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ABSTRACT

Automation is currently being used to an ever increasing degree in industrial

plants. However most of these applications require only a few basic control

concepts repeated for each piece of equipment. There is often a fair amount of

interaction between pieces of equlpment: in terms of safety interlocking and

sequencing. Despite this each piece of software remains an autonomous entity

receiving the necessary external data it requires. The principles of OBJECT

ORIENTeD DESIGN are suited to the development of this type of software. This

dissertation will demonstrate that object oriented development has distinct

benefits ever more classical design techniques. Generalized software for

controlling a minerals processing plant will bo conceptually designed, using

techniques implemented in C++ to demonstrate the basil; hypothesis. This will

attempt to encompass all tile available design techniques of object oriented

design into an area that has traditionally developed its own software development

paradigm.
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1.0 lNTRODUCTIOI'!

"Programmable controllers are being applied in ways never envisioned by
the equipments original developers, who were primarily concerned with the
task of relay replacement"

Ken Ball, Consulting Editor
Walter J. Maozka, Editor in Chief

lntech July 1987

"Object Oriented Programming with its claims of improved programmer
productivity and easy program maintenance, is emerging as a vital force
in the programming community. This despite the fact that object oriented
languages were not generally available until fairly recently."

Eva 'Nhite, Technical Editor
Rich Malloy, Technical Editor

Byte Auqust 1986

1.1 Programmable Logic Controllers

Programmable logic controllers (PLC) began their emergence in the early 1970's

due to the need for an accelerated changeover cycle in the motor industry in the

USA. (Nolett 1986 p58) PLCs originated as a replacement for relay panels. Thus,

the first language developed for PLC systems was called ladder or relay logic.

PlC languages have for a long time kept the emphasis on software that is easily

maintainable by plant personnel that do not have a formal computer training. !n

addition, PLC languages have tended to be mainly graphical and three of the

four major languages (discussed in chapter two) are graphically based. It is for

this reason that "software driven control systems have been programmed by

1



control engineers rather than software engineers.lI(Waine 1987 p63) This is

however changing at quite a rapid pace as the large PLC has become a small

industrial computer and the II 11 pin relay base has become a 20 word

software construct." (Waine 1987 p63)

One of the major problems faced by software engineers designing PLC software

is that the disciplines of the last 20 years of software engineering have not

followed throu8h into the PLC fiElld. The major reason for this has been the

hardware constraints, the lack of programming languages and the heavy

emphasis on easy to use graphical languages. Both have made rapid

advancements in the last five years and the emphasis is definitely towards

software engineering and not control engineering.

One aspect that has evolved over the last few years is the development of the

distributed control system (DCS). This has evolved from the use of multiple

independent control systems, perhaps PLC based, linked to a central operator

station. The issue, however, is that Des suppliers no longer "program" the DeS,

they tend to use the term "configuration". The configuration of a DGS (such as

Hartmann and Braun Contronic P and Foxboro itA) uses an interactive

configuration program. Thus, when configuring a DCS, a programmer is

prompted for information in an English style format, as opposed to a

programming language. This does not imply that there is no programming

required, but rather the converse. The programming is done at a much higher

level, to interpret the configuration proqtam and convert that into a form that will
I!.



generate the control system. This is providing a completely new light on the

control system design and development arena. The control or software engineer,

developing the control system, is no longer stuck behind a terminal, coding in

a traditional language.

What has evolved is that the programmer now develops a control philosophy,

and converts that into configuration shE::Elts,that can be typed into the control

system by a clerical worker. This does not imply that development of control

systems has become easier, but rather that the tedious task of programming has

become simplified. If the design of the control philosophy is wrong, the control

system will still not work.

The implication of the developments in the DCS environment, indicate this definite

shift away from the need for graphical based PLC languages, to a higher level

form of system configuration. This will perhaps speed up the development of

high level languages for control system development.

