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ABSTRACT

The current challenge of conventional PLC is to allow for higher performance and
greater efficiency in controlling more complex and numerous tasks, especially for users in
factory automation. This paper proposes the design of a modern PLC program, code name
SoftPLC, using partial implementation of IEC 61131-3. It presents the results of an experiment
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2.1 Nuead (PLC : Programmable Logic Controller)
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1. IL (Instruction List)

2. ST (Structured Text)

3. LD (Ladder Diagram)

4. FBD (Function Block Diagram)

5. SFC (Sequential Function Charts)
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Input +
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Detector unit onit solered

¥ »
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Endless Loop:

o

Read Input

}

Do Calculations

}

Set Oulput

S

311 2.6 2950umsmauvesiiuead [12]
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Resource
(CPU)

Task

Program

317 2.7 voWduas Tuea vee PLC [12]

& w5 il 4 4 , P
#uoad Taonalinlszneudis wils Resource 14 Running task LAz AIUANNTI

Tsunsu Senmsiauanymeiin Single Process [9]

2.2 IEC 61131 Standards
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1) IEC 61131-1 Overview umdsannuna luazdnvaemanauin i fuead

uana Tnnszuudy 9
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2) IEC 61131-2 Requirements and Test Procedures 1829998 UN 9@ 815103 13
Y o - o ad A ¥
dorimua maldih mena msiauvesgnsel waz Simsasnaeuield
dluaudosimun

3) IEC 61131-3 Data types and programming Na1209 munasyiunlylums
Tisunsuiuead Jedmuameanugiluuy, Syntax, Semantic ¥99AT1HI A3
fnuarlanagluvvesdoya

=) )

4) IEC 61131-4 User Guidelines iiludafmuaifoidosdumiadogiio 35ms19uas
msthyesnugnsel
5) IEC 61131-5 Communications (#3903 UMsARREAOMI5AY T2UVRIDATDY
A a 1w oA
130 MiAnApnUYNIaiou 9

3 =

4 v
lasdedmuamnasgumariivzegluveuvai viimdnaniuead auiseld
matinvesdues iagduuuvesdeyandn msdumesimaiudly suilullaudedmua (4]
@uil 3 1EC 61131-3 Data types and programming tiuduiiiinalaoasefudlsd
1 o ¥ o 9 ¥ 2 ° A a
WudauiineadestunnilFlumsidouTusunsuniuguaisiiaiuves fuead
waziduanazdeiimuanis q NseyBlu IEC 611313 snsafnsandnawdnvas

worsanlaouiia IEC 61131-3 semifuapadou [12] daaaslugili 2.8

The IEC 61131-3 Standard

Common Elements

Programming Languages

31N 2.8 IEC 61131-3 Standard [12]

2.2.1 Common Elements
as . o
o1y Common element 1ilumsilsgmadusizlFlumaitudoyanso
s Y : = Yy 1
Uszuiowa law Li‘_lumiﬂszmﬁmuﬂswsanms:wumawauﬂa (INT, REAL) %1
Temperature Sensor 1 : Integer
A as ¢=i = ~ a ¥ o v oA Y a
ﬂsmmuﬂsmﬂu DUNNNIDIDINHN VEADITSYATUHUINUNDITINN

Mo viiaveadeyail 1EC 61131-3 SmualAifumasguduaaslugili 2.9
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Name Type Bits Range
BOOL boolean 1 Oto 1
SINT short integer 8 -1281t0 127
INT nteger 16 -32768 to 32767
DINT double integer 32 -2.1e-910 2.1e9
LINT long integer 64 -9.2e19t0 9.2e19
USINT unsigned short integer | 8 0to 255
UINT unsigned integer 16 0 to 65536
UDINT unsigned double integer| 32 0to 4.3e9
ULINT unsigned long integer | 64 0to 1.8e20
REAL real numbers 32
LREAL long reals 64
TIME duration not fixed| not fixed
DATE date not fixed| not fixed
TIME OF DAY. TOD time not fixed| not fixed
DATE AND TIME.DT | date and time not fixed| not fixed
STRING string variable | variable
BYTE 8 bits 8 NA
WORD 16 bits 16 NA
DWORD 32 bits 32 NA
LWORD 64 bits 64 NA
317 2.9 IEC 61131-3 Standard data types [5]
2.2.2 Programming Languages

AR LA [EC 61131-3 fmua'l35 5 nwn [417] e
1) IL (Instruction List)
2) ST (Structured Text)
3) LD (Ladder Diagram)
4) FBD (Function Block Diagram)
5) SFC (Sequential Function Charts)
Wa s Mzl sinvunazdnyaiz Tnssaiavesmuuanaeiu uiauily
- u‘u’ugﬂmw (Graphical) 3 N1 A1 Ladder Diagram (LD), Function Block
Diagram (FBD) 1% Sequential Function Chart (SFC)
- HUVUAIONHT (Textual) 2 NB1 AD Instruction List (IL) 1A Structured Text
(ST)
FrooneRaanslunsiei 2.1 Tao IEC 61131-3 wimuazluuy samlszneudis 9
voaudazn e liidnsaziunasyuendu wu Snvaznsilsmeadaunls Hadsu

o ar =3 o { o A o o
uagienguvaon Wudu shlddldmusaienilsunsuiiwannsuian ldauyseinds

¥

=

18y Auead Andasinusimoui [masgu IEC 611313 14 TavlidesSunlaou

ud v T sunsy v
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@1319M 2.1 [EC 61131-3 Programming languages

LD : Ladder Diagram

it

Hunnnfidouegugilvesnsiila ﬁi‘fujmmmﬂfmsmuqu
wuvFiad uazaees hih wamaed laezunsy walszneuday
374 (Rail) Madhouazn vealaesunsy melddmiuidouse
unsaliduaiaduih duia iedumaduvesnszua uaz
il vanaansenoud 1w miwa

IL : Instruction List

LD X0
OR MO
ANDN X1
sT Mo

L siifumuiidousylugivestonnu uagiidnumeatieiy
MY WOAHUUA (Assembly) uaznm1un'§"m (Machine code)
Famolunilsfrdeniuquezdszneudan auluians
(Operator) zsasﬁ'suﬁgnﬁuﬁums (Operand)

FBD : Function Block
Diagram
AND

A —

B—Q

— o o oA o
Wumwufinaasilandumsnanlugilvesnsflamu@oaiu
uaziFondenuiiulnssiie TasmsdouTilsunsulugilves

¢ o a =l d’ a
WHanduuden laszunsy azlifuguuen aednlaozunsy

ST : Structured Text:

FUNCTION_BLOCK divide
VAR_INPUT
a: INT;
b: INT;
END_VAR
VAR_OUTPUT
c: INT;
END_VAR
IF b <0 THEN
ci=a/b;
ELSE
c:=0;
END_IF;
END_FUNCTION_BLOCK

e

@ = £
ST sziflumenluszdugs Taolinuguwnnnu Pascal &

L'
wzilszneu e dned uazdids Taosdaialiazeglugl
YOIMTBALINUNISIAONTT19U 15U

IF.......THEN.......ELSE Wudu

'
ar

" ¥
MAVNLINUNITININUET 19U FOR , WHILE 1iudu

SFC : Sequential
Function Chart

ETaEs

Transition 1

Transition 2

=

EZ

g

SrC atlumunsessumaidouTusunsuiil Tnssadieans
o ﬁ = PR
MaudlunuusaIus ¥aaulszneuvss SEC azilsznau
Y 8w o wa 1 :
A0 Step (M lumsiiamsluuaazduaou) uag
Transition (30U luRfmualinszimdaluudas Step)

¥
UDNVINUIIAIWITONTHUADNHUSNITNIIY 19U Alternative

step sequence U0 Parallel step sequence rﬂué’fu

vsEmdnandulng)ldusunden i e 1EC 61131-3 1awnild figauan

AN IUARHUATY onmAu Function Block Diagram §39lidaufiuand 190y 1w TEC

61131-3 fmuauns g 1ikos Standard Function iy a2 Function 91 ) Miisidhun

‘3 1o = ar 3 =~
VULIBDYNUUITHNHRAA [5]
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IEC 61131-3 mn3on1san 1aonanyus TaunNe13a1910 Software Model

484 [EC 61131-3 910 Software Model 35AULUTAND 1A53UY (Configuration) YBITSULN

= i a A oa o - ' v
woad uazniolu Configuration 913UHHITHD I (Resource) HIBUINNI moluuaaz

2 o ' J o o 4
Resource El'l‘l]ﬁﬂ‘us'l'ﬂ1ﬂﬂ ‘H";'l‘élll1ﬂﬂ’J’lllﬁﬁx‘ﬂ’lﬁﬂﬂ’]ﬂﬂijﬂﬁ‘nﬁ’luﬂJEN'I‘IJiI.Lﬂi11 Lasuaae

A e dl
Tilsunsuenmdisudronmlanmialudinmunasguves IEC [12] fdasugili 2.10

Configuration
Resource Resource
Task Task Task Task
Program\ Progra Program
[F8]

Program
[FB]

_—

Variable
access path

Function
Block

]
Variable

Global and direct variables

T

Access path

31N 2.10 IEC 61131-3 Software Model

! Communication Function

Execution
control path

{ é (-] ¥ 1]
1ng1lh 2.10 131 Software Model Y9352V WHOAT HIIITZUD 92HMITHIIMUAAIAI )

¥ ¥
TunaazseauYY [12] Aeil
TAsaMuD (Configuration) NvluIasanyuee

v ¥
- MrUAAa)5393 (Global Variables) 911414 Tasauuil

¥
o ar Y
- IS BOT ANIMUAVDITT VAU

= d = o
3B09a (Resource) NYITYDITIY

- S MuAd 599 (Global Variables) N 19 1uS o a

ma ﬁr (Task)

AIMUA Access path 31713 IATaUVY
-3 o 1 o
MUUARHUIN IS AL VIR AT

o o
AMuA Task itaz Tlsunsy vosSwsosa

AMUAGIHUINIET AT VIR AT

- MUUARUAVITAYDY Run-time

Tilsunsu

¥ Y o I v oAy W a Ay o
ﬂi&’ﬂuiﬂﬂ‘la‘]uﬂ'ﬁlﬂﬂ’l’ﬂhlﬂil']ﬂﬂuﬂﬂﬂiﬂlﬂ'lﬂﬂﬂ

- MnuanuauIiRYes Run-time 1A 1151053 130 Function block

MIAAABADANTTEHIIATALIVIZNITL WU Communication Function
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Instruction List (TL)

14

Instruction list (IL) U b 11a35314 MuA 1EC 61131-3 521 13 Mdsvoaniv ILag

» ¥ [} v
WAuddaiughidudou dedvesnn I Ae amnduaansanldomniiuamn i 14 gy

ar 3 & = v - ~ ~
LAZaNHMUEVDINIVI IL AQNUNHUATON El']i]liﬂﬂ'ﬂk‘ﬂ‘uﬂ'l‘kl'l!.l.ﬂi‘fi“lﬂ]‘l.lﬂ“llﬂ\'lﬂ!!ﬂﬁ"ﬂ [5]

Operator| Modifiers | Data Types | Description

LD N many set current result to value

ST N many store current result to location
S.R BOOL set or reset a value (latches or tlip-flops)
AND. &| N.( BOOL boolean and

OR N.( BOOL boolean or

XOR N.( BOOL boolean exclusive or

ADD ( many mathematical add

SUB ( many mathematical subtraction

MUL ( many mathematical multiplication

DIV ( many mathematical division

GT ( many cowmparison greater than =

GE ( many comparison greater than or equal >=
EQ ( many comparison equals =

NE ( many comparison not equal <=

LE ( many comparison less than or equals <=
LT ( many comparison less than <

JMP C.N LABEL jump to LABEL

CAL C.N NAME call subroutine NAME

RET C,N return from subroutine call

) get value from stack

negates an input or output

N -
( - nests an operation and puts it on a stack to be pulled off by *)’
C - forces a check for the currently evaluated results at the top of the stack

31N 2.10 IL Operations [5]

717 2.10 ueraeswmsmideves IL guuuy wagdnvaz Tsunsunaalugili 2.11

Label Opcode Operand Comment
SequenceOne: LD Varl (* load instruction *)
ANDN Var2 (* instruction without bracket *)
ORN( Var3 (* instruction with bracket *)
AND Var4
) (* end of bracketing *)
AND Var5
ST Var6 (* assignment *)
S Var7 (* S/R instruction *)

U 2.1 AregnTisunsunv IL [5)



15

11999100 1810U 9 AMINATTIY TEC 611313 aunsanldouuniiunn L 18 uas
Taotnagivminununiedou Tusunsuiemugumsiamesiinead sxiludinm
VIMIALIAINTIVA W3 BT UMATIA uazmsisoumIaouiuead luaoudnm daulngy
FUAUINATY Ladder diagram (LD) Fuifunmnnswlila msizdnyaizszadoiunaes ih
@b : Idyandnvaivesmhdudauazvaain) man/dousn Lb il i aunsoanszii

laTavase dauanalugili 2.12

1:000/00 1:000/01
{ [L ! | Q 0:001/00

[:000/02 1:000/03
'

Label Opcode Operand Comment
START: LD %I:000/00 (* Load mput bit 00 *)
AND( %I:000/01 (* Start a branch and load mput bit 01 *)
OR( %I1:000/02 (* Load mput bit 02 *)
ANDN %I:000/03 (* Load mput bit 03 and mvert *)
)
)
ST 2,0:001/00 (* SET the output bit 00 *)

