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. ST
Abstract—A prototype environment called CPDev for pro- Pl Bt Vew Pt Took Window el
gramming small distributed control-and-measurement systms  J@SH &0(G(Q 5
in Structured Text (ST) language of IEC 61131-3 standard is R = || PR R =]

00z VAR
003 OPOZN_OM : TOM; (* Instancia bloku TON *)
004 OFOZN_OFF: TOF: (% Imstancia bloku TOF %)

presented. The environment consists of a compiler, simulat
and configurer of hardware resources, including communicabns.
Programming a mini-DCS (Distributed Control System) from
LUMEL Zielona Goéra is the first application of CPDev. ol e+ vour. [Tz,
ooz STOP : BOOL (*SREAD®);
oio ALARM : BOOL [#*§READ¥]:
oLL SILNIK : BOOL:

o1z FOMPA : BOOL (*SWRITE");
013 END_VAR

I. INTRODUCTION

OMESTIC control-and-measurement industry manufa
tures transmitters, actuators, drives, Praportional-
Integral-Derivativ§g and PLC Programmable Logic con-
trollers, recorders, etc. Connected into distributed esyst
they are used for automation of small and medium sceg
plants. However, engineering tools used for programmird su|
devices are rather simple and do not correspond to IEC 611.
3 standard [2] (Polish law since 2004).
This paper presents current state of work on engineering Fig. 1. User interface in CPDev environment
environment called CPDewCpntrol Program Developgrfor
programming small control-and-measurement devices asd di )
tributed mini-systems according to the IEC standard (gligithiS case at the PC side). _
dropped for brevity). First implementation involves instr _ 1he CPDev package is developed in C# language of .NET
ments from LUMEL Zielona Goéra [7]. Initial information on Framework. The virtual machine is written in ANSI C and
CPDev was presented at the previous IMCSIT conference [SpMPiled with appriopriate, platform-dependent compile.
Similar environments have been described in [1], [6]. avr-gcc in case of the LUMEL's mini-DCS. Other languages
The CPDev environment (called also package) consists apd programming environments are also used in specific.cases

three programs executed by PC and one by the controller. AtThe implementation of CPDev components was supported
the PC side we have: by lexical diagrams (compiler), object-oriented modegllin

techniques (programming environment) and coloured Petri
nets (communication subsystem), see [5], [9].

015 SILNIK := (START OR SILNIK) AND NOT STOP IND NOT ALARM:

017 OPOZN_OM(IN:=STLNTK, PT:=t#5s); (* Blok TON - opdiniome za.
018 OPOZN_OFF (IN:= OPOZN_ON.Q, PT:=t#55): (# Blok TOF - opdinione
013 FOMPA := OFOZN_OFF.Q; (* Stan zalaczenia po

0z0 END_PROGRAM
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- CPDev compiler of ST language,
- CPSim software simulator,
- CPCon configurer of hardware resources.

The programs exchange data through files in appropriate
formats. The CPDev compiler generates an universal cod
executed by virtual machine VM at the controller side. ThE
machine operates as an interpreter. The code is a list of tree of project structure, on the left,
primitive instructions of the virtual machine languageledl - Program i”_ ST language, center,

VMASM assembler. VMASM is not related to any particular - Message list, bottom.

processor, however it is close to somewhat extended typicallree of the START_STOP project shown in the figure
assemblers. In this way, portability of the compiled code fancludes Program Organization Unit (POU) with the program
different hardware platforms is provided. On the contrarlPRG_START_STOP, five global variables fromSTART to
other solutions are usually built around the concept ofstranPUMP, task TSK_START_STCOP, and two standard function
lating IEC language programs into C code [6]. blocks TON and TOF from IEC_61131 library.