A distinction must be made between the user programming and the system

programming, as is the case in any computer system. Traditionally. PLC

programming has been a mixture of both areas. The programmer would be

presented with a programming environment, in which to develop all the control

constructs and then link these together to form a coherent program. In certain

of the programming environments, the programmer does have the facility to

create functions and pseudo-procedures. (e.g. Siemens PLCs) This facility does

3



allow Tor the setup of an infrastructure and then the development of the main

program that calls these functions.

However, the languHges used are still at a very low level. The situation in the

DCS environment is that the development of the standard functions is carried out

by the control programmer, and then the configuration is carried out at a higher

level than with PLC systems. However, the basic functions remain part of the

"user program" as opposed to the system environment. The principles of control

and control philosophies will be discussed throughout this dissertation. however

it must be noted that there are as many philosophies about control systems as

there are control engineers. Thus it would be impractical to have a PLC or DCS

system that has every control system philosophy built into its system

environment.

However. the program generated as part of the research for this dissertation, wii;

demonstrate that the system environment can be easily adapted for each control

situation. In addition. it will show that this adaptation and system setup Is easily

achieved using the techniques of object oriented software design.

4



1.2 OQj_ectOriented Design and Programming

Object Oriented design and programming has emerged in the 1980's as a

superior method of software design. (White and Malloy 1986 p137) The

emphasis, however has been the need for higher levels of programming

language to cope with the degree of abstraction required.

The term Object-Oriented programming evolved as a description of the Smalltalk

programming environment as developed at Xerox PARCo The major difference

between conventional proqramrnlnq (procedure-oriented) languages and so-called

Object-oriented languages lies in the concept of data procedures vs ooject

messages (Pascoe 1986).

In' the more conventional languages active procedures act on passive data that

is passed to them. An example of this would be the procedure to find the square

root of a number: sqrt(x). In data procedure languages the procedure would

take the number and return the value of the square root. Object-oriented

languages on the other hand employ an object c' tered approach. In this case

the data is not passed to the sqrt procedure, rather the message sqrt is passed

to the data which will perform the function on itself. It is for these, amonqst other

reasons,that programmers are calling for higher Ie'.€lIsof programming language

to cope with the aostroctlon required by an object-oriented approach to

programming. The principles of object oriented design will be discussed in detail

5
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in a chapter three, and the benefits will be discussed throughout this dissertation.

It is felt that the emphasis on object oriented design has been on a academic

level in terms of requiring higher levels of abstraction in the programming

lat1guages rather than applying these principles to practical issues. There have

been numerous papers written on the subject of object oriented deSign that

crltlcze the languages that currently exist. (Duff 1986) Very few nowever tend to

accept what is available and attempt to apply these object oriented design

techniques in slightly modified forms to these languages. One of the first

languages to evolve that incorporated the principles of Object Oriented design

was Smal!talk. The major problem with this was the inherent inefficiency in the

language. The u programs run a lot slower and required a lot of computer

resources. Also, you generally needed the entire development environment

loaded to run the program:' (Bright 1988) A number of these problems were

addressed by Stroustrup (1987) in developing the C+ + language. This used the

run time efficiency of a compiler combined with the advantages of object oriented

design. Both languages have their merits, with Smalltalk being an excellent

prototyping and development language and C+ + (and other compiler

lanquaqos) dellverinq efficient portable code.

The fundamental principle of object oriented design that is applied throughout

this dissertation is that of dynamic binding. Simply stated, a number of objects

are defined and each will respond in fundamentally different ways to the same

message passed to them. The only commonality between them is that they are

6



derived from a simple base class. This will expounded upon in later chapters and

demonstrated in the C+ + programs generated. This fundamental principle of

object oriented design allows for the simplification of a number of lnfrastructural

...ystems as well as the development of a high level programming interface for

PLC systems. It is this basic ,xemise that forms the ;oundation of this

dissertation.