31!ﬁ 2.12 m3ulaouain Ladder Diagram —» Instruction List [5]

M3511/au191n Ladder Diagram 11Uiilu Instruction List faaunsai 1donanums Ao

UL Allen Bradley Aauaadlugzii 2.13



Ladder

Instruction List (IL)

A
[ |
I
B
[
I
A B
|| | ]
I I
C
il
[
A £
B D
(n)

LD A
STX
LDN A
STX
LD A LDA
LDB AND B
ANB STX
STX
LD A LDA
LDN B ANDN B
ANB STX
STX
LD A LDA
LDB OR B
ORB ANDC
LDC STX
ANB
STX
LD A LDA
LDB LDB
LDC ORC
ORB ANB
ANB STX
STX
LD A LDA
LDB OR B
ORB LDC
LDC ORD
LD D ANB
ORB STX
ANB
STX

(v) Q)

31N 2.13 Ladder Diagram — Instruction List 1111 Allen Bradley [5]

1317 2.13 1umsulaensin Ladder Diagram (LD) 11hilu Instruction List (IL)

A ' ) L 4 o
UL Allen Bradley %3 LD og lugintmuwuns wa uaz IL oglugives Text usdio LD (n)

vutfaeiiy I v 18R aanalugil @) wie @) Taouuw @) s 185031 (5]

Tosunsw 1L 718 lidu Tdannnasgud 1EC 61131-3 fmua 13 uasiilusiiaii Ty

1A (Mnemonic Code) 4041151053 LD 1iu q dmFn1FlunsainglédoailonTsunsudn
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¥
Auoad duunetlouTusunsu (Keypad) Ardaues oo finead vinadnl¥eist lumsih

Tsunsutunses fuoas

2.3 ‘531]1]1.Iﬁﬁﬁmif‘§‘ﬂ’ﬂﬂﬁ (RTOS : Real Time Operating System)

d
231 52UU582 N30 (Real Time System)
o o o a ° 3 - Call L]
naududunlsddgiihunlfiudonlvlununiugueilnsala 9 wu msnugu
'3 4 w
a2 Imaussa (Solenoid valve) 1rilansoilaa
-y - ) e a o —
wnmNAeIms nie menaugu Iresies Wudu lunsdifueadinlufinugunis
o &4 . [ o [ o 3
Mauoaniie Tusera (Single process) vz lifitlyniluisoanar ualunsdivendiuoad o
A = 4 ¢ o 1) s = wa A o ¥ ¥V o
NARueaaMan naw 9 man Mmaunwien q fu sruuldfiamsminnldezdesauisen
s a o
msdaaman 1& uazilus o Ing
- < A = ¥ > 4 "o
ANUMIBYBTTVLEYY Inid fip “szuuiinugnAvavesszuuamuazuegiu
¥
ANUYNABIVOINIMTNNUIEZNAT ANugnABIveanalianuddy ludesninay
QNABIVBIMIHINY”

“Real-time systems are defined as those systems in which the overall

correctness of the system depends on both the functional correctness and the timing
correctness. The timing correctness is at least as important as the functional

correcitness.” [1]
awa « a wa 4 a o
ssvvdfiamsised lnd i szuudfidmsilFnandundnlums smuans
11971 (Schedule) MIIATTINTWOINTVBITLUY MITAIATHUNTNINTAIMAMUADINITVD
o a wa - ] as 4
Tsunsudszgna szuudfiianisiiedIndiad AesanunsorSunldou (Scalable) laanu
¥ - " w ¥ -
ANuABIMsuAnAeiuves Tlsunsuiszgnd 1dntaweiiios
a wa o o .
ssulfiamsieaInd Taewalaii 2w Ao SOFT Real Time 112 HARD Real Time
&v o ° 4 A A
- WYY Soft real-time Tuuuul mangnldimaulasszuusmgamineaiiull1a
' o n’: (- | c: io
uAnhuiue e lued sdumunafiiimua
¥
- WUV Hard real-time Tutuuiimsiiauveaman hioadzhiaugndesedia
=) o Y Ao v
iR Sadeailullamnamimuadae
@ a wa = o o q’: ° °
Taona lszunl§iamsior Imivzien Idsaeanuy i ldawns o 1) 190w

Y ¥ v ° 1 " .
183 uamsesnuuu ¥ Hard real-time 9269600310 Soft real-time [9]

232 man (Task)
Y a wa A ar ar awa FY
Hu’lﬂilﬂ@'ig‘lJUﬂ{]Uﬂﬂ’li D NITVIATITININYINTVDITSUY Szﬂﬂﬂ{]ﬂﬁﬂ'ﬁﬂzﬂﬂﬂ

ar = o Vo ya Y Y a v z VY o as Y M 4
Yaunsouninons nudndesnis ldniwonsmaniu diimsnens 1148 fe mad
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o 1 d  a e a P s :v
AMUNINYDIRIN “man” S lilnasguidiuivensy ensienl¥anumune
= [} s Py = o o - ar
o uny TUsise (Process) M38 IN3A (Thread) 1udneniinuiaiivldanunuoaeiny
@ o .o @ o0 o . .
Tisiwar viune manuuiens “Tsunsunmaaduiiums (program in execution)”
gt " ar q"
manuaaulsznounie q Al
4 ° ] :’ ar o
1) ¥ouazninoavilsziiman (Task ID) doqlusdumeanou
o o o o Io’ ar o
2) MINEYUBNMIAUAINEIATY (Priority) ¥8aMan ape ludnumanou
3) TAaveslusunsu (program code) iilumdanansamiau 1dviun
- & o A
4) deyan Tsunsudeamsnsedants doyatiomiluveamanlamannils
nse010 1% 185w umanou o 014
¥
o 4 o wa o
5) VABNAIVANMAN (TCB : Task control block) szuvUHUAMSsMMUAile
H ] [ o 4 o o
nundmlumissanusunediiuudenniuguman dulnssathedoyn
A £ wyd w A0 w i YY) T
siiania Linudeyandivey o veamamiu 9 1113 deyamanil 1dun
- IUTYBIMAN (Task State) niluagluilogiiu
o 4
- wneavdsziiman
- Swuanudngueaman
o 6’4; @ o oA 0 o " o
- Wourwes¥ lldwdumianegveaman lumilennud
o #d’ ar ot " —
- wouliaesy lldmSneniana o Amanaseunses

A dAdag e s )
- WUNNINUAIUBSIVTADS (register save area)

233 vleinninia/uuanania (Foreground / Background)

Tuszyuitlifinnududousn wgnosnuuuliiauludnvas Wesnsinia /
uuans e nie qnlesqy Uszneudis Tisunsuwdnioludnuazausenlidey
(Infinite loop) 150031 Tuga (Function) o ludiunuaniinia iussduman (Task level)
amTUsunsuABLAUDINITOUIADS S W (ISR : Interrupt Service Routine) 11 Wosns1nia 1u

TZAUBUIADS SN (Interrupt level) [9] Aanansluzili 2.14

R 1572
ISR 1y

Foreground - ISRI1

Background e ]
Fr#l Fr#2 Fn#2 Fn#3 Fr#4

gﬂﬁ 2.14 Foreground/Background Systems [14]

as ' o . “ @
Tﬂ‘iuﬂiuﬁaﬂ (LHuANIIIUA) ‘ﬂz’)u’jElU‘ﬂ‘N"Iuﬂaﬂﬂnﬁ“ﬁﬂﬁﬂ‘liﬂuI.ﬂﬂ%iﬂl'ﬁ’ln’l

P o . ST Ty 5 i o
ISR (Wo3n3171a) iy mihauunusunsznuas vaumsiiay seezlasulvngu'll
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° | o : o [ d’ =] o {
maunldsunsundndnnis mamiamludnvaziisenumulaoialdluginsainld

TuTnsneuTnsames Wudnugu [9]

A ¢ - "
234  Msyaaman (Multitasking)
@ o 4 =2 a o 9 " P 4
MTTAAMAA ML ANUEINIVRIsTUURT IO AN IMTIman
- @ w o ¢ = ' o YIS o U : o 14 as o
Tunanfeanu madadman tsaadm I3 dnimadmaniuiaunion q fu dans
H 1 = T o c::‘ ar 3 ar
Tuzun 2.15 ualuanuilueia udazmadazasaunsnnldousuiiem (1] Aaaasly

519 2.16

N Task A
Task B

Task C

U 2.16 manaeauns anlaouiuineu [11]

“ awa @ o (g o a
mihnvesszulidmsuvudaamaning As aduman augumsisuduias
¥
=) o 4 o ° ' o -y
TUFANTITNINIUYBINITN ﬂ'I‘Huﬂﬂﬁﬂ’l%’lu‘!lﬂduﬂaz'ﬂ'lﬁﬁ’ Tﬂﬂﬁl%‘izﬂ‘u Priority ﬁjugm
ar Y " o [ o o o "
ﬂllﬂlmx'i!ﬂﬂ1‘§1‘!fﬂ‘iﬂﬂ1ﬂ'i5')1]ﬂN5$HTN°VHﬁﬂ ﬂTlJfllJi]x‘lﬁ’.lxﬂ15ﬂ1~11uﬂlﬂﬂtlﬂﬁ$ﬂ1ﬂﬁiﬁ

aon1lszaunu (Synchronize) oz 104AUNT Corrupt voaman
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2.3.4.1 Non preemptive multitasking 30 Cooperative multitasking
¥
@ a o " o =4
mavaamaludnvazil uaazmanmuisanseunsesdfiglduiu
' dy ¥ = ‘o v ] 3 = - aa
mlan1d muimaniudesms ienuuduaiedesziunsnsounsosdig
v v o A § o J
TuAszuy e ldmadau ldidunaseunsesdiigivesiaudely diiims
¥
a oo [ 7w A . '
Bumes TN A ISR azda Idmaiiudl Priority g9 uazegluaniuznion
< o ' = 3 o o o " o ar
Nz ud ISR szAumsaseunseslinumanilegiiv sundimanilegiiu
° ¥ o da -2 Y] o
WMWY MAANY Priority gaganaziduhan1d
o [ dy = " 9/ P 9 2 o
msinudnyaz i iilymasudiann iesnindmanuiaman

= - a Y o2 ' ¥ o v
Tifumsaseunsesdiiy Wunalimanou q limunsadamie 14

ISR make high priority

ready-to-run
ISR/ ¥ High priority task
Return interrupt to

T l = current task

<4— Low priority task ————» Low priority task
relinquishes the CPU

gﬂﬁ 2.17 Cooperative multitasking [14]

2.3.4.2 Preemptive multitasking

o a o s q" ot et o o a a
madaamanludnyuzil manniiszau Priority gagase 1d50dans u

' -~

o St ar N v [
MIN30UATBITFNYNDUEYD 10 ISR M IAManhiliszAu Priority gandiogly

¥ o d o o
A IUENTBNILMIIMUAT N9ZUVIU (Suspend)  Madilvgtiu udrmeuns

g

AToUAIRENY I UMaANTiszd Priority gandudhnsounsosdnguny

I_ IHigh priority task

Return interrupt to
high priority task

ISR D

T \ ISR make high priority

<+ Low priority task —»

gﬂﬁ 2.18 Preemptive multitasking [14]
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2.3.5 amuzﬂuaamaﬁ' (Task States)
sl fiamsfifmsiaAmaiiuy Preemptive ANNIOMVAUUOSAAMUMINIY
yoamanas 1 14 Taol¥maifuanuzueaman #a System Task uag Application Task 13
. nalafaw udazmadezdesegluaaiuzlagaugnils uie d01uz Ready, Running
130 Blocked Mumdouiinnaamznils lgdnanmzniluiiuluamdeon lvfidmual3ly
Finite State Machine (FSM) [3] Asuaaalugi 2.19
Task is initialized and

enters the finite state
machine.

Task is unblocked
but is not the Task no longer has

highest-priori the highest priority. Task has the
'ghest-priortty task highest priority.

Task is unblocked

and is the
highest-priority
Blocked taak

Task is blocked
due to a request
for an unavailable
resource.