Basic characteristics of VMASM and virtual machine are The PRG_START_STOP program seen in the main area is
given in [5]. CPSim simulator also involves the machine (imritten according to ST language rules. The first part ingslv

II. A PROGRAM INST LANGUAGE

ain window of user interface in the CPDev environment
shown in Fig. 1. It consists of three areas:
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declarations of instanceBELAY_ON, DELAY_OFF of the =
function blocksTON andTOF. Declarations of the global vari- || _

. . ame.  [3TART Type: IBOOL j
ables EXTERNAL) are the second part, and four instruction
Of the program body’ the th|rd one. The inStrUCtionS Cormﬂdp Attibutes: [~ Constant M Retain ¥ Glabal IV sddress: IUDDD
to FBD (Function Block Diagrarm shown in Fig. 2. S0 one | 1 it vale: [ Comment. |

can expect that certalOTOR is turned on immediately after
pressing a buttorSTART and a PUVP five seconds later. 5 .

PressingSTOP or activation of anALARM sensor triggers |[Name e Altibutes Addiess
. 010 e
similar turn off sequence. poot !

Add | Femaove | Feplace |

global, hardware [/0

wm STOF BoOL global, hardware 1/0
wm &LARM BoOL global, hardware 1/0 %0002 => 0002
I1l. GLOBAL VARIABLES AND TASK wm MOTOR BOOL global, hardware 1/0 %0008 => :0008
wm PUMP BoOL global, hardware 1/0 %0009 => :0009
Global variables can be declared in CPDev either usil [ o | [
aNCel

individual windows or collectively at a variable list. Thistl
for the START_STOPR project is shown in Fig. 3.

The addresses specifijrectly represented variabldg], [3] Fig. 3. Global variable list for th&TART_STOP project.
and denote relative location in controller memory (keyword
AT declares the address in individual window). Here these
addresses are callddcal. Variables without addresses (not - selection and comparison functiorS8EL, MAX, LIM T,
used in this project) are located automatically by the cdenpi MUX, GE, EQ LT,

Window with declaration of th&'SK_START_STOP task - character string functions:LEN, LEFT, CONCAT,
is shown in Fig. 4. A task can be executed once, cyclically | NSERT,
or continuously (triggered immediately after completiag,in - functions of time data type#:DD, SUB, MJL, DI V (IEC

small PLCs). There is no limit on the number of programs uses the same names as for numerical functions).
assigned to a task, however a program can be assigned onl¥q|acior SEL

limiter LI M T and multiplexerMJX from
once.

. , selection and comparison group are particularly usefuti-Va
Text of the project represented by the tree is kept ifyes of any numerical type, i.eNT, DI NT, Ul NT andREAL

an XML text _file. Compilation_ is executed by Ca"ing(calledANY_NUMin IEC [2], [3]) are arguments in most of
Proj ect - >Bui | d from the main menu. Messages appedg|evant functions.
in the lower area of the interface display (Fig. 1). If there a

. : o : . Typical program in ST language is a list of function block
no mistakes, the compiled project is stored in two files. Thc%lls, where inputs to successive blocks are outputs from

first one contains universal executable code in binary formrﬁ?revious ones (see Fig. 2). So far the CPDev package provides

for the virtual machine. The second one contains mnemo Coe li L
: . ) . cf1 ee libraries:
code [5], together with some information for simulator an
hardware configurer (variable names, etc.). - 1 EC_61131 standard library,
- Basi c_bl ocks library with simple blocks supplement-
IV. FUNCTIONS AND LIBRARIES ing the standard,

Conpl ex_bl ocks library for continuous regulation

The CPDev compiler provides most of standard functions .
and sequential control.

defined in IEC standard. Six groups of them followed by
examples are listed below:

- type conversions:I NT_TO REAL, TI ME_TO DI NT, (ol
TRUNC,
- numerical functionsADD, SUB, MUL, DI V, SQRT, ABS, ~ |=kmme  [Ts.sTant.sTor
LN, Tachige: © Girghs cazetian O FuEle @ e pesdbi
- Boolean and bit shift functionsAND, OR, NOT, SHL, Cycle interval 200 = ——— m B
ROR, Esecutable programs: Awvailable programs;
PRG_START_STOP ;l PRG_START_STOP

L OR MOTOR 3 |
IN1
N2 AND DELAY_ON DELAY_OFF il

START| K
>
TP n TON g n TOF | Pume |
I L —APr ET] _— £
ALARM TH#5s T#5s
()8 I Cancel

