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ABSTRACT

PLCs programs are generally performed by a specialized programming language.
Programming by demonstration (PBD) is an alternative strategy for providing a non-programmer
tools and technique. Furthermore, PBD can perform a demonstration on a system simulator
instead of applied PLC programming with the real system or complete model that would be more
costly and time limitation. In this study focused on applying PBD based on three methods such as
Model builder, User action recorder, and Controller programming for controlling devices.
Moreover, the researcher generated the PBD in Structure text language and Mnemonic language.
Besides the research mentioned in PBD with missing cases and obtained this problem by various
simulation environments. Experimental tools were developed and compared with prior Ladder
Diagram built by volunteers who exerted in Ladder Diagram. The research found that the
developed PBD could reduced both time and errors for controlling PLC devices with statistically

significant.
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' 1 t 4
a1 1wu AC DC Iifludgyapaimunzauioflowd i Idundng missiinSoumiiou
Taasznmisivesauiinesiudeyaninseudmdindunseuietloudigauss
2)  mmemiyn Sudeyanindiigudunlauiudygnunivinalvaweiies ludy
o @ Y o W = d A < "
gunssiniwuen Taodygruesneruiluminduds niudmans uie TRIAC Aldudua
b [ "
¥iia viethamileudvile h thnvesnunsumdnnausudnihauay
3) FRgdumizoniugunansivhaudszmuiunamioo wu Sunnewdeyann

o_ 39

a ° o b4 ' [ " o 1 o
sunmibuuiy 1 lunmiasanudr ihdeyaluniisanuswnlszulana ldnasdia’lsn

W

H P o ° - ' o ot
dseen lufieminn mshauvesdfigezdmualasTisunsulumizeanuiisitlowd
¥ ¥ " . ¥
mieiihnuadeiuauoiaauestziauaumdenaion T imniu ldmunseieu
oz ld
' o d W - ' o dqyd
4) Data memory ntrenduuAudoyn HuvSnuvasmirsanusilffuaniie
o v = s o U o
vosgunsalniulu i anzvestiadnndrihaunie lihaued s 1s uaninzvesdn
L4 ¥
o o W ot e o o = =
A AITNNAY UOATIMINTUAYHAIZYBITILDUNN UAZIONYNDNA Y
' o 'a a ' o o -]
5) Program memory #auA 1w uAv I suns iunSinavoimiasanus i ldiny
P 2 ast -t o
Tsunsuiniuases Tilsunsudidl#iudowdrl) laodoad1o38maudasgieesiiad
¥ ¥ "
WuTdsunsuminiu FRgezane i Ilsunsuluniasanaiifasfrdaazinuaiui
0 » E4 ¥y
Tagviayamdeausy Tlsunsundadudulwioudousuiinasa vieanusiduiited
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A 15 NAITAUSTYINTTRINEN Inajuasdudouiula
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6) Peripheral device R1lnsais1vsnu iluiniosilonsogulnsaliaiuszuy hldms e
=t J 1 . o { ]
nuiueadazaIniu wunsestloullsunsy dmdinasiudn uazudluTsunsulu
miwanuimieaanen lsinsy naziinisiuiatluniosiiun uensiniionndoiiuoad
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Whiiuneufiames e liansadededeyanaz T1sunsyld gunseiseseuniniiinlflu
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2.2 munilslumsldsunsugunsaifinead ammuuinsgiu IEC 1131 Part 3

a1 lunsouTsunsuaumnasgin EC 11313 dmua’ld s nw fie LD
(Ladder Diagram), FBD (Function Block Diagram), IL(Instruction List), ST(Structure Text) {iag
SFC(Sequential Function Chart) Dausinanyae Inseadsveudazniyissinnuuanaiaiy
udluudazaiweziidautlsznoudien luldsunsuiiidnyuzidersuamuuinsgu EEC

o

' ar @ W o () o
1131-3 1% aﬂﬂﬂlﬁﬂﬁﬁﬂszﬂqﬁﬂjuﬂﬁ NQf{‘ﬂu tazen¥uvaen l'ﬂuﬁu llﬂﬂU'N'liﬂﬂ'ul 131

annsavz@ou lilsunsulanhgluuumadonlumuiaieg wswiuld

2.2.1 LD (Ladder Diagram)
a " 2 d Aﬂy = L4
Wuniidoueglugdussns i Felinugimunnisesaiuguuuyiiad uay
4 2 ;
2995 1M &3 Ladder Diagram v21/52n0uA263719 (Rail) siad oz y1ves laozunsy e ld
o o -s' " &t = o Y er e P ' - -
dmsuiveuaegilnsainiuniaduihduda Modumeiuvesnssua uaziivaalanse

o o
Aoudiue NN

HOT NEUTRAL

ety B
ﬁ_!}__‘
! 1
Al | e

By F
--u-_*---y

-

INPUTS ' OUTPUTS

Note: Power sieeds to flow tluengh somte combuation of the inputs
{A:B.C:D.E.F.G.H) 10 nun on oulputs {X.Y)

31N 2.2 1AAIRIBE197 WY Ladder Diagram

2.2.2 FBD (Function Block Diagram)
Wumifinaasilandunisiieu lugdves nnngu@sdu uasiFeusesuiiy
' = o o =3 dg =
Tasete TasmsiwouTisunsulugdvesilenfunienlaezunsuszdifugiunininasin

Taozunsu
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Sw. A — ¢ |

-Sw,. B —o >
| —

-Sw. A —o &

Su. B —]

"

1

—+—| = l -Lamp

31N 2.3 1EA3FI96190 111 Function Block Diagram

2.2.3 IL (Instruction List)

a a ' 3 o o 9 o =
Lﬂuﬂ1y1nuwuag1ugﬂuaamaﬂa1uuazuanumzﬂa1UﬂUﬂ1Hunnnmuua

. » ‘é é o QIJ' L
(Assembly) HAZATHUATDY (Machine code) °]Nﬂ'IEJ{IH‘H‘HSmﬁGﬂ’J‘lJf}N%3ﬂ$$ﬂﬂné”w aIu

ﬂﬁﬂ'ﬁms (Operator) !.mx’ff’mﬁi}.ﬂﬁ'llﬁuﬂﬁ (Operand)

00000
00001
00002
00003
00004
00005
00006
00007
00008

LDN
LD
AND
LD
LD
AND
OR
ST
END

00001
00002

00003
00004

00107

3UM 2.4 UAAIAIOHTINIM Instruction List

2.2.4 ST (Structure Text)

ar 3 & = d
Wumu uszavgs TaofiNugmuanam Pascal daaz1sznou ldae innd uaz

Ards Tasdrdanaldaveglugdvesdiduioadnunisidendioiu vy

' ) ¥
IF.......THEN.......ELSE 1J Uy fdane2iunsseus1 19 FOR , WHILE (Hudu
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VAR_INPUT
MSI BOOL;
Cl BOOL;
c2 BOOL;
c3 BOOL;
ol BOOL;
END_VAR
VAR_QUTPUT
Rl BOOL : FALSE;
R2 BOOL : FALSE;
R3 BOOL : FALSE;
R4 BOOL : FALSE;
END_VAR
R1 := MS1 AND (NOT R4);
R2 := R4 AND (NOT C3) AND (NOT C2);
R3 := C4 AND (NOT C3);
R4 := C1;
END_PROGRAM

JUN 2.5 11EAIRI80190117 Structure Text

2.2.5 SFC (Sequential Function Chart)

idJ — o = I']_[ dldT §J ° ﬂ - o &
IUUHAIEINTDITUNISHSUH LUTUATHNY IATIATHAIT MWL UL UK LIAIUY X

¥ . ¥
dmlszneuyes SFC wzilsgnauatsduasy (Middlunislfudnis luudazdunow) uaz

e é 4'0 3 o o o't i : :Iye) o
Transition (13ou lvifnualdnszididilundasduney) wonnnlidsauisofivua

ANBUSNTNINTY 15U Alternative step sequence L2 Parallel step sequence wudu

ille

cycle burton

advance

advance limit switch

retract

retract limit switch

g‘l]ﬁ 2.6 LTAIAIOU19NTH Sequential Function Chart
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2.3 sUnuumslsunsuginsaiiinead (Programming paradigms for PLC

device)

Programming paradigms 9 juununazaninIadeuvesnmsou Tdsunsuiims

Sl At o

Tamsounazdmuayuuesved Tlsunsuwesnidenisniau Tasgndmuasindnia
: - o o - ; n’a’ 1

wielelumsWouldsunsy wieonnsdimihngualuiSeniuq 1wy IEEE, 1SO, UNDP,

& ot oo o =

W3C “a4 Fegduvunazanimuiadenvesnsiou lsunsugunsaifiveadiu Taa 1y

¥
daae i

2.3.1 junvums@suldsunsuuusiensiU§Ru (Conventional programming
paradigm)

¥
A

= St = .\ c; a wa
ApgluuuveIdIEMImeulsunsunINug1uu1INT WM U TR (Procedures)

-
¥ '

& ° T Ay R T o Aq ¥ o A
nisnulsgiaznudaundnaiigng FEnstilidnnlszneunl¥nwrdengunie Tisunsy
a o o [ = @ o o & o A ]
IFIA8nY5 1REINTN s EANEY uA I uUmsuan e Ididun i unsesd
o { “t o w ' - o
annsainw 1d munilsteugefda mu nwn1Funs ilsunsugunsa Aueadnield
¥
sUuyuvedin1sWon Tulsunsufi Ao IL - (nstruction ' List) ¥301141 Mnemonic  14ag ST

3 . \[ (o
(Structure Text) FLAAWNURIVDIMS 1UsUNINAITUN 2.7

:——Programming Tools: <\
Downlogdd
Statement [ Compiler System
- ‘ Editor ‘
al Feedback Bebugger
- f 2

gﬂﬁ 2.7 UHAUNUHIUDY Conventional programming paradigm

232 gihm'umﬂilsunsui‘%nﬁu‘lﬁﬁnn’l#’nmﬂi:na‘u (Visual programming
paradigm)
fogduvuvesisms@ouTusunsufiniuliins 1¥nmysenevanndu iten
azaan wazdonumnefudlFIdafqe msldnmuwuiiveldund leneu uasdaydnuel
yunihvenseimy Tauns point-and-click 1A% drag-and-drop n 1w lenouses Mlsing iy

Y > ﬂ W o 4 - | o W a wa = o &
VUHUIVDUUL uﬂtyaﬂymlmu‘Mﬂ‘Hi‘e‘)‘qﬂﬂmwmixuvﬂgnﬂﬂﬁﬂﬂnw:}mai FIVZ YN
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A A ] ul a ¢ ' 7Y o A o — q’;'d" -
wennselondne 1 Tasmsadnundawaznatjuvewndma 1 aime "Su :1miuf "a1n
: 4 o 1 d‘l o ] :: "
undine i leasunaouay lvudsdumdanisdwnislauuniendesnisuda "laee”
9 ca' n,: 9 - U 9 WV n’: dy ] = o :;a d' o 9 ] e
2113 w Miudromsi@annaluaie 1l Wellludiuves Gur aziimdsndudeuniinmsivou
Tsunsulugadu nwnldad199aA1d 19U Ladder Diagram, Function Block Diagram ag

- - é o s d‘
Sequential Function Chart aLaaaHUAIveems 11lsunsuaagin 2.8

/—Programmmg Tools i
Download
Programmer Visual
I Designer
L - Compiler L S(y:;fecr)n
-4——p Command Line ‘

< Feed Back rebaoger

N S

g‘ﬂﬁ 2.8 UAAIINUHIUDY Visual programming paradigm

238 31]lnuu'3§n1ﬁﬂmnsuiﬂﬂ“li'mmﬁﬂ (Programming by Demonstration)

madeuTilsinsuTasl¥msmsadiugdiuyiiton]dinss ooy End-User Taoil
Programming Tools vziiuthiinooasniumsniiesfld (User Action) finszihdoszuy
wazihimsTuiinidugadds R Programming Tools Wi Inonizsideszuy'ld
miloududldamdaiilEiuiin1d (1] dos1avee Programming by Demonstration ABAS

TsunsusziiunmismBadudssuuiiadoauyseiuda (Complete System) winiu Avszuy

¥ ' ]
= o o =

o o 1 o o o o ;‘ o J L} 1 :
Huezdesiigaiidenaiedeguds Alifvaiadrduvesiidenisiiauiuu Indmniu

Aanaaslugln 2.9

Uger Agtion -
i J System
§xst m pagameter(s)
Captureuser action The system's response to the

action.

Programming Tools

3UM 2.9 waaumurvesIsms TsunsuTaeldmsmsa
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2.4 mAiinnMs1sunsudIsnIn (Visual Programming Technique)

M3 11)5unTudun N (Visual Programming) umswanngiuuulumsiisugadid
Weglugduuunsiin Tavez1dund lenou uazdydnusivuninoniemy ¥201d

o o o o
Tlsunsumesmuisaesnuuusonn Woumdsny uazSenaenlwdiaesuwdalysunsy

¥
=1 - o

udmadeuTisunsuld uenniniidsiidtnnes (Debugger) odrolumsdumdoiiawara
¥4 11s5unsu
3 9/ q’ 9 o @ e o £
msllsunsudrenin msldmwumuuiisg1dund leneu uazdydnusivuniiee
= . . ' = Y d v
‘Hiﬂmlﬂﬂﬂmi point-and-click 110 drag-and-drop mw'laﬂaumqq ﬂﬂ51ﬂg1mwuuuﬂuwa
& @ o o = o a wa o o =) -
Gum'fluamuaﬂymtmu'lvlamaﬂmmawms:nnﬂgummmanmmmnzgmaﬂﬂﬂ5aTUﬂt‘f1ﬂ
4 - v ’ ‘Y YA 2 g s A g
llnnTasnisednundawazaaifuvesundme ifte “Sur s1niud "a1nr und e ld
: o ' & o 1 4:; 1 a'
Tonewnaouain lsusdumumidsdumislovuntneiidosnisuda "doe” ael3 o

E 4
Hudwmsiannatuiigy

2.5 3%‘mﬂﬂsunsuiﬂu']i'msm‘ﬁﬂ (Programming by Demonstration)

maveullsunsulasldnsmBaiugduunidon 145 duvos End-User uazilu
A4 A o =1 a = d’ 1 i
madennilsiigminnlenie 35015 Isunsulasldnsamsamatniiezioninis Tdsunsw
WYY Procedural Programming 51235015 1sunsuTavldnisaisaifiunmssmungiluuums
Tdlsunsufisjanfumedn lifinnshing Non-experts)
mseulisunsylasldnsmsa dinnanufaranegaediuannuie wuannuna
e
usnAon13Wen TSNS N UAN U IUYDIRIDE14 (Example-based - programming) doyan
w Vs Iy o Y W 0w Y v a @
medeezgn ¥ umsiandalsuasy danlfsapihdednadudnounindedniy
¥ v
awhauldunnniimsueniar unInuAail Programming Tools asiinThiinesasleium
b @ " L] Y A a o 2 9 = . o_ ¥ Vi
veuveyadlednaziiunn 13 wWeiimstiuiinadeyaadsudaeunsmhdoyamaniuin
v ¥ ¥ "

g lugduuuan1d waanudamariiduniindulaona T lums Tdsunsuns
. v o 4 o o 1 u‘:
INABU IMIVDIHUBUA 10ZIZVY Macro Recorder Havaiimsdanmisvesdldlugaananiug
Woaiiegamids unnuiaiaesiemsiouTusunsulududadeiudld (Programming

" ¥
in the user interface) A20YS¥RYINIOUIMulHies wuIRNURATINITAZ19152 Ton (syntax)

lunsidonTilsunsuldimilousuiunsidauszuulasing sz Tomiveadude 414

1
S Y w

Hlahv ar ' V ;j o et ¥ v a ' ::ﬁ
T ﬂﬁ'ﬂﬂ'liﬂiﬁl!ﬂ\‘lﬂu']ﬂﬂi HNTUUITDULUAZAUIAY LUINNTUARAYAIUL HUNZINNU