Ui 2.19 aorumseihmvesman [3]

o a wa a adq ¥ o @ -1 [] [
ﬁmuwaqmﬁnmzunﬂgnﬂmmm'lwn“hmmuﬁiﬂun’s'lﬂnag 3amueg [3]uaund
aea o o 3 -
szuplfiams enldmauaouzvesman uanaialilend
- - ¢y ° Tas v ° v = 4
- Ready state 19 anusiManwioninau uads liannsoian 18 msziinman
# Priority gandimasriiauey
= o w s =
- Blocked state 710 @01z Man 2NNUBeN (Blocked) INS1ZIMANTTY (Even) N
£ as ' =1 o =
Apam3 63131510 130 MgARND (Suspend 13D Delay)

4 o o W& o
- Running state fiD 7014ZH MaAn § Priority gaga azManiiay

23.6  m3JasuuIun (Context Switch)
% d 1 da a w £ da < =~
man NN Man ANNUUIUN (Context) YDIAUDI FINADADIULYDI CPU registers N
o & s 1 o a a a 4
Asmslgmnasaimamiugnulaou (Switch) Tidwihanu manldsuusunzifaiessun

¥ o a ° s & 1 s &
ﬂﬂﬁﬂTﬁﬁ'ﬁ‘U!‘ljﬁUuﬂ'ﬁﬂN'}Uﬂ]ﬂﬂ1ﬁﬂﬂui1ﬂﬁoﬂﬂﬂ1ﬁﬂﬂuﬂ
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o o 1 ' o T A |

noasanimsadamaniulng ssuvvzafanazdudeyannuduiusimaiii'ls
4 s ¢ ) Y o
Tuu@enAuAUMAA (TCB : Task control block) ¥oamamiu q Tavsztiufinmmzdoyad

o o v : s’n’: o o a o -
duiuldlumsmauvesdazman Wemamiuiiam (Running) Sunveasiusziinis
i ] = a o 4 o o4 4
nlavumlasiamsdoundasveavsunzgmlsmlgaasifusnulundenaduguman

4 o o ) i { o o P o
erhndulddn demanidugnudeulindudhuniaudna (3]

List of

Tasks
A
Task 2 e >
1]
Task 1 H
"'l I‘- Context Switch Time

»

Time

UM 2.20 Context Switch [3]

msimsnlaouuiun dwaaslugii 2.20 e Scheduler Aaduiidosnisngans
° S A o q ¥ s ¥ o IR T
Mawves man 1 eadulv man 2 dwnhauuny ssliddududail (3]
o £ 9 a o =] o 4
1) unndeyavsunvesman 1 luvdenaugumanuesman 1
¥ a ¢ o ¢ - v A
2) Tnaadoyausunvesveaman 2 vinudenmunumanvesman 2 Fuiuiuis
o
man
= o d = 4 o 1
3) viunves man 1 g1 TusazAiniad 2 ¥aw uddh Scheduler dpans 14
7 o -~ u’: d q  ar [3 ' a " ~ =
man 1%19udpnTs Mman 1 inauumiinuaeIngaay neuhse Taunlaou
viuneon

- o = = ¥ - = a © A
panlFlumsiimalaouusunesdesunilonSsufousumsyiausu 9

2.3.7  mMsmuuanal (Scheduling)
o @ o a - o ar o
MsMnuuyuiaaman szimsulasuIimanaeaunsnduiinuaasaa

@ a " o' A 3 LY o
nizuIumslunisdadulei arsemdumanla uaziilels Yusgiumssmuana
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¥
(Scheduling) ¥83352 UV Yuasuds lunisaaduluSoni Scheduling  Algorithms w5o

Scheduling Policy waz Tdsunsunvwynnilisonn Scheduler

b
2.3.7.1 Round-Robin Scheduling Msfvuanawuuil 193505119321 (Time
slice) TAuaazman Td¥arlumsaseunsesdiiguiunh 9 fu Taowyuidou

aduiudinasounsoadny dwaaalugli 2.21

HZCH TaskC

. HEHE TaskB

{ Time slice | Task A
> : : a s

31 2.21 Round-Robin Scheduling [3]

. ¢ .. '
40170909 Round-Robin Scheduling fio Mannil Piority §3 ﬁ’mmﬂ%’%ﬁg A
' o g Vv ' 2 a ¥ = o St
himnsoadudunlidessesuningieia udluszuuGoalnd masii piority g
¥ ¥
aneladnslumsaseunsesdiignowaue dniumssmuanawuiingiaunse
as 4
151 dvuszuuiE el Ind [3]
»
2.3.7.2 Priority-based Scheduling M3fimuanawwuil 1935ms9aseay (Piority)
4 o s @ o ar @ o
Tudazman Taoldanauiludidmuaszdy &1 64 seéu szRugagadio 0 uaz
v o s o " ' oA
63 ABIZAVAIGA ManniiszAugege tazeglunquusamanitianiug Ready State

wldanslumsaseunsediigiou 3] daanasluzii 2.22

HZHE TaskC

H:ghT HEN TaskB

. # HAEl TaskA

-

c /" Premption

: R O e

a # | Task completion

=

Low — .

310 2.22 Priority-based Scheduling [3]

szuud§iianmsise Tnd flou1duileagtiu wia 18 2 nqu Ae
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- nq'm%amd‘nttf (Commercial Real-time Operating Systems)

- mjniamumﬂfﬁ (Open Source Real-time Operating Systems)

a e =] 1T o a 4
238  szrvudfjiRmsBedimilunguiFanaiye
o wa -~ o’ 1 =Y a o q’ ' U o o
szvlfiamssed Indlunquisamdsd i uanarseinnguin luniianuanse
Tunsmanue (Predictability) 1agandn g 11410 szuvaueenaieda wie szuu
A0AN U T539UATIMATIN 1¥U LynxOS, VxWorks, pSoS, ONX iHudu aunsaiir 11y

AUsZUY Uniprocessor, Multiprocessor 1730 Distributed Real-Time OS [15]

Lynx OS

001U 193] Kernel ¥11A180 (Microkemel) 341191783 28 KB Kernel 9214
vimsmmwzisuiufo mssanaimsiau (Scheduling) M3 AIHIUATDUIADT TN
(Interrupt  Dispatching) unzmiﬂmﬂu%‘f&mzmsﬁnm (Synchronization) @IUN13
Tu5msdu 9 1¥05m3 10 Kemel Plug-Ins (KPIs) unu Tasaansasiiu Kp1 i
19115 mAY Microkernel 14 [15]

Lynx 08 1¥msinfleaniiasnnusima Hardware Tas MMUs Tilsunsunlszyng
asaiionly 10 ¥oILVUMIUNMA System call wag Kemnel 925014 10 Taoasaii
Device driver A0 Device driver ¥ Interrupt Handler 140& Kernel Thread Y996104
1a¢ Interrupt Handler seifludunsniinovauesdents Interrupt 811U WITOMIY
Tuduasamunszuums1d fvrduifa Kemel nda91niiu Kemel vz danarld

< ' o 3 o
FIVUSIUNNNITADUAUDINIG Interrupt UUILIAIVIANY I [15]

QNX/ Neutrino

PONUUUATNNIATIIU POSIX (Unix operating system) il Kernel *ummﬁﬂ
(Microkemel)  1HuSmisimwizamAisuilu uaze1uusmsdu Real-Time
Microkernel sau T#g 14 a a1 11181401014 Taohifinadeszun Talsunsud
VUIAAN @ 11350D5599 11 Floppy Disc 1 1HY Footprint 499 Microkernel 11v11@
fbaus 12 KB Tabii Driver Nndn T1l5un5u1524nA Protocol Stack 112 File system
MW1UUON Kernel Tudiummnyes Memory-protected user space Nﬁﬁﬁﬂ Virtually
Y93 Component 149 @w13079z duvad uaz ulvi Taosa Tuiia Taelii

HANIENUN1 Component DY H39 Kernel [15]
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VxWorks

Wuldamuasgiu POSIX  1003.1, .1b, .lc mssamsieaniuuy
Preemptive Priority with Round Rbin Scheduling ‘ii)\ﬁ‘lj'lﬁ‘lfiﬂ Real-Time process L
Non-real time process 19 MMU iugiulumsinileantiasanusi aanarlunisi
Context switch TAOINUIRNIZ Register A5 ainiu nozdleimsasumardndun
yanImiozi3 unfiu (Restore) AW Register fitneados iy RTOS ﬁﬁamsnuzqua

oo 14 A1anu1014 Latency M1 uaz Ysunasuvina'’ld (Scalability) [15]

eCOS (Embedded Configurable OS)
Kernel footprint VHIAEAMAUHAWHIIN  AIMUAMIT NSO SAdsS
wiwanui  wazaugumssueeisn 1 lwesnldsululas I sivaaes 14

° y: “a o o o a a &
nawaszna Mo lansouiuladuazaed duTomusesauaz lifiaavans [15]

RTLinux
AWSOUNN (Patch) A34UY Linux Kemel 1] Hybrid OS Tavaz3u Idle thread

linux kemel M3fMuUaAITMININYldanauuy FIFO (1¥msderueinias
" o = o a

serdn IswaisenIngd uag Tlsiwadynailnd) w3euun Rate-monotonic scheduler
¥ q 9 = o o d

M3 INToUATEY Kernal 92 i ldannnms iz Tlsunsulivinadnuazieusa lu

i a oo a a o
YUTIMIDUADISWIINAYNgnAmera 13 [15]

Limn b recomed s the bachgoand
Usec Processes

e

Wl (& W ff el
Real Time Tasks e | { ] — ‘
[ = ' |
. < L o Orice UnivLinux Kemmel
i w SaiTe o Lmerripe Drives
[ = RTLinn Plogin J l ?
LC'Y Hawh ae aenps
m* I {* [P —
‘: Haxrdware ] Hardwae
(N) RTLinux patch to the Linux kernel (V) Regular Linux kernel

3UM 2.23 RTLinux [15]
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RTAI (Real Time Application Interface)

iludmvew Hard real-time 1#fU Linux kemel M3summasuy Linux Kemel Tao
HAL ansainausaniu Tusunsy Linux Und18Ta0 lidesldoulasla 9 ms
Y1914 RTAI 92509 Linux Tuifuiailou Background task i lifimsanmmuie)
Imising TlugalumsimuamsismsiouliidvnanTuga 5 Task functions,
Timing functions, Semaphore functions, Mailbox functions %30 Intertask communication
functions 1fudu lu RTAT vewiGer Imilugmaesmulssziusuaiaie ity

monvamla [15]

MicroC/OSII (uC/OS 11)

uC/0s 11 gnoonuuyliil Footprint vinadn swemmnsavi lldfuaig vuia
8 bit 1@ 1l Preemptive real-time LI1a% Multitasking kernel uAazmanzl Piority
1oz Stack YBIANDY 150 UMIMUUAMTNMININUILUY Round robin M3
@ o [ b o o ' 5
daamansgesnuuuldnamaniamuuuuiuseylivuidiu finite loop Tauyn

' P

manvzegluaauz lagauzniialuiidae Ao Dormant, Ready, Running, Waiting

=) o - Vv
b ISR ZT'lll'I'iﬂWBiﬂﬁQUﬂ%ngﬂHﬂ1Uﬂ§$Qﬁ [15]

1 a wa U = s od
10 224 waasranisnfSouisuszuul§ianmsiser Inlunquidamdyd [15]
du3Un 225 waaswanldninnisdszdiuma Geamudidunisidenlda ves

a wa = d 1A a d
szuulfiamsiGedIngd 1unqmmw1m‘w [11]



27

Ny

wake requests

Mailboxes:  wait-

Yes

Windows. predictable memory block
availability

Messages. dynamic
data queues

Yes

Windows. Solars

Recursive  locks.
mutexes

Yes. uses priority
ceiling

Windows/Unix. CPU-independent
software interrupt manager: statically
and dynamically segmented memory
models

Semaphores.
umers.  message | Yes Windows. Linux.
queues
s . Windows, Linux. profiling to collect
Maithox. binary : timing information for every task: task
and counting | No g g
) activation time independent of number
semaphore ?
of tasks.
Inter-thread Windows, DOS. 0S/2.
messaging. queues. | No High-speed intermupt driven serial port
semaphores routines
Semaphores.
breakpoints can be Y Used in critical embedded applications:
es. nurex. . : e
placed any where hore object-oriented:  supports  distributed
in the system P processing: task execution profiling.
including ISRs.
) SGI. Double-precision matrix support:
Message quees Yes Multi-pipe scalability
Mailboxes. pipes | .. . .
and queues Yes Windows.
Semaphore and : 2
quenes Yes Windows.
Windows. Solaris. Linux.
Message passing Yes User-defined system clock resolution,

fault-tolerant:  suited  for  wireless
applications.

Shared memory or

Yes. lock free data

Linux:  supports  hard  real-time

; structures and iy
via files prioeity ceiling applications
Yes. by disabling
Mutexes. counting | preemption over
semaphores  and | ranges of priorities Windows.
messaging and by priority
inheritance
: 2 Windows. Solaris. Linux. Symmetrical
QNX Neutrino V. i . .| multiprocessor  systems.  Every  OS
ONX Software 64 Message passing hﬂ;::im::gg pnaul component runs i its own MMU-
Systems Ltd. * protected address space

Table 2. Features of commercial RTOSs

31 2.24 napsmsnS ooy Commercial RTOSs [15]
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QNX/Neutrino™
0S-g™
grgéizelMQX“' 2nd
Delta OS™
RTEMS™
Lynx OS™ 3rd
Integrity™
VxWorks™
Nucleus Plus™
VRTX™
[TTPos™

C Executive™
Emb OS™
CMX™
ECOS™
uC/OS-lI™ aa o
SuperTask™ -
AMX™
Cortex™ 6th

Evaluation results

1st

4th

3N 2.25 wanisiszdiudAuues RTOSs [11]

239 lulasneulnsanes TemenAsFain nesvuy (uC/0S 1)

¥
aaw A A

srvudiamsiies Ini fauddeiidenld Ae pcos 1 Fuduszuulfiansiy
nauFamdind [10] daaslugin 225 FeAves pc/os 11 Ae gnoonuu i Footprint
= ° o . . -
vinaan ansosi 1900 Tu s Tosiraees vuna 8 bit, 16 bit, 32 bit, 64 bit #50'luns
aouTnsawes 14 awisolfunldouvuialdauanudesns Taodldannsaidenlsd
a R ¥ "o i ° Y
uimsveslawmawzidoansldnuminiu uennniimainnldluanumsdnunlides

w@omavansla 9 [8][9]

ot et

WC/OS 11 1iu Preemptive real-time kernel TnoTooavzilaoul¥mianiiil Piority

qag@ unzegludn1ug Ready 11974 (Running) Aowaus lHiludiimua Piorty 1Hudas
o o o o o [ o LY & o
mMan mudruanudIny mannamanaziivileanuiivesdues seleeaszsimuall
v JJ T v o o Yt
Tuaeuadramanyuur vy yu1AYee Stack voaudazsmanaisasimualdiivuia
uaneeiu lAnmnudeansve gl (9]
{ v o ' o o4 o o

