, 0), QBColor(0)
Pict].Line (0, 100){1000, 100), QBColor(0)
Pictl.CumrentX = 10

Pictl.CurrentY = -8
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Pictl.Print "0 Volt"
Pictl.CurrentX = 10
Pict].CurrentY =115
Pictl.Print "10 Volt"
End If
dum = fVoltage(0) 10
yl=y2
y2 =dum * 100
Pictl.Line {x1, y1}-(x2, y2), QBColor(9)
X3 =x4
X4=x4+1|
If x3 > 1060 Then
=1
x4=1
Pict1.Cls
Pictl.Line (0, 0)-{1000, 0), QBColor(0)
Pictl.Line (0, 100)<{1000, 100}, QBColor(0)
End If
dum = fVoltage(1) / 10
y3=vy4
y4 =dum * 100
Pict1.Line (x3, y3)-(x4, y4), QBColor(12)
Open "D:\NeuroFuzzyPro_FuzzySingleTon_Tidapom_rule_Istorder flow\mv.tek" For Append Shared As #1
Print #1,x1, Format(y2, "##0.000"), x3, Format(y4, "##0.000")
Close #1
End Sub
Private Sub mun_fuzzy_logic_controllar)
Callinit_fibrm_fuzzy_system(g_fuzzy system)
If chkReadFuzzy.value = [ Thea
Call read_fuzzy_system(“D:\NcuroFuzzyPro_FuzzySingleTon_Tidapom_ruIe_1 storder_flow\NeuroFuz.fzs",
g_fuzzy system)
End If
End Sub
Private Sub init_flbrm_fuzzy _system(fl As fuzzy_system_rec)
fl.no_of_inputs = 2 '/* Inputs are handled 2 at a time only */
fl.oo_of_rules = 49
fl.oo_of _inp_regions =7
fl.no_of_outputs =7
fi.output_values{out_nb) = Rnd(1)*2-1
floutput_valres{out_om) = Rnd(1)*2 -1
fl.output_values{out_ns) = Rad(1}* 2 - 1
fl.output_values(out_zo)=Rnd(1)*2-1
fl.owtput_values(out_ps)= Rnd{1)* 2 -1
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flovtput_values(out_pm) = Rod(1)*2- |
fl.outputl_values(out_ph)=Rnd(1}*2- |
ReDim fl.rules(fl.nc_of_rules)
Call init_flbrm_rules(fl)
Call init_flbrm_mem_fus(fl)

End Sub

Private Sub init_flbrm_rules(fl As fuzzy system_rec)
Dim i As Integer
Fori=0To fl.no_of_rules- 1

fl.rules(i).inp_index(0) = 0 'in_theta
M.rules(i)inp_index{1) = 1 "in_theta_dot

Next i

i
fl.rules{O)inp_fuzzy_set(0) =e_nb
fl.rules{0).inp_fuzzy_set(t) =de_nb
fl.ules{0).out_fuzzy set=-100
f.rules(1).inp_fuzzy set(0)=e_nb
fi.rules{1)inp_fuzzy set(1)=de nm
fl.oules(1).out_fozzy_set =-100
fl.rules(2)inp fuzzy set(0) =& _nb
flrules(2).inp_fuzzy set(1) =de_ns
fl.rules(2).out_fuzzy set=-75
fl.rules(3)inp_fazzy _set(0) =& nb
fl.rules(3)inp_fuzzy_set(1)=de_zo
fl.rules(3).out_fuzzy set=-36
fA.roles{4)inp_fuzzy set(0) =e_nb
fl.rules(4).inp_fuzzy set(1) =de_ps
fl.rules(4).out_fuzzy set= -5
fl.ules(S).inp_fuzzy set(0) =€ _nb
fl.rules(5)inp_fuzzy set(1)=de pm
fl.rules(5).out_fuzzy set=20
fl.rules(6).inp_fuzzy_set(0)=c_nb
fl.sules(6).inp_fuzzy_sei(1) =de_pb
fl.rules(6).out_fuzzy set =37

fl.rules(7)inp_fuzzy set(0)=e nm
fl.cules(7).inp_fuzzy_set(1)=de_nb
fl.rules(7).out_fuzzy s=t=-100
fl.rules(8).inp_fuzzy set(0}=e_nm
fl.rules(8).inp_fuzzy set(1) = de_nm
fl.rules(8).out_fuzzy set=-86
fl.rules{9).inp_fuzzy set(0)=e_nm
fl.rules(9)inp_fuzzy set(l) =de ns



fL.rules(9).out_fuzzy set =-43
fl.rules(10)inp_fuzzy setf{l0)=e nm
B.rules(10).inp_fuzzy_set(1) = de_zo
fl.rules(10).out_fuzzy set=-21
fl.rules(11).inp_fuzzy set(0) =e_nm
fl.rales(11)inp_fuzzy_set(1) =de_ps
fl.rules(11).out_fuzzy set=11
fl.rules(12).inp_fuzzy set{0) = e_nm
fl.rules(i2).inp_fuzzy_set(1) = de_pm
fl.rules(12).out_fuzzy set =36
fl.rules(13).inp_fozzy set(0) =e_nm
flrules(13)inp_fuzzy_set{1) = de_pb
fl.rules{13}.out_fuzzy_set = 42

fl.rules(14)inp_fuzzy set(0)=e ns
fl.ules(14).inp_fuzzy set(1) = de_nb
fl.rules(14).out_fuzzy set=-75
B.ryles(15).inp_fuzzy_set(0) =e_ns
fl.rules(15)inp_fuzzy_set(1) = de_nm
flrules(15).ont_fuzzy set =-52

fl.rules(16})inp_fuzzy set(0)=e ns

B.rules(16).inp_fuzzy set(1) =de_ns ,

fl.rutes(16).ont_fuzzy set=-31
fl.rules(17).inp_fuzzy _set(D) =e_ns
fl.rules(! 7)inp_fuzzy_set(l)=de_zo
fl.rules(17).out_fuzzy set=-15
fl.rules(18).inp_fuzzy set(0)=¢ ns
flroles(18).inp_fuzzy set(1}=de_ps
fl.ules(18).out_fuzzy set=22
fl.rules(19).inp_fuzzy set(0)=e_ns
flrules(19).inp_fuzzy_set(1) = de_pm
fl.rules(19).0ut_fuzzy set =42
fl.rules(20).inp_fuzzy set(0)=e_ns
fl.rules{20).inp_fuzzy_set(1} =de_pb

fl.rules(20).out_fuzzy set =58

B.rules(2t).inp_fuzzy set(0) = e_zo
fl.rules(21).inp_fuzzy set(l)=de_nb
fl.ules(21).0ut_fuzrzy set =-30
{l.rules(22).inp_fuzzy set(0)=e_zo
fl.rules(22).inp_fuzzy_set(1}=de_nm
fl.rules(22).0ut_fuzzy set=-11

fl.rules(23).inp_fuzzy set(0) =e_zo
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flrules(23).inp_fuzzy set(1)=de_ns
fl.rules(23).0ut_fuzzy_set =-5
fl.rules(24).inp_fuzzy_set{0) = ¢_zo
fl.reles{24).inp_fuzzy_set(1) = de_zo
fl.rules(24).out_fuzzy set=5
fl.rules{25).inp_fuzzy set(0)~e_zo
fl.rules(25).inp_fuzzy_set(1) = de_ps
fl.rules(25).out_fuzzy set =35
fl.rules(26).inp_fuzzy_set{(0) =e_zo
fl.rules(26).inp_fuzzy_set(1) = de_pm
fl.rules(26).out_fuzzy set =60
fl.rules(27).inp_fuzzy set{(0)=e_zo
fLrules(27).inp_fuzzy set(1) =de pb

flrules(27).0ut_fuzzy set=87

fl.ules(28)inp_fuzzy set(0) =e_ps
f.rules{28).inp_fuzzy set(1)=de_ab
fl.rules(28).out_fuzzy set=-15
f.rules{29)inp_fuzzy setf{(0)=e _ps
fl.onles(29)inp_fuzzy_set(l) =de_nm
fl.rules(29).0ut_fuzzy set=2
fl.mles(30).inp_fuzzy _set(0) =e_ps
fl.rules{30)inp_fuzzy_set(l) = de ns
fl.rules(30).0ut_fuzzy set=15 g
fl.rules(31)inp_fuzzy set(0)=c ps
fl.oules(31).inp_fuzzy_set(l) =de zo
fl.rules(31).out_fuzzy set=38
fl.rules(32).inp fuzzy_set(0)}=e_ps
flrules(32).inp_fuzzy set(1)=de_ps
fl.rules(32).out_fuzzy set=71
A.rules(33)inp_fuzzy set(0) =e_ps
firules(33).inp_fuzzy set(1) = de_pm
fl.les(33).0ut_fuzzy set=78
fl.rules(34).inp_fuzzy set(0) =e ps
fl.rules(34).inp_fuzzy set(1)=de pb
fl.rules(34).out_fuzzy set = 100

ﬂ.rulw(35).inp_fu‘zzy_set(0) =e_pm
fl.rules(35).inp_fuzzy set(1) =de_nb
fl.rules(35).out_fozzy set=5
fL.rules(36).inp_fuzzy_set{(0) =e_pm
fl.rules(36).inp_fuzzy _set(l) =ds_nm
fl.rules(36).out_fuzzy set =20
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fl.rules(37).inp_fuzzy_set(0) =e_pm
fl.rules{37).inp_fuzzy_set(1)=de ns
fl.rules(37).out_fuzzy set =43
fl.ules(38).inp_fuzzy set(0) =e_pm
O.rules(38).inp_fuzzy set{1)=de_zo
fl.ndles(38)out_fuzzy set =57
fl.rules(39).inp_fuzzy_set{0) = e_pm
fl.rules{39).inp_fuzzy set(i)=de ps
fl.rules(39).0nt_fuzzy set =86
fi.rules{40).inp_fuzzy_set(0) =e_pm
{flrules(40).inp_fuzzy_set(1) = de_pm
fl.rules(40).out_fuzzy_set =95
fl.rules{41).inp_fuzzy set{0)=e _pm
flrules(41).inp_fuzzy set(1) = de_pb
fl.rules(41).0ut_fuzzy set = 100

fl.rules{42).inp_fuzzy_set(0)=e_pb
fl.rules(42).inp_fuzzy_set(1) = de_nb
fl.rules(42).ont_fuzzy set =20
fl.rules(43).inp_fuzzy_set(0) =e_pb
fLrules(43).inp_fuzzy set(1) =de nm
fl.rules(43).out_fuzzy set =36
fl.rules(44).inp_fuzzy set(0)=e pb
flrules(44).inp_fuzzy_set(1)=de_ns
fl.rules(44).out_fuzzy set=75
fl.rules(45).inp_fozzy_sei(0) =e_pb
fl.rules{45).inp_fuzzy_set(l)=de_zo
fl.mles(45).0ut_fuzzy s=t=89
fl.rules(46).inp_fuzzy_set(0)=e pb
fl.rules(46)inp_fuzzy set(1) =de_ps
fl.rules(46).out_fuzzy_set =92
fl.rules(47).inp_fuzzy_set(0)=e_pb
fl.rules(47).inp_fuzzy_set(1) = de_pm
fl.rules(47).out_fuzzy set =100
flrules(48).inp_fuzzy set(0) =e_pb
fl.rles(48)inp_fuzzy set(1) =de_ph
fl.rles(48).out_fuzzy set=100