Taoma T lums@ouTsunsuivefeziSundsdudadefugldusazauiiuandieiu
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ms¥ouTdsunsulaldmsmsa snduszuums@ou Tsunsuiifidaudanefiie
mnWﬂﬁﬂﬁé'"l%'ifuamﬁnﬁ'?"wﬂﬂsumﬂﬂm]smmnmmi"lumsﬁ%'mJ:izTUﬂ (syntax)
vosTlsunsy wieududilsrminnisueaiugaddevos Tsunsy dumnonnuhd19
dosiilszaunsailunts@ouTusunsumiehifimsfndunisi@ou Tdsunsuae foyaiildly
mstﬁuuI1J'suﬂsnﬁuﬁﬂﬁaﬁﬁmjuaziﬁﬂﬂﬂﬂmuﬁ'mﬁﬂdaﬁmj’l%’aduﬁ'a N5y
Programming Tools &Mt 1iinouAs 198 uMsnsziuedld (User Action) nsgidedau

a 1w o ygyd 4 ¥ £ = ¥ = =i.v a -:
Andeiug e nzadnllsunsudiun msdouTusunsulasl¥msmBaiignimmuiuan

L]

4 i o 1 a v ow ] é’ 4 o n’
Wi lddwdadenudldvesszuumsidouTsunsuiwiv uazilovduns sunsy

¥ 0 o wy 4 < o o
udresainudn ldauitou lvTasdsmnmsueaiugasidsves T sunsy

2.6 Ni]‘a'wqaﬂ‘i‘ilmqilé (Human action cycle)

" . 4 - X - ;
WITNOANS WYY AD TUIAAN1NIBATN Fea11n3 00110 uARURNYEdiREN D
a aw o dw = o 9 ° 9 o
iljduiuinuszuunouianos Tuaaldgninauelay Donald A. Norman [17] fiFuimgy
' b
NMIAUNGANS SUVeINYUE-OUT AN 030U FiuRUT Tuaaii annsonir 19905y
AUTIDULVBIA IUNARABNUL Y
= d a &L ao ) o 3 ar 1
NITHRANTIHIYHIOTUIBAIEMI NIy piaauihmsnasiann T gyaves

g { . ' o o ] a d o 5
Tuneuiidanisiie lilgamduivveuthmnedussuunouiames aniudlfezyfia

¥ ¥ ¥
auduaeunas Tuaafitlszney ldonamsnssimedmnssudinsdmnionm
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tulsvomnnaN
1.Goal formation eg———
Execution stage Evaluation stage
2. Translating goals 7. Comparing what happened
into task(s) with what was wanted

3. Planning the 6. Interpreting the outcome

action sequence as per expectations

4. Executing the 5. Perceiving what

action sequence happend

User interface of the system
JUN 2.10 wanaeITNOART TUIYYD

ﬁaﬁ"l‘i’f'“luﬂnﬂsmﬁudam%andﬂé“l%’ (Use in evaluation of user interfaces) latlna
[ & L
Alsziiuannsouded sy 1 dyavnsdinuTundagsauvesiuneu nsilszidiumaeuiiy
o 9 - ' 1 ] | Y 3/ '
Wosannnmsuansfeyaniiuysz lomivesduivouded e mivayunis 19
I =) w ¥V -~ v 4 o = = 3 - g : as :f
INganenIaMIZ UM 1Funs e Il Fediownldlumslsaduniung it adudail
¥ ]
Tui 1 adfhmane (Forming a goal) Al3Hianuithlwwagnimilusnudivane
¥ ' ¥ »
wiounaiinnudlsauniefsgadrathmisivanenol dazdnuFouaedl4 (un
ansorwlidldadrathnineldniald
n’: c{ ' -~ - .
Ui 2 wlaudhnaneldgaunSeynau (Translating the goal into a task or a set of
VY g =t 3/ e’.: ] v A o
tasks) FlFnnudlaazanulunuiivine wiewisiinnushlvauiofivfmuaiiu
gamduiivanenso i uazdmuended1d (UD musadwIigldsmuadugasideld

n5e'ly

¥ +
L |

4 b o o a wa = . Vet
IUN 3 ’JNLLNNQ‘]NMB’:TSNEI‘lﬂ‘Uﬂﬁﬂ{]'ﬂﬂ (Planning an action sequence) g’f‘lwmm
¥ = Y & - Y A o w awa a
w‘i“lmsazﬂ'nui"’luqmmmwa T\I5ElllVIGiJﬂTIlIHJ71%@11&1‘“ﬂﬂﬂzﬁ%"l\‘lﬁ'lﬁ‘ljﬂ'liﬂ{]UﬂlWUﬂﬂE)
wiol uazddeuded1d (U aunsedie il Fadeddumsd§ialdvse
n’: - o wa o w a wa . . 9 )
YuUn 4 ﬂgummnmﬂumsﬂgm (Executing the action sequence) rjl%’ﬂnmmmm

Foujuazlddmrondedld wn 18 lasiwnseli, namalfiidvosszuuszamunsodugiy

85159
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anudesnsvesd 19 1dnTe L, dniswennisldnuunzanudanuvesmsifiadwad
wio i, fldvzannsafainuzanudinglumsldszuy 1dnde i uazszuvezannse
mvayumsRauinszauFeny Idniel

$uit 5 ihlananiondaninaaiied §ifA (Perceiving what happened) Al¥vzam13n
Whledrduduneuvesszu 1dnioly unzdauFeunedld (UD) szuannisaoudueIRena
¥04M1INIziveed 151915 1T ueduivanonse lai

uit 6 wlamadwsmunua1anTavead 14 (interpreting the outcome according to the
users’ expectations) f1azannsaidilinamsnouauesldnie’hi uzdnudeudedld

ziuaaInIsaouduorensulanadnsetuiivanonse lu
uit 7 UseiliufaRiRaaufunanmanss (Evaluating what happened against what

= c‘i d‘ - 3 s ﬁ' | e '
was intended) # 199z ansanfSouioudeininaiududainianald 1dnse 1y

)
o =

2.7 NNV

o w ° o it ~ 9 dt M Y
iﬂﬂ'ﬂmﬁ’lﬂ53ﬂ'|3ﬁ'lﬂﬂﬁ]ﬂﬂﬂ'lﬁu'lm'lﬂﬂﬂ'iﬂ.l‘wLlﬂﬁ‘ﬂﬂ"liﬁ“ﬂuﬂufq‘ljﬂﬁﬂlimﬂ ﬂﬂpj'ﬂ

a wa o o 4 ar o
Ugianuiiinnuianudilslunsaiuguaszuumsihauseusioeing iazgUnsellu
o lw radl o ; o w ¢
Tssanniu dineg hiihinuesmisdmms Tlsunsy idawngiuuums Tsunsudmsugnsel

= =

wuoadluilagiuiuiinesgdunuie gusuusnfegduvuyesitnisiion Tusunsund
df a wa L= q’d [ aq o @ -
WUFIHU1910510M5URTANY (Procedures)  FTnisilidausznounl¥ausingunse
Tsunsuidedagnus iwuivatunimazduge plunviieesfegluunvesitmsdou
4 - ' i 4
Tsunsuiniuldiins Mo mdszneunniu ifenwazainunz deanummodud 14144
P ¥ A o v w o ) A adw ﬂ
nga M3 lneuunidse 1dund loneu uardydnuaiuuniiee ¥eaaesdsduiluns
: o o 4 2 =
diergadmidandaisssnunginaal tazjluunvesnimniug deisaesgiuuuindes
DIAETINBZMIA UM Tsunsy uazmsAnduINnweTuAIS
= 9 Y aa o 9 = s P - o & s
ninmsanuilymideduiimsi lndfvsduilymnniga Aemsiiaeunioedns
J o 4 o ; -3 =
Yuwn udr gldvinsniuguiasesinsdavile (Manual Control) MiniuszunszsmsSous
BnmuguaIna 1 monaHadugadidwazawnsaiiaudmidounsaiuguiae
o & - - ar a =
WY¥Y (Human Control) #335Mmsnmanzaunuilyminedtnis Isunsulasldnisaisa
b [
(Programming by Demonstration) #91u33vatinausnauITonneIdes luassdiu dusn
P aw 9 oo 1 a 5 g v =
Ao UNeNIAILIEMI Tlsunsulagldn1sa18a (Programming by Demonstration) @11

- o =t = .
aesnems 11sunsuginsaifiuead (PLC programming)
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2.7.1 aidememismslsunsulagl¥msasa (Programming by
Demonstration)
¥
@ aae a o 9w
Tuiliiuandiomeduisne TsunsuTasldmsmBaaansaswun 1ddadl
1) Repetitive task automation software T‘EmiTﬂillﬂ'z‘ﬂiﬁﬂ%ﬂﬁﬂﬁﬁgﬂ
o @ o i : ad d.yo 1 o é Qo o
tnldiumshauian 5asiimihind i ussuu Macro Recorder 1988101503291
Ed ' v
voadldlunaniuionagaiids nazauisaiauaugduuudy 18 Taosa Tulid (1, 5,
13]
. 5 W & ad ¥
2) User Interface Customization and Personalization 35M15 1U5unsuTaslenis
miaiunldiumsdunsadnudounod1d (User Interface) 1o ldidriudnyazmmizvos
E ) o g 9 i & - ar 1
mildnudmivdldudazan suilumsnervuiivzasnaougudnyuzimnizvesdiy
A i ] g o ' = o ! & ' ¥
WoNaevINMI 1FNuveIlly uazdSuudaunldvuuasdnyazvesdnnsouae liimunz ey
fudld iwenzi iz uvilsz@niamanganiiszannsad 18 lunisidh 1dauinn
[} ] Qs ' P 9 ' ] n‘. | Vv
uew 1w Msdivudslumsuaasyvessiwmshignidauiios uavareumyi li'légnld
(6]
3)- Programming by Demonstration for Service Robotic tasks tﬂumﬂﬂsuﬂsn
A ] o [ Y ar 1 o
manaeuInivosusua danlvgssldfunyuvesuoud Tasazgnlsunsunis
2 =l A o 9/ o Y & ]
waou lnalavasannmisidounuunismanu lnavesuyud Taoldaunsalns 9§y Fadau
g 9 n’ 1 i ] L4
Ingil¥luaugamunssumsdsenousudauaieg 1w mstszneusnoud nisilszaey
3o 19 I dludu [2-4, 12, 14
ar ] = oo 9 = oA dy
AI9U19NANUINEN 1A TIUMS [ sunsu laanisaBaiiaatl
Gordon W. Paynter and Ian H. Witten [13] 1aWaiun Developing a Programming by
Demonstration Tool iWotfuin3eiion1olAszuuy§iianms Apple Macintosh 320 Tun1sha
[ v ¥
M1 Y99 Application 131315211 Macro record 1umisw1a e 1aun Tasunsy Familiar
. < : = v W 3 { o I . . 1 <
History Fuiluineilonnoudniy User Action finsziiiae Application #1997 TatiiUT10A13
) ¥ =t wa . A yg vy ° o 3 =
U3 User Action 'lmﬂunzmuuﬂsmmm User Action uaxmagﬂwmmsmqmuumq WY
| ' " ¥ 3
In30910%0 Familiar prediction NTM130I500 User Action 11819111 u419 Taoaunse
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General
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Tusunguliuda

3UM 3.13 uansunuAsRIng sl Tvvesnisaan 11w (Condition for Iteration)

1) msldsinsuuudiany (Simulator Programming Mode)
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Feazinavuidlolimsnlasuitaiaamzveginsoilag szuvvzassvaeuly

& A - do Avg Yy d : - wa o 1
apadoulv ou lvusnie gunsaidndld/douaomziuliguavtiaGnamsodwanszny

L'
"

1 o 4 = P o n’l’ [ ] o =
nausnadegUnsaiou uazileu lviidesfeaniuzinldou lihiudalyldgnimualdiing
[ [} ¥ ¥ ¥ v

aovaueuo1ld efoulvasuisasafonludaiiud anruzvesszuveznlaou iy
Tvuallsunsunyuirasuieseiumanszivesdldhiimsldvwnlasguanifvesdagn
auguetiels mebwdmuadiudou lumshauveanuuiassdanan

2) mﬂilsuﬂﬁuﬁ"amuqu (Controller Programming Mode)
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Awnsninaueil sziigduuvvesns TlsunsunSedou lvvesnisiiauiinan
é '3 P d‘l n’: a —
malasurauzvesginsainiugy Fgduuvvesleou luiueruianmsnlasunlasves
a =1 @ o = H o " 4 ar
gunsainIuguiissduded vieounannmanisainglnsaintuguananimilsiianiug

safuduldawteulvidTsunsudmua ars Tsunsuludnvaziiszoglugiuny

b
o o A

v Y a o’d’ 9 <) oys
sz loandn “duiamgniselil 92Aoansizii1Aeil” 150 “IF (Condition) THEN Statement
END” u199

. ' o
anuinul TeaszningiinsainsuguuazgUnsaingrasugu Aemsszynnniiulyld
4 v N ¢ y oA ;

yoanslasuamuzvesgunsaingnalunIniy Hianngilnsainrugulare Nezdinasde

" v ¥ ¥
maasuamuzvesgilasaingnaiugy Amstsziiunsimuannuiiu il 1didesdud

1 "

4 v o 4 o' £
gunsaintugulathanezamadonisalaounlasaauzvesgdnsaiignalugu Fedoya
3 ¥ 3 "
dananezudeymdosduldmudly vindusliil¥dadulehdm 18 muanmniugy
& - ¥ fa} ) & ¢
dwnannmuddswnlaseouzyegilnsainugulaie Tesssuuszuaassioyeginsal
oo o du sdo o o A Y3 ¥ YA o <
auguhilanuduiusnugnisindiavimisnugy inea1ud 15 1deutun il los

v o o = c‘:
senRUnsainIufuuazglnsaingnaIURUBNAsS

1) ngriguasia (Cause and Effect Rule)
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O Turning Switch on
User

=

Turning Light on

3N 3.15 uamsms Tsunsuvesd1d deadndiillad 14z TsunsuTaoilanaoaln

w e d
2) NYANMTUNUE32¥ 199U 30! (Relationship Rule)
a ¥ o = [ a

anuinealesssndnglnsaniuguuazelnssiignaiugy  dwiAann

@ o as o w e . .
ANUTUNUTUU VDY (Dependency  relationship) H30AMUANNUTING U0 (Association
{ @ e & § cz T ' { ' o
relationship) Tasiguduusineudesiurzdiwadenunune Tosseniteginsel

oSt e e o da A ' oI et @ w d
muquuazginseingamugunlaIdURusINU I LanIngYnsal lalinnuduiusuuy

o1fudunezdana lfisgunal ludauson (Part of device) Aauafuiiu

1 Tank 0.1 0.1 Pump
+Is part of +Receive +Send
1 +|s part of
0.7} +Has 0.* | +Has
Sensor1 Sensor2

31 3.16 umAsANUFLRDETINTZH NN Tank (A2 Sensorl fU Sensor2 321

@ w o 4
ANUAUNUBIDY Association relationship 7¥H 319 Tank L8Z Pump
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<<Uses>>

Detect a water level Detect a level below

User Detect a level of high rank

Turning Pump on
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Simulation Mode I Simulator mode Controller mode

= Programming; turning on PumpD

anusilaqiulysunssluviteds
Sersor1=off and Sensor2=off

S‘j

@mtjaﬁoﬂ: turning on Pump

amuz Pump1 = On TlsunsaliviFeds 2 >

@mulaﬂoﬂ: Increase a water level
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+=» Programming; Increase a water IWBD
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\]

anuzilagiulisunsulivieds Programming; Ignore
Sersor1=on and Sensor2=off

|

Y

Simulation; Increase a water level

anuzilaqiulysunsuluvizeds I Programming; turning off Pumpt
Sersor1=on and Sensor2=on j

AV

Gmulation; turning on VNVE%

AUz Valvel = On Tsunsulivdeds
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Simulation; Decrease a water level
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\(;_mgramming: Decrease a water @
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anuzdaqiulusunnivieds
Sersori1=on and Sensor2=off

W

Simulation; Decrease a water Ievel\/
@ y &

amuziaqiullsunsuliviads
Sersori=off and Sensor2=off

Programming; Ignore

Programming; turning off PumpD

Simulation
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Algorithm RecordSimulatorAction
Input: 318M3MINT2MVBIATF (L), swmsamuwmmlnsnfﬁ"lﬁ%’uNaﬂszwu (0),
sWavesgUnsaifidueing (nputp),
aouzvosqUnsalfiiiueung (nputvalue)
Output: T10M3M3nszvead RS uY Ay (L)
Action= L,
for each item in the list L, do
if the item = InputID, then
Action<— L
end if
end for each
if It’s new action (Action=L, ), then
Action.DevicelD <— InputID
Action.DeviceValue <— InputValue
Last < Last + 1
end if
for each item in the list O, do

for each j in the list Action.Output, do

.DevicelD, then

em

if the Action. Quiput , DevicelD = O
Output < Action. Quiput
end if

Ouput.Value «— O, Value;

irem

Ouput.ChangeType €— (... ChangeType;

if It’s new output device (Ouput = Action. Quiput, ) , then

Last

Ouput .DevicelD «— O

item

.DevicelD;
Action.Output.Last = Action. Output.Last + 1
end if
end for each

end for each

5 ar Aé @ o = o o
3N 3.21 uaasdanesnulunmistiufinmisnsziwesdldinszideszuuinesluTnua
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' 1 o
a01u2v099UNsaiAIUAY (Sensorl 1A Sensor2) VzdaHARDANIUZYUNIBINAAIUAY

3
[

i o o 1
(Pump1) Tavamnsaagmssmanasulasanugiituinaslumsamsaiugu 1ddsil

l:!' = a4 o 2
M3 3.1 uaasmsulasunlasaaugntiunnaslumsismsaiugu

dwun Input device Output device
Sensorl Sensor2 Pumpl Valvel Tankl
2 0 T X %
6 a 1 0 X X X
8 1 —1# | 0 X X
12 1 0 X X X

0 = State Off, 1=State On, X=User Ignore.

