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INTRODUCTION

Real-time control of industrial processes,
specially in a research envireonment,
requires the use of a software that meets
some special characteristics such as
modularity, flexibility, robustness, etc.
Additionally, it is fundamental to have an
open package capable of being extended.
Consequently, it becomes rather difficult
to find an adequate software package
commercially available, providing free
access to control variables in real time
by their symbolic name, a friendly user
inteface and several simulation and
control structures.

This paper describes the most
important features of the control package
SCM, "Sistema de Control Modular” (Madular
Control System) for process control in
real time. The package has been totally
developed in The Electrical, Electronic,
Computers and Systems Department of Oviedo
University and implemented in Modula-2 on
a PC-AT compatible.

SPECIFICATIONS PHASE

Real Time Specifications

In addition to the basic programming
requirements of all real time systems
(readability, maintainability, simplicity,
portability), 1t 1is important to indicate
some specific characteristics of the SCM
system as a real time control system:

1) A software

organization in
multiprocess is essential in order to
describe real time systems. Then,

the language must offer constructions
to describe, create, intercomunicate,
etc, concurrent processes.

2) Direct low level devices programming
in order to control I/0 non standard

devices (A/D-D/A converters, I/0
digital lines, etc).
3) To obtain a very high standard of
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reliability, the real time software
must be able to recover error
conditions. This reaction must be

capable of restoring the system to a

consistent state, repair any damage,

and continue running normally.
4) In other applications, efficiency is
to some extent subordinated to
flexibility. However, in real time
systems the former is very important,
because the objetive is to guarantee
the time response of the system
whenever a change occurs in the
controlled plant.

Specification of SCM-System Functions

In this section, the applications which
have been taken as prior ojetives to be
verified by the SCM system are defined:

1) Real
control.

time industrial processes

2) Investigation and development of new
control and supervision methods for
industrial processes.

3) Personal training for using real time
control systems.

4) Obtaining of a cheap
product,

and trustworthy
capable of enlargement.

Next, the user and process interfaces
are specified 1in order to reach the
previous objetives.

The User Interface

The user interface is a
part of a real time cantrol
interesting to subdivide funcionally this
interface in two modes, namely, "menu
mode" and "command mode".

Subsequently, we define the facilities
that both modes must incoporate for the
interaction with the user.
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indicating default values, etc) to
introduce the basic structure and
properties of the controller and other
operative details previous to the control
of the process. As regards this, its
facility to be used is very important.

Once the user has entered the data,
an initialization data base is created.
This must contain the following values:

— Controller(s) parameters

-~ Estimator parameters

- Controller on/off

- Indentification on/off

~ Process inputs/outputs

- Parameters for numeric or graphic
representations

- Limits and actual values of the
variables

— Refresh ratio of numeric and graphic
representations

The introducticon of data by the user is
simplified with several techniques:

1) The most important technique is the
utilization of a tree structure
consisting on a main menu and several
submenus for selection, visualization
and modification of some parameters.
The options are selected with the
cursor movement keys. In fig. 1, the
options of the main menu are shown.

2) When the user starts the SCM system
all parameters take fixed default
values. These values are modified in
order to agree with the configuration
file. This file preserves all
parameter modifications. Then the
operator can often configurate the
system with a few modifications.

Furthermore, the terminal shows
information about the current state
of the variables. The user can select
with the cursor keys the desired item
and with just one strike of a key, he
can deposit the default value
contained in the variable. Later, the
cursor is moved to the next item.

3) Numerical data introduced are
checked., If they are not correct, the
user will be required to re-entry the
information. Each entry can be
modified in free format.

4) Several helps are incorporated to
each option. This simplifies data
introduction for the inexpert users.

l-a ! tﬂhJi MODULAR CONTROL
i ‘v

SEYSTEM

MAIN MENU

Preliminar startup and sample times

Control algorithms

Simulation parameters

A/D, D/A converters calibration and digital filtering
Alarm management

Screen editor

Miscellaneous options

Control mode selection R

Start plant control

End. Return to Operating System

Select option using srrow keys and RETURN. Press *?" for help

Fig. 1. Main menu of the SCM system.

The main menu is presented after the

system starts-up. It shows the following
options:

1) Sample times and variable dimensions.

Intersample times for digital
filtering must be specified too.

Control algorithms. The algorithm
used in the real time phase is
selected and initialized.