(

7
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1.3 Basic HYRothesis

The basic contention of this dissertation is that these two totally juxtaposed

concepts can mesh into one powerful method of developing control system

software. This would incorporate the advantages of both concepts whilst

attempting to overshadow the weak paints of each one. Simply sta.ted, it is the

objective of this dissertation to demonstrate that the principles of object oriented

programming and software design can be used to effectively design PLC

systems and hence their software. In ad~ition this dissertation will show why

object oriented desJgn should be used, as opposed to some other software

development paradigm.

One of the major constraints of this work is that at present there are no PLC

languages that allow for object oriented programming. Therefore the emphasis

o~this entire dlssertatlon is that, firstly, the concepts of object oriented design

can be applied to the development of software for PLC systems. Secondly, the

principles of object oriented design can effectively be used to generate a high

level control system programming interface that allows for the more efficient use

of programming time and hence a saving in monetary terms.

The most fundamental question that must be answered is II Why object oriented

design as opposed to some other software development paradlqrn?" The

(
answer must be given in the light of a number of factors. On the most slrnpllstlc

level, there is a major trend toward object oriented design principles in the

8
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software world. Object oriented design, provides a number of benefits that are

not available through using more conventional development paradigms. The

major benefit, that will be demonstrated is the use of the classing ano

subclassing (inheritance) facility within the object oriented environment. This

allows for a fairly simple definition structure to be used as a starting point for any

PLC program. As the complexity increases the base classes of equipment within

the plant being controlled, can be subclassed and levels of complexity added .

.
The second major benefit is arises from the use of the information hiding aspect

of object oriented design. This allows the interface connections to the physical

input and output to only be available to a specific piece of equipment. It does

not become globally available as is the G:",~e' O'L PLC svstems. This decreases

the chance of errors occurrino when c r.a control algorithm tries to

access inputs or outputs associated '".th another piece of equipment,

An area that was discussed previousiv is that of dynamic binding. This almost

eliminated the need for type checking w! ..lin a program as the system decides

at runtime, what actions are need in response to a particular message being

passed to a specific object. Strong type checking is done at compile time,

however, it will be shown U'lat in the context of this dissertation, the dynamic

blnd!ng forms the heert of the code.

(.
Another major benefit is that is believed that the program code generated may

use substantially less program memory than current PLC programs. The reason

9



for this saving lies in the fact the different types of equipment are globally defined

within the system environment, and the only additional oode is their definition

section. Conventional PLC programs require that often identical pieces of code

be copied and only the definitions changed. This requires a substantial overhead

in terms of memory usage. This is an extremely difficult figure to quantify due to

the lack of object oriented control system programming environments. However.

if this does prove to be a major benefit in the future, it will mean a reduction in

hardware costs.

A similar benefit to the one discussed above is that of software reusability. This

has been discussed by Meyer (1987) and in the context of PLC systems will

allow for the more efficient use of programmers.

This area however specifically excludes the PLC environment, however, it should

be emphasized that PLCs are slowly moving away from the classical low level

language in the dlreotion of languages such as C, Pascal and Forth.

(Programmable Controller Product Survey i987) This will allow for the object

oriented techniques to be applied to an even greater extent,

{

It must also be realized that until the control system languages fully incorporate

the principles of object oriented dsslqn, it will not be possible for programmers

to make use of all the features of object oriented design. However, another major

proposal (If this dissertation is that the principles of object oriented design are

fundamentally sound and provide numerous benefits as compared to other

10



software development paradigms. The impiication, is that developers of control

system software, begin using the techniques that will be discussed I in a more

structured fashion until the control system languages have caught up with the

design techniques.

