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EASY IMPLEMENTATION OF DISTRIBUTED CONTROL SYSTEMS
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Abstract : The rapid prototyping and building of data acquisition and control systems is a
need felt both by researchers and final users. The paper describes a modular system, based
on intelligent nodes and the automatic, interactive, generation of code, that gives an easy
solution for the creation of distributed systems.

Keywords : distributed control, programming environments, distributed artificial

intelligence, computer interfaces.

1. INTRODUCTION

Influential researchers dealing with automatic control
issues, point out the need of tools for the rapid
prototyping of control systems (Arzen, 1993;
Auslander, 1993). Such kind of tools will empower
the study of different alternatives, and the quick
implementation of a guaranteed solution. A valuable
feature in this context, is the automatic generation of
code (Marwedel and Goosens, 1995).

An important part of the current production, services,
and research activities, is due to the contribution of
small companies or groups, or even individuals.
Many times, they do not dispose of technical
knowledge about the control systems they need.
Actually, we have observed this phenomenon,
helping people from other Departments in our

university, to solve control experimental problems.
Having identified this fact,

we started a research project, to provide the means
for the (small but important) activity protagonists to
be able to easily implement its own distributed
control systems.

From various information sources, including on-the-
field interviews, we realized that the control function
more requested and understood by industries, when
adopting computer-based new technologies, is
monitoring, supervision (perhaps embodying local
tasks of regulation or automation). But this requires
the computer interface to the real world, and it is well
known that the handling of sensors and the
adaptation to analog information transmission, can
lead to difficulties and problems: in particular, when
going apart from established standard measurements.




2. OBJECTIVES OF THE RESEARCH

In view of the mentioned needs and the obstacles
found by a great variety of users, ;we decided to
develop a way of solution based on intelligent nodes,
capable of sensorial and actuation local tasks, and
connected by digital transmission to a computer in a
control site (Kohn et al., 1995)(figure 1). In harmony
with this distributed architecture, we also investigate
the implementation of software tools to quickly and
easily create applications, through the automatic
generation of code.

Quick and Easy System
Building (Modules)

4 wires or wireless

Intelligent Nodes for Sensing and Action

Figure 1 : architecture of the system

The sort of demands we are touching on, has been
detected by different companies. So they try to cope
with it, in a variety of ways. Many are intended to
simplify the use of traditional hardware for data
acquisition, such is the case of computer cards
connected to sensors through analog signal
conditioning electronics. In other direction, there is a
lot of excitement concerning to fieldbuses, that may
resort to the adaptation of methods and technology of
conventional digital networks. Our idea is to create
nodes with enough digital processing capability, so
as to provide an infrastructure able to, for example,
accomplish state and parameter estimation local
functions ("software sensors").

The research line we are following, leads us to
consider the distributed control issues from the
perspective of cooperative agents (Maes, 1991;
Jennings, et al., 1996), in a fashion similar to the
multi-robotic systems designed to collaborate in a
common task, by means of reactive behaviors and
exchanges of messages.

In the following, we shall describe two coupled
aspects of our system: the nodes, and the generation
of code.
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3. THE SYSTEM NODES

The core of each node is a Flashlite
(JKmicrosystems) board. It is a small-size (10.7 x
92 cm) PC for embedded applications. The
processor is a NEC V25, 100% Intel compatible. The
board includes 512 Kbytes of pseudo-static RAM,
and 256 Kbytes of flash memory.

The software development is done on conventional
MS-DOS computers. We employ Borland C++.
When a program is ready for testing on the node, we
compile it to EXE format, and download it to the
Flashlite board, where it resides on the flash non-
volatile memory (emulating a floppy disk). To start
the execution we use the reset of the board.

To complete each node (figure 2), we add another
board with analog and digital interface circuits, and
digital data communication circuits. The analog
interface is capable to be directly connected to a set
of sensors (temperature, pH, pressure, etc.), to
standard 4..20 mA instrumentation signals, and to
0..10 volts. signals. Four of the digital input channels
are opto-isolated, and four of the digital output
channels are connected to relays. The other digital
channels use amplifiers.

Node
Architecture

Ms-DOS
small size

=

Interface Elect

=02 =

(¢ ) Interface Electronics (. )

Figure 2 : main blocks of the node

Following an object orientation, we define the class
"node", which contains a set of processing and
interface classes (figure 3). For instance, it disposes
of the "controller" class, that may operate as a PID
(or other alternatives, that are defined as discrete
transfer functions). The "analog interface” class, that
manages the signal conditioning and A/D conversion
chips, use a set of objects: one for digital
input/output, and for the analog signals as many as
input and output channels. These classes act as
intermediaries with regard to hardware, and present
to the user a uniform functionality, independent of
the technological solutions (the classes obey to a
defined set of messages).
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Objects of
the node

Figure 3 : classes and objects of the node

We have created a language for the exchange of
orders and informations between nodes and the
computer in the control site. Apart from the
necessary orders for initialization and restarts, there
are others for periodically testing the system, to see if
the nodes work properly, and for alarms. The
information exchange could be of a short or long
nature: each node has buffers to maintain and
analyze the trajectories of the input signals, and the
control site could ask for a complete buffer contents.
The "communication" class is in charge of the data
transmission formats and protocols.