End Sub

Private Sub init_flbrm_mem_fius(fl As fuzzy system rec)
flinp_mem_fos{in_e. ¢_nb) = init_gauss{-100, 30, Left)
flinp_mem_fns(in_e, ¢_nm) = init_gadss(-66.7, 30, regular)
flinp_mem_fns(in_e, ¢_ns) = init_gauss(-33.3, 30, regular)

flinp_mem_fns(in_e, ¢_zo) = init_gauss(0, 30, regular)
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flinp_mem_fns(in_e, e_ps) = init_gauss(33.3. 30. regular)
flinp_mem_funs(in_e, e_pm) = init_gauss{66.7, 30, regular)
flinp_mem_fhs(in_e, e_pb} = init_gauss{100, 30, Right)
flinp_mem_fos(in_de, &_nb) = init_gauss(-100, 30, Left)
flinp_mem_fis(in_de, ¢_nm) = init_gauss(-66.7, 30, regutar)
flinp_mem_fns(in_de, ¢_ns) = init_gauss(-33.3, 30, regular)
flinp_mem_fos(in_de, &_zo) = init_gauss(0, 30, reguler)
flinp_mem_fns(in_de, &_ps) = init_gauss(33.3, 30, regular)
flinp_mem_fns(in_de, e_pm} = init_ganss(66.7, 30, reguler)
flinp_mem_fns{in_de. e_pb) = init_gauss(100, 30, Right)
End Sub
Private Function init_gauss(x1 Az Double, x2 As Double, typ As trapz_type) As paussian
Dim trz As gaussian
trz.mean = x1
tresigma = x2
trz.tp = typ
init_gauss = trz
End Function
Private Function geuss(x As Double, irz As gaussian) As Double
Dim dum As Double
Select Case trz.tp
Case Lefi
If x <= trz.mean Then
gauss =1
Exit Function
End If
If x >= trz.mean Then
dum = Exp(-{(x - trz.tnean) * (x - trz.mean)) / (trz.sigma * trz.sigma))}
If dum < LOWER_THESHOLD Then
gauss =0
Else
gauss = dum
End If
Exit Function
End If
Case Right
If X = trz.mean Then
gauss=1
Exit Function
End If
If x <= trzzmean Then
dum = Exp{{{x - trz.mean) * (x - trz.mean)) / (trz.sigma * trz.sigma))
If dum < LOWER_THESHOLD Then
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gauss =0
Else
gauss = dum
End If
Exit Function
End If
Case regular
dum = Exp(-{{x - trz-mean) * (x - trz.me.an)) / (trz.sigma * trz.sigma))
If dum < LOWER_THESHOLD Then
pauss =0
Else
gauss = dum
End If
Exit Function
End Select
gauss =0
End Function
Private Function min_of{value() As Double, no_of_inps As Integer) As Double
Dim i As Integer
Dim val As Double
val = value{0})
Fori=1Tono_of_inps-1
val = val * value(i)
Next
min_of = val
End Function
' defuzzifier
Private Function fuzzy_system(inputs() As Double, fz As fuzzy_system_rec)
Dim i As Integer, | As Integer
Dim variable_index As Integer, i'uzzy_set As Integer
Dim suml As Double, sum2 As Double, weight As Double
suml =0:sum2 =0
Dim m_values(MAX NO_OF_INPUTS) As Double
Fori=0 To fz.no_of _rules-1
Forj =0 To fz.no_of_inputs- 1
variuble index = fz.rules(i).inp_index{j)
fuzzy set = fr.rules(i).inp_fuzzy_set(j)
m_values(j) = gauss(inputs(variable_index), fzinp_mem_fas{variable_index, fuzzy_set))
Next j
weight = min_of{lm_values, fzno_of inputs)
fz.rules(i).weight_out_set = weight
suml =suml + weight * fz.rules(fl.out_fuzzy set

fz.a_out = suml
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sum2 = sum2 + weight
fz.b_out = sum2
Nexti
If Abs(sumZ)_< 0.00001 Then
fuzzy system =0
Exit Function
End If
fz.f_out =suml / sum2
fuzzy_system = fz.f_out
End Function
Private Function read_fuzzy_system(the_file_name As String, fz As fuzzy system_rec) As Boolean
Dim i As Integer, j As Integer, file_size As Long
Open the file_name For Input As #1
Input #1, fz.n0_of_inputs, fzno_of inp_regions, fz.no_of rules, fzno_of outputs
For i =0 To fzno_of outputs - I
Input #1, fz.output_values(i)
Next i
Fori=0 To fz.no_of_inputs - 1
Forj=0 To fz.no_of_inp regions- 1
Input #1, fz.inp_mem_fns(i, j).mean, fz.inp_mem_fus{j, j).sigma, fzinp_mem_fos(i, j).tp
Next j
Next i
Fori=0 Toe fz.no_of_rules- |
Forj =0 To fz.no_of inpuis- |
Input #1, fz.rules(i).inp_index(j), fz.rules(i).inp fuzzy set(j)
Next j
Input #1, fz.rules(i).out_fuzzy set 'y
Input 41, frmles(i).weight out_set 'z
Next i
Close #1
End Function
Private Function write_fuzzy_system(the_file_name As String, fz As fuzzy_system_rec)
Dim i As Integer, j As Inleger
Open the_file_name For Ouiput Shared As #1
Print #1, fz.no_of_inputs, fz.no_of_inp_regions, fz.no_of rules, fz.no_of outputs
Fori=0To fz.no_of outputs- 1
Print #1, fz.output_values(i}
Next
Fori=0 To fz.no_of inputs- 1
For j =0 To fzno_of_inp_regions - 1
Print #1, fzinp_mem_fn(i, j).mean, fzinp_mem_firs(i, j).sigma, fzinp_mem_fas(i, jMip
Next j

Next i



Fori=0 To fz.no _of mles-1
Forj = 0 To fz.no_of inputs-1
Print #1, fz.rules(i).inp_index(j}, fz.rules(i).inp_fuzzy_set(j)
Next )
Print #1, fz.rules(i).out_fuzzy set 'y
Print #1, fz.rules(i).weight_out_set'z
Next i
Close #1
End Function
Private Sub Control_system_fuzzy_logic(fl As fuzzy_system_rec)
Dim y{2) As Double
Dim out As Double
Dim d_out As Double
Dim err As Double, sum As Double
Dim iter As Integer
Dim glum As Double, factor As Double
Static Out_old As Double
iter=0
If val(LabRef.Caption) = O# Then
LabRef.Caption = 0.001
End If
If (Abs{New_ref - Old_ref) > 0#) And ChkAdjust.value = 1 Then
If Abs(LabRef.Caption - LabPercentInp.Caption) > 0.5 Then
y{0) = val{LabErr.Caption) * 2
y(1} = val{LabDelErr.Caption)
Elself (LabPercentinp.Caption > ({(ref_offset * 75}/ 100) + Old_ref) Then
y(0) = val{LabErr.Caption) * 2
y{1} = val(LabDel{Err.Caption) * 18
Eiself Abs(LabRef.Caption - LabPercentlnp.Capticn) < 0.5 Then
y(0) = val(LabErr.Caption)
y(1) = val{LabDelErr.Caption)
End If
End IT
d_out = (LabRef.Caption - LabPercentInp.Caption)
If (Abs{New_ref- Old_ref) > 0#) And ChkAdjust.value = | Then
If val{LubRef.Caption) >= 75 Then
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If (LabPercentinp.Caption = ({ref_offset ® 75}/ 100) + Old_ref) And (LabPercentlnp.Caption <= ((ref_offset * 120)/

100) + Q!d_ref) Then
If Abs(LabRef.Caption - LabPercentInp.Caption)} > 0.25 Then

Call AdjustParameter(y, LabRef Caption, LabPercentlnp.Caption, 1)

End If

Elgelf (LabPercentInp.Caption = ((ref_offset * 75) / 100) + Qld_tef) And (LabPercentlnp,Caption > {(ref_offset * 120)/

100) + Old_ref) Then *_
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Call run_fuzzy_logic_controller
End If
End If
If val{LabRef.Caption} > 0 And val(LabRef.Caption) < 75 Then
If (LabPercentInp.Caption >= ((ref_offset * 75)/ 100) + OM_ref) And (LabPercentlnp.Caption <= ((ref_offset * 120}/
100) ~ Qld_ref) Then
If Abs(LabRef.Caption - LabPercentinp.Caption) > 0.25 Then
Call AdjustParameter(y, LabRef.Caption, LabPercentInp.Caption, 1)
End If
ElseIf (LabPercentInp.Caption < ((ref_offset * 75)/ 100) + Old_ref) Then
Call run_fuzzy_logic_controller
End if
End If
If val(LabRef.Caption) <=0 Then
Call AdjustParameier(y, LabRef.Caption, LabPercentInp.Caption, fl)
End If
End If
sum =0
Old_control9 = Old_control8
Old_control8 = Old_controi7
Old_control7 = Old_control§
Old_control§ = Old_controls
Old_control5 = Old_control4
Old_control4 = Old_control3
Old_control3 = Old_control2
Old_control2 = Old_controll
Old_controll = New_coatrol
out = fuzzy_system(y, fI)
New_control = out
If (LabPercentlnp.Caption > ((ref_offset * 75)/ 100) + Old_ref) Then
out=(New_control + Old_coatroll + Old_control2 + Old_controi3) 7 4
End If
factor= |
txtGainU.Text = Format(factor, "#0.04")
LabOutCnt.Caption = Format{out * facior, "###0.000")
Qut_old = val(LabOutCnt.Caption)
LabOut.Caption = Format{OQut_old, "##0.000")
If Abs(valLabRef.Caption) - val(LabPercentInp.Caption)} > 0.001 Then
If val{(LabRef.Caption) < 0.001 Then
LabRef.Caption = 0.0001
End If
dum = val{LabOut.Caption)
dum = (dum * 1638)/ 100
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dum = dum + 2457
1f dum > 4095 Then
dum = 4095
Elself dum < 2457 Then
dum = 2457
End If
vsclVoltage.value = dum
Else
If val(LabRef.Caption) < 0.001 Then
LabRef.Caption = 0.0001
End If
dum = val(LabOut.Caplion)
dum = (dum * 1638) / 100
dum = dum + 2457
If dum > 4095 Then
dum = 4095
Elself dum < 2457 Then
dom = 2457
End If
viclVoltage.value = dum
End If
vscLevel.value = LabPercentInp.Caption
sum = sum + (LabRef.Caption - LabPercentInp.Caption) * (LabRef.Caption - LabPercentInp.Caption)
err= 0.5 * sum
DoEvents
End Sub
Private Sub AdjustParameter(inputs() As Double, desireout As Double, processvalue As Double, fl As fuzzy system_rec)
Dim i As Integer, alpha As Double
Dim j As Integer, K As Integer
Dim weights As Double
Dim alphal As Double, alpha2 As Double, alpha3 As Double
alpha = txtAlpha. Text
alphal = 0.6
alpha2 = 0.001
alpha3 = 0.00001
yk+1)=y(k)-(alpha*(f-d)*z/b)
Fori=0 To fl.no_of rules-1
Iffl.b_out » 0# Then
A.ufes{ilout_fuzzy set = fl.rules{i).out_fuzzy set + (alphal * (desireout - processvalue) _
* flrutes(i).weight_out_set/fl.b_out)
End If
Next i

welk+ (K alpha*(f-d)b*(y-* 2 2xp-xtheta*theta



161

If{LabPercentInp.Caption <= {(ref_offset * 75) 7 100} + Old_ref) Or (LabPercentlnp.Caption >= ((ref_offset * 110) / 100) +
Cld_ref) Then
Fori=0 To fl.no_of rules-1
Forj=90To flao_of_inputs -1
variable_index = fl.rules(i).inp_index(j)
fuzzy_set = fl.rules(i).inp_fuzzy set(j)
If flLb_out > 0# And Mlinp_mem_fus(variable_index, fuzzy set).sigma > 0# Then

weights = 0

weights = 2 * (inputs(variable_index) - flinp_mem_fas(variable_index, fuzzy set).mean) _
f{flinp mem_fus(variable_index, fuzzy_set).sigma _
* flinp_mem_fns(variable_index, fuzzy_set).sigma)
flinp_mem_fos{variable_index, fuzzy set).mean = flinp_mem_fus(variable_index, fuzzy_set).mean _