= ot o R
nnnsalasulasaniuzyesglnssingnatugu (Pumpl) @unsnaginisiudin

aunAa31unI 19811 (Input Cause) lAdail

M13191 3.2 LAAINITURNAUNAYS Pumpl TuaTs1emmg

a vﬂﬁ; Output Cause device
Pumpl Sensorl Sensor2
1 True True
6 X | False False
8 0 True True
12 X False False

0 = State Off, 1=State On, X=User Ignore.

nnmsnldsulasanuzvesginseiidiwadeginsaiduRaninusna szannse

v
agUmstufinasnamshauvoauuiaes lddad
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A13199 3.3 UAAIMITUNNAITNNSTIINVe LU0

dwun Input Device Output Device Value
4 Pumpl Tankl +1
10 Valvel Tankl e |

w & o vq v o 1 o
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@ nl& ot o 4 o 4 o
saneinulumsiiufinnmisnszhvesdldinsginessunluTnuanms Tusunsuda

ar dy
auguiludail

Algorithm RecordControllerAction
o vq ¥ gl Yo
Input: 318M3MINTENVOIRTF (L), Srwmsaaiuzvesginsaln ldsuwanszny (0),
v
swMmsanuzyesglnIaiianua (1)
Output: 518M3sM3NszivesdlFnsuljunum@y (L)
Action= L,

for each item in the list L, do

ifthe L, . Array of input state = I. Array of Sate, then

item

Action <— L

irem
end if

end for each

if It’s new action (Action = L, ), then

Last
for each j in the list I, do
Action. InputState, «— 1. State
end for each
Last € Last +.1
end if

for each item in the list O, do

State

irem

Action. Ouput , 5,0 -State €= O
for each j in the list [, do

Action. Ouput

.DevicelD * item

Cause e O . Cause :

end for each
end for each
if O is empty, then
Action .IgnoreCase <— true

end if

4 o qé ar o 4 o 1
31 3.23 uaasdanesnulumstiuiinnmsnszihwesdldnnszideszuuluTnuanis

Tilsunsudaniuny
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3.6 lﬂﬂﬂﬁﬂiﬁ‘lﬁiﬁgﬂiﬂiuﬂiu (Missing case)

mamsain hildgaTdsunsy Wudwdidglunsviannuranaavesms 1sunsy
£ a o' o qy [ " o A [ A [
Tnualy msifamgmissiludnuaziionndinadonisiiauveunissininioeis ludana
' o A o o J T o o ' a 3 A o
laq demsinuveaniesinsaen 18 Yuegiuinmgmisaidinarufaiuluvazinioins

o ' 1 a 3 d a w ] 1
mamnie ll msizuramgnissiens luifatuwaed 1dsnnguessssuna dredrugu

b
ar

gungiiazAearu 20 oem deuiauesaey ufgaiigunngil 80 oem'1d dufunminiAads
#riagungiifi 20 uaz 80 paf mamﬁnfﬁﬂ:'lu'mmimﬁai‘fu'lﬁ'mnngnsmmﬁﬁa
wamsalidl Iagangiii 80 eamiiia uddrTagunniif 20 e livhan ietleain
doAanaralunisTsunsy isvsdududesiimisdunaz fanmsimgnisali lildgn

Tlsunsulvvualyl

3.6.1 manamgmsalibildgnlisunsu
= H [ = J a
aungmunamamsan i ldgnldsunsupaiudaeaisems Usemsusnied 1o
P " 3 = P e a .-3 a
Tsunsumgmsairinlinsudau dnlszmaniifadumgmssiiionfatuaic1daung
a A W ° 9 Y =) =Y = o " Y
vours N e lvauninsianud v ldasiwessunsamanisiiamanisein lildgn
" o i
Tsunsurmmansaianuuasasilmien Tl
t 4 ¥ ¥ ¥
nnnsaifnE ey ianisel 1adsi vinmslasunlasaouzvosginsal
AIUAN (Sensorl LAz Sensor2) Aana1INFwanoan Lz 9N NgAAIUAL (Pumpl) A 1W13D

agUmsemsnasuulasaniue (State table) fauaaslumsien 3.4

a Pt ¢ 7
M3 34 uerasnisilasuilasanuzvesgilasainuguuasgilasaingnaiuny

(State table)

No Sensorl Sensor2 Pumpl
1 0 0 1
2 1 0 X
3 1 1 0
4 1 0 X

0 = State Off, 1=State On, X=User Ignore.

11015191 3.4 uaaamsidsunilasdoiuzvesginsainaungy (Sensorl, Sensor2)

4 A = = J =
uozgUnsalNgnAILAN (Pumpl) Faams0Wewiiuma1enu954 (Truth table) WoBFUY
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| ulyu’: a o ad o o y
anuthuly 1dnmuaiBensinzeesginsainiugy lunsdifimamisaivesmsnszivesdly
o a .3' q’: : o ar o

ATOUAQUINAMIAMAAYUTINUA 1INTNTIWAANTYOUMANIIE (State of Pumpl) 111N
1 lum1319n21093 3 (Truth table) Tavdasnaniuzvesgunssinuguiundn uazdaundi
o ' o - o ' o yq Yy

Hrdouoenly sdrelsAmuiimgmissivisdiuvesmsnszivesd i linseunquany

F v

Wil 1dvianue Aemgmisalianiuzuns Sensorl (1A 1o Sensoe2 T szvUIzWAIFR
Joyaruay Taemsuaaunamssinmie liumsnuuiiaes e 1Wd 14 muansniugu

A a4 : v o 3 o o i
iy Fadldoudenies liaulumgnissidinannld dwaasluasiai 3.5

y - & d e A
M50 3.5 Ltﬁﬂ@mm%wmﬁmu::m‘ﬂuﬂwi}zLﬂﬂ‘uu“lﬁ'mnmsﬂz'umqﬂﬂmfﬂman

(Truth table)
No Sensorl Sensor2 Pumpl
1 6 A= 0 0
2 0 1 -
3 1 0 X
4 1 1 1

0 = State Off, 1=State On, X=User Ignore, - = Unknown (Missing case)

g = o C = J q’:'
N1TATNATIT19AITINDT Y (Truth  table) ‘U05%1u?u!"qﬂ15m'ﬂﬂzlﬂﬁ'ﬂu'lﬁTN'ﬂllﬂ 1
3 v B dha Y A ‘:L‘I & 40 e a 4 vy
YuegnuitugUnssindniinduglnsaniugy Tavhsumamssinezinayu &

Navuam lanaums (3.1)
X =Dr (3.1)

P o - = & vy
X Ao i]'lu'Julﬁﬂﬂ15mﬂQﬁuﬂﬂﬁTU'ﬁﬂlﬂﬂ‘quLﬂ
- o o & = o' i A o
nfo ﬂ']u'Ju‘lli’NQ'iJﬂiﬂlﬂ'JiJﬂﬂ "]J'Q"r‘iu'lﬂﬂﬂq‘l_lﬂ‘iﬂﬂﬁ‘] NaananoEoy NN
o
vougUnInion
o et = J ye’f ar o o o
Inumgmsainznayy ldnmuaznlsfuauiuvesginssiniugy A

Tuzilii 3.24



FTwumensalflawsotadula
I = —-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Fnnuglnsalauqu

| o o e~ b
U0 3.24 urasiiwaumgnseifannsaiiaiu desuauginisinaugu

- & . da &
MINANMITIWBIADIHE LA TUMI 197 3.5 ansesungUuupvesnaiiiayuly
MINANUITIeen UM uanYazAe
o 1 T - o a [ '
ANHUNZH 1: NOANTRINAINNITAIUAN DIPMTIATIEHMTNANNT U 19U 1d N
o or § g e A 3 y
@eui 1 uag 4 dug1F14ins Tsunsumaunu s dsmusa@ougadidalunmsniugy

1
msilanazlla Pump! AduiuSi U@ Wy YeIgUnsalnIURLAD Sensor] LAY Sensor2 IRASH

1) lunsaNa Pumpl “IF Sensorl.State = On AND Sensor2.State = On THEN
Pumpl.State = Off”
2) Tunsaifila Pumpl “IF Sensorl.State = Off AND Sensor2.State = Off THEN

Pumpl .State = On”
@ § @ dd a c:‘ a =
anyazil 2: HaaANSNIAANTAZTA (User Ignore) 915 AATITHAITNAINITUTIOY
o ‘o @ e & 3 2
wuldhddun 2 fudlF1dTnssmuamsaziial3 (gnore case)
o = o Jelg 1 ° o . a o =
anuuzi 3: waawin lildgnimua’ll (Missing case) 1InMs TR ITHAITIANINIT
"o @ = =3 é’ =
vz Idhddui 3 mnsifnsanfiaunguesmsifamgnisaau 1iansdnn

ar L " ] d’ ' _- J - = ﬂ'l
Anarunmmnsana1 18 mamseitl lausaiiaiuiinunguessssung tufesyau

:ﬂ =< [ 4:: (] "
110952AVUDY Sensor2 Taa 13K Sensor] AOU
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o ' ] [ 1

msvunamsain 1 1dgnTusunsy szusoeniluaesdiu dauusneziflumsadns
a o o e = J w-’: ' a - °
MINAMITI (Truth  table) VoI mIMMaMsainezinavu ldnamua dauiaesfionisi
e Y ™ a a 4 & oA St
mamisain1dTdsunsuNAudauinesntinaisieanues dsfindofomanissiney

- o [ @ o a o o ]
uonniie Tsunsudinugu Awaasdaddunmsiiaulunsnungnisaln li'ldgn

Tsunsuldaagilin 3.25

Start

v
mAaugUnIinILANaNMA
T

s

v
widwauwmamsaiu e
X=2"

X An ATuawmnnisal
N #ie Suauguniniagnu

AFNAITINAIST (truth table)
Aiszwmniral

4’{ A¥14m19749 Missing case

3N 3.25 uamsisddumshaulunsnimgmsein lildgn Ta)sunsu
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Algorithm GetMissingCase
Input: 6MsIMAMsaig 5Ty (L), SmsanuzvesgUnssifanun (1)
Output: wnsmgmsain 1 l&gnTusunsu (M)
ControllerDeviceCount <— 0
for each item in the list I, do
for each j in the list L, do
for each k in the list L.Output, do

if It's cause ( I,

wem - Otput | Cause, = truc) , then
Cause < true
if Cause = true, then
ControllerDeviceCount ¢ [nputDeviceCount + |

end for each

POP — 2 ControllerDeviceCount

for each y 0 to POP, do
for each x 0 to ControllerDeviceCount, do
if (Y mod 2%) =0, then
ifY < I. then
ir StateOfBit =0, then
StateOfBitTop <— |
else
StateOfBitTop €0
else
StateOfBitTop «—0
else
SwacOfBiiTop <— StateOfBit
end for each
MissingCase <— false
for each item in the list L, do
for each j 0 to ControllerDeviceCount, do
ir L

MissingCase < true

em

InputState InputStateDMan! = StateOfBitj . then

if MissingCase = true, then
M
for each j 0 to ControllerDeviceCount, do

M oy pesiceines, = StateOfBit | — StateOfBit,

item € new M

end if

end for each

" o Qé dl. )
31 3.26 uaasdanesnulumsnungmseii lildgn Talsunsy
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3.6.2 madamsmgmsain bildgnlisunsu
Setly 1 1 [ a -
mgmsaii i ldgn Tusunsy Wududaglumsviannuianmiavesns Tsunsu
[y ig 1 3 o o ot 4
Tnualy msdamsmgmiseld hildgn Isunsiniu dduusnizdoanungmisali liildgn
> a ¥ ¥ a e ol a 4 gy
Tsunsuvisnuaidonon Taov 1danmsadismsennueissmiumanisainezinavu1d
& Y o ¢ y v v a 4 4 & a
vianua udniungmisaii 1a Tlsunsu MAudnninesnainaisieniiueis feundede
S - o @ gy Y ¥ 9 @ e o =
mamsaineguenmile ldsunsudaniuguas ldnauudidhedu vinduiungmsein
WY - ' 1 o' o -
TildgnTdsunsumumnuaasiumsaniugaiey vesgunsel luuuuiiaes Taouaasi
¢ ¢ ] ” /o wd e
ymgmIsivunsunnmgmsal lussniumsuaas lufiazmgmisaiiu divinis Tadsunsy
¥ ¥ ] b
vwanaiims Tdsunsuiiudu e l¥imgniseid hildgnTusunsumualy Tasmsdanisi
annsaniseon lAiluaeansdidail
ot P 1 o o - c? o’q’
1) nssimgnsaine ldssadve Tsunsudaniugu nienisaznungmselil
& 9 o o o/ —“ Vo 1 o A o -
(User Ignore) #9azlaniuimamisalluanvazibidwalesq demaiiuveuniesing nie
o " a J‘ ay ¢ =
mamsnionn hifavuaen ldsnnguessssumna
ey ¥ o a a & Y o 7w e
2) nigisIaensvy llsunsudinduguinuey ez lddumansal ludnyazi
' ' o &4 e 2 aay 9 o ° A a1
daHanoMINImveunIeins ¥elunsaiidlfezdeaiinmssimuanmsaiuguiiu@ui

v '
mgmsaidsnafudwmareanimsladugnsaious the

3.7 Miuag User Action gn¥1ve39nsaifiead (Compiler)

' ¥
ienundassaunsahiom 1Retagndewds duaoude TuAon1suilas User Action
' o o & e g a °
gmvesgunsainend a1 iiFlunisduulilsunsuaiuaasg i IEC 1131-3 fvua
1A fie Ladder Diagram (LD), Function Block Diagram (FBD), Instruction List (IL) 130
¥
Mnemonic, Structure Text (ST) 1% Sequential Function Chart (SFC) luineniinusativi 14
vnanemiuilad User Action gnivivesgdnssinueadluasanivie muuwylasaadia

= =y
waz Nl luiia

3.7.1 m3uas User action g1 Structure Text

MY Structure Text ﬁusflumyﬂm:ﬁuqa Tﬂuﬁ"ﬁujmmmﬂmsﬁuulﬂmniﬂu
anyazveI s l)sunsunuuii Inssa314 (Structure  Programming) Taomu ludnumeils
HANMITTUUUUAD M1 UUDVAINEITY (Sequence)  Mstdpnnsziinionly

¥
(Decision) 11a£M13%119%1 (Loop)



o o @ = Gi 1 ‘ll - =]
1) MIMOUUYUAINAIAU(Sequence): JuuuMsWouTsunsundwngano Wou
o ' = o w o o a s =
Ihausinuuasan @eusidailuussiia uagiiazussiannuisiaugaaslouds
VTR A auud Idimshaumunszuiumsie swdeya fuow uazdseondoya
- o A .. v a A oA F A -
2) MItaeNNIzNIAINEeu v (Decision): msaaauly nisdentoulvie Wou
Tsunsuioimdoyaliidonnszii Tavin@eziimgnisalldiaesnszuiuns Ao
& a o 4 o o £ 1y
Qouluilusswznszinszuaunisuils uazidumveznszidnnszurumanils udd
oy 4 Yy aud &
FudouNIu zdo l9Sou lunarodu
o o _ 2 4 o o
3) M3 (Repeating or Loop): MININIzUIUMINIInawATs Taoiioulviu
& = o :‘ — = = o o’ A A o
M3 Fanueiimsiid luvazidlueie uazidnmsvdudioton luthuis
¥ ¥
2« 4
MYy Isaad e uas N IEC 131-3 Wudiuguuannnihana Faee
UsznoulUdae ined uazdds Taosdaia lezegluglvessidaunsafumsidenitam