4. AUTOMATIC CODE GENERATION

We developed a software tool for the interactive
building of applications on the computer. The main
activity is the screen edition: the user selects
windows from a set of options (figure 4). For
instance, there are windows for the display of the
trajectories of analog signals (each as measured by

a selected node and channel). There are also
windows to display the present status of analog (by
numbers) or digital (by buttons) signals. With the
mouse, the user sets up the position and size of these
windows, mounting the application screens. Each
window has a menu to send instructions to the related
nodes (alarms settings, actuations, samplig periods,
etc.), and to specify the functions of the window with
respect to the nodes. When the screen edition is
finished, the application can immediately begin to
work: so it is easy to test the application as it is
developed. When a satisfactory result is obtained,
C++ code can be automatically generated. Using
Borland C++, the code can be compiled, saved on a
file, and directly

executed.

The application so generated, talks to the nodes using
the language we designed. In each node, the code of
the class "node" is kept (non-volatile memory) to
carry out the orders coming from the communication
channel. '

The result of the screen edition can be saved into
intermediate code. This code may be used
afterwards, to re-edit the screen and create a new
application.

We employed the Quinn-Curtis libraries for the data
visualization and specification dialog windows.
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Figure 4 : automatic generation of code
5. SYSTEM CHARACTERISTICS

When the system is running, doing tasks of data
acquisition and actuations, the software at the control
site (as generated by the application generation tool)
obeys to an object orientation similar to the nodes
(figure 5), using a "communication" class, an "user
interface" class that updates the screen and reads the
keyboard, and a "control" class that manages the
information flux from the nodes, and the orders
(including user

interventions).

Among the varied alternatives for digital
intercommunication, we chose for the moment a
solution via modem and cable. It is immediate to
employ other supports (radio, optical fiber, etc.), for
medium or long distances.
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Figure 5 : classes and objects of the control site




The type of uses we are facing now (chemical
processes, some manufacture examples), does not
present hard difficulties of time response. Therefore,
we devised a coordination of the system based on
polling and an extra frequency for asynchronous high
priority events.

As specified by the application, the nodes can detect
when a signal breaks a limit (low or high): this means
an alarm, and the control site will be

informed.

One of the missions of the control site, is to detect
malfunctions of the system, and to help to the user in
the maintenance tasks.

The generated code is open: the user can edit and
modify it to include special functions.

6. INTELLIGENT AGENTS

We consider each node as an intelligent agent. A
lesson from expert systems history is that the most
useful approach is to consider narrow knowledge
subjects: that is, not many rules. This is favoured by
intelligence distribution among specialists. In our
case, an aspect forcing to confined expertise is that
each node has a location in a plant, so it is connected
to a concrete situation of expected signals
characteristics.

During the application editing, the user can specify a
set of rules for each node. The rules associate events
(such are alarms) to messages to the control site, and
actions on the plant. The node class includes a small
rule-based decision class.

One of the facets we want to investigate, in the
context of cooperative groups, is the autonomy
degree of the nodes. F ollowing the metaphor of a
chief who instructs to new operators how to react to
certain circumstances, several times, until the
operators are trained and can be left to autonomous
decisions; we let the nodes (the operators) take more
and more autonomy. Each node is assigned an
autonomy degree alpha (a number), by the control
site. At the beginning, when a rule fires, the node
sends a high priority

essage to the control site, and waits to the control
site to confirm an action to take place. The node
counts how many times a rule fires, and the

action is confirmed. When the count surpass the
Dumber alpha, the node is allowed to apply the action
without confirmation (but, still, it sends a

low priority message to the control site). There are
exceptions: decisions that always correspond to the
control site.
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In this way, the nodes come progressively to a
reactive behavior, under user supervision.

The control site will listen to urgent messages,
through the extra frequency. When there is one, the
control site conducts a rapid polling, to establish a
list of the alarms sent by the nodes. Having a general
view of the problem detected, that can manifest
several symptoms detected by some of the nodes, the
control site will instruct to the nodes the correct
reaction. If the problem means an important change
of the plant behavior,

the nodes are instructed not to be autonomous. Also,
the problem could require the user intervention. All
these functions are specified by the user, by means of
a table of possible problems, with the symptoms, and
the pertaining decisions.

During the normal polling, to acquire information
from the nodes, the control site will be also informed
of the decisions taken by the nodes.

7. RESULTS

The preliminary results we obtained with a first
system, consisting of a PC and two nodes, are
satisfactory indeed. We generate applications in few
minutes. The training of users is fast. The nodes are
compact and not expensive (under 400 $). we
developed a set of software tools to help in

the installation and maintenance tasks.

Regarding to the intelligent functions, we still need a
lot of experimental work, with simulated and real
plants, to test and refine our approach.

8. CONCLUSIONS

We have described a distributed system for data
acquisition and control, with a modular architecture,
based on intelligent nodes, and an automatic code
generation tool. The main idea of the design, is to
facilitate a quick and easy building of specific
systems.

In the future we shall study the performances on
different contexts: fermentations, gasoline synthesis,
electromechanical systems, etc. With the acquired
experience, we shall gradually enrich the intelligent
functions of the nodes.
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