Plant simulators. It allows to
initialize the parameters of several
simulation structures.

Converter calibration. For each input
and oputput, the limits in the real
process variables and digital
filters, can be specified. The
calibration can also be carried out
in order to adjust the reference
levels (zero and full scale) in the
converter, sensors and actuators.

Alarms. Basically, it consist of a
list of variables which have to be
checked each sampling in order to
maintain them within the desired
limits. The cause of the activation
of an alarm can be indicated here
i.e. crossing a threshold, occurrence
number, etc. The action produced by
the alarm (screen mesagge, alarm
beep, etc) is also indicated. With
that purpose, some aof the output
digital channels can be assigned.

Screen editor. Prior to the real time
running, the screen interface between
process and user will be defined. In
these screens, the user will be able
to see the values of the variables in
real time, as well as the trend
curves and histograms. See fig 2.
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Fig. 8. Graphic interface during control.

All variable disposition, windows,
screens, graphics, etc, is
configurable for the user.

- Windows: the screen consists
of a main window. Within it,
other windows can be defined
in any position and with any
size.

- Variables: Any position of a
window can be reserved to
show the present value of one
variable. This value will be
modified in real time in
conjuntion with the graphic
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representations.

~ Dialogue zone: It will contain a
reduced number of lines reserved
to the command Iinterpreter in
real time.

Command mode. After the inicialization of
all mecessary parameters in the previous
mode, the system goes to the command mode.

This mode consists, basically, of a
command interpreter. It allows the user to
change in real time {(during the execution
and without interrupting the normal
control cycle) any parameter specified in
the previous mode. The commands accepted
by the interpreter have the following
format:

command [subcom] [param 1, param 2, ... 3

The command is introduced in response ta
prompt SCM>

SCM> DEPOSIT R(1) 5.0
The previous order is eguivalent to

SCM> DEPOSIT
Variable name: R(1)
_Value: 5.0

This allows to assist non—-experimented
users in the system parameter
introduction. The introduction of commands
is simplified through a set of techniques:

- Any non-ambiguous short form of the
command is accepted by the
interpreter.

- The incaorporation of the "ayuda"
{help) command, which shows the
actuation possibilities of the system
to the user.

- The new parameter values introduced
by the user are only accepted if they
are within the prefixed limits for
them in the menu mode and the
variable table.

~ Dump of messages when an error
happens indicating its cause. The
system has a facility for doing

reports of all commands processed. In
this way, when the system fails, the
cause is easily investigated.

Every subcommand and parameter is
checked in agreement with the
sintaxis defined for it. A sequence
of inputs could be:

SCM> DEPOSIT R 5.0

%V-VD1 - The dimension of variable is
1 uRu

SCM> DEPOSIT R(5)

AV-VFR Index of variable out of range
"R(S»"

SCM> DEPRP R(1)

Value: 5.0

SCM>

~ Input and output can be easily
redirectioned (to terminal, file,
etc). Therefore, all inputs to the
interpreter can be recorded in a file
which can later be run in batch mode.

Furthermore, the standard error and
alarm outputs are completely
differentiated. This aliows, for
example, to send the alarm outputs to
file and terminal at the same time,
in order to generate reports.

-~ Operating in batch mode, with
execution of the commands contained
in a file. The execution instant of
each command can be specified in an
absolute form (time measured from
begimming) aor relative (time measured
from the axecution of the last
command). With that purpose, some
additional commands are included,

whose use is not allowed in
interactive mode. An other command is
"verificacion® {verification). It

allows the visualization by the
terminal of every command accepted by
the batch processor.

- It is possible to change and deposit
valugs in the variables, with allowed
access,. The input will be carried out
with the camplete name of the
variable (and its index if it is a
vec tor ar matrix)., SCM alliows
variables of up to three dimensions
can be easily interpreted as
polynomial matrices, stc.

~ Finally, we shall remark the data
adquisition commands, input-output
redirectioning, initialization of
graphic mode as well as those used
for saving and restoring the state of
the full control data base.

The Process Interface

Some other digital auxiliary channmel is
desirable, in addition to several analog
1/0 chanmnels, for the link between the
system and the plant. These auxiliary
channels c¢an be wused to handle on/off
actuators, external alarm signals
activation, etc.