+ (alpha2 * (desireout - processvalue) _

* flrules(i).weight out_set/ fLb_out * weights * (fl.rules(i).ont_fuzzy set-
desireout))
End If
Next j
Next i

' ‘'siproa(k+1)=sigma(k)-alpha*(f-d¥Yb*(y-1)*z*(2(xp-x)*(xp-x/theta*theta)

Fori=0 To flno_of_rules-1
Forj=0 Tofl.no_of_ inputs-1
variable_index = fl.rules(i).inp_index(j)
fuzzy set = fl.rules(i).inp_fuzzy sef(j)
If l.b_out > O# And flinp_mem_fos(varable_index, fuzzy_ set).sigma > 0# Then
weights =0
weights = 2 * (inputs(variable_index) - flinp_mem_fns(variable_index, fuzzy sct).mean) _
# (inputs{variable_index) - fl.inp_mem_fns{variable_index, fuzzy_set).mean) _
/ (fLinp_mem_fns(variable_index, fuzzy set).sigma _
* flinp_mem_fns(vanable_index, fuzzy set).sigma _
* flinp_mem_fns(variable_index, fuzzy_set).sigma}
flinp_mem_fns{variable_index, fuzzy set).sigma = flinp_mem_fns(variable_index, fuzzy_set).sigma _
+ (alpha3 * {desireout - processvalue) _
* fl.oules(i).weight_out_set/ fLb_out * weights * (fl.rules(i).out_fuzzy set - desireout))
If Ainp_mem_fos{variable_index, fuzzy_set).sigma < 0# Then

flinp_mem_fns(variable_index, fuzzy_set).sigma = 3#
End If

End If
Next j
Nexti
Ead If
End Sub
Private Sub SetScalePict()
Pict2.Scale (0, 100)-(1000, 0)
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End Sub
Private Sub PlotRef()
Static xI As Single, x2 As Single, v1 As Single, y2 As Single
Static x3 As Single, x4 As Single, y3 As Single, y4 As Single
Static y5 As Single, y6 As Single
Static d{5) As Single
Dim i As Integer, dum As Single
xl=x2
x2=x2+1
If x1 > 1000 Then
xI=0
x2=1
Pict2.Cls
End If
yl =y2
y2 = LabRef.Caption
y3 =ya
y4 = LabOutCat.Caption
y5 =y6
y6 = LabPercentInp.Caption
Fori=0To 4
d(0) = d(1}
d(1) = d(2)
d(2) = d(3)
d(3) = d{4)
d(4) = y6
Next
Ifyl >0 Then
DoEvents
Pict2.Line (x1, y1)-{x2, y2), QBColor(%)
Pict2 Line (x1, y3){x2, y4), QBColor(12)
Pict2.Line (x1, y5)-(x2, ¥6), QBColor(10)
End If
dum = (d(0) + d{1) + d(2) + d(Bj +da)/s
Open "D:\NeuroFuzzyPro_FuzzySingleTon_Tidapom_rule lstorder flow\control.tck™ For Append Shared As #1
Print #1,x1, y2, y4, ¥6, dum, txtOs.Text, txtTd. Text, txtTr. Text, bt Ts. Text
Close #1
. End Sub’
Private Sub mnTimer3()
Dim fuctor As Double
Dim ¥{2) As Double
Dim deltra As Double, err As Double
Old_err_input9 = Old_err_input8



Old_err_input = Old_err_input?
Old_err_input7 = Old_err_input
Old_err_input6 = Old_err_input5
Old_err_inputs = Old_err_input4
Old_etr_inputd = Old_err_input3
Old_err_input3 = Old_err_input2
Old_err_input2 = Old_err_inputl
Old_err_inputl = new_ermr_input

new_err_input = (LabRef.Caption - LabPercentInp.Caption)
e = new_err_inpul

LabErr.Caption = Format{err, "##0.08##1§")

txtGainE.Text = Format{(G_error, "#0.04")

txtGainDelE.Text = Format(G_delta, "#0.0%#")
Old_deltra_inpwt9 = Old_deltra_input8
Old_deltra_inpwt8 = Old_deltra_input?
Old_deltra_input7 = Old_delira_input6
Old_deltra_input6 = Old_deltra_input5
Old_deltra_taputs = Old_deltra_input4
Old_deltra_inputd4 = Old_deltra_jnput3
Old_deltra_input3 = Old_deltra_input2
Old_deltra_input2 = Old_deftra inputl
Old_deltra_inputl = new_deltra_input

¥{1) = new_deltra_input

¥(2) = LabPercentlnp.Caption

(1) = y(1) - y(2)

new_deltra_input = y(1)

deltra = new_deltra_input
LabDelEtr.Caption = Format(deltra, "##0.0# 44"

Call Control_system_fuzzy_logic(g_fuzzy_systerm)
End Sub

Attribute VB_Name = "Global”

Global Const MaxEntries = 255

Global DeviceHandle As Long

Global ptDevGetFeatures As PT_DeviceGetFeatures
Global IpDevFeatures As DEVFEATURES

Global devicelist(0 To MaxEntries) As PT_DEVLIST
Global SubDevicelist(0 To MaxEutries) As PT_DEVLIST
Global ErrCde As Long

Global szErrMsg As String * 80

Global bRun As Boolean
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*for output data

Global IpAOConfig As PT_AQConfig

‘for input data

Global IpAIConfig As PT_AlConfig
Global AiVolln As PT_AIVoltageln

Global ptAIGetConfig As PT_AlGetConfig
Globat AiCtrMode As Integer

'for multi channet

‘Global ptAIGetConfig As PT AlIGeiConfig
‘Global AiCtrMode As Integer

Global usDasChan(0 To 15) As Integer
Global usGainCode{0 To 15) As [nteger

Global usStartChan As Integer * Start Channe]
Global usStopChan As Integer * Stop Channel
Global usCurrentchan As Integer * Current Chanael

Global ptMAIConfig As PT_MAIConfig  * Structure for MAIConfig table
Global ptMAIVoltageln As PT_MAIVoltageln ' Structure for MAIVoltageln table

Attribute VB_Name = "Driver"

' Module Name: DRIVER.BAS

' Purpose: the declaration of functions. data structures, status codes.
' constants, and messages

' Version: 3.01

' Date: 04/16/1998

* Copyright (¢} 1996 Advantech Corp. Ltd.

* All rights resarved.

rep o

* Constant Definition

Global Const MaxDev = 255 * max. # of devices

Global Const MaxDeviNamelLen = 49 * original is 64; max lenght of device name
Global Const MaxGroup = 6

Global Const MaxPort =3

Global Const MaxszErrMsglen = 80

Global Const MAX_DEVICE_NAME _LEN =64

Global Const MAX_DRIVER_NAME_LEN = 16

Global Const MAX_DAUGHTER_NUM = 16

Global Const MAX_DIO_PORT = 48

Global Const MAX AO_RANGE =16

164



165

Global Const REMOTE =1

Global Const REMOTE!T = REMOTE + 1 " For PCL-B18L JP7 = 5V
Global Const REMOTEZ2 = REMOTEL + 1 ' For PCL-818L JP7 =10V
Global Const NONPROG =0

Global Const PROG = REMOTE

Globa! Const INTERNAL =0

Global Const EXTERNAL = |

Global Const SINGLEENDD = 0

Global Const DIFFERENTIAL = |

Global Const BIPOLAR =0

Global Const UNIPOLAR =1

Global Const PORTA =0

Globat Const PORTB = 1

Global Const PORTC = 2

Global Const INPORT =0

Global Const OUTPORT = 1

*  Define board vendor ID

Global Const AAC = &HOQ 'Advantech

Global Const MB = &H1000 'Keithley/MetraByte
Glabal Const BB = &H2000 ‘Burr Brown

Global Const GRAYHILL = &H3000 'Grayhill
Global Const KGS = &H4000

Define DAS I/O Board ID.