(.
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1.4 Cunclusion

The original basis for this dissertation arose when it was discovered that PLC

programmers, were, in an informal manner, applying the principles of object

oriented development to their design. The dissertation has evolved to a much

higher level 'of programming environment, whilst still maintaining the most basic

premises of control system software design. The conclusion is that the

techniques of object oriented design will provide a sound basis for the future

development of control system software. This basis will revolve around the

development of the system infrastructure as well as the ease of development in

the user program arena. Finally, it will also present a strong case for the use of

object oriented development as an alternative to the more conventional software

development paraclqrns, This will also refute the calls for higher and higher levels

of abstraction in the languages, and show that the languages that exist, perhaps

not in the PLC environment, do encompass the basic principles of object

oriented design.

Chapter two considers the current state of the art in PLC languages and possible

future trends in this regard. Chapter three covers the concept of object oriented

design as applied to the design of generalizec1 software. Chapter four deals with

the methods in which object oriented design can be applied to the design of

control system software. Chapter five considers the Implementation of a number

of basic types of drive classes in C+..j...and the implications of using an object

oriented language for this purpose. Chapter six describes the lnfrastructural code

12
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necessary to implement the simulation of a plant, the control system and the

supervisory controls within such a plant. The conceptual design of the software

for the crushing and screening section of a diamond processing plant is covered

in chapter seven. This is an attempt at showing how the principles discussed in

the previous chapters may be applied in a real live plant. One of the major

constraints is that there are currently no PLC's that are capable of being

programmed in an object oriented language. Chapter eight is the conclusion and

considers the future of PLCs and Object oriented design.

Appendix 1 contains a full compiled listing of all the software written for this

dissertation.

13



2.0 CURRENT PLC LANGUAGE TRENDS

2.1 Introduction

Programmable logic controllers have since their introduction in the early 1970's

proliferated and 1986 sales in Europe were estimated to be in the region of 530

million pounds sterling. (Readman 1987) The original application of the PLC was

as a replacement for relay panels. This brought about the first of the PLC

languages (Ladder Logic) which Was a visual representation of the logic of the

relay panel. PLCs are now available in varying sizes and degrees of complexity.

At the bottom end of the scale is the National PU 6 (Readman 1987) which offers

8 inputs and 8 outputs. In the middle order there are the Siemens 150U series

(Siemens '198(3), Telernechanique TSX7 (Telemechanlque 1987) amongst others,

all offering up to 2048 inputs and outputs. At the top end of the scale is the

General Electric series 6 offering 16000 digital 1/0. (Readrnan 1987)

PLC programming languages have evolved into a four main types, with each

vendor supporting variations on one of these basic types. These four are Ladder

logic or Relay logic, Control system flowsheets, Sequential function chart and

Boolean logic. Certain languagos may include a combination of the above basic

languages types. Each of the four areas will now be discussed and some

possible variations or combinations of each shown. It is not possible within the

scope of this dissertation to cover all the different languages and therefore only

these four basic types will be considered.

14



2.2 PLC Languages

PLC Languages originated as a conversion from relay panels. it was, and still is

possible to convert the logic from relay panels directly into PLC logic. For this

r' ~I' on, many PLC vendors refer to a language called Relay Ladder or Relay

Logic.

2.2.1 Ladder Logio

Ladder Logic parallels digital combinational and sequential loqlc, to a large

extent. Each vendor has a unique method handling of I/O within their version of

ladder logic. This incorporates the mnemonics used, limitations on the number

and type of logic gates and the general constraints of the language. These are

too many to be enumerated within the scope of this dissertation. However, the

basic format of the language remains unchanged, and the symbols used do not

vary to any great extent.

The basic concept of ladder logic is that it is analogous to the concept of

'passing power'. This stems back to the relay panels where, as power was

applied to one side of a set of relays in series, an action would occur if the

'power was passed' right through to the last relay.

Ladder logic revolves around two IIgatesll viz n/o ] [ (normally open) and n/c 1/[

(normally closed). A n/o gate corresponds to a relay whose contacts are open

15



i.e. not passing power, when there is no current passln., throuqh the relay coil.