3 226 urmsnudiu Iz Mmanauan udennluguman (TCB) uag Fiy
aa L4 = ¢ & 1 s & 4 Vo A A o a o
svames msnfasunamannila ldgdnmanwmilsuegiuidou lundmua TuszuuG o lngd
- g a P o
WoulvAdena Taoil nema (Kemel) naunumanlavuulaad

o 1 a o =2 d  dd o 9 = o - e
11727 IADLUA 114531_!1!!5011'“1] Hl.l'lUE'N"]iElﬂﬂu']i‘H‘I"I’I‘I"iu'lﬂﬂllﬂi]ﬂﬂﬁnﬂ’lﬂ]ﬂ»i rlmg
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P = . A P s & 14 s A a
M3faounTun (Context Switch) Ao Msnlavunnmanwiishilgdnmanwits Guen
¥
INUVTUN (Context) voamanilogiiu WudFauan (Stack Pointer) yosmarilagiiulily
» ¥ v ]
YAENAILAUMAR (TCB) voamamiu Tnaadi¥auan (SP) vaamad Infissunumui

= o ] w’
uazmudn Inaausunveaman lmiilusuasugane

TASK #1 TASK #2 TASK #n
Stack Stack Stack
,—’
—»
i
—>
|
Task Control Block Task Control Block Task Control Block
Status Status Status
SP SP Sp
Priorit rorit Prioril
MEMORY \ \ /
\\\
CPU \
e

CPU Registers

SP

Context

31N 2.26 Multiple Task [9] [10]

RC/0S 11 #1N5SDVTMITIANIMAR 14 64 Man 3o3d 1AW Piority 0 — 63 Tag#
0 AoMmanfiiiszA Piority gaga 1Az 63 ABMARTIITERY Piority frqa 3107 2.27 nanants
¥A52A1 Priority 499 uC/0S 11 Tavdautisesnilu 8 nqu (0) — (7) udaznguii s sz
Priority Tagvzaaaulidmivszun 8 Piority D 4 Piority qaga (0, 1, 2, 3) Uaz 4 Piority
#19A (60, 61, 62, 63) AN ADIZAY Piority THE1FAmMUATE 56 3880 M3 56 Mat Loz

¥
AMuA Priority Huaazmaniazdos lid 1 (Unique) [9)
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Highest Priority Task
Reserves for system

7 riori
©| 7|65 High
1 [15]14|13]|12|11|10]| 9 | 8
(2)|23(22(21|20|19|18 17|16
(3)(31|30]|29(28(27|26|25|24
(4)139(38 |37 |36|35(34 33|32
(5) |47 |46 |45 |44 [ 43 (42| 41|40
(6) |55 | 54 51|50 | 49 | 48
@) 59|58 |57 (56| Low

Reserves for system

Lowest Priority Task (Idle Task)
3UM 2.27 Priority Table [9]
- by a o d o
e limunsaaamumsiinueImanudazman 14 pC/oS 11 wimmuadniue

Msmaveaman 13 5 40U fio DORMANT, READY, RUNNING, WAITING, uag ISR

U ‘é ar '=|.
a nmlanaw madezegluaniuzlaanuenils Tu s ao (91 [10] Aweaslugiii 2.28

OSMBoxPost() 8guBoxPend{]
05QPos QPend(
OSQPm:pront(} J
05SemP:

0SStart()
OSintExitf)
0§ TASK SW(

OSIntExit])

31N 2.28 State Transiton Diagram [9] [10]

- @07 DORMANT fo aouzimanidailedinglu Program memory liinglu

AUz NToUMIY



31

{ J o =) ar .. ° v o
- 97U READY A1B a0 mueimannioneziauuaiiszay Priority @101 1an
d'n o 1 4
namey luilagiiu
dde w o
- @974 RUNNING fiD d014zv89maniiniaaiieu (Execute)
- @0 WAITING fiD a01uv0amannsoimgn1sel (Event) VDO 13U 50013
¥
NIUVDY /O m%au B sa“lﬁ'nuﬂnm (Time to expire) Lﬂuﬂ"u
- S = o a 7o
- a91uz ISR Ap Ao uzveImanngnnga 13 msednggnoumes in
{ L4 . . a
nisifaeuearzveaman Wu'liaw State Transition Diagram fanaaalugy 2.28
A d 9 = — oo ' ar v o v
diomanegluaniuz DORMANT fie anugimangseg luTisunsy daliannsoanld
% o a ¥ A A s
manvzansonan 1d1aensiSon1d oSTaskCreate() W30 OSTaskCreateExt() iiomian
y & ° ya a4 oy 4 o P ¥
PATNIUIzgRiMuA IMilanu READY Aewiouiivziha manesgnadiesnouns
@ a ¢ A 9 = ded o w o v ¥y 9 4 ¥ ¥
vaAmanezisuau niegnain lasmanimdehavey dignadiesdioman uazgnadeld
- ' s Y w fo d v A @ A o B 3 [
i1 Piority ganimmaniaiuiu maniunez ldniuguaiigiui manaunsanzdoundy
Tgaouz DORMANT 18 TauiSun 14 OSTaskDel(
@ a sa 9 = - :d dea .« s
msaamanisuau laomsisonly 0sSwar) Tavh OSStart) v 1Mannil Piority
) E 4
qagataziioniug READY shawTaseznldouamuzvesmamiuiiuaniug RUNNING
o v ; o o ol "o
wu nala q Anuszlifsamani@euiniuinmay manndaoiuz READY e livia
' deda ' a A
WMl Piority genitvziidauziiiu WAITING wiegnaveonlas OSTaskDel()
mannmasihueEngad et safidesms Tasmsisenld osTimeDy
¥ & ]
W30 OSTimeDlyHMSM() mmiiuszidiganiug WAITING vzogluaomzilaudemii
o L4 o’: v o CE @
mmua mamivezdiganiue READY uazduilumaniii Piority gaga mamiuez185y
aNB luMInIuANINYIUT
ddo o o a fo Y Y o d A v
mannmdaianuenngndumessnldnasanat Buuai man wie pc/os 1 14
Amoiiadwaeiinly dielimsdumesin madazgaugamsiuuas Whiganue ISR
i a o o A
oA T1)5UNTUABLAUBIBIABI SN (ISR : Interrupt service routine) 1IN IVAUG RGN
3 ¥ Ed
HazIIoMIADUANDINIIBUIADS TMTLES¥dY pC/OS 1T szdadule s mudumossnll
— Vv .. o 9 as ~ o e =3 o o oa oo - (:
nla &1 Priority voamanngnnya 13dansil priority qaga negimudumesswlimamiv
uad fimaniouisenglu Ready Queue i Priority gand1 fvgiimuduandsnlufimenlmi
il Priority gandniuuny daumamintiaoiue 1SR Asznldouaauzilu READY Wh'li)se
[ [ ¥ ¥
041 Ready Queue tosondudimnha nsidiomaniiul piority qagadnass
3 ey o't Aa ' o o
e luiimanlanfianiuz READY 500411 Ready Queue 1182 nC/0s 11 flaz Tl
P o i = @
W Idle MAR (OSTaskldle()) NN Clock Tick 111D UADI TW T99200N9IN Tdle MR 197

guuaunsaadulednes Idmanlalu Ready Queue vinause'ly (9]
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d d é C
MseantULBINAIITHAZIITANIS

W IEC 61131-3 uenundeimuagluuuvesnuunasgia s awuds dald
vauegUiuveswonding (Software Model) ieifuuuamaluniseenuuy eyt
Tilsunsy aendfiuoad uldanmnasgii IEC 61131 Smua Saldigluuuves
gordITmmi 1EC 61131-3 uuzih BundhunuamalumisesnuuyTilsunsy dnuyves

woWAlIT DY IEC 61131-3 [12] Aanaraslugili 3.1

Conﬁguration
Resource Resource
Task Task Task Task

Program\ Progra Program Program
[ FeH ?’51 | FeH F8l

Global and direct variables

4T

Access path

lr Communication Function

319 3.1 IEC 61131-3 Software Model [12]

3.1 Tnssafraranlanns (Software Structure)

o o { ar [ s Q’: 2
JUuuvYeIrenAITAINN IEC 61131-3 iausuuzdauisooniiusedudu Guan
a & = ¥ < d
32AVVUGA AB 1AT91UY (Configuration) n1oluTasannilszneudis Saese (Resource)

' P P &5
1oz uARZ ¥R alsznoudIe M (Task) iaz TUsunsuveamend 1« [12]

3.1.1 Soft PLC Software Model

Tsunsuronafivea® sanagiuuusendunrs mu IEC 61131-3 nuziil3 Tao
Sz fudy FTAVVUAAND IASWUVIZVY (System  configuration) Mo TuTasauuy
Usznoudie 3 Saeia urazSaesail 4 mmi uazudazmmivsznendas Faunlsmnie
(Local variables : Input, Output, Timer, Counter 8¢ Auxiliary relay) uaz Tsunsuveamani

» v
Hu 9 Awaalugiin 3.2
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ar A Ll ' )
Tsunsuaondiuead soa5ummza1mn IL 411l Function Block (FB) msdarn
Joyaszniemanihi Tasmsdadoyariu Global Variable udazmanmanuiludaszreiu

391111 Access path daumsanaApnugnIsinteusnznszinlasasai 10 Port

Direct IO Port Direct 10 Port Direct 10 Port
X[32] Y[32] X[32] Y[32] X[32] Y[32]
P
3UM 3.2 Soft-PLC Software Model

3.1.2 Tassafalisunsw (Program structure)
' % 4 4
e ldnsiianuiuny Real-time Tao14d ucos-11 ¥uilu Real Time OS 11031
3.3 uaaslnssadaveslsunsy seWdnuead wyseomily 3 d9undn Ao Header file,

Library 11212 Implementation

includes

- o )

Impleme% /\ Library

plcStruc.c [P_Task.c] [M_Task.c] [ucosub]
/

StdLib
Stdio

Soft_PLC.exe

31"?1 3.3 Component diagram
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Soft PLC.exe i Executing file Taunn P Task.c M_Task.c itag plcStruc.c Tav
o ¥ do s > ¢
-M_Task.c W Tsunsuimihidmuaesmlszneunamuavesman
- P Task.c Lﬂuiﬂixtﬂsuuﬂamm Instruction List (IL interpreter)

- pleStruc.c 111 Direct 10 Port map

3.1.3 Inssa$edoya (Data Structure)

31/ 3.4 (1) UAAI Class diagram Tnseardadoyaniut ¢ veslilsunsuvendafinond

ni'lu'lﬂmu IEC fviua law System configuration (TConfig) 1szneu 3 ?“Bﬂ;ﬂ (TResource)
' =1 c 4 -~ = v

TuudnzSreialsznoudaoniia Device (TDevice) Az 4 WBAZMA (TTask) uAaz M

- é = L= [-] n'.!
¢ Tsunsy Bl 18l 256 fds

IEC Common Blement Data Structure ) PLC Execution Parameters
<<struct=>
TT.SH (<d||ﬂ !>>
<<struct>> - v X TPLCTaskinfo
TConfi ' 1 id
9 l———{TResource fg——Y .
G M prio
[3] [4] ’
crit period
Tm
(2)
D [256]
<<struct=» <estruct=» Performance Monkaring )
TDevice Tinst <<struchs» zastructss
ioport cmm TTaskinfo TLoglitem
i dev pro, loghems _ o
sl stop [LogLength] |cmd
count logTime
(n) (a)
= .
g‘lhl 3.4 Class diagram

110 3.4 () uaassinniimes ndwu lldiueadman szaoudleninuay
Uszdman (id) szduanudidny (prio) taz MuIAN (period)
3U7 3.4 (M) @35299UM3%1970 TAY Task Information (Ttaskinfo : Start, Stop MAz

Count) 1A119101UANNMIMULADE Task (Tlogltem - tid, cmd a2 logTime)
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3.14 1ﬂa1ﬂ1~1u1m (Configuration file)

pleStruc.h 114 Header file #M5UAMuATATMLUYBITSVY (System configuration)

e o
dhudui fldausalfunldsulaswwuvesszun Idmuanumanzayvoans 140w

1wl pleStruc.h Usznoudiomsimua

- WS HeTA (Resource)

- aw339u (Global Variables)

o o 1
- VIUIUMEN (Task) ’1uu¢mz?°ua§ﬁ

ar 1 o
- aulsmwe (Local Variables) Y8LAQZMTN LAz

o = o
- VIUIU DUNAN UAT IDINHN VOIS UU

1AAveq pleStruc.h Aaanaluzilii 3.5

typedef struct
{

int
BYTE
BYTE

} TDevice;

ioport;
X[32]
Y[32]

typedef struct

{
BYTE

BYTE

BYTE
BYTE
BYTE

X[8]:
Y[8L

M[M_Max];
Cnt[Cnt_Max]:
Tm[Tm_Max]:

} TTask: /*tid*/

typedef struct
{

TTask

T[4)

TDevice D;
} TResource; /*rid*/

typedef struct
{

INT8U

G[MaxG];

TResource R[3]:

} TConfig;

// Number of system Input port.
// Number of system Output port,

// Number of input port for each Task.
// Number of output port for each Task.

// Number of auxiliary relay for each Task.