T kAl T

Global Const NONE = &H0 ' not available
‘Advantech board 1D

Global Const BD_DEMQ = AAC Or &H0 * demo board
Global Const BD_PCL711 = AAC Or &H1 ' PCL-711 board
Global Const BD_PCLE12 = AAC Qr &£H2 ' PCL-812 board
Global Const BD_PCLB12PG = AAC Or &H3 ' PCL-812PG board
Global Const BD_PCL718 = AAC Or &H4 ' PCL~718 board
Giobal Const BD_PCL818 = AAC Or &HS5 ' PCL-818 board
Global Const BD_PCL814 = AAC Or &H6 ' PCL-814 board
Global Const BD_PCL720 = AAC Or &H7 ' PCL-722 board
Global Const BD_PCL722 = AAC Or &H8 ' PCL-720 board
Global Const BD_PCL724 = AAC Or &H9 ' PCL-724 board

Globa! Const BD_AD4011 = AAC Or &HA ' ADAM 4011 Module



Global Const BD_AD4012 = AAC Or &HB
Global Const BD_AD4013 = AAC Or &HC
Global Const BD_AD4021 = AAC Or &HD
Global Const BD_AD4050 = AAC Or &HE
Global Const BD_AD4060 = AAC Or &HF
Global Const BD_PCL711B = AAC Or &H10
Global Const BD PCL818H = AAC Or &HI1
Global Const BD” PCLR14B = AAC Or &H12
Globul Const BD_PCL816 = AAC Or &H13
Global Const BD_814_DIO_1 = AAC Or &H14
Global Const BD_814_DA_1 = AACOr &H1S
Global Const BD_816_DA_1 = AAC Or &H16
Global Const BD_PCL830 = AAC Or &HL7
Global Const BD_PCL726 = AAC Or &H18
Global Const BD_PCL727 = AAC Or &H19
Global Const BD_PCL728 = AAC Or &H1A
Global Const BD_AD4052 = AAC Or &H1B
Glohal Const BD_AD4014D = AAC Or &HIC
Global Const BD_AD4017 = AAC Or &HILD
Global Const BD_AD4080D = AAC Or &HIE
Global Const BD_PCL721 = AAC Or &HIF
Global Const BD_PCL723 = AAC Or &H20
Global Const BD_PCL818L = AAC Or &H21
Global Const BD_PCL818HG = AAC Or &H22
Global Const BD_PCL1800 = AAC Or &H23
Global Const BD_PAD71A = AAC Or &H24
Global Const BD_PAD71B = AAC Or &H25
Global Const BD_PCR420 = AAC Or &H26
Global Const BD_PCL731 = AAC Or &H27
Global Const BD_PCL730 = AAC Or &H28
Global Const BD_PCL813 = AAC Or &H29
Global Const BD_PCL813B = AAC Or &H2A
Global Const BD_PCL818HD = AAC Or &H2B
Global Const BD_PCL725 = AAC Or &H2C
Global Const BD_PCL732 = AAC Or &H2D
Global Const BD_AD4018 = AAC Or &H2E
Global Const BD_814_TC 1 = AAC Or &H2F
Global Const BD_PAD71C = AAC Or &H30
Global Const BD_AD4024 = AAC Or &H31
Global Const BD_AD5017 = AAC Or £H32
Global Const BD_ADS5018 = AAC Or &H33
Global Const BD_AD5024 = AAC Or &H34
Global Const BD_ADS5051 = AAC Or &H35
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*ADAM 4012 Module

. 'ADAM 4013 Module

' ADAM 4021 Module
' ADAM 4050 Module
* ADAM 4060 Module
'PCL-711B
' PCL-818H
"PCL-814B
' PCL-816
' PCL-816/814B 8255 DIQ module
' PCL-816/814B 12 bit D/A module
'PCL-816/814B 16 bit D/A module
* PCL-830 9513A Counter Card
' PCL-726 D/A card
' PCL-727 D/A card
' PCL-728 D/A card
* ADAM 4052 Module
* ADAM 4014D Module
' ADAM 4017 Module
' ADAM 4080D Module
* PCL-721 32-bit Digital in
' BCL-723 24-bit Digital in
' PCL-818L
' PCL-818HG
' PCL-1800
' PCIA-T1A
‘ PCIA-71B
' PCR420
* PCL-731 48-bit Digital VO card
* PCL-730 board
' PCL-813 32-channel A/D card
' PCL-813B 32-channel A/D card
' PCL-818HD
' PCL-725 digital I/O card
' PCL-732 high speed DIO card
* ADAM 4018 Module
'PCL-816/814B 16 bit TC module
' PCIA-TIC
' ADAM 4024
'ADAM 5017
' ADAM 5018
' ADAM 5024
'ADAM 5051



Global Const BD_ADS060 = AAC Or &H36
Global Const BD_PCM3718 = AAC Or &H37
Global Const BD_PCM3724 = AAC Or &H38
Global Const BD_MIC2718 = AAC Or &H39
Global Consi BD_MIC2728 = AAC Or &H3A
Global Const BD_MIC2730 = AAC Or &H3B
Global Const BD_MIC2732 = AAC Or &H3C
Global Const BD_MIC2750 = AAC Or &H3D
Global Const BD_MIC2752 = AAC Or &H3E
Global Const BD_PCL733 = AAC Or &H3F
Global Const BD_PCL734 = AAC Or &H40
Global Const BD_PCL735 = AAC Cr &H41
Global Const BD_AD4018M = AAC Or &H42
Global Const BD_ALA4080 = AAC Or &H43
Global Const BD_PCL833 = AAC Or &H44
Global Const BD_PCA6157 = AAC Or &H45
Global Const BD_PCA6149 = AAC Or &H46
Global Const BD_PCA6147 = AAC Or &H47
Global Coast BD_PCA6137 = AAC Or &H48
Global Const BD_ PCAG6145 = AAC Or &H4%
Global Const BD_PCA6144 = AAC Or &H4A
Global Const BD_PCA6143 = AAC Or &H4B
Global Const BD_PCA6134 = AAC Or &HAC
Global Const BD_ADS5056 = AAC Or £H4D
Global Const BD_DN5017 = AAC Or &H4E
Global Const BD_DN5018 = AAC Or &H4F
Global Const BD_DN5024 = AAC Or &H50
Globat Const BD_DN5051 = AAC Or &H51
Global Const BD DN5056 = AAC Or &HS52
Global Const BD_DN5060 = AAC Or &H53
Global Const BD_PCL836 = AAC Or &H54
Global Const BD_PCL841 = AAC Or &H55
Global Const BD_DNS5050 = AAC Or &H56
Global Const BD_DN5052 = AAC QOr &H57
Global Const BD_ADS5050 = AAC Or &H58
Global Const BD_AD3052 = AAC Or &H59
Global Const BD_PCM3730 = AAC Or &H5A
Global Const Bb_AD4OI 1D = AAC Or &H5B
Global Const BD_AD4016 = AAC Or &HSC
Global Const BD_AD4053 = AAC Or &H5D
Global Const BD_PCI1750 = AAC Or &HSE
Global Const BD_PCI1751 = AAC Or &HSF
Global Const BD_PCI1710 = AAC Or &H60

' ADAM 5060
'PCM-3718
'PCM-3724

'MIC-2718
' MIC-2728
' MIC-2730
' MIC-2732
' MIC-2750
' MIC-2752

' PCL-733

' PCL-734

*PCL-735

' ADAM 4018M Module

' ADAM 4020 Module

' PCL-833
'PCA-6157
'PCA-6149
' PCA-6147
' PCA-6137
'PCA-6145
'PCA-6144
'PCA-6143
' PCA-6134
' ADAM 5056

'ADAM 5017
' ADAM 5018

'ADAM 5024

' ADAM 5051

' ADAM 5056

' ADAM 5060

' PCL-836

' PCL-841

' ADAM 5050
' ADAM 5052
' ADAM 5050 for RS-485
' ADAM 5052 for R§-485
' PCM-3730
*ADAM 4011D
*ADAM 4016
' ADAM 4053

'PCI-1750

' PCI-1751

'PCI1710
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Giobal Const BD_PCI1712 = AAC Or &H61
Global Const BD_AD5068 = AAC Or &H62
Global Const BD_ADS5013 = AAC Or &H63
Global Const BD_AD5017H = AAC Or &H64
Global Const BD_ADS080 = AAC Or &H65
Global Const BD_MIC2760 = AAC Or &H66
Global Const BD_PCI1710HG = AAC Or &H67
Global Const BD_PCI1713 = AAC Or &H68
Global Const BD_PCI1753 = AAC Or &H6G9
Glohal Const BD_PCI1760 = AAC Or £H6A
Giobal Const BD_PCI1720 = AAC Or &H6B
Global Const BD_PCL752 = AAC Or &H6C

168

'PCI-1712
' ADAM 5068
' ADAM 5013(unavailable)
' ADAM 5017H(unavailable)

* ADAM 5080{unavailable)

' MIC-2760

‘PCI-1TL UHG

'PCH1713

' PCI-1753

' PCI-1760

*PCI-1720

'PCL-752

Global Coast BD_MICRODAC = GRAYHILL Or &H1 * Grayhill MicroDAC Board ID

Global Const BD_GIA10 = KGS Or &I11

*KGS GIA-10 module Board ID

Sk ko R ek ok ook Rk ko ek ok

' Define Expansion Board ID.

Global Const AAC_EXP = AAC Or &H100 *Advantech expansion bits
‘define Advantech expansion board ID.

Global Const BD_PCLD780 = &HO0 *PCLD-780

Global Const BD_PCLD789 = AAC_EXP Or &H0 ' PCLD-789
Global Const BD_PCLD779 = AAC_EXP Or &H1 ' PCLD-779
Global Const BD_PCLD787 = AAC_EXP Or &H2 ' PCLD-787
Global Const BD_PCLD8115 = AAC_EXP Or &H3 'PCLD-8115
Global Const BD_PCLD770 = AAC_EXP Qr &H4 *PCLD-770
Global Const BD_PCLD788 = AAC_EXP Or &H5 ' PCLD-788
Global Const BD_PCLD8710 = AAC_EXP Or &H6 *PCLD-8710

' Define subsection identifier

Global Const DAS_AISECTION = &H| * A/D subsection

Global Const DAS_AOSECTION = &H2 ' D/A sbusection

Global Const DAS_DISECTION = &H3 * Digital input subsection
Globa] Const DAS_DOSECTION = &H4 * Digital output sbusection

Global Const DAS_TEMPSECTICON = &HS
Giobal Const DAS_ECSECTION = &H6
Global Const DAS_FMSECTION = &H7
Global Const DAS_POSECTION = &H8
Global Const DAS_ALSECTION = &H9

' thermocouple section
* Event count subsection
* frequency measurement section
* pulse output section

' alarm section
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Global Const MT_AISECTION = &HA * monitoring A/D subsection
Global Const MT_DISECTION = &HB ' monitoring D/ subsection
' Define Transfer Mode

Global Const POLLED_MODE = &HO0 ' software transfer

Global Const DMA_MODE = &H1 ‘ DMA transfer

Global Const INTERRUPT_MODE = &H2 ' Interrupt transfer

+

Define Acquisition Mode

L bl 2 kR

Global Const FREE_RUN =0
Global Const PRE_TRIG = 1
Global Const POST_TRIG = 2
Global Const POSITION_TRIG =3

L i 2
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* Define Comparator's Condition

Giobal Const NOCONDITION =0
Global Const LESS = 1

Global Const BETWEEN =2
Global Const GREATER =3
Global Const OUTSIDE = 4

' Define Status Code

Rk

Global Const SUCCESS =0

Global Const DrvErrorCode = 1

Global Const KeErrorCode = 100

Global Const DretErrorCode = 200

Global Const MemoryAllocateFailed = (DrvErrorCode + 0)
Global Const ConfigDataLost = (DrvErrorCode + 1)
Global Const InvalidDeviceHandle = (DrvErrorCode + 2)
Global Const AlConversionFailed = (DrvEmorCode + 3)
Gloha! Const AlScaleFailed = (DrvErrorCode + 4)

Global Const SectionNotSupported = (DrvEmorCode + 5)
Global Const InvalidChannel = (DrvBrrorCode + 6)
Global Const InvalidGain = (DrvErrorCode + 7}

Global Const DataNotReady = (DrvErrorCode + 8)