If the desired state of a gate is one where it is closed (passl 9 power) then a

n/o gate will be in its desired state when the digital input to which it corresponds

is in the logical 1 or On state. The converse applies for a rile (normally closed)

gate in that its desired state is when the input to which it corresponds is in a

logical a or Off state.

If, for example, an action should occur when an input changes from a logical 1

to a logicai a then a normally closed n/c gate will be used. In the logical 1 state

this gate will be open and hence not passing power and conversely in the logical

o state will be closed and pass power to the next gate in the seq, ence.

Ladder logic in its simplest form consists of manipulating bits of input or output

data, Figure 1 shows the logic diagram of a simple pump that is started in the

field from a push-button switch. To the operator in the field it appears that the

action of pushing the start button directly starts the pump. Actually his start

signal is merely a "request to start" signal sent to the PLC. The PLC also

receives an indication of whether the pump has been field stopped (the stop

button has been pressed ), tripped (due to a fault) or whether it is currently

running. If all these signals are in the correct state then the PLC will send a

signal to the pump to start. The start signal is then fed back into the beginning

to latch itself. This is necessary as the pun 'I-)efield must continually have

a signal applied for it to continue running. 'n 8t:l(iiUon this provides a safety

16



feature in that if the PLC power is no longer applied then the pump will

automatically stop. (fail to safety).

nUNHlt1

8TART

TRlP8 HE~~THY ,
BTART

Figure 2 shows the ladder diagram of the simple field started pump. When the

FIGURE 1
SIMPLE LOGIG DIAGRAM OF A PUMP

field start button is depressed the corresponding nlo contact will close and

assuming that the trips and stops are in a logical 1 state power will be passed

to the start contact. This contact (state 1) is also used as a latch around the field

start and running contacts as when the 'field start signal is no longer applied then

the start signal must remain on. The running signal is a n/c contact that will open

when the pump is running. This is used to prevent any action being taken if the

field start button is depressed whilst the pump is running. If, however, the PLC

output must be removed, as a safety precaution, after a time interval if the pump

has failod to start then a n/c contact will be added as shown i . igure 3. In this

example when the PLC output it turned on a timer is started.

17
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FIELD START RUNlilNO TRiPS HEALTHY STOPS HEALTHY 8TART

----I 1--------1\I-----r--1 [----~~--J[------------0-
START

----) (---------------

~---- ..~
FIGURE 2

LADDER O!t\GRAM OF SIMPLE PUMP

The operation of the timer is based on the-principle that when the input signal

is applied it will begin timing ths period that has been set. If it is not switched off

( in this case by the running signal ) before the end of the time period then it

will. at the end of the time period, change the state of its output to a logical 1.

This will cause the temp flag (n/c) to become open thus removing the latch on

the start signal and causing the start signal to fall away. This is done mai.'dy as

a safety precaution so that in the event of a fault the start signal will not

constantly be applied. If it were, once the fault had been cleared then the pump

would automatically start and perhaps endanger the person who rectified the

fault. This is only one of the types of timers available to the programmer, all

however depend on the same principle of operation (Siemens 1986). Some

however will turn the output on for the timing period or turn the output off on

completion of the timing period.

18



"!~b .TA~T "~"HIN(I T~,pa HEALTHY BTOP. HI!AlTHY START

----I (--------1\[-----\--1 (--------J !------------()-
8tART TOI.!P HAO

----J (--------J\[-----

I1A"T B----I (----- TEMp .LAO1--"::::.:. -~ TIMER -,---------------------------()-

. ----J (-----

FIGURE a
LADDER DIAGRAM OF PUMP WITH TIMER

Ladder logic in its simplest for n has both advantages and disadvantages. One

of the major downfalls is that when using ladder logic as the only form of

programming, the entire program is executed during every scan of the PLC. This

form of ladder logic does not allow for selective calling of different subroutines

and functions in specific instances. A dummy contact can be used to simulate

this action, however this wili undesirably increase program complexity.