// Number of counter for each Task.
// Number of timer for each Task.

// Number of Task for each Resource.

311 3.5 TdAv 04 plcStruc.h

3.2 nalaazIuAeuM 3111911 (Mechanism and Algorithms)

vl §iians ucos-1 1dnalalumssnuinmsmaulidulaunamsimua

a - - | -~ = v
'Iﬂunﬁﬁ%'nmsaummiwmwg HUUUAIULIAT 158071 Interrupt  Tick ‘Hﬁilf) Clock Tick
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¥

o a P oA ¥ o
Taea 1 sziimunanegh 20 - 100 a33/3ud uaz ucos-1 Aaldgl¥dmuanunains

¥
@ 1

SuimeTIwil 1810 Header file (0S_CFG.H) Tasmmuailuimiunsiaeiui (4]

#define OS_TICKS_PER_SEC 100 /* Set the number of ticks in one second*/
dmiuTilsunsusendfiuead Amualif 100 adaAuri nie 1oms (15ad

$19uu) T]ﬂﬂ%ﬁ‘ﬁ Clock Tick 115109 TisunsunaeuausInmsduwnns (Clock Tick ISR) 9241

Tmadfifianiuz READY wazil Priority gage ogluaniswdeuiany udwihnisnlaou

] ¥
vsun lAimamiu

10 mS
Clock Tick —F*—1 ' ' ' '

Clock Tick ISR — 11— 1 | 1 1

1 a dar
311 3.6 M3BuMBs SWERGUUVTALNAT

3.2.1 MHUHINIININU (Activity Diagram)
3 da = o = = o
msmauveslsunsuweanuead Awaasluzin 3.7 Tasimadiniau

Neveanu D Timer Interrupt, TTimer, OSSchedule, PLCTasks Liag Idle Task

Timer Inteqrupt

N

Timer

L]
T
T
=
i)

|
W

———— Control Flow
i — — — — Data Flow
<>—) Decision
Infine Loop 2, Interrupt

31]ﬁ 3.7 Activity diagram
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{ o o ¢ = - ° ar
3UN 3.7 naasmudimsauvesTisunsurenaiuead Tavlimsiaruniuns
o 1 4’
M3 Asae Tl
q = o o 4 a 1. o
a nala 9 Weilmsdumes iwiidan ISR szimslasuuSun1uUf Timer man
w512l Priority ganmanou
3 o ] = o q ¥ ¥ 3 i
Timer Manazgniiuoadman fazmanliidigaoius RE4ADY udndn lsoay
Tu Ready Queue @74 Timer 1ﬂ1ﬁf{%$ﬁiﬂ1ﬁﬂ'mﬂu\lllﬁi OSScheduler Tﬂtjﬂ‘l'iﬁﬁ'?m\u‘l%ij
222 Sleep MW Timer manidhganiuz wAIrING €h lilseeg1u Waiting Queue auni19z
ASULIATNRIMUA (time to expire) MziAsuaniuziiiu READY 1111500411 Ready Queue
OSTimeDly(1); /* Sleep mode delay 1 tick */
° Y oA St = ot o i
0SScheduler innNaenManney 1y Ready Queue latiaonmanniiszaA Piority
[ ] ¥
qage IMidhgaoiuz RUNNING udnimsuldouusun llimamiu uad hilimadlaseed
11 Ready Queue Nvz1den Idle Man OSTaksldle) Tavsansarunudng i Idle man
Idle M iWlumadfifiszd pririty d1ga M19muuums5eu 18391 (nfinite Loop)

o 4 ' = oar L4 d’
ilgﬂ'lﬂ'lu'lﬂﬁﬂﬂ'ﬁuﬂ']']5]3ﬁﬂ'ﬁﬂulﬂﬂfﬁV“{hu'l‘s\‘m:ﬂﬂﬂﬂ'lﬂ Idle Man ‘H\lﬁ

// Idle Task
void OSTaskIdle (void *pdata)

{
pdata = pdata;
for () {
OS_ENTER_CRITICAL():
OSIdleCtr++;
0S_EXIT_CRITICAL():

}

o ] o " r
Tunsif Ready Queue HuoadMmaniiegluaniug READY 500¢ OSScheduler 92
-~ =1 = P as 5 & Y o - = o ~ rfn’:
WRENNLDATMANNNILAY Piority gaga uainisnlasuniun linRueadmamiu
] S v a o v
HieadManh OSScheduler dansaluguunld Suimseudoyann 10 Port
ar o o i ar ' o w
vouiuwuny 13 ihdeyain lAumlszurananiu Tlsunsuveuiu Tavsmmdaninlisunsuy
o “" o o ﬁ.’ 3 ﬁ’l 1 o Q" d o
hazMids nsziimanumids (Execute) 11y dwamidausn lsusuTsunsu miwdaia
dawan ldnnmsszuaanallii 10 Port udninduesTaonsiidueadngniig Sleep Au
ot e o o d
MIAILANTAYIANY OSScheduler tazanuzvosReadManiu Miiluaaug WAITING
191 11eg 1y Waiting Queue 3R T19ZATUNIANARNNUA (time to expire) Aoz Avuaaiuzily
READY ¥ 11500811 Ready Queue
' oo =4 do o = a o - : '
dlusznheiueadmadidalszudana in15dunesin n3o Clock Tick 1wl
' o~ o a a ~ o 4 4 =
Usng Aeuiezyiimsn/deuniun 1A Timer miad ISR sznldouaniuzvesiuoadman

¥
wuldilanmedlu RE4DY udut1 115910 Ready Queue
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A [Y S - L4 o o a :
111 OSScheduler 1A3UMIAIVAUAUIINAUDATN AN OSScheduler AVEIIMIIINH
= da S @ .. 1
iAufe enmaniioglu Ready Queue Tnuidenmaniilseiy Piority qagalidiganiug
¥ o 4 a < o
RUNNING wayimsulasuniun Tlimansiu
s
Ready Queue %30 Ready List 11U Link list ¥9IMannLanIug READY WSoue
L4 ] ¥
9 aaseniimsimandimiessntin Ready Queue 923in151511)54 Link list Titarue
4 ¥ o ¥ ot o L. a Y a o w @
el e 1850 manndissAv Priority gagasziiufusnaue udrSsedidumuszdy

Priority aonu 111590 9 [5] Auaaalusii 3.8
ty 2

Highest priority Lowest priority
Ready List ——» J—

\

TCB TCB TCB TCB TCB

31N 3.8 Link list 494 Ready List [10]

322 msdamsmanuazIEMuuUAM519 (Task Management & Scheduling Policy)

Tsunsurenanuead 19 Timer miad Wumadiinaugumsiauvesiivead

et Tag Timer man Wumaniifinm (Periodic task) TAUMsAUNA 10 mS nionn 1
. as P . d o Y Ao a 9 - L °

Clock tick Aauaaslugiii 3.9 Timer masimdhiidadui v 1diuoadmadlaviom aw

1 bl

Franaudazineadmaniimua 13y Schedule vosusadmamiu q (aswanslugl

13.10 () 1Ay Timer ‘Vl'lﬁf{‘ilef\‘l Resume signal Talérs OSScheduler HA9 NS signal uf’h

Timer MAR9HYARID (Delay 1 tick) daufineadmadiignignezdianiug Ready €l

solu Ready Queue

Wake every ClockTick

'

Timer Task
Tent++
OSTimeDly(1)
R T1 RJsume T2 esume Tn

]

T1 T2 Tn
r

Suspend Suspend Suspend

g‘llﬁ 3.9 Task control flows
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// Initialize PLC Task scheduling period counted in clock tick

PLCTaskInfos[0].id =4, /*PLCTask ID */

PLCTaskInfos[0].prio =15; /* PLCTask priority */
PLCTaskInfos[O).period =5; /*PLCTask piriod : wake every 5 clock tick */
(M

// Timer Task

for (; ;timerCounter++ ) {
for (i=0; i <« PLC_TASKS; i++ ) {
if (timerCounter % PLCTaskInfos[i].period == Q) {
0OSTaskResume(PLCTaskInfos[il.prio);
}
}

OSTimeDly(1): /* Delay one clock tick */

(V)
g‘ij‘?l 3.10 Source code ¥4 (N) PLC Tsk scheduling (¥) Timer Task

3.2.2.1 Scheduling policy dmsuTsunsy wenWaRuead Wy Preemptive
Priority Based Scheduling 1ufi® OSScheduler 921id8nManing Priority qaga Hoglu
Ready Queue Thaunewaue Tavmanngnidensznldsuaniuzsn READY iy

07Uz RUNNING

High Priority Task I g l

ISRT
ISR makes highesf priority task ready to run

Low Priority Task I:J I j

, current task is suspended

P=Time

311 3.11 Preemptive Priority Based Scheduling [14]

3.2.2.2 Priority Table
P o ° "
IW31% OSScheduler ¥zIABNMANNTIZA Priority gaga IdMaunowawe
o u’: I3 s ' o’ o A .
ATUMISAMUATEAD Priority THudazmanlslinuding 319 3.12 uaaa Priority

Table 483 pCOS-I1 5o TATAA1Y 19 Tunsdaszay Priority 1Hudazmad
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Highest Priority Task
Reserves for system
0 orl
@|7]|6|5]|4 High

(1)|15]|14 (13 |12(11]|10| 9 | 8
(2))23 (221212019 (18|17 |16
(3)]31(30|29 (28|27 |26|25|24
(4)|39|38 |37 |36 |35|34 |33 |32
(5) |47 |46 | 45|44 |43 | 42|41 | 40
(6)| 55|54 |53 |52 |51|50|49 |48
7) 59|58 |57 (56| Low

Reserves for system
Lowest Priority Task (Idle Task)

314 3.12 Priority Table 499 uCOS-II [9]

pCOS-II LAITNMITATZAY Priority ponilu 8 Nqu nRuaz 8 szdy lauBueszay

910 Priority 1100111110 31910 0 AesEA Priority gaga uaz 63 AB32AY Priority Man Tav

vz 1idmi sz 8 Priority fie 4 Priority gaga (0, 1,2, 3) 110 4 Priority 1A (60, 61,

62, 63:1dle Task) [9]

manildarlunshamunnd 1 Clock tick msimualdmaiimarilil Priority

@
Y
@

A gy ot o < Vo ° ' o a o S o -
il lWﬂl‘H‘ﬂ'Iﬂ'ﬂﬂufniﬂ1\1’]“[5'.]ﬂ'nﬁﬂll1ﬂ'|\nuﬂﬂu ‘luﬂ’luaalﬂﬂ'JﬂUﬂ-lﬁﬂﬂUﬂ‘lﬂuﬂl’)ﬁ’]‘n

o < ~ .. ° o .. ' JJ '
0 1¥ia5 v (Deadline) M35 1) Priority qa msfmuaszd Priority THudazmadauoy

o o o - - 4 o vy
nuanudnyvesnuuadow ludewar Tasdldmusasmualddvauins

o [ o A o ar .. o 1 9 o a,
dmiu Tsunsureanuead fmuaseay Priority veamanaa o 13aad

Task ID 0 #0 Task Start (Humanfifmmuassiszneunanuavosszam
Amua 14l Priority gaga (Priority = 6)

Task ID 1 fie Task_Timer ifumanniugumsiauvesmanianumiaude
10 Task_Start f1MuATHI] Priority g95092931 (Priority = 7)

Task ID 4 — 15 (12 Man) Ao Task PLC 1 - 12 aWd fuoammaring 12 mar
anmauiludaszdedu SasaszduanudiagyIfiSoaneiu (Priority = 8-19)
TAwil Task PLC ID 4 - 11 041521 (1) (8->15) 11az Task PLC ID 12 - 15 oyl
2R (2) (16->19)

Task ID 2 A0 Task Disp 1Humanne waniug 10 409 PLC usazmaian

= = o Y - ° w. n
HAAINANUBTIABS TH Priority @1 (Priority = 48)

@21 Idle Task 111 Task 73] Priory M@ (Priority = 63) Aananalugili 3.13 (v)
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Task ID 4 §i Priority = 8
7 ; 0 Priority 7 N\ 0 Priority

@1 0 x x x x x\ x| High (©@7 6 5 4 3 2 0 | High
(|11 10 9 8 7 6 5 (4 (M]15 14 13 12 11 10 9 e
x 1514 13 12 2) 20 19 18 17 16

®) 28 27 26 25 24
| 36 3534 33 32

—_—
Lt}

Nt
>
x
=

Low

1 s o s o =
317 3.13 M39A32AD Priority vossoWANIDaE

nneme  daavivlsinglugdd 3.13 (n) dudiauie 118 mmiisuna Priority dau

anavlugili 3.13 () Whuavilsgdmad (D) veuudazman

At Inauedmvesmsimuamaduanudin dwaaalugii 3.14

/********** Task ID ******t****ﬁ/

#define TASK_START_ID 0
#define TASK_TIMER_ID 1
#define TASK_PLC_ID 4 // PLC Task 1 (ID)
#define Task_Disp_ID 2

/*******t** Task Pr‘iOFITY **********/

#tdefine TASK_START_PRIO 6
#define TASK_TIMER_PRIO 7
#define TASK_PLC_PRIO 8
#define Task_Disp_PRIO 4

// PLC Task 1 (Priority)
31 3.14 madmuaaulszsmad (D) uazdiguman (Priority)