Global Const InvalidinputParam = (DrvEmorCode + 9)
Globa! Const NoExpansionBoerdConfig = (DrvErrorCode + 10)
Global Const InvalidAnelogOutValue = (DrvErmorCode + 11)
Globa! Const ConfigloPortFailed = (DrvErrorCode + 12)
Global Const CommOpenFailed = (DrvErrorCode + 13)
Global Const CommTransmitFailed = (DrvEsrorCode + 14)
Global Const CommReadFriled = (DrvErrorCode + 15)
Global Const CommReceiveFailed = (DrvEmrorCode + 16)
Global Const CommConfigFailed = (DrvErrorCode + 17)
Gilobal Const CommChecksumError = (DrvErroirCode + 18)
Global Const InitError = (DrvEmorCode + 19)

Global Const DMABufAllocFailed = (DrvErrorCode + 20)
Glohal Const lllegalSpeed = (DrvErrorCode + 21)

Global Const ChanConflict = (DrvErrorCode + 22)

Global Const BoardIDNotSupported = {DrvErmrorCode + 23)
Global Const FreqMeasurementFailed = (DrvErrorCode + 24)
Global Const CreateFileFailed = (DrvErrorCode + 25)

Global Const FunctionNotSupportéd = (DrvErrorCode + 26)
Global Const LoadLibraryFailed = (DrvErrorCode + 27)
Global Const GetProcAddressFailed = (DrvErrorCode + 28)
Global Const InvalidDriverHandle = (DrvErrerCode + 29)
Global Const InvalidModuleType = {DrvEnorCode + 30)
Global Coast InvalidInputRange = {DsvEmorCode + 31)
Global Const InvalidWindowsHandle = (DrvEmorCode + 32)
Glohal Const InvalidCountNumber = (DrvEmorCode + 33)
Global Const InvalidinterruptCount = (DrvEmorCode + 34)
Global Const InvalidEventCount = (DrvErrorCode + 35)
Global Coast OpenEventFailed = (DrvErrorCode + 36)
Global Const InterruptProcessFailed = (DrvErrorCode + 37)
Global Const [nvalidDOSetting = (DrvErrorCode + 38)
Global Const InvalidEventType = (DrvErrorCode + 39)
Global Const EventTimeQut = (DrvEmorCode + 40)

Global Const InvalidDmaChannel = (DrvEmorCode + 41)

Global Const KelnvalidHandleValue = (KeErrorCode + 0)
Global Const KeFileNotFound = (KeErrorCode + 1)
Global Const KelnvalidHandle = (KeErrorCode + 2)
Global Const KeTooManyCmds = (KeErrorCode + 3)
Global Const KelavalidParameter = (KeErrorCode + 4)
Global Const KeNoAccess = (KeEBrrorCode + 3)

(Hlobal Const KeUnsuccessful = (KeEmorCode + 6)
Global Const KeConlntermuptFailure = (KeErrorCode + 7)
Global Const KeCreateNoteFailure = (KeErrorCode + 8)
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Global Const KelusufficientResources = (KeBrmrorCode + 9)
Global Const KeHalGetAdapterFailure = (KeEmorCode + 10)
Global Const KeOpenEventFailure = (KeBrrorCode + 11)
Glohal Const KeAllocCormmBufFailure = (KeErrorCode + 12)
Globa! Const KeAliocMdIFaiture = (KeErrorCode + 13)
Global Const KeBufferSizeTooSmall = (KeErrorCode + 14}

Global Const DNInitFailed = (DnetErmorCode + 1)

Global Const DNSendMspFailed = (DnetErrorCode + 2)
Global Const DNRunOwtOfMsgID = (DnetErrorCode + 3)
Glohal Const DNInvalidInputParam = (DnetErrorCode + 4)
Global Const DNErrorResponse = (DnetErrorCode + 5)
Global Const DNNoResponse = (DnetErrorCode + 6)

Global Const DNBusyOnNetwork = {(DnetErrorCode + 7)
Global Const DNUnknownResponse = (DnetBrrorCode + 8)
Global Const DNNotEnoughBuffer = (DnetErmrorCode + 9)
Global Const DNFragResponseError = (DnetErrorCode + 10)
Global Const DNTooMuchDataAck = (DnetErrorCode + 11)
Global Const DNFragRequestError = (DnetEmrorCode + 12)
(Global Const DNEnableEventError = (DnetEmorCode + 13)

Giobal Const DNCreateQrQOpenEventEmror = (DactErrorCode + 14)

Global Const DNIORequestError = {DnetEmrorCode + 15)
Global Const DNGetEventNameError = (DnetErrorCode + 16)
Global Const DNTimeQutError = (DnetErrarCede + 17)
Global Const DNQOpenFailed = (DnetErrorCode + 18)

Global Const DNCloseFailed = (DnetErrarCode + 19)

Global Const DNResetFailed = (DnetErrorCode + 20)

* define user window message

Global Const WM_USER = &H400

Global Const WM_ATODNOTIFY = (WM_USER + 200} -
Global Const WM_DTOANOQOTIFY = (WM_USER + 201}
Global Const WM_DIGINNOTIFY = (WM_USER + 202)
Global Const WM_DIGOUTNOTIFY = (WM_USER + 203)
Global Const WM_MTNOTIFY = (WM_USER + 204)

Global Const WM_CANTRANSMITCOMPLETE = (WM_USER + 205)

Global Const WM_CANMESSAGE = (WM_USER + 206)
Global Const WM_CANERROR = (WM_USER + 207)

' define the wParam in user window message

Global Const AD_NONE = 0 * AD Section
Global Const AD_TERMINATE = 1

Global Const AD_INT =2

M



Global Const AD_BUFFERCHANGE = 3

Global Const AD_OVERRUN = 4

Global Const AD_WATCHDOGACT = 5

Global Const AD_TIMEOUT = 6

Global Const DA_TERMINATE =0 ' DA Section
Globa! Const DA_DMATC =1

Global Const DA_INT =2

Globaf Const DA_BUFFERCHANGE =3

Global Const DA_OVERRUN = 4

Global Const DI_TERMINATE =0 ' DI Section
Global Const DI_DMATC = 1

Global Const DI_INT =2

Global Const DI_BUFFERCHANGE =3

Global Const DI_OVERRUN =4

Global Const DI_WATCHDOGACT =5

Global Const DO_TERMINATE =0 * DO Section
Global Const DO_DMATC =1

Global Coast DO_INT =2

Global Const DO_BUFFERCHANGE =3

Global Const DO_OVERRUN = 4

Global Const MT _ATOD =0 ' MT Section
Global Const MT_DIGIN =1

Global Const CAN_TRANSFER =0 * CAN Section
Global Const CAN_RECEIVE = |
Global Const CAN_ERROR =2

' define thermocopule type J, K, S, T,B.R,E

b e AR A LI L] Lt

Global Const BTC = 4
Global Const ETC =6
Global Const JTC =0
Global Const KTC =1
Global Const RTC =5
Global Const STC =2
Global Const TTC =3

define temperature scale

Global Const C =0 'Celsius
Global Const F=1 'Fahrenheit
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Global Const R =2 * Rankine
Global Const K =3 ‘ Kelvin

' define service type for COMEscape()

L

Global Const EscapeFlushInput = 1
Global Const EscapeFlushQutput = 2
Global Const EscapeSetBreak =3
Global Const EscapeClearBreak = 4

LEZ P ET LA LIt il i tls ]

define gate mode

Global Const GATE_DISABLED =0 ' fto gating

Global Const GATE_HIGHLEVEL = 1 *active high level
Global Const GATE_LOWLEVEL =2 ' active low level
Global Const GATE_BIGHEDGE =3 * active high edge
Global Const GATE_LOWEDGE =4 ' active low edge

L 12 ] ok

' define input mode for PCL-833

»Ed Sk dkk kg
Global Const DISABLE =0 ' disable mode
Global Const ABPHASEXI =1 ' Quadrature input X1
Global Const ABPHASEX2 =2 ' Quadrature input X2
Global Const ABPHASEX4 =3 ' Quadrature input X4
Global Const TWOPULSEIN =4 ' 2 pulse input
Global Const ONEPULSEIN =5 ' 1 pulse input

define latch source for PCL-833

Global Const SWLATCH =0 * S/W read latch data
Global Const INDEXINLATCH = 1 * Index-in latch data
Global Const DIOLATCH =2 * DIO latch data

Glohal Const DIILATCH =3 * DI latch data

Globa) Const TIMERLATCH = 4 ' Timer latch data
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' define timer base mode for PCL-833

Global Const TPOINTIMS = 0 ' 0.1 ms timer base
Global Const TIMS = { ' 1 mstimer base
Global Const TIOMS = 2 ' 10 ms timer base
Global Const TICOMS =3 ' 100 ms timer base
Global Const T1000MS = 4 '1000 ms timer base
ik 2P I LTI Bt E et bl

' define clock source for PCL-833

e ok ko ek s ek ek
Global Const SYSBMHZ = © ' 8 MHZ system clock
Global Const SYS4AMHZ = 1 ' 4 MHZ system clock
Global Const SYS2MHZ =2 ' 2 MHZ system clock
* define cascade mode for PCL-833
Global Const NOCASCADE =0 ' 24-bit(no cascade)
Global Const CASCADE =1 ' 48-bit{CH1. CH2 cascade)
[ L1 AESEESRERREE kR Rk kg Ry
* define event type for interrupt and DMA. transfer
[ L 1] TTT LT

Global Const ADS_EVT_INTERRUPT =&H1  'interrupt

Global Const ADS_EVT_BUFCHANGE = &H2 ' buffer change

Global Const ADS_EVT_TERMINATED = &H4 ' termination

Global Const ADS_EVT_OVERRUN = &H8 ' overmn

Global Const ADS_EVT_WATCHDOG = &H10 ' watchdog actived

Global Const ADS_EVT_CHGSTATE =&H20 ' change state event

Global Const ADS_EVT_ALARM = &H40 * alarm event

Global Const ADS_EVT_PORTO = &H80 ' port 0 event

Global Const ADS_EVT_PORTI1 = &H100 ' port 1 event

Global Const ADS_EVT_PATTERNMATCH = &H200 ' Pattern Match for DI

Global Const ADS_EVT COUNTER = &H201 ' Persudo event for COUNTERMATCH and COUNTEROVERFLOW
Global Const ADS_EVT_COUNTERMATCH = &H202 * Counter Match setting NO. for DI
Global Const ADS_EVT COUNTERCVERFLOW = &H203 ' Counter Qverflow for DI
Global Const ADS_EVT_STATUSCHANGE = &H204 ' Status Change for DI

Global Const ADS_EVT_FILTER = &H205  'Filter Event

' define event name by device number

L i L]
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Global Const ADS_EVT_INTERRUPT_NAME = "ADS_EVT_INTERRUPT"

Global Const ADS_EVT_BUFCHANGE_NAME = "ADS_EVT_BUFCHANGE"

Global Const ADS_EVT_TERMINATED_NAME = "ADS_EVT TERMINATED"

Global Const ADS_EVT_OVERRUN_NAME = "ADS_EVT_OVERRUN"

Globat Const ADS_EVT_WATCHDOG_NAME = "ADS_EVT_WATCHDOG"

Global Const ADS_EVT_CHGSTATE_NAME = "ADS_EVT_CHGSTATE"

Global Const ADS_EVT_ALARM_NAME ="ADS_EVT_ALARM"