The chief advantage of pure ladder logic is that it is simple to program. This is

due to the fact that there are only two possible contacts and contact states.

There is no variety of programming statements to be remembered and this

decreases the possibility of incorrect typing of statements.

Ladder logic has served as a useful transition from relay panels to the ever

expanding field of computerized control. Pure ladder logic is today not being

superseded by higher levels of programming but rather forming part of the
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subsets ot these higher levels languages. Ladder logic will always have a place

in the PLC programming area because of its inherent simplicity and ease of use.

2.2.2 Control system Flowsheet

Earlier Figure 1 was referred to as a logic diagram. This form of program

representation can be applied directly with certain PLCs. These PLCs use a

language called CSF (Control System Fiowsheet). This allows the programmer

to translate the logic diagrams of ttm design directly into a machine readable

form by typing the flowsheets into the programming unit.

As with ladder logic CSF revolves around two major functions viz the And (&)

and Or (>=1) gates. A useful comparison can be found by comparing CSF to

Ladder. In Ladder n/o and rilo contacts are put in series or parallel to form IIAnc.."

and Or functions respectively. If a number of ladder logic contacts are placed in

series they will pass power once all conditions have oeen met thus forming an

AND function. If, however, they are placed in parallel when anyone condition is

met, power will be passed thus forming an OR function. If the gates are inverted

i.e. nlo to n/c then the AND will become an OR and visa versa.(Figure 4) With

CSF these gates already exist (And,Or) but the inputs to these gates may have

to be inverted to take into account any input states. This is shown in figure 5

where the corresponding CSF and ladder logic functions are shown.
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LADDER LOGIC

CSF has the obvious advantage that it requires little translation from design to

implementation. It also is a breakaway from the translation of relay logic panels.

However CSF suffers from the same shortcomings as ladder logic in that the

entire program is executed every scan of the PLC, in most implementations.

However certain PLCs ( Siemens, Telemechanique ) do make provision for

conditional calling of so-called subroutines. In addition there is the possibility that

support personnel will not have the knowledge to maintain programs written in

CSF.
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2.2.3 Boolean Logic

Boolean logic (BL) is a speclallzed assembler lanp: t?go that uses rnl..lohof the

syntax of an assembler language. Figure 6 shows the logic for the simple pump

given in BL. Languages of this sort use much the same ideas as other graphical

methods such as ladder or CSF. The statements follow along the lines of CSF

in a written fashion. The AND function is as follows:

t'

A (input 1

Input 2)

= Output 1

The above code lANDs' inputs 1 and .2 and places the result in output 1.

Included in the statements are the following AN (NAND),O (OR), ON (NOR) etc.
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Some Pl.Cs do not allow for the handling of analog I/O within the framework of

the graphical language and therefore analog handling and calculations must be

done using assembler type statements. BL allows for conditional execution of

certain conditions and calling of subroutines.

0000 : A (
0001 : A FJEL[, ')TART
0002 : AN RUf'·..,.ING
0003 : a
0004 : A START
0005 : AN TEMP FLAG
0006 : )
0007 : A TRIPS
0008 : A STOPS
0009 : ::::START
OOOA : ****
OOOB : A START
oooe : L 5 SEes
OOOE : START TIMER 1
OOOF : A RUNNING'
0011 : RESET TIMER 1
0012 : A ilMI:R 1
0013 : :::: iEMP FLAG

rlGURE 6
BOOLEAN LOGIC OF A SIMPLE PUMP

One of the major disadvantages of BL is that as it is not graphical it requires

more thought when debugging as the funotion of each group of statements in

not Immediately evident. This is one area where the more classical area of

program documentation is very much a necessity and not a luxury.
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Programming in BL also requires more translation between design and

implementation and a knowledgeable maintenance staff. BL is fairly simple for an

experienced assembler programmer to use and is closer to classical

programming techniques than any graphical language.