3.2.3 Communication Path

MsAAABADAITIZN 19 PLC Task M Input Output Port YDILUAALNIAN VLAAAD
TAUATINURIMLI5IN Hardware TAOHINIHIMUA (Port Map) 1Alunisimua Tasaunu
Y8932 (System configuration) PLC Task usagman sludaszdoiu linuideanio
o« o ¥

duuBiu MsTunTededoyain Port 9127211 TAvATINIUATIN Inport () 13D Outport ()

#0619 1Y IUY8INI5H1 10 Port Map tarmalugalii 3.15
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/‘**i*t'k**** IO POf'T Map *************/

// Input Port (Resource O, Task 0)

C ->R[0].T[0]1.X[0] = O; // Device.X[0]
C->R[0].T[0].X[1]=1; // Device.X[1]
C ->R[0].T[01.X[2] = 2; // Device.X[2]
C -> R[0].T[01.X[3] = 3; // Device.X[3]
C ->R[0].T[0].X[4] = 4; // Device.X[4]
C ->R[0].T[01.X[5] = 5: // Device.X[5]
C ->R[0].T[0].X[6] = 6; // Device X[6]
C ->R[0].T[0].X[7]=7; // Device. X[7]

// Output Port (Resource 0, Task 0)

C -> R[0].T[01.Y[0] = O; // Device.Y[0]
C ->R[0].T[0).Y[1]1=1. // Device.Y[1]
C ->R[0].T[0].Y[2] = 2; // Device.Y[2]
C ->R[0].T[01.Y[3] = 3: // Device.Y[3]
C ->R[0].T[0].Y[4] = 4; // Device.Y[4]
C ->R[0].T[01Y[5] = 5: // Device.Y[5]
C ->R[0).T[0L.Y[6] = 6; // Device.Y[6]
€ ->R[0L.T[0LY[7]1=7; // Device.Y[7]

// IO Port Address (Resource O, Task O - 3)
C -> R[0].D.ioport = 0x0320;

31 3.15 M3t muadmiian1a Hardware 1asA34 (Direct 10 Port Map)

3.2.4 Resource Sharing a2 Race Condition

— o v a 4 °
a1 1L Hun i1 lums Tsunsuiueaduduasiusuay Fuilumsiiau

= . kg WY [ - ¥ o ar
HUUNTEUIUNTIALD (Single Process) Inseaiaveaniu IL Ti'ldgniamson1idmsums

o T =] Y o " s o ar o~ = 4
Maungugeunaziini lgminensiiuiu dmsuTdsunsusendaniuead msdeas
FEHINRNATMANNEHIUAMTT I (Global Variable) TuanYIZYBIN3 T3 Flag 30
dyga imedimuatanazlunmsdhon lifinsdesiudeyailuganiongudoya udaz

-1 S o 1 d o = [ s ~ kY s ¥ H
Auvadmanemianuiiudaszaeiu niwoninl¥gaiaass iame (Local) ifudau o

iWeHaniaoeilan Resource Sharing 102128 M3529%9 (Race Condition) Tums 14 aunlss

3.2.5 Hardware
] ¥
Tuawmuguifunisminusiudusznieiueaddugnsalnouendu o e
da o o £ - a L L J :1’ [l
pUnsalduwnuazginsailemun Feilymiiinasingilnseidesumarilszdenanszny
Tasasanunuead dyminwunain 2 auwg Ao
= U o ¥ T = o d' U
- afannszuusw Iddades iumaldfiueadnganisiia deszuusie v
w o a 3 A o o 1 -~ =1
navuihaniluled dywinfe mandvuiaulnivesfinveadezannse
o ' a =] - - ' a 9 oA ~ @
mauaenndu lanie li niedeasuiinulminngaisudu fuoadlaonali
¥ e ' ' o d U] ) ¥ 1
unilymiii lasmsudaniasanudminuaeiuzvesgnsaliaiiousis q 14 dau

é ar = : '
nils daldiuunnes Backup ud1svylusiwavidualidl#3gunsaila wesla
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Niuuaaes Backup 13 efidlFamnsaidenldlunsWwaun Tsunsune
o = ~ [ d, o - W Yar - Vv
AAUMININUYeIRNead Tudutisenanuend TuldvaaTon’)
a o Ao ° [ Y A o P [ o a
- ianngUnssimeueniinminuswiuRueadsga sz dirererainead
A o @ o o - A 9 =t =) d 1 J
nihausuuiadmadluaensd e d11dsunsuldiueadmanuaazman
o U o aa’y ° : A = s o 3
mawswiu lunsditideanyganmsmauniszuy mendouglnsaingigaiu
' = - | 9 Ve = d 1 o o a "
amdnnsd ae o Tsunsuldfueadmanuaazmaniiauiludaszaedu
P - - S o o 1 I
nidtmnsongammizineadmeaniiiilym 1d TavhiRueadmanoudng
ansoauamlng (idasiueadmandoil Hardware dmiunuAuI3

WlaAla veamaniies)

3.3 IL Interpreter

“ o v A4 a : = L4
Tsunsuidimiudani 1L szidluduniislu P Task.c H&39910% Timer Mad
- o v’ . 4 '
gniineadmanynman 1iidnnsesglu Ready queve 1A Timer man vdhganiug
1 It s G
WAITING (OSTimeDly(1)) #am13nunu i OSScheduler idonmaniilisz@y Prioriy gaqa
A =1 I'd = Y = = . 4
%9 NuoadFMan 92ii52AY Priority §4509910 Timer MR 929N OSScheduler 1don 11]
@071 RUNNING Nagmanisoanuseay Priority vouaazhuoadman
=1 o o’ oy ¥ A o A d o
nueadmanlan laanue RUNNING szisushau Taomisindosaniuzvesginsal
(@riioUe19 ) (Timer, Counter, Relay, Output Uag Input) 1¥egluaoiuzisudu udaow
9 ¥ :1 - o P ) d ' ° ' o
Tsunsunlsaruguineadmanmamiv ihuudvlumizeanui ludruvesmana
nCOS-11 ¥aass Inouadramand (OSTaskCreateExi() udmgadnout lsoaglu Waiting
queue (OSTaskSuspend(OS_PRIO_SELF)) 56m35m1a14 lusouda 11
v b
dioRueadman 1dan1ug RUNNING 2:Aunduuminaudnnss sziauaesiniay
ﬁﬂl‘[’f’lfi Infinite loop (for (; ;) {code...} ) I3UIN
- 91udoya91n Input port 1hdeyah 1Ay 13 umissanuiune1¥lusznii

szurama

w o o et
Usinlyadoyanazaauzve Iminesignldam
a v o o = o @ & o a ' s = o A
- uswmidanazids Famidwaazussiasggauoninuiiu 3 Had Ae Operator,
. 5 @ Y o Y o = o w o 1 A
Device Ua¥ Serial No. @539 1d31vez Isudwheuiazdids vaeiies i
wnszRIDImdigame
' @ dAan ¥ ~ v
- dIHAANEN IdnINMsszyanaeenii Output port 17
- NYAAUDA (Suspend) 191115011 Waiting queue 5971590 Resume  ndudhn

v
N19IUDNASS



if (((stremp(ptr[il.cmm,"LD"))) {
switch (*ptr[i]ldev) {

case 'G' : buf = &6((ptr[i]l.ser)); break;

case ‘X' : buf = X((ptr[il.ser)); break;

case 'M' : buf = M(ptr[ilser); break;

case 'T': tc[(ptr[i]l.ser)] = ITm((ptr[il.ser)) && ts[(ptr[il.ser)];
buf = te[(ptr[i].ser)]; break;

case 'C': buf = ce[(ptr[i]l.ser)]: break;

if ({(stremp(ptrlil.cmm,"RST"))) {
if (buf) {
switch (*ptr[il.dev) {
case 'T' : Tm((ptr[il.ser)) = O; tc[(ptr[ilser)] = O; ts[(ptr[i]l.ser)] = O;
break;
case 'C' : Cnt((ptr([il.ser)) = O: cc[(ptr[i].ser)] = O; cs[(ptr[il.ser)] = O;
cr(ptr[il.ser)] = O; break;

¥ A " [ o
ATUVUADAIDEINVEIUVDI IAA

3.4 Hardware Design

¥
Fagilszasnuessrsauntivil Tusunsy sondfuead  desaunsain 14y
Micro Controller (x86) 31/ 3.16 an 1n398319M19 Hardware Naz1in T1lsunsy sevdfinen
% Tiwesnasuu PC104 Board 1% x86 CPU 24 MHz uazi¥oudnfiy /O Device 3 boards

WU ISA Bus 11@0¢ 1/O Device 3 64 10 (Input 32 bits / Output 32 bits)

x86 CPU
PC104 Board
ISA Bus I
4 r 3 a
\ \ 4
Vo Vo Vo
Device Device Device

A
)
=l
-
av
L
<5
X

31 3.16 TA39a319M19 Hardware
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910 Software Model ¥9311/5un5y ¥oWARUDaT 1U2NDUAIY 3 Resource LAAE

Resource 3l 4 PLC Task Lﬁﬂqlﬁ' Hardware ﬂﬁ)ﬂﬂﬁmﬁv Software Model %’mammuiﬁ’nn
~ . 4 o Y A " a ' 1Y ¥

Resource 3 /O Device Huwﬂmﬁmmﬂu'ﬂmusmmzmﬂaﬂwga Tassadraneluves

/O Device 1J32n0UAW 4 1O Unit Hmthisuiduazdesendoyaveaunas PLC Task Tu

Resource HaziAaz 10 Unit 1) 16 10 (Input 8 bits / Output 8 bits) ﬁ'ﬂllﬁﬂﬁiugﬂﬁ 3.17 Taoh

»
1O Unit anua ifludaszdenu aunsovmmssuniedoondoyamy Unit 1a q 181aoass

?
x86 CPU ISA Bus
ISAB ¥
PC104 Boa
i Decoder &
F Task control
ISA Bus v L A A 1
a8 )
3 "  J y 1 Y L 4
Lo o Ko} TO Ti T2 3
Device Device Device o Vo Vo vo
“n i | g i T ; 57 57 i 57
/‘52 /"32 1’.& As ] -8 L ] At L] A% v
DI DO DI DO 1 DO DI DO DI DO DI DO DI DO

31 3.17 Tnseard19v04 10 Device

ar [ o 1 o H
VINUHUNINNITIAIHUANLI lud 1w VO voeuesa x86 NiFlunisnaanss
¥
MU UARUNUIUDI User VO 1IAA Address 0320H 33992198 11U I94 1O Device YDA

v
0% Resource 'H‘ﬁdﬁ

- Resource 0 32714 10 device NAMNUA 0320H — 0323H
- Resource 1 99714 IO device NAMNUI 0324H — 0327H

- Resource 2 907271 10 device NAMMI 0328H — 032BH

Reserve for
Internal register

| 8000h

User I/O

031Fh
Ethernet P

Reserve O2EEN:
0200h

DOFFh

DOF Bh
D000

Reserve

71 3.18 pwunmmsianamitsanui ludiuyes /0 veauesa xs6
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ﬁumi‘lu Block Diagram 155@1'1]1% 3.19 1191159119714 909 ISA8 Board (IO Device)
pontiluapdIu Av d1un
- AAADNY ISA Bus INDIdRyR) 10 Address Bus (9:0) Data Bus (7:0) uagdaygia
AIUAN AEN, IOW, IOR 111 MUA Address Port 1taz AN 19ustoya
a1 oW - LA W L4 o o ¥ o ' [
- @AABNY Buffer & Driver Unit Aaaonugilnssinousniezinnldiausuny

PLC 1%U Limit Switch, Photo Sensor %350 Coil Y04 Relay

ISA8 Board ! Buffer & Driver
=T & P Unit

| Address (9:0) TO_data_in (7:0) | TTTTTTT
: TO_data_out (7:0) .
g L

. ”

€= Data (7:0) T1_data_in (7:0) -
' T1_data_out (7:0) w

'_»{ AEN T2_data_in (7:0) ﬁBEHEEEEB

T2_data_out (7:0)

'
1
1
|
—»| TOR i
'
i
'
'

ISA Bus

T3_data_in (7:0)
Iow T3_data_out (7:0) -

g‘lj‘?l 3.19 Block Diagram 484 10 Device

maziigadoiidesdnaofugUnaainiunens$ 19U (Buffer & Driver Unit (16%4)
+ISA Bus (10+8+3) = 85 y@ad0) 1ion14 Chip FPGA ¥93U31M Xilink 1103 xc2550-6tq144
HaTi$1u9n User 10 92 9 Fauaaslugin 3.20 ifuvesaju FPGA Adventure XC2S50A
oUTHM 1N Buaaguud i vedaiignesnuuu il iids D.C. sV uaz 1O vos

FPGA ansai¥ouqa 1dn4a 5V uag 3.3V

Spartan-ll User VO Chart(?)

Maximum Available User /O According 1o Package Type
Device User 4O vaioo TO144 CS144 PO208 FG256 FGA456

XC2S15 86 60 =15 a8 - - -
XC2S30 132 60 92 92 132 -

XC2S50 176 - 92 - 140 176

XC2S5100 196 - 92 . 140 176 196
XC28150 260 - - - 140 176 260
XC25200 284 - - - 140 176 284

Noles:
1 All usar 'O counts do not Include e lour global Clodk/ user INput pins.