Furthermore, the conexion software
with such 1/0 devices, has to be
hierarchically structured in several
levels. Then, it will be essy to change
the existing hardware, modifying the
minimum amount of code and always in the
lower level modules.

In addition to the real time control
af a plant, the GS8CM system offers the
following possibilities:

- Control, in real or scaled time of a
simulated plant by an analog
computer.

- Control of & simulated plant in
another digital computer in real or
scaled time.

- Control of a linear process simulated
internally in the package.

-~ Control of a complex mathematical
model, external to the package and
linked to it.

When the package is working with
simulated plants i1t is possible to emulate
the AD/DA converters with a variable word
lenght. This, in addition to the
utilization of the "Decimals” module (for
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decimal aritmethic), allows an easy
simulation of the problems originated by
the quantization and round—-off

phenomenaus.

Additionally, antialiasing filters
will be included in each AD converter.
Spike-filters are also supplied, both in
the control of a real or a simulated
plant.

DESIGN PHASE

Design technigues for real time systems

Once the specitication set has been
defined, it is necessary to establish the
system structure and its modules. The use
of an adeguate high level language is
useful in this phase.

In this way, the design will be made
in a top—down mode, by consecutive
debugging. Based on the degsired system
features, a model was defined in the
specification phase. This model will be
progressively detailed in the design phase
in the form of modules, the interface
between them, the functions assigned to
each of them and the algorithms
incorporated in these modules.

Firmnally, another wusual technigue for
the design of this type of systems is the
use of redundant constructions. This will
allow the detection of most of the errors
during the compilation phase, and the
rest, in the execution phase.

Structure of the Control System

The solution adopted for the SCM system is
the typical two task structure (background
and foreground). Each of these tasks is
composed of several modules, which are
procedures that run seguentially. It can
be seen in fig. 3.
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Fig. 3. Control system structure.

Using Modula-2, both the background

and the foreground are declared as
coraoutines by the standard sentence
NEWPROCESS., There is a third task, the

scheduler, installed by the IOTRANSFER
sentence as a clock interrupt service

routine.

The cantrol flow can be seen in the
structure diagram. After the scheduler has
been installed, it gives up the control to
background task. In response to the clock
interrupt, the control is transferred to
the foreground. When this finishes, the
background takes over control again.

The modules incorporated to the SCM
system can be classified in the following
groups:

Control modules. The number and
characteristics of the control modules are
continucusly growing through the
implementation of several algerithms by
the investigators who are wusing the
package. These algorithms are implemented
in modules with structural dependence on
the REG process. The following are
included as standard algorithms:

- Independent PID regulators. They can
be calculated by optimization
techniques for the control of several
loops or as back-up regulator in case
of estimation failure, in adaptive
control.

- Astrom-Wittenmark structure for
regulators calculated by pole
assignment.

—~ Adaptive and Self~-Tuning controlers.

Inferface modules. These modules allow the
communication between the different tasks.
The data flow depends on the structure
used, grouped around a data base. It
cantains the c¢ontrol variables block and
two intermediate buffers for data transfer
between background and foreground. This
transfer is realized in different forms:

~- The interpreters, using the adeguate
commands, can read and write directly
in the control data base.

— The interpreters tcan write in the
intermediate writing buffer too. Thisg
is used in order to change a
determined number of variables
simultanecusly (PON process),

- The exhibition and data adquisition
procedures read these fram the
intermediate reading buffer. The data
have been transferred to it fraom the
data base control with the DAT
process. Inm this way a simultaneocus
access to all desired variables is
guaranteed after a sampling and the
associated control action.

Handling devices modules. These modules
control the devices involved in inteface
operations with the process (ADC for the
A/D converter, DAC for the D/A one) or
with the user (drivers for keyboard,
video, printers, etc).

Utility modules. These modules are related
to drawing and graphic exhibitions (DIB,
TAB and BAR), data adquisition (LDG),
alarms (ALR) and statistics (EST).

Simulation processes modules. The package
has several options which allow the

simulation of all types of plants, both
linear and non~linear. This utility is
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very often used when the package acts as a
trainer, a didactic tool or in the
development and implementation phases of
the new control algorithms. The whole set
of limits and dimensions of control
variables can be changed for customized
versions modifying the definition module
"ControlCom.def" and recompiling the
imported modules. The different options
are:

1) Discrete time 1linear SIS0 or MIMO
model: this «can be originated from
identification aor discretization of a
previous continuous model. A help
screen can be seen in fig. 4.