Fig. 2. START_STOP system for control of a motor and pump (with delay
of 5 seconds) Fig. 4. Declaration offSK_START_STOP task
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TABLE |
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=0l x|
BLOCKS FROMIEC_61131AND BASIC_BLOCKS LIBRARIES Fle Smiaton Vew Vindon About
Blhau |
IEC 61131 I ;IElill ;lEIill (o] | VTN =101
— Type BOOL Type BOOL Type: BOOL
H falue: 1 falue: o falue: o
Bistable elements Edge detectors GARIILSIE ] ey :W - :W - :W
flip-flop RS rising R_TRIG =E AT [ AT [ror ol
flip-flop SR falling F TRIG e EOL e a0l
semaphore SEMA Timers FRECEEEE| | e 0 Ve I
Counters pulse P Addresses: [0008 : 4208 Addresses: [0009 : 4206
up CTU on_de|ay TON [ | Simulation in progress...
down CTD on-delay TOF
up-down CTUD real time clock RTC Fig. 5. Simulation of theSTART_STOP project

Basic_blocks

Mathematics

linear function

division with non-zero divisior
square root with linear origin
difference amplifier
integrator

pseudo-random numbers

Memories
analog memory

Flip-flops, pulsers

D flop-flop

T flip-flop

JK flop-flop

one cycle delay

pulse duration time
totalizer (integration, pulse)
square wave

triangle wave

Filters

binary memory

- lag filter (1% order)
Signal analyzers lead filter
maximum over time

minimum over time

Table | lists blocks form the first and second librarieg
Blocks such as PID controller, servo positioner, multpste
sequencer, dosing block, etc., belong to the third library. Fig. 6.

The user can develop functions, function blocks and prdules
grams, and store them in his libraries. Tables of single-siz
are available only.

Test set-up of mini-DCS system with SMC controlled &M 1/0

on the screen and assign variables. Simulated values can be
set both in group and in individual faceplates.
So far the window of Fig. 5 is used for simulation only. In

The compiled project may be verified by simulation befor@'ture it will be also employed for on-line testsammission-

downloading into the controller. The CPSim simulator can HB9)-
used in two ways:

V. CPSM SIMULATOR

VI. CPCON CONFIGURER AND MINFDCS

- before configuration of hardware resources (simulation of The CPCon configurer defines hardware resources for par-
the algorithm), ticular application. The example considered here involves
- after configuration of the resources (simulation of thgini-DCS with SMC programmable controller, 1/0 modules of
whole system). SM series and eventually other devices from LUMEL Zielona
The first way involves logic layer of the CPDev environmen30ra [7]. Modbus RTU protocol is employed [4] on both sides
PC computer operates as a virtual machine executing uaiver@f the SMC.
code. The second way requires configuration of hardware reFig. 6 shows test realization of the system with SMC
sources, so it is application dependent. The CPCon configugentroller (on the left), SM5 binary input module (middle),
generates hardware allocation map (see below) that assigi§ SM4 binary output module (on the right). The console
local addresses to physical ones and specifies convers®h ofwith pushbuttons and LEDs (below) is used for testing. The
data formats into formats accepted by hardware. The obgectPC runs first the CPDev package and a SCABAervisory
is to bring simulation close to the hardware level, so CPSifontrol And Data Acquisitionsystem later. PC and SMC are
uses both the code and the map. Simulation window of t&@nnected via USB channel configured as a virtual serial port
START_STOP project is shown in Fig. 5. The two faceplates The CPCon configurer functions are as follows:
on the left present values of three inputs and two outputs- configuration of a communication between SMC and SM
(TRUE is marked). The user can select faceplates, arrange them 1/0 modules,
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[ cPcon _ o]

it> Temmones wnpaen|  MOdule hasNORMAL priority. The Ti meout within which
| L task . .
No| Slave no. [Functon [Femote adess|Datarumber [ Laceladdiess | Conversion | Py [ Tmecut me] transaction must be Completgd IS 500 ms.
H 1Fe3-read1eg m g 0168k nema E Second row of theConmruni cati on task tabl e de-
2| 2 FC1E - wiite reg. 4205 2 g 816 bit normal 5001

fines communication with the SM4 binary output module.
SM4 controls the console LEDs. Two consecutive variables,
MOTOR and PUVP, the first one with the local addre8808,

are sent to SM4 by single message with the céd& 6

to remote addresses beginning fraf205 (write group of
Fig. 7. Communication configuration of tH&TART_STOP project. registers). This time -8:16 bit conversion is needed.