311 3.20 Spartan-I1 User 1/0 (XC2Sxx)
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Taoldverlauasyavean5im Xilinx fio ISE WebPACK 8.102i huinnaiiosanly

P ¢ & ow .
A1300NLIL HAZOBALUUINTAIWAIYT VHDL Haf 1annyenalis @3 Block Diagram 1u

319 3.21

— Addres 1(9:2)

Addres 2(1:0)
-t TO_data_in(7:0)
— T1_data_in(7:0)
— T2_data_in(7:0)
——— T3_data_in{7:0)

AEN

IOR

oW

TO_data_out(7:0)

T1_data_out(7:0)

T2_data_out(7:0)

T3_data_out(7:0)

Data(7:0)

31 3.21 Block Diagram 114910 ISE WebPACK 8.102i

14011 vHDL @ouTilsunsuTaomisesniifu 3 Tugandn fiv U0 : IOPORT, UI :

¥
Data_en tta U2 : Latch_buf 18291115 port map Tugaia 3 14hdoniu 18 RTL Schematic A4

waaslugin 3.22

U0 : IOPORT

PORT 2ATA DUTT € e

w_an3G I—- - +

(e PUR T ZATATNT O

 E— 7%z0w7

—) ADDRESST 2

JAEN PORT 10 DECODE OUT,

- ]

|
DATAT 0) e

1y ;7 s ou17 T

d_ey30,

e 707 01 D S0ATE)

-

TLaTS

TR 070 T _gali

—‘?1_ [ Thd )

s U EC R T e
o8

oW Toa™t

vz : l.l'h‘ }I;

31]ﬁ 3.22 RTL Schematic Y843 ISA8 (10 Device)
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Y 4 o A o ¥ Asw ° '
U0 : IOPORT ﬂu'mﬂﬁﬂﬂﬂﬂ']‘].lf]ﬂﬁﬂiﬂ ‘Iﬂtﬂ.‘v ADDRESS(9:2) N1ﬂTﬂﬂ‘H1ﬂ1Lm‘u€

W3 13dryn I (PORT IO ADDRESS_OUT) 1z AYUAuRANIIMISIndou

voedoyas 1A IOR (g IOW 31J7 3.23 1erAe RTL Schematic ¥89 UO : IOPORT

[eer——Jiom P00 NV 1
PORT 10_DECODE OUT T
[FoAY CATA T o>
FDE
TAT D Q AT CATA QURT.
ce
[iowo— pc
> ADDRESHDRT_JO_DECODROUT {FORT 15 DECSOE BUT>

> {ADCRessy
[>——————|ADDRESSY
[>———ADCRES®Y
>————{aDcREs®
[>—————{apoRsse
> lapoREss
[>——————ADoRES®

[(ZER— AEN

314 3.23 RTL Schematic 489 UO : IOPORT

1] ¥ . v v
Ul : Data_en milTNnanfeniununesnied uaziiamensinaouivesdoyalaslsd

ADDRESS(1:0) @ IAan @ mm1iaueanesy 3auiy I0R taz I0W adadgyan

mnqnuﬁia:wa{ﬂ [rd_en(3:0) waz wr_en(3:0)] 11?1‘?]11 Input EL) Output Port

31/ 3.24 uaA9 RTL Schematic ¥99 U1 : Data en

Addr(1.0

Sel(1.0) Result(30)

[P _en

DE0)
Gate

GateEn

Q3 0)

(oW

D(3.0)
Gale

GateEn

Q(30) pm——————wr_en(3:0)>

310 3.24 RTL Schematic ¥04 Ul

: Data_en



EemD—>—{~we
>—_ a_enfl)
[>——— o g
> e )

_N0007 _ iV

3 _No0od _ AW

[>———m_enm)
> Jm en2)
[>——m enp)

Lol

> {m enp;

[>——m o)
[>——{m ey
[>———m e
[>——— .5

0R

2006 _ Ny

gﬂﬁ 3.25 RTL Schematic ¥94 U2 : Latch_buf (Input Port — Data Bus)
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G e300 weng; o002 FDE
wr_en (1}
_— 3 a {0 5a7»
wr_en 5) ==
(1S pe
> Jw e _n0ooo FDE
>— w_en (1)
IR o > o
> o) &=
>c
>— wr_en 0) _nd003 FDE
[>————wr e}
S e > e
(> w =) &©
>— wr_en Q) _nooot FDE
> )
P — VY > o f———{T a7
[>—————]wr_enp) =
P

31';1 3.26 RTL Schematic Y94 U2 : Latch_buf (Data Bus — Output Port)
U2 : Latch_buf wilfindnfie munuysanadiudeyanezidiniesent Data Bus
Data (7:0)
71325 14 rd_en(3:0) 3200 IOR AAUNDINVUT TO_di(7:0), T1_di(7:0),

T2 di(7:0) w3e T3 di(7:0) weulddeyavinweiniidosmaihg
Data Bus 100# TO di(7:0), T1_di(7:0), T2 di(7:0) uaz T3 _di(7:0)
favhmrhfidiu Data Buffer 490

371326 19 wr_en(3:0) S2uff0 IOW MILAUNI NN TO_do(7:0),
T1 do(7:0), T2 do(7:0) W30 T3 do(7:0) veu1¥d032310 Data Bus
ponlilfinesnianants Taoi TO do(7:0), T1 do(7:0), T2_do(7:0)

1ag T3 _do(7:0) Havimiiiilu Data Latch a2
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IW31E Chip FPGA N1¥ xc2s50 annsnfumsenseud 1drioo iy 500 mA deadl

gunssiownsumszlumssumseswnszua Iy uaziden1d Opto Isolate iWa oy

M3sunIuINgUnssintouen 2sAueaslugili 3.27

TTL Buffer Unit Vi TTL
VWA—0

R Driver Unit T

Vee

Vout
o

-0 ||
I

L~

Pk
I

(M) 299507 Input

(¥) 2995874 Output

317 3.27 () 2995894 Input (V) 2993834 Output
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yatlszaenveanisnaasaioudasd llsunsurenanuea® NosnuuuaIID
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e T iagiszasina 2 Tuumii 1

4.1 Testing system methodology

o d a y
minmisnaaeu11sunsy 1au Execute man aane 11 :

A31N 4.1 Task Period Assignment

Period (ticks)
TaskID Task Name [1 tick=10ms]
0 TaskStart 0
1 TimerTask 1
2 TaskStackDisplay 10
4 PLCTaskl1 5
5 PLCTask2 5
6 PLCTask3 10
7 PLCTask4 10

a w = = = < A Yy o v
Gududlonsnaaeuiio 4 Ausadman imeazainlunmsuaasliviuissuy
° 3 T Ao ¥ ..
Asomanuensiiau 18 (Predictability) tazidlu lauisimua’l3 (Determinism) Taw
¥ ¥ "
Asmumsinauvesaaziveadman Biaaaslum 4.1 imstiuiinnaiiyasudu
a’: ' d o e’ : v 3 ° a
wazdugavesuaazman Mg 10 afe udazadald Tlsunsuiouduna 10 Jun

=) [ Qs P 1 u’:I d. 1 P 9 o - = =) ]
ﬂEUUWIfJ'Uﬂ'U Wa ﬁWﬁﬂ.l?,ﬂullﬂflzﬂiﬂ lWﬂﬂ'}1Nﬁﬂ1ﬂ‘iﬂﬂﬂ15ﬂ'l\‘l']'l!ljl’dfl Uﬁﬂ'l‘ﬂ?f'iﬂ.lﬂ

=T Z\SOFTWARE\WCOS-INmPLCO1\BCASXTES TYTEST. EXE

1 |
Resource 1 { Resource 2 H Resource 3 |
H
IPOP H T C uS H IPOP M T C uS H IPOP H T C uS
PLC i PLC ! PLC
1: B E o xx xx 41 :1: XX XX XK :1: XN XK XX
2: B T xx xx xx 49 ;2: XX XX XX i 2: XX XN X
H
3: 1 E ox ox xx 34 :3: WX XX XX 53: XX XX XK
4: B 0 xx xx xx 34 :4: 00 XX XX EQ: XK XX XX
G: i G: l G:
| i H
| D= t D= ! D:
i ! ! i
I |
‘ i
#Tasks z (] CPU Usage: % |

#Task switch/sec:
| <-PRESS 'ESC’ TO QUIT-> J

314 4.1 uamamsiauvessendRiuoad i 4 ineadman
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4.2 Analysis of results

— o 1 ° o = -
INATI NN 4.2 uﬂﬂﬂﬁmu’nmimam‘uaﬂﬂ5uﬂsnmaﬂnmmamﬁu'lﬂmuﬂ
v
1A UG (Predict) Aea P lumsesnuuuTisunsy
ar o o od ' s "
nmmn"lﬁmam uaﬂwﬁ‘n'lﬁmnmi Execute Tﬂsuniu WU Execution time YB3

b ¥
Msmauedazasamny lumsninaass 10 a39

Fl'lﬂﬂﬁ 4.2 Task Execution Time

Task ID Status Time(uS) Event Description
1 1 8 OS context switch
1 2 9 Timer Task
4 1 8 OS context switch
4 2 41 PLC Taskl
5 1 8 OS context switch
5 2 49 PLC Task2
6 1 8 OS context switch
6 2 34 PLC Task3
7 1 8 OS context switch
7 2 34 PLC Task4
Idle 9793 Idle Task

OS context switch
Display Task

Status: 1=start, 2=stop

10mS 4
Context Switch . . . E
Timer Task ] i i :
PLC Task 1 :-l i i
PLC Task2 | | ! 1
PLC Task3 | | | H B

PTaska [0 HE T

il Task |11 i o —d
QUS——TI

8uS

41uS

8uS
49uS
8uS
34uS
8uS
34uS

gﬂ‘ﬁ 4.2 Task Execution Timing Diagram
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i ° o . o P G 1
doyai 1danm519 4.2 vihwuansluzy Timing Diagram #3317 4.2 uaaal¥ifiug
o o a
msiauvesTdsunsuyenanueadiluluawnmanuies Basusenuuy msnaaey
] d' [ [ o
1aA971 OS context switch 19128111415 execute AINMIAY 8pS @91 Timer Miarr 191201
' - = [ o J T @ o
9uS #aa11uMs Execute voaudazfiuoadmasuaazman sziusgiudimiuusia
B e - “ s 2 a a & A
voamdeluTdsunsuvesmaniy lumsnaceu Aueadmani 03 Aueadman 4 8117y
fNe49 44, 54, 34 1AL 34 V3INAANAY N1 1UNS Execute Y0IRLBATMIANLABLMIAN D
- s s ar =1 ~ o d o
ash TasmlsAumuanugudeuvesTisunsy ndanin Execute fioadmanyamaniads
9/ o = a ° - o o [
uad yoranueagvzldoulihiraun 1die man Wunat 9793us MIiiuveuAas Task
nlsngiluTawanumanine uasd¥iiufennugndeass Scheduling policy naz

N13 Implement

o’; 1 o 4 o o A = - o Y o P
VHADUABDUININIINADDIA NI IUIUNITN AD 12 WHDATNIAN Iﬂﬂiﬂ‘ﬂ’l\ﬂ‘uﬂiﬂﬂﬂ’qq
° o @ o s oA = St o - =
VIUIUATIND 400 VITNA/NIAN UAASWUDAFNITNUATUNITNINU 1 Clock tick HIWLLDAY
o = o 13 "o
man Taodnd 01992iinumshiammn q 5-10 n38100 Clock ticks YVUBYAUMIVUIAVDA

Talsunsu

£ 2:\SOFTWAREAWCOS-I\mPLCO1\BCASYTESTYTEST. EXE s - BER
i i
Resource 1 i Resource 2 : Resource 3
mIPOPHTCuS !P IPOP M T C uS : IPOP M T C uS
1: BN 3N xx xx xx 41 ii:ﬁﬂxxxxxx 41 ! 1: B8 ZEN xx xx xx 41
2: B M o xox xoc 49 1 20 EIE xx xx xoc 48 | 23 [ B xox xox xox 49
3: 1 B >ox xx xx 34 E 3: B E xx xx xx 34 i 3: Bl B xx xx xx 35
4: B WE xx xx xx 34 i 4: B M0 o o oc 34 1 4: B o xx xx 34
G: ! G: E G:
! H
D: i D: i D:
i H
#Tasks ¥l CPU Usage: 3

}Iﬂ'ask su:l.tch/sec; 524
| {-PRESS ’ESC’ TO QUIT->

31U 4.3 uaraamshauveswerdiiuead 7 12 Auoadmed
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Timing Diagram (Macro View)

a
=]
=
8
60000
Time (us)
Timing Diagram (Single Tick)

=]

3

.—

9500 10000 10500 11000 11500 12000 12500 13000
.L Time (us)

3U7 4.3 Timing Diagram ¥84M 37119747 High load

~ P ar o ' A =) 3
1IN 4.3 uaasan v Tnoage szuudiamnsaianldedayeie 14 uas
dhuldaimanine nsesneuRuned 1 lunsnaaeniisnwaziduadail
- Intel Pentium M processor 740, 1.73GHz, 533 MHz FSB, 2 MB L2 Cache,
512 MB DDR2 (support dual-channel) 11ag
- Tavdah 400 Mdsdeman a3293UI21M5 execute 52uMslaouS UM
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Abstract

The current challenge of conventional PLC is to allow for higher
performance and greater efficiency in controlling more complex
and numerous tasks, especially for users in factory automation.
This paper proposes the design of a modern PLC program, code
name Multi-PLC, using partial implementarion of IEC 61131-3.
It presents rhe results of an experiment to test the performance
and correctness of the program execution. The test results show
that Multi-PLC program functions in real-time with multi-tasking
capacity and program-level portability. It solves the limitations of
conventional, single-process PLC and demonstrates the potential
of a new generation of PLC.