MODDUL AR CONTROL

= k4

MULTIVARIABLE DISCRETE SIMULATION (ASTROM FORMULATION)

— —-—l—] perep—{ |
uit) -1 yit)
‘

1nt
Int veit)

Ext A,B,0,D are polinomisls

Loa matrix in 3°-1 operator
Savii Matrix and vector dimensions are initiated in main menu. The
Uit} and Wit) signal delays must be specificated in Dell ano
Simi Delf matrir when you initislize B and D respectively

Press any key to continue ...

Fig. 4. Help screen of discrete time
model simulation

2) Continuous linear 5180 or MIMO
models: with the same structure as
the previous, but in the Laplace
damain operator s.

3) Non linear model: the equations of a
non linear model can be specified by
the SimEstad module. The user must
specify the system eguations,
compiling and linking the module with
the rest of the package.

4) External simulation: The same
previous model can be used from
another computer performing as a

plant. The link between both
computers is made by serial line RS-
232C.

The User Interface

First of all, two parts have te be
differenciated. There are related to menu
and command phases.

These parts are completely isclated,
except for the specific control variables,
which are initialized by menus.

Menu mode., Before the main menu
initialization, every variable is read
from a description file, which preserves
the changes previcusly made. In this way,
full and easily modifiable menus  are
presented to the user.

The menu system is organized in a
tree structure. Each menu is contained in
a module and the different options modify
variables or activate submenus, which are
only called by their father menu.

ESMmenu and WM are included as common
modules, both, with great scope. These are
the menu system kernel, The first carries

out all 1/0 operations, while the second
accounts for the window handling.

Command mode. When the SCM system is
controlling the plant, the other code
block is executed. Now, the dialogue with
the wuser is carried out by a command
interpreter. This solution has been
adopted, instead of using menus, because
the number of operations to be done and
parameters to be adjusted is relatively
reduced. Furthermore, as the dialogue with
the operator occurs, a graphic screen is
shown and it is necessary to use as much
as possible of the screen surface for such
a purpose. This implies the use of a
reduced number of 1lines (four normally)
for the dialogue with the user.

The interpreter kernel is the IntCom
module, which accepts a line as input,
parses it in the different commands and
subcommands and processes it.

Once the command is parsed, the
interpreter checks whether the command is
on the command table and if its sintax is
correct. See fig. S.

"SOM > L niw
T >1
1 BAT#{H “_Batch file: * A "batch.bat” >3
1 DEP#0S]T " Variable name: " A “"
* New value: * R »® 24

1 EX*#AMINE “ _Variable name: " A "” >20
1 END " FProcess name: * C "¢

2 BAT+CH >13

2 CON®*TROL >ie

Fig. 5. Extract from the command table.

The access to wvariables is also
supervised by a table. See fig. 4. In this
table the owner module, type of variable,
dimension, limits, protection, etc, are
defined. The "examine” and ‘“deposit"
commands accede to the "Variab" module,
which supervises access to the variable,
detects error ranges, non-existant
variables, forbidden access, etc.

MODULE NOME TYFE LIMITE DIM.  INDEX RONGE (PROT]
SimCom cd R -1E20 1E20 3 0,3 0,2 0,7 N
SimCom ay R -1£20 1E20 3 0.3 0.3 0.7 N
SimCom dimad E o 7 2 0,3 0,3 [N
SimCom dimbe E o 7 2 0,3 0,3 .
SimCom dimed E o 7 2 0,3 0.3 L
SimCom oimac E Q 7 2 0,3 0,3 L
ControlCom L R -1E20 1E20 1 0,7 [N
ControlCon Tacel R -1E-8 1E10 -] N
ControlCom LLTY E o 32000 © 3
Varist nal r 0.0 0.0 o N
Controlfom 4 R ~1E20 1E2O0 1 0.7 N
ControlCom o "] ~1E2¢ 1ERO 13 <. L
ControliCom v R -1E20 1E2¢ 1 ©,7 N
ControlCom “ R -3E20 1EBC 3 ©,7 N
ControlCom ¥ R -1E20 1ERC 1 ©.7 &

Fig. &. Extract from the variables table.