Global Const ADS_EVT_PATTERNMATCH_NAME = "ADS_EVT_PATTERNMATCH"
Glohal Const ADS_EVT COUNTERMATCH_NAME = "ADS_EVT_COUNTERMATCH"
Global Const ADS_EVT_COUNTEROVERFLOW_NAME = "ADS_EVT_COUNTEROVERFLOW"
Global Const ADS_EVT_STATUSCHANGE_NAME = "ADS_EVT_STATUSCHANGE"

' define FIFQ size

Global Const FIFO_SIZE = 512 ' 1K FIFO size (512* 2byte/each data)

L L1

' Function ID Definition

Global Const FID_DeviceQpen = 0
(Global Const FID_DeviceClose = 1
Global Const FID_DeviceGetFeatures =2
Global Const FID_AIConfig =3

Global Const FID_AIGetConfig = 4
Global Const FID_AlBinaryln = 5

Global Const FID_AlScale =6

Global Const FID_AlVoltageln =7
Global Const FID_AIVoltageInExp = 8
Global Const FID_MAICoafig =9

Global Const FID_MAIBinaryln = 10
Giobal Const FID_MAIVoltageln = 11
Global Const FID_MAIVoltageInExp = 12
Global Const FID_TCMuxRead = 13
Global Const FID_AOConfig = 14

Global Const FID_AOBinaryQut = 15
Global Const FID_AOVoltageOut = 16
Global Const FID_AOScale = 17

Global Const FID_DioSetPortMode = 18
Global Const FID_DioGetConfig = 19
Global Const FID_DioReadPortByte = 20
Global Const FID_DioWritsPortByte = 21
Global Const FID_DioReadBit = 22
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Global Const FID_DioWriteBit = 23
Global Const FID_DioGetCurrentDOByte = 24
Global Const FID_DieGetCurrentDOBit = 25
Global Const FID_WritsPortByte = 26
Global Const FID_WritePortWord = 27
Glohal Const FID_ReadPoriByte = 28
Global Const FID_ReadPortWord = 29
Global Const FID_CounterEventStart = 30
Global Const FID_CounterEventRead = 31
Global Const FID_CounterFreqStart = 32
Global Const FID_CounterFreqRead = 33
Global Const FID_CounterPulseStart = 34
Global Const FID_CounterReset =35
Global Const FID_QCounterConfig =36
Global Const FID_QCounterConfigSys =37
Global Const FID_QCounterStart = 38
Global Const FID_QCountetRead = 3%
Global Const FID_AlarmConfig = 40
Global Const FID_AlarmEnable = 41
Global Const FID_AlarmCheck =42
Global Const FID_AlarmReset = 43
Global Const FID_COMOpen = 44

Global Const FID_COMConrfig =45
Global Coast FID_COMClose = 46

Global Const FID_COMRead = 47

Global Const FID_COMWrite232 = 48
Global Const FID_COMWrite485 = 49
Global Const FID_COMWrite85 = 50
Global Const FID_COMlInit =51

Global Const FID_COMLock = 52

Global Const FID_COMUnlock =53
Global Const FID_WDTEnable = 54
Global Const FID_WDTRefresh =355
Global Const FID_WDTReset = 56

Global Const FID_FAIIntStart = 57

Global Const FID_FAIIntScanStart = 58
Global Const FID_FAIDmaStart = 59
Global Const FID_FAIDmaScanStart = 60
Global Const FID_FAIDualDmaStart = 61
Global Const FID_FAIDualDmaScanStart = 62
Global Const FID_FAICheck = 63

Global Const FID_FAlITransfer = 64
Global Const FID_FAIStop = 65



Global Const FID_FAIWatchdogConfig = 66
Global Const FID_FAIlntWatchdogStart = 67
Global Const FID_FAIDmaWatchdogStart = 68
Global Const FID_FATWatchdogCheck = 69
Global Const FID_FAOIntStart = 70

Global Const FID_FAODmaStart =71

Global Const FID_FACScale =72

Global Const FID_FAOLoad =73

Globzl Const FID_FAQCheck = 74

Glabal Const FID_FAQStop =75

Global Const FID_ClearOverrun = 76

Glohal Const FID_EnableEvent = 77

Global Const FID_CheckEvent = 78

Global Const FID_AliocateDMABuffer = 79
Global Const FID_FreeDMABuffer = 80
Global Const FID_EnableCANEvent = 81
Global Const FID_GetCANEventData = 82
Global Const FID_TimerCountSelting = 83

L1 2]

define gain listing

ek i ok

Type GainList
vsGainCde  As Integer
MaxGainVal As Single
fMinGainVal As Single
szGainStr{0 To 15) AsByte
End Type

' Define hardware board{device) features.

' Note: definition for dwPermutaion member

! Bit 0: Software Al

: Bit 1: DMA Al

' Bit 2: Interrupt Al

' Bit 3: Coadition Al
* Bit 4: Software AO
' Bit 5: DMA AO

* Bit 6: Interrupt AQ

' Bit 7: Condition AO
! Bit 8: Software DI

kg
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! Bit 9: DMA DI

d Bit 10: Interrupt DI

' Bit 11: Condition DI

! Bit 12: Sofiware DO

' Bit 13: DMA DO

' Bit 14: Interrupt DO

! Bit 15: Condition DO
Bit 16: High Gain

£ Bit 17: Auto Channel Scan

Bit 18: Pacer Trigger

Bit 19: External Trigger

! Bit 20: Down Counter

! Bit 21: Dual DMA

! Bit 22: Monitoring

! Bit 23: QCounter

-
Type DEVFEATURES

s2DriverVer(0 To 7) As Byte ' device driver version
szDriverName(0 To (MAX_DRIVER_NAME_LEN - 1)} As Byte ' device driver name
dwBoardID  AsLong * board ID
usMaxAIDiffChl As Integer ' Max. number of differentizl channel
usMaxAlISigIlChl As Integer ' Max. number of single-end channel
usMaxAOChl  AsInteger ‘' Max. number of DA channel
usMaxDOCh!  As Integer ' Max. number of digital out channe!
usMaxDIChi  Aslnteger ’ Max. number of digital input channel
usDIOPort  AsInteger ' specifies if programmable or not
usMaxTimerChl AsInteger ' Max. number of Counter/Timer channel
usMaxAlarmCh! AslInteger ' Max number of alram channel
usNumADBit  AsInteger ' number of bits for A/D converter
usNumADByte AsInteger ' A/D channel width in bytes.
usNumDABit  Aslnteger ' number of bits for D/A converter.
usNumDAByte AsInteger ' D/A channel width in bytes.
usNumGain  AslInteger ' Max. number of gein cods
glGainList(15) As GainList ' Gain listing
dwPermutation(3) As Long ' Permutation

End Type

' AQOSET Defirition

Type AOSET
usAOSource As Integer  * O-internal, 1-external



fAOMaxVol As Single
fAOMinVol As Single
End Type

' maximum output voltage

' minimum output voltage

* DaughterSet Definition

Type DAUGHTERSET
dwBoardID As Long
usNum  As Integer
fGain  As Single
vsCards As Integer

End Type

! expansion board ID
* available expansion channels
' gain for expansion channel

* number of expansion cards

* Analog [nput Configuration Definition

L2 L

Type DEVCONFIG_AI
dwBoardID  As Long

usChanConfig As Integer
usGainCirMode As Integer

usPolanty As Integer
usDasGain  As Integer

usNumExpChan As Integer

usCjcChannel AsInteger

Daughter(MAX_DAUGHTER_NUM - 1) As DAUGHTERSET ' expaasion board scttings

End Type

FRERERErd kR

' board ID code
' O-single ended, 1-differential

' 1-by jumper. O-programmable

' O-bipolar, 1-unipolar

* pot used if GainCtrMode = 1

L2

* DAS channels attached expansion board

* cold junction channel

*

e b2 gt

* DEVCONFIG_COM Definition

Type DEVCONFIG_COM

usCommPort  As Integer

dwBaudRate AsLlong

usParity  As Integer

usDataBits As Integer

usStopBits  As Integer

usTxMode  As Integer

usPortAddress As Integer
End Type

L L2

' serial port
* baud rate
* parity check
' data bits
* stop bits
' transmission mode

' cornmunication port address

' TRIGLEVEL Definition
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Type TRIGLEVEL
fLow As Single
fHigh As Single

End Type

Type PT_DEVLIST
dwDeviceNum As Long
szD:vioeNgme_(O To 49) As Byte
aNumOfSubdevices As Integer

End Type

Type PT_DeviceGelFeatures
buffer As Long ' LPDEVFEATURES
size As Integer

End Type

Type PT_AlConfig
DasChan As Integer
DasGain As Integer

End Type

Type PT_AlGetConfig
buffer AsLong ' LPDEVCONFIG_AI
size As Integer

End Type

Type PT_AIBinaryln

chan  As Integer

TrigMode As Integer

reading AsLong *USHORT far * reading
End Type

. Type PT_AlScale

reading As Integer

MaxVolt As Single

MaxCount As Integer

offset As Integer

voltage AsLong 'FLOAT far *voltage
End Type

Type PT_AlIVoltageln
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chan Asinteger

gain  As Integer

TrigMode As Integer

voltage AsLong 'FLOAT far *voltage

Ead Type

Type PT_AlVoltagelnExp

DasChan As Integer

DasGain As Integer

ExpChan As Integer

voltage As Long ' FLOAT far *voltage
End Type

Type PT_MAIConfig

NumChan As [nteger

StariChan As Integer

GainArray As Long ' USHORT far *GainArray
End Type

Type PT_MAIBinaryln
NumChan  As Integer
StartChan  As Integer
TrigMods  As Integer
ReadingArray As Long "USHORT far *Reading

End Type

Type PT_MAIVoltageln
NumChan  As Integer
StartChan  As Integer
GainAray AsLong "USHORT far *GzinArmay
TrigMode As Integer
VoltageArray As Long ‘FLOAT far ¥VoltageArray

Ead Type

Type PT_MA[Volr.ageh-:Exp
NumChan  As Integer
DasChanAn'a‘g‘f As Long " USHORT far *DasChanArray
DasGainArray As Long * USHORT far *DasGainAmay
ExpChanArray As Long ' USHORT far *ExpCheanArtay
VoltageArray As Long ' FLOAT far *VoltageArray

End Type

Type PT_TCMuxRead
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DasChan As Integer

DasGain As Integer

ExpChan AsIateger

TCType As Integer

TempScale As Integer

temp AsLong ‘FLOAT far #emp
End Type

Type PT_AOConfig
chan  Ag Integer
RefSrc As lnteger
MaxValue As Single
MinValue As Single

End Type

Type PT_AOBinaryQOut
chan As Integer
BinData As Integer

End Type

Type PT_AOVoliageOut
chan As Integer
CutputValue As Single

End Type

Type PT_AOScale

chan As Integer

OutputValue As Single

BinData As Loag 'USHORT far *BinDatz
End Type

Type PT_DioSetPortMode
Port As Integer
dir As Integer

End Type

Type PT_DioGetConfig
PortArmay AsLong ' SHORT far *PortAmay
NumOfPorts As Integer