Key-words: PLC, programmable logic controller. Multi-
PLC. real-time, multi-task, IEC 61131, RTOS

I. INTRODUCTION

PLC (Programmable Logic Controller) is widely used in
controlling automation in factories. Because of its versatility
and flexibility, it can be applied to many types control of
applications. [1]

Resource ‘ |
e Read Inputs
Task 'l
Program Processing
Biogrm Set Outputs
I
(a) ®)

Figure la & b. Conventional PLC program structure

Figure la shows the structure of PLC in general. which
includes (i) resource (CPU). (ii) task which controls the
execution of the program. and (iii) program. which is written
in one of the languages in the IEC standard. Figure 1b
shows the execution cycle. which starts from reading the
mput. program processing from the first instruction to the
final instruction and outputs the result. It repeats as an
endless loop. [8]

A Justification

Fust. the requirements of the control functions in modern
tactories have become increasingly more complex. After

considering the structure and characteristic of the functioning
of PLC. it is clear that when using only single process
program to control the work, the program will be difficult to
write. The program will be complicated and big. Some kind
of work cannot be done, for instance the control of multiple
robot arms because of the limitations of conventional PLCs.

In order to control this complex work, Multi-PLC can
achieve a much better programmability and functionality
than that conventional single PLC.

Second. users need a programming language and
implementation for the PLC which is independent from the
producer of the PLC. Because each company which
produces PLC develops its own varation of the
programming language. Even though the same language is
used, there are some differences. such as configuration.
addressing method. structures of grammar. [3] This makes it
impossible to directly use the same program to control PLC
which is produced by another company. It is necessary to re-
format the program according to the specifications of the
manufacturer. This wastes time in developing programmer
for PLCs manufactured by each company [8] and also has
effect on the teaching of PLC in educational institutions.

In 1999, the International Electrotechnical Commission
(IEC) fabricated IEC 61131, which includes IEC 61131-3.
This establishes language standards for manufacturers of
PLC and directly affects users because it allows users to
write programs which can be used by PLCs produced by any
manufacturer, without the need to re-format. [2][7]

B, Objective

From the conventional PLC which uses single process, in
this paper. we will propose to design a more effective Multi-
PLC device using real-time programming techniques which
can function in multi-tasking. The Multi-PLC device should
have the following characteristics:

(1) Implementation of partial IEC 61131-3 with
program-level portability:

Limited language support. namely Ladder Diagram
(LD) and Instruction List (IL).

(11)

The program which we will design will accomplish the
following:

(1) Deliver lngh performance Multi-PLC on PC with
support up to 12 PLC tasks:

Demonstrate correctness of the multi-tasking
functions.

(i)

61

137




C.  Nanwes of Multi-PLC device

Real-time

Multi-PLC should function in real-time because in factory
applications. the automation must be controlled in real-time.
Multi-PLC must be designed so that it can switch from one
task to another task in the time required. For conventional
PLC. only one task is being controlled. However, for Multi-
PLC. it is more challenging to make it real-time due to the
increased number of tasks being controlled simultaneously.

Real time in operating systems (RTOS) means the ability of
the operating system to provide a required level of service in
a bounded response time.[7] Micro-Controller Operating
System Version 2 (nC/OS —II) is the real time kernel library.
It uns on many microprocessors. including Atmel AVR
series and ix86 chips. and supports third-party TCP/IP. [4][5]

Multi-tasking
Because Multi-PLC needs to control multiple tasks. there are
many ways to manage multi-tasking. It is important to select
the most appropriate way in order to allow all the tasks to be
function properly.

Resource sharing

It is challenging to determine between global resources and
resources which are distributed for each task. Resource is
linuted. so they must be shared. In multi-tasking environment.
we must use synchronization techniques to ensure mutual
exclusion access to shared data.

Complex configuration

To determine structure of each task. we need to configure the
system so that each PLC task can use resources according to
the different needs of the application. We need to configure
the system to determine the use of resources. the use of
global variable and map input-output port.

D. Adopting IEC 61131-3

Overview of IEC 61131

IEC 61131 has five parts: (i) Overview. (ii) Requirements
and Test Procedures. (iii) Data Types and Programming. (iv)
User Guidelines. (v) Communications. For this paper, we are
interested and will focus on Part 3. which has the greatest
impact on the user [1] [6].

IEC 61131-3

IEC 61131-3 is divided into two sections: (i) comunon
elements and (ii) programming languages. Common elements
includes software model. which includes configuration.
resowrces and tasks. For progranuning languages. this
includes 5 languages: (i) Instruction List (IL). (ii) Structured
Text (ST). (11) Ladder Diagram (LD). (iv) Function Block
Diagram (FBD). and (v) Sequential Function Chart (SFC).
For each language. IEC 61131-3 standardizes and enforces
single language definition. [1][6] This allows for programming
-level portability. In our paper. we will demonstrate the
umplementation of IL as a starting point.
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IEC 6113-3 is the wave of the future. It will solve many of
the industry control and instrumentation problems. Full
implementation of IEC 6113-3 will allow for 3 levels of
standard compatibility: (i) program level compatibility, (i1)
application level compatibility. and (iii) configuration level
compatibility. In our paper. we will try to create only a
subset of the program level compatibility.

II. MULTI-PLC DESIGN PROPOSAL

A Svstem architecture

x86 CPU
PC104 Board
A

ISA Bus

1

P

(L] Lo Lo
Device Device Device

32 ) /‘52
DI DO DI DO DI DO

Figure 2. System Architecture Diagram

The Multi-PLC is implemented on PC104 Board with
Pentium M 1.73 GHz and is connected to three 'O boards
through ISA Bus. Each IO board has 32 digital inputs and
32 digital outputs.

B, Software model

Configuration

Resource 1 Resource 3
PLC_Task PLC Task PLC Task PLC_Task
] M M M
ol | sl 8] x(8]
o viel| [gn sl B 51 I P 1
EDIED ESES
LA 2 B 5 K R 1 J
PLC_Task | [PLC Task PLC_Task F.C_Taﬁk
L)1 I LI )| woxs)| (Y, e
B 5] I P o sl o vie)
[Frow] [Fromm
i
1 ]
Direct [O Port Direct 10 Port
X[32] Y[32] x32] ¥(32]

Figure 3. Mulu-PLC Software Model

The software model follows IEC 61131-3, with a specific
configuration. as follows. Our implementation design fixes
that in one configuration system contains global variables
and three resources. Each resource contains four tasks. local
variables (timer. counter and auxiliary relay). and program
and is linked to direct [O port.
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C.  Program smichie

-
ﬁm L
p c 7
LSS 0s_cpu
plcTask ucos i

Header

Multi_PLC.exe

Impilementation

Figure 4. Component diagram

To implement real-time functions. we use uCOS-II RTOS.
The Multi_PLC.exe is the executing file. which depends on
P_Task.c and M_Task.c. M Task.c defines all the task
decoration. P_Task.c defines the IL interpreter. The pleStuc
is intended to be user definable program file which defines
the system configuration which includes the number of
resources within the configuration and the number of tasks
within each resource.

D.  Data struchnre

TConfig |4 3 TResource |4 4 TTask
1 T

1 2568
TDevice Tinst

Figure 5. Class diagram of the software model

This is the class diagram representing C data structure of
Multi-PLC IEC configuration.

E  Task management and scheduling policy

The TimerTask is a periodic task. waking up every 10
milliseconds and it determines which PLC task is allowed to
be executed during the given time period (known as ticks).
Depending on which PLC task each scheduled for that tick. it
will send resume signal to the scheduled tasks. After
sending the signal. TimerTask will suspend itself. Then the
PLC tasks will execute in order. one by one. The scheduling
policy for the PLC Tasks is prioritized first come first serve.
After each task executes. it will suspend itself. When all
scheduled PLC tasks have been executed for that tick. the
system will invoke the idle task. When the next tick starts.
TunerTask will be tiggered again. The cycle is then
repeated.
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Figure 6. Task control flows

J
Suspend

We use TunerTask as the main task controlling the execution
of all the PLC tasks. The execution schedule for each PLC
task can be different. For instance, certain PLC tasks will
occur once every three ticks, or once every four ticks.

For Multi-PLC. it is possible to assign different priority
levels to different tasks. From the Task Control Block
below. this shows the current default configuration wherein
Task 4-15 corresponds to PLC 1-12. As indicated below.
Task 4-11 has the same priority level. and is higher than the
priority of Task 12-15. Task 1 is the timer task and has the
highest priority. The last task is the idle task, which always
has the lowest priority. We can modify to have each task at a
different priority, by adjusting its position. In this case. the
top priority level and bottom two priority levels are reserved.
This leaves the middle five priority levels open for task
assignment by user.

Task Control Block (TCB)
Priority
High

-

XX X XX Oox
-

o
O X X X X x =X

NX X XN&O
-

1

-
XX X X 0-dx
XX X XX @X
BX X XX wox

1
5
3
x
x
x
3
x

XXX X X &M

x x x xI Low
7. Task Control Block (TCB)

x
Figure
In some cases. certain tasks take longer than 1 tick to
execute. It 1s reconunended to assign lower priority for these
tasks. This will allow the fast-executing tasks to have higher
priority and be executed first. At the same tume, tasks which
have a tight deadline should also have higher priority. In the
above example. Tasks 2 and 3 are status display tasks. and
have been assigned low priority.

IL Interpreter

IL Interpreter will read the program from the program file
and will keep in the memory. When the IL Interpreter task
wakes up. it will read in all the inputs. refresh the timers and
counters. and read each instruction one by one. check what
the instruction says to do. and will then execute each one. It
will continue this until the final instruction. update the
outputs. and finally, it will suspend itself.
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III. EXPERIMENT

A Pupose

The purpose of the experiment is to demonstrate that Multi-
PLC program which we designed can function in accordance
with the two objectives in Section 1.2.

B, Testing system miethodologv

We tested the program by executing the following tasks:

TABLE 1. TASK PERIOD ASSIGNMENT

TaskiD | Task Name Period (ticks)
[1 tick=10ms]
0 TaskStart 0
1 TimerTask 1
2 TaskStackDisplay 10
4 PLCTask1 5
5 PLCTask2 5
6 PLCTask3 10
7 PLCTask4 10

We tested with only fouwr PLC Tasks for simplicity of
showing system predictability and determinism. We recorded
the start and end time for each task. We ran the program ten
tumes. Each time we launched the program. we recorded the
results for 10 seconds. We compared the results of each run
to see if the results are stable each time.

We also tested implementing all 12 PLC tasks each running
at a high load capacity of 400 IL instructions/task. A 400 IL
instructions program is considered medium to large PLC
program size. Each task is scheduled to execute at every
clock tick. A typical PLC task may only execute once every
5-10 or even 100 clock ticks depending on the application.

C.  Analvsis of results

The results showed that the program execution is highly
predictable.

After analyzing three runs. the following table shows the
execution time for each task. We found that the execution
time for each task is stable during the ten runs.

TABLE 2. TASK EXECUTION TIME

Task ID | Status | Time(uS) | Event Description
1 1 8 OS context switch
1 2 9 Timer Task
4 1 8 OS context switch
4 2 41 PLC Taskl
5 1 § OS context switch
5 2 49 PLC Task2
6 1 8 OS context switch
6 2 34 PLC Task3
7 1 8 OS context switch
7 2 34 PLC Task4
Idle 9793 Idle Task
2 1 8 OS context switch
2 2 38 Display Task

Status 1=slart, 2=stop

AR S ENERIE

Figure 8 Task Execution Timing Diagram

This data shows that the function of Multi-PLC program is
deterministic and in accordance to the program design. The
tests show that OS context switch takes 8uS to execute
consistently. The timer task takes 9uS. The execution time
of each PLC task depends on the number of lines in each
PLC program. where PLC Taskl to Task4 has 44. 54, 34 and
34 lines of code. respectively. The execution times for the
PLC tasks are consistent and proportional to the complexity
of the task. After the execution of all the tasks. the PLC goes
into the Idle task for 9793uS. All the events and execution
of all tasks occurred in an expected manner. This shows the
correctness of the scheduling policy and unplementation.

Timing Diagram (Macro View)

g
2
0 1 30000 40000 50000 50000
Time (us)
Timing Diagram (Single Tick)
a 0
- 8
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!
4
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0 + T T T T r 1
3500 10000 10500 11000 1500 12000 12500 13000
Time (us}

Figure 9 Timung Dhagram running at lugh load

Figure 9 shows that even at a ligh load. our system still
performs reliably as expected. Our system specification is:
Intel Pentium M processor 740. 1.73GHz. 533 MHz FSB. 2




MB L2 Cache. 512 MB DDR2 (support dual-channel). On
our system. we measured that a 400 instruction task
including context switching will take 220uS. In an extreme
case where all 12 tasks running concurrently on our Multi-
PLC and executing during every tick. the computation takes
up only 24.4% of the CPU utilization.

IV. CONCLUSION

This paper describes the design and testing of Multi-PLC
device showing partial implementation of IEC 61131-3. It
uses real-time programmning techniques which can function
in multi-process. We have shown that Multi-PLC has the
capacity to effectively control multiple tasks effectively and
accurately.  This addresses the two main problems
concerning PLCs used to control automation in the factory
setting: meeting complex user needs and adopting a standard
language.  Finally. because 1t is more powerful than
conventional PLC. it is an excellent learning platform in Thai
universities and technical colleges in the area of control.
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