The Process Interface

Basically, each process is a main module,
which has access to several calculus
algorithms and general handling device
modules situated on a second level. The
third level is composed of specific
drivers depending on the corresponding
device.

For example, the present
configuration of the system has a
Metrabyte Corporation DASH-1&6/16F bpard,
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having 16 channels of analoeg inputs, 2 of
analog ocutputs, 4 of digital inputs and 4
of digital outputs. Additionally, it has
an internal clock, DMA possibility, etc.

IMPLEMENTATION PHASE

For developing the data and flow control
structures aof the programs, it is
necessary to select the implementation
language.

In this sense, there are several high
level programming languages adequate for
real time systems implementation. These
languages verify the previously specified
conditions. Ada, Modula-2, Concurrent
Pascal, etc, offer modern solutions tao the
implementation of this kind of systems.

Modula-2 has been used because of it
is @ small and compact language, which
makes it specially adequate for small and
medium size systems like the SCM system,
developed on a PC-AT compatible under DOS
operating system. There are several
Modula-2 commercial compilers for PC
computers.

Also, low level routines may be
efficiently implemented without
gsacrificing the benefits of a high level
modular programming language. Modula-2

allows true modular programming with
strong type checking while incorporating
the flexibility of routines for data

transfer between variables of different
types, interrupt handling and access to
underlying hardware.

Modula-2 includes data abstraction
mechanisms and, particularly, the concept
of modularity, very useful in this phase:

- It helps the depuration of errors in
the program. After the tests, the
restricted access to modules prevents
any environmental error from
disturbing its operation. The system
can be constructed by debugging and
installing each module separately.

- It helps the maintenance of program.
Unlike a procedure or a function,
which cannot interact with their
environment modifying non-local
variables, a module is a close item
(except the exported and imported
cbjets). Thus, a module can easily be
modified. If the interface does not
change, the modifications will not
affect other modules.

- It helps the separation of software
blocks with different functions, and,
particularly, the ones that will be
required for the different operative
modes of the control system.

- Modula-2 offers a systematic way of
expressing the relationship between
different modules and their
variables, in such a way that it is
easy to modify some modules in order
to incorporate new characteristics.

The compiler used is the Logitech
Modula-2/86 package, an effective
development tool providing debugging
facilities (post—-mortem and run-time) that
supports up to 1 Mb of physical address
space and the creation of overlays for

larger systems. It is a low cost compiler
for PC-Compatible computers, which only
needs 256 Kb of RAM memory.

CONCLUSIONS

In this paper, a set of basic requirements
for the design and implementation of real
time control systems has been presented.
The application of these guide-lines is
shown on the SCM package implemented in
Modula-2 on the PC-AT. Then, the utility

of this language for implementing
small/medium size control systems is
shown.

One af the aims of the SCM system,
besides industrial control, has been the
possibility of easy incorporation and test
of new algorithms. This allows to improve
some of the present applications, research
for example. Other uses of SCM are the
process simulation and the training of
personnel in the field of process control.

REFERENCES

Clarke, D. W. (1283) "PID algorithms and
their computer implementation", DUEL.
Report 14B2/83.

De Keyser, R, M. C. (1986) "Personal
computer training for software adaptive
control" JOWURNAL A, Vol.27, No.3, pp.155-
161,

De La Puente, J. A. and A. Crespo (1984)
"Programacisén sistematica para control
industrial", I1 Simposic Nacional sobre
Automatica en la Industria, pp.315-321.

Hoare (1974) "Monitors and operating
system concepts", ACM, Vol.17, pp.3549-557.

Hoare (1978) “Communicating sequential
processes" ACM, Vol.31, pp.&bs6-677.

Lamber, R. (1980) "Design methods for
computer controlled real time systems" 6th
IFAC/IFIP Conference on Digital
Applications of Process Control, Pergamon
Press, pp.25-34.

Macleoad, . M. (1982) “The application of
modern software engineering techniques in
the development of a process control
package'", 50C0€0'82, Madrid.

RPlessmann, K. W. and H. Zoller (1986)
"High level language programming in the
field of process control", IECON'86,
pp .665-670.

Tuffs, P. S. and D. W. Clarke (1985)
"FAUST: A software package for self-tuning
control", IEE CONTROL'85, pp.186-191.

Wirth, N. (1982) "Programming in Modula-
2", Srpinger Verlag, Third Edition.