\%W IF....... THEN.......ELSE #udu

3.7.1.1 HanmsiveuMEBMUUIAsIa319n B3NN M IEC 1131-3

= o

1) ¥1Aavei s (Data Types) lummuvuTaseaiie Uaeil

13190 3.6 naasytiaswals lumvwn Taseads

¥ S1eazven !
SINT short integer 1 byte
INT integer 2 bytes
DINT double integer 4 bytes
LINT long integer 8 bytes
USINT unsigned short integer 1 byte
UINT unsigned integer 2 bytes
UDINT unsigned double integer 4 bytes
ULINT unsigned long integer 8 bytes
REAL real 4 bytes
LREAL long real 8 bytes
TIME time duration
DATE calendar date
TOD time of day
DT date and time of day
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M3199 3.6 uaasyiaduslumeuuyTasead @o)

¥ T1eazI0n TN
STRING character strings
BOOL boolean 1 bit
BYTE byte 1 byte
WORD 16 bit bit string 16 bits
DWORD 32 bit bit string 32 bits
LWORD 64 bit bit string 64 bits

2) MIMuuAn Wl (Variable Declarations)

FRIITRIRY
& ot -y s
¥0a015 : yuaauils:

AIDINUTU

input ; BOOL;
t ; TIME;

out - BOOL.;
count : INT;

3)UauuaUDIANS (Local variable)

VAR fonudsnialunihoanusa

A e

VAR_INPUT . Ao@ul)sniueangessudaaas (nput port)
VAR OUTPUT fladau)sniun1ninyesadedayaia (Output port)

o

VAR IN OUT  fiedausfiudr9ngesstuasdedaaal (nput and

Output port)
A2DL1UYY
VAR
Ljk : INT;
v : REAL,;
END VAR

4) AN (Operators and Expressions)



15190 3.7 uaasdanszi lumeuny Inseade
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v =(vl+v2+v3)3

deydnual TgazIdea

= negation
NOT Boolean complement
+-%/ math operators
MOD modulus operation
= equal
< not equal
AND, & Boolean AND
XOR Booléan XOR
OR Boolean OR |

R BUARTG Y

Y =X+1.0;

y =a AND b;

5) Msmuuaieis luns #1911 (Condition Statements)

3y
[F 139V 19 THEN

ﬁ'lﬁw‘l;

END IF;

IF (30u 1% THEN

Mmdansaindou luduasa:

ELSE

o @ - A o
mdansdinou lududi:

END IF;

f20813%Y

IF a> 100 THEN
redlight := on;

ELSEIF a> 50 THEN
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yellowlight := on;
ELSE

greenlight := on;
END IF;

3.7.1.2 ﬂﬁ’nnmula«gﬂf‘he‘}’wmnmn%wmsmuqu‘lﬂq'nmumuiﬂsw%’n

3"1:5'miuﬂmﬁgaﬁﬁwmmsmiﬂﬂ1smuqu'lﬂtjmmuuuTﬂiaﬁi"mfu W
oogtivesn iy Tassrdrafuuamalumsulann wifuaoulumsmlanimn
vinszun Taomisiudesdaundn dauusnfedunoumsimuadaus (Variable) Haludau
vosdunlsmadivesdoyn (Input Variable) iazdulsn1seonunsdoya (Output Variable)
fhuﬁﬁmﬁmfuwaummﬂm’?au'lmmi'ﬁmu1udmwﬂﬂsunﬁuﬁaﬂmquiﬁni’lu;ﬂuuu

A 9/ ] Qs : ¥ ar =l’
JoulvlugduvuvesmwuuuInssads dummadunsudatuasumsudaniu 18aed

Start

Armumsauls Input Variable
snngUnrodmIuAgy

fwussauls Qutput Variable
q-mqﬂnm’ﬂqnmuqu

-
- - —_—

Lianqﬂnfnﬁgnnanqumﬁa:ﬁu

FNT1IN13ATUAN (Controlier
Statement) ludAudalyl

inideulansluyainds

v ¥
31U 3.27 ueaumuRuasumslan sy Tnseadhs
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: o o Y

weldaunsadhlaimsudanungluunvesmsiiudinnisnszivesdli oy

i dg - = 4 o ﬂy o ey

TugdivvveamyuyInssadeldiwiu SaweetinsTasldnsdidnuuniesilinisn Tusa
a4 v 9w a & .k
nnaranudidsduimlszneumsesunedsi

" [ ¥

D msdmuadun)sIdvugunselfinimdiinauguiu (nput device) 151

ausadmuaiudansmadhvesdoya (input Variable) Tugtinuvesnyun Tassadhs

/e o 9 ' ar = s o : =

1INUATAIMIIIMINAAILAY 19U Sensorl 1Az Sensor2 1ludgnaseii 14 iaszdi Tavil

wa o 1 da o - - Y w fﬂ
Auavlin lumsuenaauzvenirifgaidadgnasoudiviads Faee Inaansiiluaoue

o

o 3 o o e o Y
Tauaziila (State = On/Off) Aariumsdmuadulsiligudnyuzvesginsainitiudrven

q

@
anuzisuil 119z 19szinnveadauils Boolean  uazamisadougilunuvesnisuuy

¥
=

Tnsaadrelddail
INPUT VAR
Sensorl: BOOL;
Sensor2: BOOL:
END_VAR
o e Vo ,n’d‘ a 9 a a’: %
2) msdmuadunds lidugilnsaiivihmihfignasunuiiu (Output device) 137
auwsafmuaiudalsnisesnvestoya (Outpur Variable) luzinuuvesnimuy
= § = o &
Tassaianngunsaliignaingu wu Pumpt iuginsaifignaiuaunngUnseifivead ¥
o A P P =1 wa g Y o o
maunmteu lvawaammsalaie Taoil Pumpl seilammnianimaanwsiduaoueia
uazilla (State . = On/OfN) AniuMsiMUAG s ilgudnyuzussglasainiludivon

v
anuziuil 15198 1558 nvesdanls Boolean uazannsa@ougiliuuvesniyiuuy

¥
=

Tnsaadalaas
OUTPUT VAR
Pumpl: BOOL;
END_VAR
3) msulaaTysunsudanaung (Controller programming) 'ligyafidaves
s Tnseardaaiy srfinsananmsiasuulasluaniusvesginsainaugy (Sensorl
1Az Sensor2) AINA1? ﬁﬁawaﬁaﬁmuzqﬂnsa‘{ﬁgﬂmm}u (Pumpl) MWsaagUAITIIMS
Lﬂﬁuuuﬂaﬂuamuz'ﬁﬁuﬁnmiuﬂﬁwmsmufgu (Controller Statement) IAZA1I A UNA

(Input Cause) .lﬁﬁﬂﬂ
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[
= 1

MM 3.8 uamamatufinmgmisaifidawadoanuzyes Pumpl Tumsamg

hﬁ)ﬁ' uﬁ; Input device Output Input cause device
Sensorl | Sensor2 Pumpl Sensorl Sensor2

2 0 0 1 True True

6 1 0 X False False

8 1 1 0 True True

12 1 0 X False False

0 = State Off, 1=State On, X=User Ignore.

¥ v 0
A5 NANNITIVOIANIUENIMUA TuATTeT 3.8 Mwrsolougasidealunis

@

augumsilauazila Pumpl NduiuiAUaDIUZY099YNIRiAIUANAD Sensor] 1A Sensor2
¥
ladail

"
o

n) luddunaeuilumanisaifim v pumpt da Tavgunsaifidena (Input

=

v ¥
cause device) 111H Pumpl (Output device) 1)@ Ao Sensorl; Sensor2 (Input device) lngNnaaeq
o'y n’: v
gunsailianiuziang

e ar 1
e Input device Output | Input cause device

Sensor! | Sensor2 | Pumpl | Sensorl! | Sensor2

5 (PR RN AL Troe

:

6 ] False

=N vl \> i
8 ' q Trwe | True
12 / .: [ " False False

v v |
IF Sensorl=FALSE AND Sensor?2 '—FALSE THEN
Pumpl == TRUE, |

END IF:

4 o/t o o ' 4
U 3.28 uaaunamsaliivihIf Pumpl Wanazuaasgnsaliidsnademanmissiii
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2103107 3.28 awsadounmny Tasadre 18

IF Sensorl = FALSE AND Sensor2 = FALSE THEN
Pump! :=TRUE;

END_IF;

v) ludduiudaiumgnisaifiinld pumpt Tla Tauginseifidawa (Input
¥
cause device) 111 Pump1 (Output device) iwla Ao Sensorl, Sensor2 (Input device)IﬂUﬁ'ﬁQfl’ 04

¥
gUnsaifiaouziilanag

a1gn Input device | Output Input cause device

Sensorl | Sensor2 | Pumpl Sensorl | Sensor2

2 0 0 1 True "\ True

6 1 0 X False

8 1,

A7 cocond
R v Y
IF Sensorl = TRUE AND Sensor2 = ’l'Rl*E THEN

v M “Ralse |

Pumpl “FALSE: <
END IF:

v v . ¥
71U 3.29 uanangnisainm e Pumpl Tanazuaaigunsaifdsnanemansoiil

gl 3.20 namnsadeumniy Tnseethe 188

IF Sensorl = TRUE AND Sensor2 = TRUE THEN
Pumpl :=FALSE;

END _IF;

" b
ajUmanasnngaiidaluTdsunsudrnavquaanainiu susoutlasg

M Inssadaldauaaslumsian 3.9
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Scenario ST generated code
. INPUT_VAR
Input device -
Sensorl:BOOL;
Sensorl;
Sensor2:BOOL;
Sensor2; END VAR
. OUTPUT_VAR
Output device
Pumpl:BOOL;
Purmpl; END_VAR
dniud FEROR [P [———— IF Sensor] = FALSE AND Sensor2 = FALSE THEN
Sensor! | Semsor?  Pumpi | Semsorl | Senmsor2 Pumpl :=TRUE;
2 0 o 1 True True END IF:
P St Oupat | topm g IF Sensorl = TRUE AND Sensor2 = TRUE THEN
Sensor!  Sensor2 | Pumpl P o p— - Pumpl =FALSE;
8 1 1 o A True True ] END IF:

e 2 o :' @ ung A o g 3 1
nnnsaiAnuasasiluhien Tui@diu deulaseinnsnszivesdldludou

o

b
voalsunsudanugu lilgnmuuuTassadaey 1adeil

PROGRAM

VAR
Pumpl : BOOL;
Sensorl : BOOL;
Sensor2 : BOOL;

END_ VAR

IF (Sensor! = False AND Sensor2 = False) THEN
Pumpl := TRUE;

END _IF;
IF (Sensorl = True AND Sensor2 = True) THEN
Pumpl := FALSE;

END IF;

END_PROGRAM

311 3.30 nansnmwwuyInssadiei 1den Tsunsudaniugy




3.7.2 mautlad User action gmmniilaiin

= a o ' ¥ a @
ﬂ'nsnuTHUﬂﬁxlﬂu.ﬂ’]yF]ﬂl'llﬂuﬂgiugﬂ"]ﬂﬂ\lﬂﬂ’l'lﬂ lLﬁ:uﬁﬂHmZﬂﬁ1UﬂU

= d'l J J o q'a 9/ 1 a wa
MY WOTFUVA UAzNIBUATOI Fameolunilsmidanruauezsznenday amlianis

] ¥
(Operator) tagdUNYNANTUMS (Operand) N1511)A3 User action garmnii Tuiintiuazdos

¥
uraa User action tioAouniniumdondannisveanuuylnssadianlasgniunii Tuiin

a3
BANIY

A1519% 3.10 WSoumeuniui lwiasun iy oy Insadis

Mnemonic

| Structure Text

LOAD (LD)

IF Variablel = TRUE THEN

LOAD NOT (LD - NOT)

IF NOT Variablel = FALSE THEN

AND (AND)

IF Variable]l = TRUE AND Variable2 = TRUE
THEN

AND NOT (AND - NOT)

IF Variablel = TRUE AND NOT Variable2 =
FALSE THEN

OR (OR)

IF Variable]l = TRUE OR Variable2 = TRUE THEN

OR NOT (OR - NOT)

IF Variablel = TRUE OR NOT Variable2 = FALSE

THEN
SET (SET) Variablel := TRUE;
RESET (RST) Variablel := FALSE;

AND LOAD (AND - LD)

IF (Variablel = TRUE OR Variable2 = TRUE) AND
(Variablel = TRUE OR Variable2 = TRUE) THEN

OR LOAD (OR - LD)

IF (Variablel = TRUE AND Variable2 = TRUE) OR
(Variablel = TRUE AND Variable2 = TRUE) THEN

END

END_PROGRAM

. o Vv E .
vinnsditnyuniesilinhisaTulddiy deudassinminszivesdl§ludiuves

¥
Tsunswimugu lugmuuuyTnssafaezulasgnmnil Tudines 14w

=
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" . 4 v
M3 3.11 nsdiAnuuaseeilinida Tud@uasgniuiliuia

Mnemonic
Structure Text
Command Variable
PROGRAM
VAR
Pumpl :BOOL;

Sensorl : BOOL;
Sensor2 : BOOL;
END VAR

LOAD NOT Sensorl
IF (Sensorl = False AND Sensor2 = False) THEN

AND NOT Sensor2
Pumpl = TRL_IE; SET Pumpl
END IF;
LOAD Sensorl
IF (Sensorl = True AND Sensor2 = True) THEN
AND Sensor2
Pumpl := FALSE; 7 RST Pumpl
END IF;
END PROGRAM | END

4
TunnilTudia @l (Varable) siussdesilaslfifunmsavsesdayain (Port
o ) ' = - - .' o wa q’:’ 1 o
number) vosQUnsaliineadidunion MnnsaAnyIATesiluhdaTuTATumIndegnyel
Sensorl HU¥OIFyRIUMUIBAY PO000 gilnsal Sensor] FuFBIFQyRIUMLIBIAY PO0OT 1AL

¥
gUnsal Pumpl AuspadayaumMINGay P0020 vz s Moun i Tuiinldwaii
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LOAD NOT P0O000
AND NOT P0O001
SET P0020
LOAD P0000
AND P0O001
RST P0020
END

3N 331 waasnmwnii Tuidai ldnnTsunsudnugy

3.8 1n303leMs11)s5uN33 (Programming Tools)

¥ ¥

mseenunIodilonts lsunsuiu 1dfnsansinndnnismauveunaiinns
Tsunsugunsalfineadlas]dnsamianisarnguuaznmissansswiiniu szt uduin
¥
TunoumMIad 19U UiIag (System initialization mode or Model Builder mode) N300

3 .