End Type

Type PT_DioReadPor{Byte
Pont As Integer
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value As Long * USHORT far *value
End Type

Type PT_DioWritePoriByte
Port As Integer
Mask As Integer’
state As Integer

End Type

Type PT_DioReadBit
Port As Integer
bit Az Integer
state As Long ) ' USHORT far *state

End Type

Type PT_DioWriteBit
Port As Integer
bit As Integer
state As Integer

End Type

Type PT_DioGetCurrentDOByte

Port As Integer

value As Loag ‘USHORT far *value .
Ead Type

Type PT_DioGetCurrentDOBit

Port As Integer

bit As Integer

state As Long ' USHORT far *state
End Type

Type PT_WritePortByte
Port  As Integer
ByteData As Integer

End Type

Type PT_WritePortWord
Porl  AsInteger
WordData As Integer

End Type

Type PT_ReadPortByte



Port AsInteger
ByteData As Long ' USHORT far *ByteData
End Type

Type PT_ReadPortWord
Port AsInteger

WordData AsLong ' USHORT far *WordData

End Type

Type PT_CounterEventStant
counter As Integer
GateMode As Integer

End Type

Type PT_CounterEveniRead
counter As Integer
overflow AsLong  "USHORT far *overflow
Count AsLong 'ULONG far *count

End Type

Type PT_CounterFreqStart
counter As Integer
GatePeriod As Integer
GateMode As Integer

End Type

Type PT_CounterFreqRead

counter As Inleger

freq AsLong  ‘FLOAT far *freq
End Type

Type PT_CounterPulseStart
counter As [nteger
Period As Single
UpCycle As Single
GateMode As Integer

End Type

Type PT_QCounterConfig
counter  As Integer
LatchSrc  As Integer
LatchOverflow As Integer

ResetOnLatch As Integer

184



ResetValue As Integer
End Type

Type PT_QCounterConfigSys
SysClock As Integer
TimeBase As Integer
TimeDivider As Integer
CascadeMode As Integer

End Type

Type PT_QCounterStart
counter As Integer
InputMode As Integer

End Type

Type PT_QCounterRead
counter As Integer
overflow As Long ' USHORT far *overflow
LoCount AsLong 'ULONG far *LoCount
HiConnt AsLong ‘'ULONG far *HiCount
End Type

Type PT_AlarmConfig
chan As Integer
LoLimit As Single
HiLimit As Single

End Type

Type PT_AlarmEnable
chan  As Integer
LatchMode As Integer
Enabled As Integer

End Type

Type PT_AlarmCheck
chan AsInteger
LoState AsLong  "USHORT far *LoState

HiState As Long ' USHORT far *HiState
End Type

Type PT_WDTEnable
message  AsInteger

Destination As Long ' HWND Destination
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End Type

Type PT_FAlIntStart
TogSrc  AsInteger
SampleRate AsLong
chan As Integer
guin As Integer
buffer -AsLong
Count  AsLong
cyclic  As Integer
[ntrCount As Integer

End Type

Type PT_FAlIntScanStart
TrigSrc  As Integer
SampleRate AsLong
NumChans As Integer
StartChan As Integer
GainList As Long
buffer AsLong
Count  AsLong
cyclic  AsInteger
IntrCount  As Integer

End Type

Type PT_FAIDmaStart
TrigSre  As Integer
SampleRate AsLong
chan As Integer
gain As Integer
buffer AsLoog
Count  AsLong

End Type

Type PT_FAIDmaScanStart
TrigSrc  As Integer
SampleRate AsLong
NumChans As Integer
StartChan As Integer
GainList AsLong
buffer AsLong
Count  As Long

End Type



Type PT_FAlIDualDmaStart
TrigSrc  As Integer
SampieRate As Long
chan As Integer
gain As Integer
BufferA AsLong
BufferB AsLong
Count Aslong
cyclic  As Integer

End Type

Type PT_FAIDualDmaScanStart
TrigSre  As Integer
SampleRate As Long

. -NumChans As Integer
StartChan  As Integer
GrainList As Long
BufferA AsLong
BufferB  As Long
Count  As Long
cyclic  As Integer

End Type

Type PT_FAITransfer
ActiveBuf As Integer
DataBuffer AsLong

DataType  As Integer
starl  AsLong
Count  AsLong
Overrun As Long

End Type

Type PT_FAICheck
ActiveBuf As Long
stopped As Long
retricved As Long
QOverrun As Long
HalfReady AsLong

End Type

Type PT_FAIWatchdogConfig

TrigMode As Integer
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NumChans As Integer

StartChan As Integer
GainList As Long
CondList AsLong
Levellist AsLong

End Type

Type PT_FAlIntWatchdogStart

TrigSre  As Integer
SampleRate As Long
buffer AsLong
Count  Aslong
cyclic  AsInteger
IntrCount As Integer

End Type

Type PT_FAIDmaWatchdogStart

TrigSre  As Integer

SampleRate As Long

BufferA 'AsLong

BufferB  AsLong

Count  AsLong
End Type

Type PT_FAIWatchdogCheck

DataType As Integer

ActiveBuf AsLong

triggered AsLong

TrigChan As Long

Triglndex As Long

TrigData AsLong
End Type

Type PT_FAQIntStart
TrigSre  As Integer
SampleRate AsLong
chan As Integer
buffer AsLong
Count  AsLong
cyclic  As Integer

End Type

Type PT_FAODmaStart
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TrigSre  As Integer

SampleRate As Long

chan As luteger

buffer AsLong

Count  AsLong
End Type

Type PT_FAOScale
chan As Integer
Count  AsLong
VoltArray As Long
BinAtray AsLong

End Type

Type PT_FAOLoad
ActiveBuf As Integer
DataBuffer As Long
start  As Integer
Count  AsLong

End Type

Type PT_FAQCheck
ActiveBuf AsLong
stopped  As Long
CurrentCount As Long
QOverrun AsLong
HalfReady AsLong

End Type

Type PT_EnableEvent
EventType As Integer
Enabled  AsInteger
Count As Integer

End Type

Type PT_CheckEvent
EveniType AsLong
Milliseconds As Long

End Type

Type PT_AllocateDMABuffer
CyclicMode  As Integer
RequestBufSize As Long
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ActualBufSize AsLong
buffer As Long
End Type

Type PT_TimerCountSetting

counter As Integer
Count As Integer

End Type

Type PT_DIFilter
EventType As Integer
EventEnabled As Integer

Count As Integer

EnableMask As Integer

HiValue AsLong

LowValne AsLong
End Type

Type PT_DIPattern
EventType Aslnteger
EventEnabled As Integer

Count As Integer

EnableMask As Integer
PatternValue As Integer
End Type

Type PT_DICounter
EventType As Integer
EventEnabled As Integer

Count  As Integer

! Filter enable data

' USHORT far * HiValue; / Filter value acray pointer

' Pattern Match enable data

' Pattern Match pre_selting value:

EnableMask Aslnteger ' Counter enable data

TrigEdge As Integer
PresetValue As Long

' Counter Trigger edge 0: Rising edge 1:Falling edge

' USHORT far * usPreset:  // counter pre_setting value

MatchEnableMask As Integer ‘ Counter match enable data

MatchValue As Long

' USHORT far * usValue: // counter match value

OverflowEnableMask As Integer ' Counter overflow data

Direction As Integer

End Type

Type PT_DiStatus

* Up/Down counter direction
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BventType As Integer
EventEnabled As Integer

- Count As Integer

EpableMask As Integer ' Status change enable data

RisingEdge AslInteger ' Record Rising edge trigger type

FallingEdge As Integer ' Record Falling edge tnigger type
End Type

Type PT_FDITransfer
EventType As Integer
RetData As Long

End Type

Type PT_AOQOCurrentQut
chan As Integer
QutputValue As Single

End Type

Type PT_CounterPWMSetling

Port As Integer ' Counter port
Period As Single * Period unit -> 0.1ms
HiPeriod As Single * UpCycle period unit > 0.1 ms
OutCount As Long ' Stop count
GateMode As Integer
End Type

Type PT_DicTimerSetting

Port As Integer ' Counter port

TimerOnEnable As Integer

TimerQffEnable As Integer

OnDuration As Long * Timer on duration

OffDuration As Long ' Timer off duration
End Type

* Function Declaration for ADSAPI32

ek

Declare Function DRV _SelectDevice Lib "adsapiB'Z‘dll" (ByVal hCaller As Long, ByVal GetModule As Boolean, DeviceNum As
Long, By Val Description As String) As Long

Declare Function DRV_DeviceGetNumOfList Lib “adsapi32.d1l" (NumQOfDevices As Integer) As Long

Declare Function DRV _DeviceGetList Lib "adsapi32.dll" (ByVal devicelist As Long, ByVal MaxEntries As Integer, nQutEntries
As Integer) As Long
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Declure Function DRV _DeviceGetSubList Lib "adsapi32.dii" (ByVal DeviceNum As Long, ByVal SubDevList As Long, ByVal
MaxEntries As Integer, nOuwtEntries As Integer) As Long

Declare Function DRY_DeviceOpen Lib "adsapi32.dli" (ByVal DeviceNum As Long, DriverHandle As Long) As Long

Declare Function DRV_DeviceClose Lib "adsapi32.dli" (DriverHandle As Long) As Long

Declare Function DRY DeviceGetFeatures Lib "adsapi32.dil” (ByVal DriverHandle As Long, IpDevFeatures As
PT_DeviceGetFeatures) As Long

Declare Function DRV _BoardTypeMapBoardName Lib "adsapi32.d1l" (ByVal BoardID As Losg, ByVal ExpName As String) As
Long )

Declare Sub DRV_GetErrorMessage Lib "adsapi32.dli” (ByVai IEwor As Long, ByVal IpszszErrMsg As String)

Declare Function DRV_AIConfig Lib "adsapi32.dli" (ByVal DriverHandle As Long, AlConfig As PT_AIConfig) As Long
Declare Function DRV _AlIGetConfig Lib "adsapi32.dll" (ByVal DriverHandle As Long, AlGetConfig As PT_AlIGetConfig) As
Long

Declare Function DRV_A[Binaryln Lib "adsapi32.diI" (ByVal DriverHandle As Long, AlBinaryln As PT_AlBinaryln) As Long
Declare Function DRV_AlScale Lib “adsapi32.dll” {(ByVal DriverHandle As Long, AlScale As PT_AlIScale) As Long

Declare Function DRV_ATVoliageln Lib “adsapi32.d1l” (ByVal DriverHandle As Long, AlVoltageln As PT_AlVoltageln) As
Long

Declare Function DRV_ATVoltageInExp Lib "adsapi32.dil" (ByVal DrverHandle As Long, AlVoltageInExp As
PT_AlVoltagelnExp) As Long

Declare Function DRV_MAIConfig Lib "adsapi32.dii" (ByVal DriverHandle As Long, MAIConfig As PT_MAIConfig) As Long
Declare Function DRV_MAIBinaryln Lib "adsapi32.dll” (ByVal DriverHandle As Long, MAIBinaryln As PT_MAIBinaryln) As
Long