Cieator of com. tasks Read table from file Wiite table ta file Download ta SMC Communic:ation view

[ | CPCon for SMC

VIl. CONCLUSIONS

- creation of file with hardware resource allocation map, CPDev environment for programming industrial controllers
- downloading the files with executable code and map @nd other control-and-measurement devices according to

the SMC. IEC 61131-3 standard has been presented. The environment
Recall that having the map the CPSim can be used in tf@nsists of ST language compiler, project simulator, antt co
second simulation mode. figurer of hardware resources, including communicatiohe T

Main window of the CPCon configurer is shown inUSer can program his own function blocks and create libgarie
Fig. 7. The Transnission slot sets speed, parityMini-DCS control-and-measurement system form LUMEL is
and stop bits for P&SMC and SMG-SM communi- the first application of the package.
cations. Conmruni cati on task tabl e determines what Programs written in the future in other IEC languages, first
question~answer and commandacknowledgment transac-©f all in FBD, will also be compiled to the VMASM code and
tions take place between SMC controllengstej and SM executed by the virtual machine. Appriopriate compilers ar
modules §lave3. The transactions are calledcommunica- under development. XML format for data exchange between
tion tasksand represented by the rows of the table. THa&nguages has already been defined by PLCOpen [1], [8].
DCS system is configured by filling the rows, either di-
rectly in the table or interactively through a few windows of
Creator of com tasks (bottom).

The first row specifies communication between SMC al
SM5 binary input module (remote). SM5 is connected to REEERENCES
pushbuttons in the console (Fig. 6) which, in case of t I )
START STCP project. et the variableSTART, STQP and L) B4 . Adamsi . NET patorn and X i amge 1 2
ALARM (Figs. 1, 2). In SMC these variables have consecutive (in Polish).

addresses beginning frod000 (Fig. 3). SM5 places the 2] 'Iicr:];ulal;els‘ 3|5Etg”dz%'(‘)‘§r°9rammab'e Controllers—Part 3, Programming
inputs in consecutive 16-bit registers beginning frd®03. (3] J. Kasprzyk:Programming Industrial ControllersWNT, Warsaw, 2006
So all variables can be read in a single Modbus transaction (in Polish).

; ; [4] Modicon MODBUS Protocol Reference GuiddODICON, Inc., Indus-
"‘f'th the codeFC3 (.read.grouP of r(_aglsters [4]) quever, trial Automation Systems, Massachusetts (1996) http:ivwmodbus.org/
since BOOL occupies single byte in CPDeyv, the interface gocs/pi\ MBUS\ 300.pdf
of the virtual machine has to perform @8 bit conver- [5] D.Rzoaca, J. Sadolewski, B. Trybus: Prototype environment fotrtier
sion programming in the IEC 61131-3 ST languageomputer Science and

) . . Information System$ecember 2007 (also 2007 IMCSIT41 — 1054).

Communication tasks are handled by SMC during pausgg Tisserant E., Bessard L., de Sousa M.: An Open Source [EG53 In-

that remain before end of the cycle, after execution of the tegrated Development Environmefit” Int. Conf. Industrial Informatics
program. Single transaction takes 10 to 30 ms, dependi[gﬁ Piscataway, NJ, USA, 2007.

. . http://www.lumel.com.pl
on speed (max. 115.2 kbit/s). If the pause is large, the tagK xmL Formats for IEC 61131-3 ver. 1.01 — Official Releasétptimww.

can be executed a few times. It has been assumed that theplcopen.org/

task with NORMAL priority is executed twice slower than thel®l Rzofhca D., Trybus B.: Timed CPN model of SMC controller communi-
. L . . cation subsystem, in: S. Wegrzyn, T. Czagtgki, A. Kwiecieh (Eds.):
task withHI GH priority, and the task with. OWpriority three Contemporary Aspects of Computer NetwordéKt, Warszawa 2008,

times slower. As seen in Fig. 7, the communication with SM5 203-212.
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