] o o 3 . ° =4 o
ludauiiofondnn15903 Visual  programming 1fieadianuusineuasoudars19z1i1
o n’: |n’; o 4 a i o'
mruﬂ1amumi’hqwmaumnmmf:mmmsaﬁﬁmnﬂmsxﬂﬁuuamuwaaqﬂmmiu
uuumaaumwm'lu'lﬁnmsmwuﬂmﬂﬂsummm'h swmrﬂﬁsmmsmaaﬂmmmq
suneums Tsunsildios fuaouvesms Tusunsufuiiveenifme s duusmiluns
Thsunsuuuudraeddiiansie lilsunsudanaugu Meldsznud@enimanidonlvluudaz
e A -3 & e’: =I’ o Qs a " a’ v a
aeumsaliimatuas luamuduasuiivgiaduiu il Tasludauiie: 19wannisves
. 3 = P = : o o y o
Iterative Programming W314iin13 Isunsunsunnmamisaiiesfaduduuuyusiaes e
3 a v 3 34 3 o
M3 lsunswaSoSouon Tuaougaioziiuduasuvesnisulasmsnsziwesd 19y
dmvesszuumsmugy ldgnmwnildlums Tlsunsuginselfuead
¥ ¥ ¥
VINinaTAuITL T s anaassazdea Taold ununminaasnsiauves
@ o o [ ' . P 4
Aldszuu nazmuduniusfuszuudesnioluszuulng (Use Case Diagram) 3aiiluonaisit
Us5ewRIMALYeUNANISEl (Event) 14 (Actor) YRR mATZUIMMI MO (Process) U
& -~ & o Vv o ' Vg Vo A )

insesiions Isunsuioiilumsiuaueyuueanis Iaeuduszniadldfuniodlonts

9 4 4 1
Tilsunsu Tumsdmaunszuauniswiteg meldnsFaunsesiionts Tsunsy1da e
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| 1.4:Set Properties of Project

" A
31N 332 witns Use Case Diagram Y03A 39430015 14/51N311 (Programming Tools)

mmmumw'ﬁuﬁﬂamsﬁmwmﬁ%’fazuu sazANUFUIUTIUsEUUGeun ey
szuu’lmy’nsmumnu"nm%uuuwummmmmmﬁ'uﬁ'ufajaauﬂuummi’ﬂq (Class
Diagram) ﬁfad‘luuwunmﬁ'ii’uﬁmuﬂsmwaﬁﬂq uAZAUTWWUT 1uidA199 (Relation)
izm'wummmﬂﬁﬁqmfhffu AT BT (TTITE PO RS YTTHE T SRASATAENRE A A A
miuuu'um’J’ﬂqf:ﬁmﬁummﬁ’nﬁuﬁﬁmﬁn (Static Relationship) Mu1ofis anuduiusaiileg
wdathilndlusznhasinuuvesagaien vesszun iel#iiu ndlar veamsir 114y
N13a319 Application Software ‘umm?mﬁami'Iﬂumu‘luunumwuﬁmmmﬁ’nﬁ‘uﬁm
IEUBTILTRRLT AInaneziimseduienvaziduavesnnuduiussznhaiuuuvesiag
uaziwazsﬁﬂﬁﬁa:jmﬂuuﬁnmwm’3’ﬁq'lﬁ'uri AUANYYL (Property) LAZWHANTTY (Method)
186aii
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TSaveProject
-FileName : String
TFormBuilder +Show()
- [ Project
TDeviceProperties| 4, [vAddDevice() — 1 PPt
Kev Stn +DeleteDevice() ormman -FileName : String
Value - Strigng +EditDevice()  —— +Show()
S ) +MoveDevice() +NewProject() 1 1
( +OpenProject() TFormAbout
+SaveProject()
D +ProjectProperty()
TFormCompiler +ChangeMode() 1 1 |+Show()
rCompaa) ] l TFormConfirminputDevice
+Show() TFormProgramming
+Download() -DeviceList : object(idl)
+Show()
TSimulationProgram ? ? | TFormsetTimer
-Sec : Integer
1| : l
imcoordAcion)) TSimulation +Show()
+Show() TControllerProgramming
TProject +Exec)) 1
-Project Name : String +CheckStateChange() +ReccordAction()
-Author : String 1 +Show() +Show()
*New() : Object 0- PNy MissingCaze( 1
1 —| TOutputDevice
1 1 TControllerSatement -DevicelD : Integer 4
0. Statement - Object |0 . I-State : Boolean
- +SetSate()
+AddStatement()
Thevivey ( 0.* | [+FindStatement() 1
DevicelD - Integer | O~ +GetStatement()
-Key : String Y TinputDevice .
Value : String TDeviceReferent TSimulatorSatement DevicalD - Integer 1.
-image : Object DevicelD - integer | | NPutDevicelD : Integer .State - Boolean
|+New() e smﬁg -OutputDevicelD : Integer .Used - Boolean
+Delete() +FindStatement()
+StateChange() +EditStatement()

. _ [ _
g'ﬂﬁ 3.33 uaed Class Diagram YpINToEaNIs 11lsunsy (Programming Tools)

= o o w 1
LHUMIWARAAINTMINBY IR 152U nazanuduiut iuszuvdesnieluszuu
L] @ a d " @ o =t o o
Tnguazumunmusaannuduiusvasminmmesiagmmusaidouiumuieiines
q‘ o - s é =
N3zUIMMIIMIIAARINT 31835211 (Sequence Diagram) Fuihuunussoeswazidoanms
° o4 o ¥ & =2 ¥ @ ' ¥
iwmnwluiwunmiinaainsiaulan denm Faezuaasians Idaoususznhedld
nunieslons Ilsunsuludnuuzvesnisdesveusnisuasmsaouaussnudiguyes
mamsaineu-uas Taviidumuiisiaosnszuaumsimfifiafsnssuvesszuusziaasie
NquYeeIAgA19T NADaM19IMT WY (Collaboration) 1 1HuTIIthuanemsiaves
= o - n’: r-iy ¥ ' as . =) g Yo o U
UHUAMNLAAINIINUNTI Welinis Tdneusznieing (Object) 3o AldMuinguzayly
@YUz YDIAY1 (Sender Object) NUA3UV1IT13 (Received Object) AMEIWY FIu1IA1
[ ¥ " )
(Message) Mazaamiuiueg lidugamsuazinisdmuaseiiudugnasdand1adae e

" ¥ []
uanaliiAun NuneYet 1T INg1 Mzl iaghivinmsivimielfiides s e
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a 0 ¥ w LY S o
wEAIHIBUTINEMIINU Ianeuius s e ldszuuiuniesdonts Tsunsuludnvms
- L4 o o @ a1 o 4 - o' o
vosnmuiedgdnpal Tuanuuzauddumgmssineu-nas deeziitss Tonilumadimua
wisafaminuuvesnguingiilluuwudsiinesnszuaumsii lfifadienssuvesssuy
AABAIUNNANTTU (Behavior or Method) MINguuasingu3ousiuyy TaouaasmuununIng
o 3 @ @ dw ' W Yo qf
uaAIm U1z nazanuduiusiussuudesnsluszuy Ina) 18

1) Sequence Diagram 1.1: UM WLAAIAIAUMIAT 13 T1)519 1na) (New Project)

TFormMain TProject TFormProjectProperties
| 1 ]
I (] I
i I [}
Programmer NewProject() | | i
1 L L
New:=New()
Show()
E Entry Project Properties,
i Project Properties
i e e
1
| |

|
et

31N 3.34 urasmunnardum s Talsion
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5 . £
2) Sequence Diagram 1.2: uwunmnuaasaraunsilalusnvuinldau (Open

Project)

TFormMain TProject il nProj

]___.,.__

Programmer OpenProject()
1

New:=New() I

Select file name

—_——— ]

" o w g
3UN 3.35 nanawuamawunsila T seaduunlfau

3) Sequence Diagram 1.3: IHUAWLEAS AU TN 115100 (Save Project)

|
TFormMain TProject TSaveProject
1 i 1
I I I
) 1 ]
Programmer SaveProject() ! : l
1 | : ’_L
1
I
Show()

I

E Select file name E

E Load Project E

——————————————— -
File name
T ——————————————— —Lu-l- ———————————————————— -

i | |
: ! '
1 Save Project to file :
I I 1

4 o & w o
31 336 nanamunmaUMITARyTTen
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¥
4)  Sequence Diagram 1.4: URUANUAAIIAUNIIAIAIYOYav0aTI5199 (Set

Properties of Project)
TEormMain TProject TFormProjectProperties
I I I
I I I
I I 1
Programmer ProjectProperty() | I :
1 1 | = 18
|
!
Show()
Entry Project Properties |

T E
31 3.37 namamun mddumsa i feyavesTisin

5) Sequence Diagram 2.1: HUATNUAAIS LM TRNRUns alieiduduiszney

YBUAIBIINT (Add Component)

TFormBuilder TDevices TDeviceProperties
: : |
Programmer  AddDevice() E E :I
Show()
Entry Device Properties
Device Properties

T : Je ____________________

| | '

3 3.38 umaumun s dumsunsalineidudanlszneuveuniesing
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o w wa o .
6) Sequence Diagram 2.2: LHUMWLAAIAWUMISUA lunaiauiRvesginsal (Edit

Component)
I 1 ]
I I ]
I I I
Programmer ~ EditDevice() | " i
' : ' i
] I
1 I
Show() E

Entry Device Properties

-1

3N 339 uaasiwua aAuMsud lugeiauiFvesginsal

7) Sequence Diagram 2.3: LN UM WHAASAIAINIS nuqﬂn:tﬁ' (Delete Component)

TFormBuilder TDevices

Programmer DeleteDevice()
N

-

Delete()

31U 3.40 uamamUA MG RDMsAVgUnIal
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o s : o
8) Sequence Diagram 3: LINUMNILAAIIIAUM S AvuanuzvosgUnsal lu Tnuams

Tisunsunuusians (Change Device State of Simulator Programming)

Pm@mmgr
! StateChange()

FindStatement()

ﬂ ReccordAction()

Statement Index

AddStatement()

]
I
|
I
I
|
!
1
|
]
I

3N 341 R ImawLnIslRourn iz vesgunsellu Tnuans Tsunsunuudiaes

9) Sequence Diagram 4: IHUNTWIEAIIIAUN SIS Asuan Uz voIglnsel lu Tnuams
T1s uﬂ'illﬁ":lﬂ’m?gii (Change Device State of Controller Programming)

1
1 StateChange() i
FindStatement()
Statement Index
(_ _____________
AddStatement()

Confirm Input Device

i
]
13

JUN 3.42 uanawunNEIRUMInfasuanuzvesglnsel lu Tnuams Tsunsudnugy
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o o o ’ - -
10) Sequence Diagram 5: LHUNMWUAAIDIALNITIIADIADIUNIGY (Simulation)

I

]

]
Programmer :
ChangeMode() rL

Show()

> e
> CheckStateChange()
|
I
I
I
]

1N 3.43 uaRamun R UNIT AR A IS al

o o = ot
1) Sequence Diagram 6: uHuMIWUAAIdIALIMINIAsuanIzvo9Unsal lu Tnua

M391099001UNIT0] (Change Device State of Simulation)

IDevices TSimulation TF i
| I I
I ) I
¥ 1 1
] I ¥ i
Programmer i Il Ii
StateChange() | |
] 1
CheckStateChange() ‘ ChangeMode() 5

1 3.44 uamamunmEwumsnlAsuaniuzvesgUnselly Tnuamssiaosaniumsel
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12) Sequence Diagram 7: U muarasdIaumsudasmisnszivesd 19 lignimn

Mnemonic (Compiler)

TFormMain TFormCompiler TControllerSatement
] i H
I 1
. : : |
Pr mmer I | :
=l | |
ChangeMode() | i
Al i I
Show() :
GetStatement() r

Statement

T :> Compile()
: 'R
| I
1 1

-1

3 3.45 uemsmun G dUnIlasmsnszhvead il g Tuia

. v
o A

13) Sequence Diagram 8: BUAALEAIG UM Fagamidandumsutlaniymd Ty

ﬁdqﬂﬂi Ao A (Download Program)

TEormCompiler

I
I
I I
I
I

Programmer Download()
’ Download to PLC Device
[}
I
|

1
PLC Device

.
ar

10 346 uaaumun N degamdaiirunsulanisuda ludgunseifuead
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o w [y ar I 1
14) Sequence Diagram 9: WWUMWHAAISIMUNISIAMITAUIMAMTainga a4

Tlsuns nﬁamuﬂu (Missing case managements)

Programmer  ShowMissingCasef) []

StateChange()

]___-__..__--__

It

T
1
]
I
]
1]
1]
]
]
1
]
i
]
]
:
FindStatement() E
1
]
1
1
]
1
:
]
N

Statement Index
K Addsmermari] "~
Show()
Confirm Input Device ! '
; Input Device List J

AR TR R B PR T |

= o w @ o P v @
3N 3.47 uamamum IS IR UMITamsfumgmsaings bila TUsunsudan g

3.8.1 MIvenuuLInIaINaluMsIYsunIn
msoonuuBinieadiolums Isunsuiiu 1At mannisveans Jdsunsudron i 14

b o ar J
Tumseonuuy Feliowilsenoudeil

* Visual PL C-Programming

Dis B ok, ek HebS N =1 1L 1Y (Menu Bar)
e @ NS & <@ > E

o
e ~ _jb'_utur 2. Naus (Too[bar)
E3 - s

o e
3. Y)aliond (Toolbox)

4. Wuniauadawusiase (Work space)

BrTR

L s widwhefesyn (Library Windows)

#8 Properties
Kery value

=+ 6. Hl’fﬁ‘lmmﬂuﬁﬁ (Properties Windows)

v

z] 7. UDULEAS THUANITNI9TY (Mode Bar)

< >

[ \Buider (Savudstor f Corks oler J Smulation Jompaer |
LEssslsnere Aconi ok,

31M 3.48 uansswaziBuavesdiulsznouma veundesdelums Tusunsy
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1n317 3.48 U5 wazBeavesdInlsznouaieg vesaniziadenlunisioy
¥
Tilsunsuasaelalil
" . v
1) Wy115 (Menu Bar) AounviilfifudidaianualuTulsunsy 14arugumsiam
¥ ¥ " . " ¥
vounIoeloms llsunsumedanunTetamsdaniee sansamenmaaIns M smaiil
{ &4 " o '
1dTasnaundiisionislasionaniis wu msadielusnn madaldsen  msdmuan
auauavesldsin My au Jaglunuuiiass niemsdaliiinuludunoudieg
iludn
‘ | o w & v 4 o o A
2) N3 (Toolbar) AeuauilFiduijudds stjumariszumudidsignisonlFam
' A q 9o ¥ <
voeq e 1 1ded1asaas)
: 4 {4 y )
3) Watlond (Toolbox) nf3evmileunasuainsiioiiuginsaifugiu (Object Based
v ¥ v
Simulation) 1o 1¥A1Fsmmmsaidengilnsaiea i lsasuiuiadauuusians
(Work space) 14 ilumsafauuinesvouniosinsaieg Taviiginsalnugives iamunse
A o ~ o o L §
uarasdsginsailagnssinita ldneiu® Alasuiludeasmuaguaniidninglnsaiugiu
it lumuginsaiisdosns wi vaoa T adng Tndh
dy & o o Z A o Vo o ¥ ]
4) NunvOua i (Work space) Aumilsdamsumsaiuudiaes
v
wag Tlsunsumshanusmdmsuanin iy aseaiug
' T . 1 L4
5) wiA1aRoeayA (Library Windows) hSvauimiieunasuniesilonussyginaal
o a 4 wea 1 5 : .
dusegingndmuagaaniialdidugdnscilaginsal 1 iuda vy weimes Tuivadg e
L] o A a s =i
anuazaansas umni e fldmmsaith dfadaniesing 1avvi
6) MiAwgMANTA (Properties Windows) T¥dmiuuaasnaieiauaz14lums
= e oA - ' -3
nlasunlasguauidvesginsaingridonoguumeiiv
- o A dAgqy °
7) unuuaAuAz@Enn IMuAN1311914 (Mode Bar) Andaui 1duaas Tnuansmauy

4 A T o ¥ 4 4 4 o
vounseaiions llsunsuheglulvuala sauisdldmansaidennezildou Tnuanmsiau

4

3.8.2 M3vBNMULMIAMVUI1a03]A8R Y Visual Programming Technique
o » 2 4 Ll

M3V (Modeling or Model building) M318fs msumuiiginiaiaie ves

4w o ¥ 9 a o = )
msmﬂﬂsmmmqhmmumum‘ﬂg;n‘nNﬂanw'Jmas‘nmmsmmﬁaﬂmﬂauuuﬂmﬂwm

¥ a o o 9 99q Yo o a &S a &L o
YoyavoIneunuaes NaINTa 1WA lsdunamunsulasunasiifadusiauuuiiass

= d o 9 = [ a o a J [ a as
aeuiuans Milneawisodnnundu lilungAnssuiifaduduszuueseld nswam
o 3 =} ¥ 4 V' o o = ' P
LI.‘IJ'fIJi]'IﬁﬂQi%]J“Uﬁﬂ%LﬂiUHﬂ'ISﬁﬁ'ltlﬂ'll‘IL‘WE]Glﬂ.Iﬁ’u‘lj'ﬂi)’mﬂ@ﬂ‘mﬂﬂ‘ﬂi:ﬂﬂﬂ HaganaIun

o o o w v [ 1
'C'f'lﬂfgﬁ?)ﬂ']iﬁ%"l\']ﬂ')'lilﬂ'ﬂllﬁuwuﬁizﬂ'l'lx‘l'lﬂf}ﬂ'lﬂ‘]
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o o o [ [
1) gunsaiialy (General) 1Fumuginsalnalil s1vzuisdundng Wuaes
[ - 1 o A ' A VA o o -
d@ufe dausnAedundINadensnIugursolikadeeu lunmsiauvesgnssifiuend
¥ @012 (State) wiiveen IdiTuassaniuzdetlauazila druiaosfodiuiiinadednymus
namonmvesgUnsel iy Mduls (Value) nwi 1duaaslundazaivesdaus (image 1,
J 1 r & 1 1 ﬂ. 1
.., Image N) a4 ¥amidulstizdanadomanlasugilsimiegiluvumsuaninaves
f:: : d a ™ crw ] e 9 & 1 Qs
gunsaiiug sausgunsalyiana llldadiguanialunisnsedunsednansznudy
o A L L g 4 2
gunsaion1dde lidwzifunismenimiugiaseidulunis Tdsunsunisiauves
uuiiaesniadenadeow lumeamsaiuguuesvuaumsiialuns Tsunsudnaugu
a W - a @ e o
ms1Faugunsalsiaialail wu vasa i aand Inih sowiu womes iiludu dydnvel
P A Ao 4 P ' 4w
nlFlunaunsesiiofogiifles Famansisrudaudis q vounioains

swmsgaaiavesgUnsaiiahl dueaslumise 3.12

M7 3.12 Swnsquaniavesgingaiin

Ay =
AUANUA 3leazeun

A o o Qs 1l
AutoStateOff=False (110 State = 1 pznaii 0 Tavdn Tusiansels)
ﬁ‘mﬁamﬂu: True / False