Declare Function DRV_MAIVoltageln Lib "adsapi32.dll" (ByVal DriverHandle As Long, MAIVoltageln As PT_MAIVoltageln)
As Long

Declare Function DRV_MATVoltagelnExp Lib "adsapi32.dil" (ByVal DriverHandle As Long, MATVoltagelnExp As
PT_MAIVoltageInExp) As Long

Deciare Function DRV_TCMuxRead Lib "adszpi32.dlI" (ByVal DriverHandle As Long, TCMuxRead As PT_TCMuxRead) As
Long

Declare Function DRY_AOConfig Lib "adsapi32.dIl" (ByVal DriverHandle As Long, AOConfig As PT_AOConfig) As Long
Declare Function DRV_AOBinaryOut Lib “adsapi32.dil” (ByVal DiiverHandie As Long, AOBinaryOut As PT_AQOBinaryQOut)
As Long

Declare Function DRV_AOVoltageQut Lib "adsapi32.dll" (ByVal DriverHandle As Long, AOVoltageOut As
PT_AOQVoltageQut) As Long

Declars Function DRV_AOScale Lib "adsapi32.dll" (ByVai DriverHandle As Long, AOScale As PT_AOScale} As Long

Declare Function DRV _DioSetPortMode Lib "adsapi32.dll" (ByVal DriverHandle As Long, DioSetPortMode As
PT_DioSetPortMode) As Long

Declare Function DRV _DioGetCoafig Lib "adsapi32.dll" (ByVal DriverHandle As Long, DioGetConfig As PT_DioGetConfig)
AsLong

Declare Funietion DRV_DioReadPortByte Lib "adsapi32.dli” (ByVal DriverHandle As Long. DioReadPortByte As
PT_DioReadPortByte} As Long

Declare Function DRV_DioWritePoriByte Lib "adsapi32.dll* (ByVal DriverHandie As Long. DioWritePortByte As
PT_DioWritePortByte) As Long

Deciare Function DRV_DioReadBit Lib "adsapi32.dll" (ByVal DriverHandle As Long, DioReadBit As PT_DioReadBit) As Long
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Declare Function DRV_DioWriteBit Lib "adsapi32.d411" (ByVal DriverHandle As Long, DioWriteBit As PT_DioWriteBit) As
Long

Declare Function DRV _DioGetCurrentDOByte Lib “adsapid2.dil” (ByVa!l DriverHandle As Long, DioGetCumentDOByte As
PT_DioGetCurrentDOByte} As Long

Declare Function DRV_DicGetCumentDOBt Lib "adsapi32.411” (ByVal DriverHandle As Long, DioGetCurrentDOBit As
PT_DioGetCurrentDOBIt) As Long

Declare Function DRV_WritsPortByte Lib "adsapi32.dll" (ByVal DriverHandle As Long, Wﬁiéﬁ:nsm As PT_WritePortByte)
As Long

Declare Function DRY_WritePortWord Lib "adsapi32.d11" (ByVal DriverHaadle As Long, WritePortWord As
PT_WritePortWord) As Long

Declare Function DRV_ReadPortByte Lib "adsapi32.d{l" (ByVal DriverHandle As Long, ReadPoriByle As PT_ReadPortByts) As
Long

Declare Function DRV_ReadPostWord Lib "adsapi32.dil" (ByVal DriverHandle As Long, ReadPortWord As PT_ReadPortWord)
As Long

Declare Function DRV _CounterEventStart Lib "adsapi32.dll" {(ByVal DriverHandle As Long, CounterEventStart As
PT_CounterEventStart) As Long

Declare Function DRV_CounterEventRead Lib "adsapi32.d1l" (ByVal DriverHzndle As Long, CounterEventRead As
PT_CounterEventRead) As Long

Declare Function DRV_CounterFreqStart Lib "adsapi32.dIl* (ByVal DriverHandle As Long, CounterFreqStart As
PT_CounterFreqStart) As Long

Declare Function DRV_CounterFreqRead Lib "adsapi32.dll" (ByVal DriverHandle As Long, CounterFreqRead As
PT_CounterFreqRead) As Long

Declare Function DRV _CounterPulseStart Lib *adsapi32.dil" (ByVal DriverHandle As Long, CounterPulseStart As
PT_CounterPulseStart) As Long

Declare Function DRV_CounterReset Lib "adsapi32.dit" (ByVat DriverHandle As Long, ByVal counter As Integer) As Long
Declare Function DRV_QCounterConfig Lib "adsapi32.d1l" (ByVal DriverHandle As Long, QCounterConfig As
PT_QCounterConfig) As Long

Dectare Function DRV_QCounterConfigSys Lib “adsapi32.dll" (ByVal DriverHandle As Long, QCounterConfigSys As
PT_QCounterConfigSys) As Long

Declare Function DRV_QCounterStart Lib “adsapi32.dil" (ByVal DriverHandle As Long, QCounterStart As PT_QCounterStart)
As Long

Declare Function DRV_QCounterRead Lib "adsapi32.dli" (ByVal DriverHandle As Long, QCounterRead As PT_(QCounterRead)
AsLong

Declare Function DRV _AlarmConfig Lib "adsapi32.d1l" (ByVal DriverHandle As Long, AlarmConfig As PT_Ala.thonﬁgj As
Loag

Declare Function DRV _AlarmEnable Lib “adsapi32.dIl* (ByVal DriverHandle As Long. AlarmEnzable As PT_AlarmEnable) As
Long .

Declare Function DRV_AlarmCheck Lib “adsapi32.dll* (ByVal DriverHandle As Long, AlarmCheck As PT_AlarmCheck) As
Long

Declare Function DRV _AlarmmReset Lib "adsapi32 dli" (ByVal DriverHandle As Long, ByVal chan As Integer) As Long
Declare Function DRV_WDTEnable Lib "adsapi32.d1l" (ByVal DriverHandle As Long, WDTEnable As PT_WDTEnable) As
Long

Dectare Function DRV_WDTRefresh Lib "adsapi32.dll" (ByVal DriverHandle As Long) As Long



194

Declare Function DRV_WDTReset Lib "adsapi32.d11" (ByVal DriverHandle As Long) As Long

Declare Function DRV_GetAddress Lib "adsapi32.dIl" (IpVoid As Any) As Long

Declars Function DRV _TimerCountSetting Lib "adsapi32.d1l" (ByVal DriverHandle As Long, TimerCountSetting As
PT_TimerCountSetting) As Long

Declare Function DRV_CounterPWMSetting Lib "adsapi32.dll" (ByVal DriverHandle As Long, IpCounterPWMSetting As
PT_CounterPWMSetting) As Long

Declare Function DRV_CounterPWMEnable Lib *adsapi32.d1I" (ByVal DriverHandle As Long, ByVal Port As Integer) As Long
Declare Function DRV _EsnableSyncAQ Lib "adsapi32.dll" (ByVal DriverHandle As Long, ByVal Enableas As Integer) As Long
Declare Function DRV_WriteSyneAO Lib "adsapi32.dil" (ByVal DriverHandle As Long) As Long

Declare Function DRV _AQCurrentOut Lib "adsapi32.dll" (ByVal DriverHandle As Long, IpAOCurrentOut As

PT_AOCurrentOut) As Long

" Direct I/Q Functions List

Declare Function DRV _outp Lib "adsapi32.dll" (ByVal DeviceNum As Long, By Val Port As Integer, ByVal ByteData As Long)
As Long

Declare Function DRV _ouipw Lib "adsapi32.dll" {ByVal DeviceNum As Long, ByVal Port As Integer, ByVal ByteData As
Long) As Long

Declare Function DRV _inp Lib "adsapi32.d1l" (ByVal DeviceNum As Long, ByVal Port As Integer, ByteData As Long) As Long
Declare Function DRV_inpw Lib "adsapi32.d1l" (ByVal DeviceNum As Long, ByVal Port As Integer, ByteData As Long) As

Long

"High speed function declaration

Declare Function DRV_FAIWatchdogConfig Lib "adsapi32.dll" (ByVal DriverHandle As Long, FAIWatchdogConfig As
PT_FAlWaichdogConfig) As Long

Declare Function DRV_FATIntStart Lib "adsapi32.dll" (ByVal DriverHandle As Long, FAIIntStart As PT_FAIIntStart) As Long
Declare Function DRV_FAIIntScanStart Lib "adsapi32.d11" (ByVal DriverHandle As Long, FAlIntScanStart As
PT_FAlIntScanStart) As Long

Declare Function DRV_FAIDmaStart Lib "adsapi32.dll” (ByVal DriverHandle As Long, FAIDmaStart As PT_FAIDmaSlart) As
Long

Declare Function DRV_FAIDmaScanStast Lib “adsapi32.dll" (ByVal DriverHandle As Long, FAIDmaScanStart As
PT_FAIDmaScanStart) As Long

Declare Function DRV _FAIDualDmaStart Lib "adsapi32.d11” (ByVal DriverHandle As Long, FAIDualDmaStart As
PT_FAlIDualDmaStart) As Long

Declare Funetion DRV_FAIDualDmaScanStart Lib "adsapi32.d1l" (ByVal DriverHandle As Long, FAIDualDmaScanStat As
PT_FAIDualDmaScanStart} As Long

Declare Function DRV _FATIntWatchdogStart Lib "adsapi32.d1l" (ByVal DriverHandle As Long, FATIntWatchdogStart As

PT _FAllntWalchdogStart) As Long

Declate Function DRV_FAIDmaWatchdogStart Lib "adsapi32.d1I" (ByVal DriverHandle As Long, FAIDmaWatchdogStari As
PT_FAIDmaWatchdogStart) As Long

Declare Function DRV_FAICheck Lib "adsapi32.dil" (ByVal DriverHandle As Long, FAICheck As PT_FAICheck) As Long
Declare Function DRV_FAIWatchdogCheck Lib "adsapi32.d|l" (ByVal DriverHandle As Long, FATWatchdogCheck As
PT_FAIWaiclhidogCheck) As Long
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Declare Function CANWaitForMsg Lib "ads841.d1I" (ByVal Port As Integer, ByVal RevBuf As String, ByVal uTimeValue As
Loag) As Long

Dedlare Function CANQueryID Lib "ads841.d11" (ByVal Port As Integer, Ready As Long, IDBuf As Byte) As Long

Declare Function CANWaitForlD Lib "ads841.d1I"* (ByVal Post As Integer, IDBuf As Byte, ByVal uTimeValue As Long) As
Long

Declare Function CANEnableMessaging Lib "ads84 1.d11" (ByVal Port AsInteger, ByVal Typel As Integer, ByVal Enabled As
Long, ByVal AppWnd As Long, RevBuf As String) As Long

Declare Function CANGetEventName Lib "ads841.d1I" (ByVal Port As Integer, RcvBuf As Byte) As Long

Declare Function CANEnableBvent Lib "ads841.d1{" (ByVal Port As Integer, ByVal Enabled As Long) As Long

Declare Function CANCheckEvent Lib "ads841.d11" (ByVal Port As Integer, ByVal Milliseconds As Long) As Long

e
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