[} 1 [ “a o = " [V
AIDUINTY; AINTUUUNA AR asua

CaptionLeft=0 Anmusuosoglnsaiiuendmanoussginaal

i o 1 .i o o
CaptionTop=-23 funisvesyegunsaniunnduuuvesginel
DefaultState=0 AUSUALVDIADIE (State)

Aaaeniiu:l 10

DefaultValue=0 A uALBIAE I3 (Value)

Faaomilil: 0...65,535

Draglength=0,0 320215 Drag mouse lioAoansilasunasnidauls (Value)
o A ° VoA =
dudomilu: 10, 200 (MunedasuINE e 10 11Gs 200 a4

o 1o @V
szUUIEMUINNIAIAT 1)
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M3 3.12 Swnspuauiavesgasaingly (o)

AMANVA

=
Jaazieun

DragType=Click

Femswdounlasadunls (Value)
dudenilu:
1. Click (Tasm3nan ve'1dauilu 1/0)
2. Horizontal (1815 Drag mouse AMLLIUBUE 1Af1
19 0... ValueMax)
3. Vertical (1A8N15 Drag mouse iRy 18R

0... ValueMax)

ImageMax=2

Iauglamndoimsnaag

Fuaenili: 0...65,535

IsControllerDevice=True

o’d'..s 1 ~ ]
iugdnsaififinademsaaunumiolyl

o &

mmﬂm"ﬂu: True / False

Left=0

3/ o
fuviadmdoyegnsal

Name=General

o

-
yovoiilnsal

Parent— WO NSBINANUTNRUTILY Part of A7Y
Aadenilu: 0...65,535
Aadenitlu: ¥uniavU0e Package ﬁussqqﬂniﬁfﬁ"ﬁaﬁ
PhysicalEffect=Falsc Wugnsaliiiimasenisn/deunlasinyasmanoninues
gunIainieli
dudondli: True / False
State=0 amuzunsgunIni
dndoniiiu L0
Top=0 fumisduuuvesginsal
Type=General Uszinnuesgilnsal
fudonilu: General, Package, Sensor, Counter, Timer,
1182 Guideline
Value=0 Mdauls Tasszdenisuaasnmuesgilnsal
aaudendlu: 0... ValueMax
ValueLeft=0 urisvosmsuaasmdlsiiunndudiovesginsal
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M3 3.12 Swnmsguauiavesgunsainali (o)

AUANUA 51801080

ValueMax=1 ﬂ"lﬁ'luﬂiq A
gudenitlu: 0...65,535

ValueRepeating=False | tilomidautlsminumdulsgegaisudulniniol

Fudoniilu: True / False

o 1 ' o o o
ValueTop=-13 awrisvesmsudasmaulsiunnduuuvesginsal
' o o 2 "o
Image0= sUnmwidazanuzvesginsal Tashiswauvesnmeziuegiu
ImageN= f ImageMax

2) gunsaifivvie (Package) 1#lunisussygunsairiiaduas’lyld Taen

o o o oA ' n’:’ ey 1 4 U4
gunsaiminnussyluglnsalytiaiudoiuss igumniaiudumils (Part of) vosginssl

2
@ o -

¥ |y
yiafuvioviui wu ldumudaimanusoussygunseiiaszdmii guugil anweu MWy
1 £ o : Y e o A NN ' & -
daumtisvesdah ld dydnuali 19 luusuinissieAngiinaes sananoismsussy

emsaaauiAvesgUnsaiiume Auanaluaisei 3.13

MINN 313 Semsguauiduesnniaiiuvo

AR T10az18ua
CaptionLeft=0 ﬁ'mmjwwﬁaqﬂﬂﬁ anfuvInAudovesgiinsel
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Tlsunsumnnnidsms Tsunsulaoldmsmsa dalugldi 4.3 snmsnageulundaiil
dodunaszozinniwesms Isunsuildiuunawnquiediefaanaslugiii 4.4 uazgi
45 ¥ huangudedisiinaesuunageui 1 18aniuwunadeud 2 ualumaenduiu
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| m Ladder
\mPBD
shatnd 1 ¢t 2 éhatft 3 fntnef 4 fadwi 5
3 4.4 uaasmnIFlunuumagoun 1 SunmunquAleginsIs lsunsu
(i)
@ Ladder

mPBD

éadwil 1 Wadwd 2 éodwil 3 fathet 4 atwf 5

31 45 uananailFlunuunadeni 2 Suunmungudiedis uazds Tsunsy

(miheiluu)

szoznai 1911 lums@ouTsunsudenimnanamesvesdazngualedieiinay
1 w & ‘g LY o 1 el I 1
uanaAefun Faluegivlszaumsainieniuniaveadazau lavdunaldnnaidu
¥ e
WsavuinasguvesmsifouTUsunsudroniyaneesiugans 11.496 uaz 10.254 4y

F5ms Isunsu Tagldmsmsaes e liuandsduinndiudouuunasguegin 0.417
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waz 0.337 dhumnoaariinuslszaumsaivienmainiudnadeudefiousumsido
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8) nfi lidouTulsunsun nquiaethanudou TsunsuTaeldnim Asm
4 A1 192111 Pascal 2 au 19n1m1 € Wa 5 Av 19197 Basic 4 Au 1901 Java 1A uazld
A 2 AU

9) anwiifvafuszuunIuuMITUIRIaeins S TuiAdaemsdanuuuy
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1Ay

¥ a o =t 1w i n"; at ¥ @ o

11) anuginvanuglnssinuead nquatetiamanuaiinnuiinuafugnsel
] -
Hioad
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13.2) doamsIdimuflenduszAugauesiinead 15u Analog /O PID
Control
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4.5 n’i‘llﬂﬁ‘i]'lﬂﬂ1ﬁNIﬂﬂﬂ'l‘)'ﬂﬂil't)dﬂﬂﬂquﬂ?ﬂﬂ‘lﬂ

o ar " W ' q’: 1) = o ﬂ Aaq @

msdunansnaasInunguAleiIniuee 199 swgAns suuypeguilu Tuaan 141y

msdszifiuaussauzvesduioudedld Tavtndmsilsaiiudnusouded 19z 19yavos
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fowluudazsouvesvuasu midsziiudaemiiuinsanniansuaasdoyaiily
sz Tomivesdrnusoured1d iemivayumsldauinfisanensommsauiomsldau
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4.5.1 Yun 1 aruithvine (Forming a goal)

e

T LY 1

" ¥ ¥ ]
nqudledisiidsrumaaeulunseil udidanuanuleauduszuunivgu

Q

¥ v
A w YA o

2 [ Y e 3 A=l’ ﬂ Yt o I = - a 9
1n3093n3oa Tuila Taviinedihenludmi nazthudidusimsnulumuidnnifeades

“
1

v

b
Tavasa Bananguaiedefitisiunadeudidfinnuainiatdizeine ud'ly eenuuy
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295 Widansetind 14 swisaesnuuuszuUAIURUATITns oA TudA 14 saunelATing
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efuouaza i lvlumageunowasiisdua dsiusede lahingudlndiaiinny
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Whlawazanudlusw wiouisiinmudh lsnuieawe lunisnez adradmane1d

452 vun 2 waadhnaneldgaunieyn iy (Translating the goal into a task or a
set of tasks)
A P ° ' ° 4 & A
Wudundldzansimuaingdesiios lsthaneussqulmuig &9 (Task) fee

° ; ; Ay - o Y e & aa
1]111]@;&{]'1113]10 (Goal) ﬂﬂﬂﬂﬁﬂ'l'iWﬂulﬂillﬂinﬂ?‘llﬂllﬂ'liﬂ'li1“ﬂ1ﬂ1lﬂﬂ1ﬁuﬂ PIIADBNII

¥
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~ o et | = =l [ Y
Woulsunsumuaawesiazasms lsuniu TasldmsaBaaziinnuuanaianuaeil
1) Ismsldsunsulaeldmsasa
-s. r o o ey -
nnuuURaae U 1 1thrueAomaniununisieiueelszgonlulia Taoi
s [l q' 9 ar o o dy
wanmsulauthnaneligaunadenunisiiany Manual Asii
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1.1) a3191uu31099U09AT099NT
o d 9/ & ¥
1.2) $1apungMIsainudIuazALBON (Detect a person) M l1sunTuey
fruasInanIuzYeIglnsinsIvaey (Detector) dnuzitlananedafinudnn uazaoiue
Janinenalusiau
= o
1.3) ﬁ'l‘limﬁﬂﬂizﬂ (Opening a door demonstration) ﬁiﬂiunsmz{flﬂnamas
{ o
n#ilailszg (Motor: MO) suilszaitlasugaiyanemesnldiilalszg
= &
1.4) @Balla1ls2q (Closing a door demonstration) § 11/sunsuazitlanemein

147a1l52q (Motor: MC) mlszgilasugaigaueinniildllalszg
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2) FEmavenldsunsumuannes
nnuuumagevd 1 ithmnefemsmugumshauvenlszgdaTui@ Taod
wénmsudasthmng lugauiuandely Taoduida fail
2.1) #319M1519A210934 (Truth Table) ¥9905502 (Logic) dmiumsdla uaz
taszg Tavdeuhdviiolunszay niemsaailule

b 4
2.1.1) mannussdmiumsidladseqiiudail

M3 4.3 uaaImnINANUITIdmTuMstlalszg

Detector Limit Switch S2 Motor: MO
0 0 0
0 1 0
1 0 1
1 1 0

2.1.2) annanwTidmiumsilalssqiludai

AT 4.4 LAAINITIAITNITIE TV TR1529

Detector Limit Switch 81 Motor: MC
0 0 1
0 1 0
1 0 0
1 1 0

= o'
2.2) WeuMy a3 1uMsitlailsze (Opening a door)

Motor

Detector MO
——]
Limit Switch
32

31 4.10 namamsiFouMBmEARE MM uMslalszg
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2.3) Woumumaanes lumsilaseg (Closing a door)

Motor
Detector MC
i—lfl—lf ——<(
Limit Swatch
31

31 4.1 wamsmsiBounisuaamesdmiumsilmlszg

Fn1sdonTulsunsunmuanme iy adtezih lgithminedidsumunse
wlasnugdriduvosmsi§ialdnatsgduuy ainnguitesiszdgluuuvesmadoud
UANAIAY 15U
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1 171
8 | 1/ | RST  P0O022
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31N 4.12 uansms@ounivuaawes lugiiuuy n
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31 4.13 wamamsiBouniyuaames ugiuuy 4
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4.5.3 YUl 3 NwRHNUNea3 198105 JUR (Planning an action sequence)
Fd ] 3 ¥
Yui 3 fazdunsnunnieides uiueiinls lumsulawdazaugddy
' ' ] b v
¥0IM31711A (Action Sequence) Tavfuninaiion1dlunis Tsunsuisan it iuoeiinay

as

¥
HANAINUAIT

1) Amsldsunsulaalymsasa

b
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¥
-

U1iA (Action Sequence) #19
- Y ° an 9 a o ¥ o
1.1) 99 1 asuuuiiaes 35ms IlsunsuTagldmsmsaniuedesiinis
¥ ° Gg ' & o 3 9 3/ d o d 3
anuUvIIReIvUNeY  Siuuaumnsaaisaleglnsaduiigliiniesaya
o" =l q’: ¥ ar d”
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. . ,
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¥ " v
1.1.2) MgunsaivuiuivhanuamIaserdunioainies
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0:Door 3:Detactor

o
AT

NN
o

i

=

S:MatorR
ahe ¥,

U 4.14 uaasmisaegrnsellumsaawuiiaes

1.1.3) fmuaalsudusegnsel lasmalSuuasmnuauia
= o £ o o
1.2) Uil 2 SraoumamssinuduazausendeszimuaauzvesgUnsal
AIINADL
a 4 7 A e e 2 A 3
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1.3.2) nTeaiiovznganmuimemes Mo iasziiaes 15y 4Tisunsu
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14) 9ui 4 miamsdadszgnisasile ldsunsunisaiuguasuunesile
=4 =t =S ar ﬂy
ey Ilsunsuiiswazivuad il
4 d o
1.4.1) mstaszg Gunndlisunsudlavemesildailszq Aouoinns
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142) n3esiloszvganuimomes MC Anvzifnez lsiu Alusunsy
swderinsieutlszgiteTianmiudalfinsesiloinsumamsd infosilorzilmlseg
A1 14 Limit Switch S1 Januuziila

1.4.4) 130afl09EMyA NN Limit Switch SI Havzifnezl5du A

L4 a A ar P
Tilsunsuazdesnzdestlavemes MClasnsaaniuemes MC Huduauaui 4

ad = <
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A Joint Controller-Simulator Programming by Demonstration
Method for PLC Davices

Plussanu Changsakol “Nopporn Chotikakamthorn. Olam Wongwiral
Kirg Morgkurs Insttute of Technoingy, Ladkragang, THAILAND

I this pase:, 2 problem of vsual programmng for PLC iprogramemable logic
contreller) dewees gdescrbed A programmirg by demonst-ancn method i
developed 5o #hw 2 problen—doman expedt car program guch davices
without programmang krowledge The method 12 novel in e serse that,
iw.ag.gaagngg?glinsg.-ggﬁronﬂa
knowledge of the control system amulaton model, noe 1 nseds to mleract
wath 2 real system A smulaton model, which captures the laws of nature that
govern the cystem bekawor & pindy programmed with 3 control device
{PLC), under the oint controler-smustor programmirg by demonstation
paradgm A PLD programming tcol developed tased on the proocsed
method can gerarate 3 hgh-level ST 1Structura Text) progrant code. from |
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A Joint Controller-Simulator Programming by
Demonstration Method for PLC Devices

Phissanu Changsakol. Nopporn Choukakamthorn. Olam Wongwira:
Kmz Menghkur's Instinuze of Technology Ladkizbang
Faculty of Information Techuolezy and Research Center for Commmeaication and Informaticz Techuology
Bangkcek. Tzailand
Phizsanu o hotmail.com

Absiract— lo this paper, a problem of vizual programming of
PLC (programmable logic controller) devices it deicribed A
programming by demontration method it developed so that a
problem-demain expert <an program such device: without
computer pregramming sldll. The methed iz povel i the sene
that, unbke other programming-by-demonstration methods, it
require: lirtde a prieri lmowledge of the controlled :vitem model.
nor it peeds ro imteract with a real yitem. A simulatnon model,
which caprure: the law: of nature governing the 1yutem behavier,
is jolotly programmed with a control device (PLC). A PLC
programming toel, developed based on the proposed joimr
controller-simulator programming by demon:tration paradigm,
can gemerate 3 high-level structure text program cede. from the
demonstrated actions a: perfarmed by a nier.

Kevwords—Programming by Demon:tration. Programinable
Logic  Comfroller, Programming Paradigm, Eod-User
Pregramming

I _INTRODUCTION

Programmable Lome Coamoller (PLC) it a dmtally
operating electremic apparatu: which w22: a programmable
memary for the mtenal stezage of Imzguetion: It includes
fmetions such a: Jogie sequenmzing, timing cowmting and
arithmet:c cperations. 1@ coatrol various ype: of machines o1
proceszes PLC: pogram: me gemenlly writen by 2
specialized programmimg lmguaze as speaifiad by the IEC
1131-3 sandard It iz fhus not posuble for an end wier' to
program the devices. Propramming ' demonswanex (PBD)
concerns with providing 2 ncn-programmer ool and
technique: to connol automate. and custormize the software
applicztion: o mtellizen: phyuical devices PBD technique 5
simpler dhan procediweal programming because thase i3 no nead
te leam a language wyniax and rules Thiz couzept has besn
applied for vanou: pupotes uch at thoze Listed below.

e Automanon of repentve fazk: using softwara
functon:. Fa example. 2 maco recorder leams
patterns of user's activity and can then execute tholz
pattern: autencxoucly. [1, 5)

e Uter mterface customuzaticn and parsamalizadion. Here,
PBD 1z appled o change Dnterface zppearance to
cpimize access to fequently used funcnions [6]

1-4244-0023-6/06'920.00 ©2006 IEEE

e PBD iz also applied to xobotic mampulanen. In [2, 4]. a2
PBD techmique 1z propoied zc that 3 robot amm
movement can be progiammed throuzh demonsraticn.

Cnz of the mout tmpoatan: lmitaticze of those exiztng
prozramming-by-demonstiztion metheds. when applied te a
problem of PLC prozrammimg, 12 the need for an existence of a
yeal syitem 1w accompany a demonstration  Altematively,
without s real syetem. 3 complete nmulanion model of the
system must beoavailable e that a uter can paform a
demenctaton oma svstem simulator mstead In gus paper, a
programmuing-by-demonstiation mathed 11 developed to aveid
such limitation VWithouw the need for a prion kuowladge on the
syetey wmulanon model  the method chare: a umula
gezerality property of standud programming language:

The papa i: \dwided ime two parz. Foutt PLC
prozramnuing paadigm: me described Nex: the proposad
Jomt centroller-simulazor  prozrammme by demonsmation
method is detziled m Section: 3 and 4 Ute of the PLC
prorammne sael, devalopsd bated on the proposad
programmung paradizm. 12 described using a umple water tank
sy=tem as a cate ctudy. Finally, conchidmg reark: are gven.

I PROGRAMMING PARADIGMS FOR FLC DEVICES
Promamming paradigm 15 2 paadigmanc stle of
programming It provide: and determines the view that the
progrannmer 1az of the exscutcn of the program., Fex
examples. m object-oriented progracuming. proframmers can
think of 2 progaz: 23 a collecdon of mteracting cbjects, while
m Roichional progiamming it can be thought of a: 2 sequence
of ~stzteles:  fumedom evalazoms. | The comman PLC
programmung paadigms: are desribed below.
iy Comvenrional programming paradigm: Thiz 13 a
promamnzng paradizm based upon the concep: of procedues.
also kncwa 22 routines. subvoutines. method:. or fimetions, that
contam 3 ceries of computatiomal -teps. Examples of PLC
lanzuage: unde thi: comventionzl progamming paradizgm
zategeory are mnemoenic and ST (Szuchare text) Janguage.

CIS 2006



Prozmumag Took

Frogrinizet
@l e Shivracan 1_ Comprlor | ufuul Syabeis
‘*" - Soviawme Text| ‘H - 1 N
Feed Bak

-————————-—1 1
Debngger |

Atlock Gagam of PLC progemmuny under the cocvertoa,
pomaxatg paradizx

Figare |

2y Vizual programming paradigm. Thus 2 a programming
language that use:s 3 visual reprezentation tuch a: maphics.
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Programxiag by Demon:zanons (F3D) 1: the mest tecent
approach to pregrameung and s largely used ar present for
end-ucer progammuny The ecsential notion 15 that the user
demonihate: 2 progam to the system by workng through e
or more example: The nvtem then generalize: the wiers’
sequence of action: to-produce a general progam One of the
bes: known such zyitems 13 Cyphe's EAGER sy3tem which
can awomatically detacirepetinon: i user’s actions and buld
2 program to perform the use tazk [11]
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Thz progamming by demwon:nanon paradizm 13 generally
applicable only when the full Amchonal zystem (o be
programmed) 12 avaiable. Therefore. applicabubity of PBD to
promram 2 mew zyvitem that ha: not vet existed is questicnable.
Simuilarly, applhying PBD concept to PLC programmung
vequues the existence of a controlled system to be mceracted
with dwing the demonstatica

In this papar, the above problem 12 solved by a jomt
conmoller-umulator progammimz by demon:tation method.
Tai techmiqus combmes visual programmung and FBD for
jointly prorammung of coatroller device: and 2 simulaton
model of the comzolled denzce: A jomt contoller-simulates
progamming by demonstiation method 12 described m the next
ection

I, AJOINT CONTROLLER-SIMULATOR
PROGRAMMING BY DEMONSTRATION METHOD FOR
PLC DEVICES

A ot conzoller-amulator programmung by demonsaaton
metaod 15 compozad of fowr parts as follows (see Faguze 4)

o Mede! builder This module 1= 7e:ponzble for buildng
telatienszhips among connoller devices and congolled
syitem

e - Swyitem amulaes: This module provides an anunated
displav of the congolled system dynamics i response
o3 conzolla acton

¢ User 2etion recorder This module 1ecords a nzer action
for the puwpose of both programmmng the conwolled
system ssmuation model and the controlle

¢ Compile This medule 12 uied 10 transform a recorded
user action e an acual PLC pregrammumg code The
code can be wn a high leve] language such as a struchme
text. a1 alowslevel one such a5 2 mnemonic code.

In-d- ety

AT udecd oube

14 I e H...:
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Fipared, Mac xodies of the jota cornpoller-snnilater progamming

Conceptually, the sy3tem as hown m Figwe 4 cperates m
one of Sve wode: (states) 2s@xplaned below (zee Figure 5).

dV Evzrem prializarion mede. In this mode, a connolled
svstem dsvcreated by a user through 1isual mverface. Each
counolled detice and the caresponding properties can be
defined In addinon. through :1sual propanming geneal



relatonship among controlied device:. and berween conzolled
devices and the controller devices can be declared (visually)

2y Simud progr g mode Under this mode 2
system cumwiation model, which captwe:s the relationship
amoug controlling and contiolled devices. can be programmeed
through user demonstration. A wier programs the model by
demon:natag hew conuolled device’: propame: change m
response to a contolla actien, as well 23 o changes wm othe:
controlled devices” propames

3t Conmolier programoming mode In this mode. a user 13
allewed to define a coutroller 2etion in responze to a particula
system state As for the case of the simmlator programmnung
mode, a contreller 2 progammed through user demonizazon
of actions

d)  Simulation mede In thiz mode. 2 programmmmg ool
densonstiates to a usar how a svstem :tate change: in yesponse
to a controller action and vice verza The umulation i: provided
bazad on 2 1ystem umuiation medel. constructed Jom previous
uzer actions under Mode 2. Therefora, the model may be
meomplet2 and the umulanon may be maccwate Syitem
model and umulanion accuracy can be corrected. however,
through ireratvaly re-progamming.

51 Comprier mode When in thuz mode, the ool tran:form:
w.er actions mro an acrual PLC progamming code For
example, the 100l devaloped m s study chooses ST (Smuctue
Text) a: zpecified by the [EC113 12 standard as a2 zargeted PLC
Programnung languags

Sunnltin
e

St S
Progudmeg

™ o
'—ﬂ\_l-n: (5057 e i

Ina] Sewtem o L
Lodel Vi@amaticn SHOULEG iy
Figne? rFromamszog modes of the proposed matiod

IV. PBD-BASEDPLC PROGRAMMING TOOL
In this sechon. desizn of thetool developed bazed on the
preposed methed ac dezonibed m Saction 3 1s descaibed balow
i) Model busider  Thi: module a3 dctive when the togl 11 In
the system mut:ahizancn mode Tt i uied for systems sodel
comstuction. Using a-<ual mogrammizg paradigm a
contiollad and o coutroller device 15 defined by the selecnon
of con: from the teol palefte. Each device ¢ properne: are
defined through the object inspecter (1ee Fizued)
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Figwed  Scem ibot of the tool's model butlder

TABLEI STANDART Cf BT “LASSES SUPPORTED BY THE TCOL

Devuce Descrigiion

1. Acvaeer A pedazic conyoder's outpus device

&.3ensor A gedaric coryede’ s impat device

3 Comminsr A geainic correded dne

s.Come A spaoiaired counter device

£ Ticter A spetiadzed coer device

8.Ceneric A geazal Agpose davica class for esteniion

T Ppeline A {oDDACtoT COmpOTAnT

TABLE I sumaize: standard device claise: a5 supported
by the develcped tocl.

Py T Aicxple water nak coryellie? svstem

Ta fluszate how the tool 12 used for PLC propammumg. a
simple water tank connolling system :hown i Figwe 715 used
33 2 cate study To create 3 umulater model. relationshap
between coatroiling device and coamolled device az well as the
1elaion between connolled denice and connolled device need
to be dedined Through the language of viiual projammmg,
two typer of relationdhip cax be defined

a) Associanon relaton:ziup: Once defined allows the
azmocizted objects 1o axchange message (pmameters,
command:, ete ) with each other For example:, : our case
study when Valvel :: comnected with Tank! through the
connector device openmng or closing of Valvel can have an



erfect on the properties (such a: 2 water level} of Tank!. The
direction of the connector’s arrow head 2 used to idennfy the
direction of message flow.

—
Tkt Vaked
Tesht * Vabet Ll ST
1 Twdd Vel
e -
Vabel [ . 8
Ve ! £ -
[ et
- L4
Spelanet Efipaiined
S R Togew = Vlbst
Cpmzet - Ladval | Lyt - Erermal

Fizure 3. Defiaing the nsiocanon relationihip

b) Dependency relationzhip. Iy applied to define a part-
of relanonship between two o1 more contioled detices, or
between a ccomolled detice and one o more contolla
devices. For example, 1n cwr case smdy, to metall acangpller
senzer to measwe 2 tank’3 water level, the semzor is placed
mude the contamer Tankl to establizh the- requised
relanoazhup. In Figure 9. two suel teusors, Ll and L2 are
defined with thiz tvpe of relaticnship with Tank], :o0 that.twa
(low and high) water level: can be tenzed

(=4
g
Takd

L1 and LY tr mencher of Tanki

gl 0 D |
Valnad
Nakae 2
N alne 2
po A
Vb~ Nahil

i
Eapsion = Vil — anl ) |
L - 0 S

u.r

Ve -+ Vaku | N
Exprevnsa = Ve — 100

——

|

Defcrg the dependency rel2tonshy

Figget
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21 Uzer action recorder Thi: module 13 respoauble to
recording a user action It cperates m ome of the two modes, the
simulator and controller programming medes The two modes,
alenz with the umulaton mode, can be inter-changed
Generally, the smulator progamming mode is activated when
a user change: the statz of a conmolling device of which the
correrponding tystem 1esponse i not known yer Once a
system state change in responze to the controlier actien 1s
defined durinz the umulaton propamnung mode the tool
should be switched 1o the simulation mode. From then. when a
puncular system state oceurs, a wie can switch to the
controller prozanummg mode so that au appropriate conzolle:
achion can be defined

To illushate how 1o progam a system umulation mode,
conude owr case when Valvel or Pumpl i3 humed onoff
(Figure 10).

a} In rezponze o the connoller state change when the
status of Pumpl 15 tuamed to “ON', a wser switches to the
mods Based on the aszomation relatiomslup between Pumpl
and Tank] a3 establizhed through visuzl programming dunng
sy:tem-mcdel imnialization, the tool prompts for a change to
any of TaxkVs mopeities A user can then program the
simulation model by gaising the tank’s water level The teol
yecords the zction, with a.dialogue for the user 1o define the
1ate of water level ncreate.

1 User saloet Puamgp ! and thr tisr i om

-

TV E r Yy
! e 1L
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Mowalation Mateiment
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t
5 Taek | baerenceVsluad W arusg),
: )
" Kot - Rnter ol it ths vaabims

Figge 10 Tiing ¢ ool 1o prozam e sviem model wher Pumpl i
Aoed 02



b Conuder then the case waere Valvel 12 nuned o
When switcied to the uimulator programmung moda, Tazk! s
lughlighted as 2 1esult of the establizhed relanonslup between

‘alvel and Tankl To dra:n the water Jevel m the tank. a user
select the tank's propaty that 11 afected by thi: conmolla
action and then lowering the wate level The tcol then record:
the action (see Fignue 11}

L Urer seleet Vaboel and then turn on

Sewulaien Vistrment
Vakve | OnSepeedinl !

deamm s

'
Takc! Dol alioet Bt os)

}
* Bantes = Kate of et the valas

Fipure 11, Using *hetoo! 1o progran: the sy st ode: whes Vel titarsad
o

3} Conmolier Porgramming: To illustate how to program

2 controller thyough demonszauon, conuder the following
Icenanos

a) While i» a zimulation mede 3 we ponces hat a
water level 13 maeasng. Ounce the level amive: 37 the pont
specified by Senzor 1, the cimulator then prompt: 3 wie for a
controller acnon by swntching 10 3 coumolley prograniming
mode. The user mform: the tool to ontmue the amulanon
When the level airives at the poiat specified b Semsor 7, the
smeulater prompts for the action agam Th:s owme/ however
the user defines the actien by w:ually nuning Pupl off The
tool then record: thar actica (and 1f uo other action; the 10l
switches o the sumulator prograntuing moda),

by While :n 2 nmulaton mode, the awate level 1
decreazing When it passes the leval below that spseified by
Senzorl. 2 user can prozetively huns the 190l int0 aconzolla
programmung mode humself He then can program the
controller by visuzlly mummg Pumpl on {zee Fizwe 12)
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L Simulater Pregramming Mode

1 1A user motices that a water I_g\ﬂ 13 mCreasEg
;:'-'.)79'-«!-
42 Sepanr | Y'—_
Tkl
12 When the level srver ot g pont spacified by Sensor 1,
e cunnlaton prompts fon the sction
The nser mfarms the tnol to contume the siawlron
13 When tlee bevel moives of e g spesslied by Joeween 2
the sunulator prompts for the action
[lser swatches 1o the conraller programmng mode
2. Comroller Progromming Mode
21 The wser detmes the achica by viswally twmmg Pompl off .

3. Simulster Pregramming Mede

3 LA uzer wotices Giata wates Jevel is secicmiang
- =

‘,._-; Semran 3 | f—
\ o Sensorl
Tkt
£ 2 When it preses the be ol below that specified by Seasm 2,

ke smaliton prosgts fa the sction
The weer_informa the ol te contmue the <nnulahon.

4 4 Wiseas st patwy The levvel hedow that qwul‘wd I Senear ],
Tive camulator peompts for the achon
17zer switches o the controlier propwiming mode

4 Uontiolley Pragramiming Mo de
31 The weser de s the nctinst by 3 aomnlly G ming Posgel v

A\l
P . m-s;wu%H o
L ~peneny i B
‘ i ~——F | Vahel
3 Puapd Tonk1

B 12 Srogannisg htummm cenmolier progamesey

Fipue 12 descubes the sequence of nser actions to program
both the siztulator and teconnoller Trom the fiswe, note the
iterative parure of the JOIt-ProSIAINmInE Process



Figare 13 A sequeace of user actons dring the joint progracaing -by-
CELOTICITOL Frocess

From the changes in controller devices’ ztates a3 descnibed
those myolved denices siates can be summarized as chow= m
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TABLEIV.  {ops oENERATED CoRkP2pONDE To VISITED SCEMAR XS
Ao User DRveonsTeaTIoNS
Scemane $T penecared code
INPUT_VAR
Seasor Secsoc]: Serior] BOOL.
Seasor Secsocl. Sersor2BOOL:
END VAR
T VAR
Actvater Puzpl: Pumpl BOOL:
e END VAR
[F(Senser] Sne=CH & isFALSE iz
Sensorl Siate = OfF FALSE THEN Puxp: «TRLUE:
Punapl Sute =0 END F
TF(Sensoe] Tiate= Ca X sor] = L RC I=
Sensar? Suaee = On) TRUE THEN Pumpl =FALSE.
| Pump: Sae = 0F END F:

V. CONCLUDING REMARKS

In this paper. the problex of PLC progamming by the
progamming by demonstianon paradigm has been considered.
A new jomt conwolla-zimulater  proganuming-by-
demenstation method has been proposed, Details of the design
1nd mplementation of the PLC programming tool based on the

proposed method has been given Use of the tool for PLC
programuming has been demencnated by using a sizmple case of
3 water tank systemy Based on user demonstation. the tocl can
gezeraz 3 PLC pogiamming code w a form of a3 sTuchare tex:t

TABLEI
TABLEIL CONTRCALLER ANT CONTROULED DEVEYRS STATE CHANGES

Ne Sensocd Semorl Pumpi

1 0 U] 1

2 2 X

3 1 a

E y) X

5 0 ]

= e O | = Sme O, Y Lven Jmoee

From the above :iate mable 3 tifh table descnbmg all
possible logie combmation: of the conwefler devices’ sate: can
be derived a3 shown w TABLE I In thus-case user aczon
scenarios cover all posiible combmanons. Therefore the outh
table iz umply the :tate-table with redundant row bemg
removed. When wier acticn cenanet do natcover all posaible
combinztions. the ol muzt atk the uzer for more mimaton
by displaving the musiing ccenanios. The topic of zaneaatng a
missing scenang 13 discussed el ewhere howevar

TA3L A TRUTH TABLE AS GFNBRATID 7o THF STATE TANLE
Sensord Semsor) Fumzl
$ $ C
¢ 1
1 ¢ X
1 1 Y

TN T |- Sawe i n XU lgrivd ¢ Dminown

From the tuth table {zee TABLE HI). an actuz) commolles
program can be generated when the teol 15 switched to the
compiler mode. For the caze of ow sixople wates tank 1ystem,
the generated code v each scemarie a: explamed o far 14
summanzed m TABLE IV

as defiued by [EC 1121-3 srandard

{1}

]
8]

M
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An Iterative Approach to Simulator-Controller
Programming by Demonstration of PLC Devices

Phissanu Changsakol, and Nopporn Chotikakamthorn

Faculny of Informasion Technology and Research Centar for Commun:cation and Infermation Technology. King
Moznghkur': Inztitute ¢f Technolegy Ladkrabanz. Thailand. phizzanu ¢ homsail.com

ABSTRACT

In ti: paper. 2 problem of 1::ual programmung for
FLC (programmable [cgic controller) devices 12
addressed. A method based on the programmumnz by
demonsmanon approach iz developed :o that 2 nen-
proglammer can  program  such  devices  without
pregramming waining. The methed requives neither prion
knowledge of the connmol ivstem simulanon model, norit
need: 2z rezl conuclled zystem to :zmteract wath A
sirulation model, whick capture: the laws of nature that
govern the syvitem bebavior. is joimily and iterativaly
programmed with a conmol device. A eycle of ths
iterative jount programmung 1z de:cribed A preblem of
mizsing scenarios, not kuewn to tae user duiing the
demonsmanoxn. i addressed in this paper. Soluticns ro the
preblem ars provided.

Keywords: Pregramming by Demonznarion.
Programmable Logic Controller, Frozramming Faradigm,
End-Utzer Programming

1. INTRODUCTION

A PLC (Progzammable Logic Connoller) iz normally
programmed using a szucrired programming languagze az
specified by IEC 1131-3 utandard. Like other computer
programming  language. 0 pregram  he  devica.
programming skill need: to be devaloped This prevents a
domain-exper: with no programmung background from
defining mstruction: for the devics, Programming by
demon:zation (PBD) concem: with providing a non-
programmer tool: and techmigue: to conmoal. automats,
and custemuze the sofrware zpplications or imtelligen:
paysical devices. FBD technique iz dezigned for 3 mon-
pregrammer so thar he'the can use such technique for
various program customizahions and automations as hiztad
below.

*  Automaton of repetitive task: thicuz: 2 macro

recorder. [1. 5]

¢  User interface custom:izanon and perzonzlizanon.

Eere. FBD i: applied o change :nterfice appaarance

to optim:ze accass to frequently used function:. [£]

* Kobouc programming In [2, 4]. a PBD techniqua

1 apphied to program a movement ¢f a robet aym

One :mporant drawback of thete existme

programmins-by-demon:taticn metheds, when applied
to a2 problem of PLC pregramming, is the need for a real

system 10 be controlled, with whick a user can perform a2
demonstranen. Alternatively, withour a rezl systam, 3
complate cimulanon model of the system must be
valable In this paper, a programming-by-demonstration
method iz developed to avoid such limitation. Without the
need for a pnion knowledge on the syitem uimulation
medel, the mathod shares similar generality properties of
standard progamming languages.

The paper 15 organized as follows: In Secton 2, PLC
prozramming paiadizm: are buiefly described. The
propezed merative controller-simulator pregramming by
demox:traten method 13 detatled m Secuon 2 In Section
4, uze of the tool developed by the proposed method is
demoz:trated through a chozen caze study. The zimation
where uset s demonstrated acrion: are mecomplete, 2
addiessed Concinding remark: are given in Section 3.

2. PROGRAMMING PARADIGMS FOR PLC
DEVICES

In thi :zction. bref descripnon of common PLC
prozramming paradipms are descrbed as follows.

13 Convennonal programming paadizm: This 15 a
prozramming paradigm based upon the concepr of
procedwre: Examples of PLC language: under this
conventional programmme  paradizm  category  are
mnemonic axd ST (Stucturs text) lanzuage.

1) Vismal programmmg paradigm: This 2 a
prograjiming .anguage that use: a visual representation
suck az graphics, drawing, 1cons. parfially or complately.
Example of the languagze that uses thi: programming
paradigze ‘includes the ladder diagram. the fumction
blozk, and the sequennal function chart.

The programmmg by demonstraton paradigm i
zenarally applicable only whex the full functional system
(to be pregrammed) 15 available. Therefors, applicabiliy
¢ PBD to prozram a2 mew zvstem that has not yat existed
iz quastionable Sem:larly, applying PBD concept 10 PLC
programuung laquire: the existence of 2 conwolled
svetem 1o be interacted with duning the demonstration.

In thiz paper. the above problem is zolved by an
weradive  approach o jomt  simwlator-controller
prozramming by demoxn:tration method This :echnique
combine: vizual programmmeg and PBD for jountly
programming of controller device: and a simulation
model of the controlled devices. Iteratuve nanwe of the
method allows the mitizlly :ncomplate knowledge on the
svetem simulanon modsl o be refined with the progres:



of the iteration. Dezail of the method 13 deicnbed m the
next section.

3. Ap Iterative Joint Simulator-Controller PLC
Programming by Demonstration Method

An teratve approach to joint umulator-controller
pregramming by demonstration method 13 composed of
four partz as follows (see Fig. 1)

* Model builder: This module i respensble fa
bulding selaticn:lup: among conmoller device: and
controlled system

¢ System wumulator: Thair module provides an
animated display of the controlled sy:tem dynamic: m
1esponse to a controller action.

* Uzer action recorder Thi: module records a user
action for the purpose of both programming the
contolled system simulation model and the connollar

¢ Compiler: This medule 13 wied to transform a
1ecorded uzer acnon inte am actual PLC programmung
code

i
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Fig. I: Mam moduls: of the propozed jomt
simularor-controlier programming ) sten:

Conceprually, the :ystem a3 shown wn Figure @
operates in one of five mode: (states) ay explainad below
(seeFig. 2)

1) System imtizhzatien mode. In this mode, 2
controlled =ystem is- created by 2 wser through wisual
mterface. Each connolled device and the conesponding
properties can be defned In addition. throwgh visual
progiamming, gensial ralattoaship amonz conpolled
device:, and between controlled device: and  the
controller devices caz bevisually declared.

2} Simulator programoung mode- Under thi- mode. 3
system imulanon model which captures the yelation:lup
among controlling and conmolled devices. can be
programmed thiough  user “demonimanon A user
program: the mode! by demonitrating how controlled
device's properties change in response to a contoller
action, a: well a2 to changes in other controlled devices’
proparties

3} Connollar programming mode: In thi: mode-a
uzer 13 allowed to dafine a conneller action in response to
a particular system state. As for the case of the simulator
progiamming mode. a conmoller 13 programmed through
user demonsmanon of actions.

4} Smoulanon mede: In thus mede. a prozrammmg
tool demonsoates 1o a uzer how a svitem state changes
1eponze to a coanoller action and vice versa The
umulztion 13 provided bazed oa a svitem umulation
mode!, consmucted from previou: user actions uander
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Mede 2 Therefore, the model mav be :ncomplete and the
smoulation may be inaccwatz. Svitem model and
simulation accuracy can be comacted. however, through
weranvely re-programming.

%) Compiler mode: When m this mode, the toel
transforms user actions into an actal PLC pregramming
code. For example, the tool developed m thiz study
choozes ST (Structure Text) as specified by the JEC1131-
3 standard as 2 targeted PLC programming language.

!wm nea

Sawalrccs C }.}.

f’! e ‘

I-rldﬁmu ""‘ "m'
Mude] Ccamtrestion Pieaniysy

Fig. 2: Programming mode: of the propezed method

4. The Tool and Its Usage

To explain how the ool developed using the above
method 12 applied. n the following we will consider the
caz2 of ag automanc pump svitem as shownwm Fig 3

- “%
. L MW -r‘J
3 \ f =
_"\\ ‘z_*'-.[.- LA bl
Franpt “T.u-‘

Fiz. 3 -Anautomatic pump svstem

4.1 Model builder

Tha: module 15 acnva when the tool 15 mn the system
munalization  mode It 1: used for syitem model
construction’ Usme a wisuzl programming paradigm, a
centrolled and‘or connoller’ device 13 defined by the
salection of icon: fron: the tool palette. Each device’s
propertie: are dafined throuzh the object mspactor (zee
Fig 4

NS e al 5
i

Fig. 4: Screenshot of the tool s model bu:lder
Table l:Standard object clazzes supported by the

ool
Device Description
1 Acvater | A pecenc cocmoler's oupat device
2 Semse A gecenc coztoller's imput device
3 A gecanic cozrolled davice

Contacer

Coupier | A specialized covater davice

Tomar A speciaiized dmer device

dGezenl | 4 eceral purposs device Cass for exteasion
| T Ppelice | A couecior component _




Table 1 :ummanze: standard device classe: as
supperted by the daveloped ol

To illustrate how the el iz uzad for PLC
plogianuming, an automatic pump svitem a: showzn m
Fig 3 :s used as a caze study. To create 2 simulator
model. relationship  between controlling device and
conzolled device as well as the relation between
conzelled device and comtrolled device need to be
defined Through the language of visual programnung,
twe tvpe: of relanonship can be defined

1) Asseciation relationship: Oznce defined. allows the
azsociated object: to exchange meszags (parameters,
comrsands, eic.) with 2ach other For examples, = owm
case studv, when Valvel 11 connectad with Tank!
thiough the comnector device, opening or closing of
Valvel can have an effect on the properties (suck as a
water level) of Tankl The direction of the counector's
arow head 12 used 0 :deatify the direction of message
flow

2} Dependency rslationship: I: zpplied to-define a
pat-of yelatienship berween two or more contolled
devica:. or between 3 contiolled device and one or moze
congolier devices. For exampla, in owr caze smudy. to
mstall 2 controller senzor 1o measure 3 tank s water Jevel,
the zensor 13 placed ‘mstde the contamer Tankl to
establizh the required 12lationzhip. In Figure 9. two such
sensors, L] and L2 ae defined wuh thi: :ype of
relauonship with Tank], sothat twe (low and high) water
levals can be senzed

4.2 User action recorder

Tais module 15 1@:ponsible to 1ecording a uzer acuon
It operate: i one-of the two modas, the surulater and
conzelle:r programunng mode:. The twe mwodes aloag
with the supulation  mede, can' be inter-chatiged.
Generally. the simulator progiamming mode 13 actvated
when a user changes the state of 2 controlling device of
which the comesponding syitam reiponze i3 not kaown
ver. Once a system state change i re-ponie to the
conzeller achion 1t defined dunng | the simulation
programming mode, the tool should be switched to the
simulation mode, From then, whea s pamculal ivitem
state occws, 3 user <ancswitch to \the comhellar
proglamming mode %o that an apprepriate contiollar
action can be dafined

To :dlustrate how te Reranvely program a svaiem
simulation mode! and a connoller. eonsder our case
study of an automatic pump system when the system 11
mitialized such a: Pumpl iz turnedoz iFag. 7)

1} From the minal:izanon mode, where the 3tatus of
Pumpl it tumed to “ON", the tool switche: 1o the
simulator programming mode Based ox the association
1elationship between Pumpl and Tankl 2: astablizhed
thoough vizual programmmng durmg syitem model
uutiahization. the tool prompts for a change to any of
Tankl's properties A wuser can then program the
simulator model by 1aising the tank’s water Jevel The
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ool recoids the action. with a dialogue for the user to
define the raze of water level mcreaze.

1. Vion subert P d arsd thems tvw 1o e

2 Urep sebeet Tund sl insnemsiong e =stn fesad e Trenk

— T "‘.1
Puagt 0.

Fig. 7: Uzing the 00! to program the svitem modal
when Pumpl 12 rurned on

2} Once a umulator model 13 (partly) defined by
user demonstration wn Stap 1. the ool 12 switched to the
simnulation mode In this mode. the controlled system’s
properties are dynamically changed m iesponse to the
mutial condition. In this case, the water Jeval 15 gradualiy
mereazed When the watar reaches the leve] specified by
Senzorl,.the tool promp:s for an action. In response, a
user switche: to the controller programm:ng wode.

3} The wuser ‘then progiam: the controller by
vistally twming Pumplioff The o0l then 1ecords that
actior (see Fig 8) Then. the tool iz switched to the
sumulatol programnung model.

1. Saweing 0 Progywmetrg Mok

R T By A oy T

R R LT T ey
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U ¢ C..
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[ i - Yadel
| —_— ekl

Fig. 8 Using the o0l to program the svstem model
swhan the water level ainzves ar the pownt specified by
Senzor 2

4y In the auinmlator programming model, the user
saonld pregiam the simulaton model by stopping the
water level from further incasase

5} When the tool 15 switchad to the simulation
mode. the user taforms the tool to switch to the controller
prozrammmg mode when he see: the water level stops
changing Then Valvel iiinstructed to be open (huned
on) (zes Fiz. 3)

6) Toe tool ‘then tumn: wmto the simulator
prozramnung moda. In thiz mode. Tank] 12 hizhlighted as
3 resuli-of the established relationship between Valvel
and. Tank] To drain the water level in the tank, a user
select the tank's propaity that 15 affected by this
coutioller action and then lowenng the water level The
tool then records the act:on (zee Fig 9).

7) While in the zimulation mode, the water level iz
decreasing When it passes the level below that specified
by Sensorl. a uzer can proactively twms the tool inte a
contioller programming mode himself He then can



program the conmroller by vizually tunung Puwpl on (zee
Fig. 10},
8)
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Fig. 9: Using the 00! 1o jomtly program the zvitem
when Valvel 13 rurned on
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Fig. 16: Usmng the rool to progiars the-system model
when it passes the level below that spacified by Sensor!

From the above uweer demonsttations. 'a truth table
desenibing  all possble logic combinations. of ke
congoller devices states can be derived as chovwn
Table 2

Table 2 A zuth rable a: generared from uzer

demon:irared actions
Sensorl Sensor? Pumpl
[) 3 [
[} i F
1 9 ¥
1 1 1

£ = Ruae ¢ 0= e Ut KT amer oo Umineown
From the tuth table (see Table 2). 3u (actual
conmeller program can‘be generated when the tool 15
switched to the compiler mode For the caze of ow
automanc pump :yilem. the generated code for sach
scenano as explaned 20 £33 i sunnpanzad in Table 3

Table. 3' Code genevared eorvezponding ro visired
scenaric: and demonzrarion:

Scenario ST generated code
Seasor Semier). INPLT_VAR
Senser Samsorl. Secsorl, Secsor BOOL.
END VAR
Acovator Pucpl. OUTPUT_VAR
g B\
| TF(Semsor] Smte = OF & | IF Semsort s FALSE AND Semson =

Sensorl Smate = OF)

FALSE THEN Pump: =TRUE,
Pazpl Swure =0z e ' -

END [F;
FSensorl Stae =0c & F Semser] = TRUE ANT ri=
Sensor? State = Og) TRUE THEN Pump! =FALSE:
Pampl Stace = OF, END IF;
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4.3 Mizsing cases

From the truth table. 1t revezl: that there 13 2 case not
known to the user It iz the case where Sensorl 13 off and
Sensor? iz om. This case. fortunately, can be
autematically removed as a unfeasble caze. However, in
practice, there can be a caze not shown to a user where 1t
15 not clear whether the caze 13 feas:ble or not. When this
cccurs, the ool will collect all these mussing cazes and
dusplay them i the zimulator mode The tool then azks
the uzer to provide an appropriate acnon i respouse to
each scenario conesponding 1o a missing case

£, CONCLUSION

In this paper. the problem of PLC programming by
the progpramming by demonstranion paradigm has been
conzidered A new iterative jomt controller-s:mulator
programmmg-bv-demonsnanon methed has  been
propesed Details of the design and implementation of the
PLC programming toel bazed on the propesed method
has been ziven Use of the tool in an iterative manner, for
somt programming of both controlled system and
connoller. has been de:cnibed thuough the caze study of
awautomatic pumpcystem Based on a user demonstrated
action, the tool can gemerate a PLC programming code in
2 foiwr of a stucture text a: defined by IEC 1131-3
standard- All nusimg cazes aye collected and anzlyzed by
the tool. Thoze that cannot be rejected a: feasible, the tool
asks for a uzer “actioz by creaung a scemano
corresponding to sach missing case and displaving it
the sumulatormode
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