2.2.4 Sequential Function Chart

Seq..Jentialfunction chart (SFC) is a graphical method of functional analysis. SFC

is marketed under various names such as Grafcet (Telernechanlque 1987) or

Graph 5(Slemens 1986).

SFC represents functions of a sequential automated system as a sequence of

steps or transitions. Graphical programming was specifically developed for

sequential control problems where the steps are sequential or time dependent.

(Tinham 1986) Each step may represent a command or action that is either a

logical 1 or O.The flow of control is governed by a conditional transition that is

either true or false. When a transition condition becomes true control is passed

from one step to the next. SFC is a high~r level language than any of those

discussed previously and is used as an outer shell from which lower level

subroutines are called. Figure 7 shows the basic SFC symbols and gives a

description of their meaning.
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ACTIONS

ACTIONS

*- NUn'bered step

Steps; Each slep is represented by a
numbered square, Io!hic:hmay also
contain a mnemoniC: indicating the
principal function of the step.

Initial st~ are represented by a
square drawn With double lines. !hey
characterize the initial situation of
the function described by the chart.

~ associated with the steps are
described inside one 01' more rect-
angles to the right of the step.

Transitions are represented by short
horizontal lines.

Conditions associated with the
transitions lIlaybe "'Titten to the
right of the transition.

Directed links indicate the £low of
control, which is from top to bot t.om
unless otherwise indicated.

L...-..~_..J'
- Directed links

FIGURE ,7
BASIC SFC SYMBOLS

(SOURCE: TELEMECHANIQUE 1987)

The best method of describing SFC is by example. This is given in figure 8

(Telemechanique i987) In this example a circular plate is rotated through 120

degrees in order to serve three workstations at which the following operations

are psrformed:

Station 1 .. Loading the workpiece

Station 2 .. Clamping and drilling

Station 3 - Testing by depth gauge and removal
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At station 3 the depth gauge must descend to its lowest position otherwise the

machine will stop. This will require the operator to remove the defective piece

and restart the system. Figure 9 shows the SFC chart for this operation. This

shows that after the initial operation the three steps are simultaneously activated

each continues independently until steps 4,9 and 14. Here the program waits

until all three sequences have been completed until continuing to rotate the plate.

From this it can clearly be seen that a block represents an action or group of

actions. Transition from one block to another is based generally on satisfying

some condition.

STATlONl

Supply hOpper

STATION 1

FIGURE 8
DRILLING STATION LAY,OUT

(SOURCE : TELEMECHANIQUE 1987)

SFa follows closely along the lines of classical structured programming as each

of the blocks shown couid be an entire subroutine I function or procedure. SFa
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also serves the purpose of hiding of the actual bit manipulation of each device.

This becomes a good feature when dealing with large programs as a block on

the outermost SFG chart could represent another SFG chart which in turn could

be made up of SFG charts, procedures or a simple statement in ladder, STL or

GSF. An example of this is shown in Figure 10.
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FIGURE 9

BFC CHART FOR D\~ILLING ST2\.TION EXAMPLE
(SOURCE: 1ELEMECHANIQUE 1987)
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FIGURE 10

SFC CHART MADE UP OF OTHER LANGUAGES
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2.3 Conclusion

PlO languages have progressed a long way from the early conversions from

relay panels. This is however just the tip of the iceberg as the predictable trend

in the future will be to high level languages such as FORTH and O. Some

vendors are already offering limited versions of these languages for the

programming. This type of development will.allow the power of design methods

such as Object Oriented design to be used to their fullest extent. This has

however the disadvantage that users of programs will require far more training

in the different languages. In addition this places a burden on designers and

programmers for more comprehensive documentation and program commenting.

These minor disadvantages will definitely be outweighed by the benefits obtained

in terms of overall program complexity and programmer utilization. It is hoped

that these advancements in the PlO field will lead to their wider use in even

more complex control environments.

An area that was discussed in chapter 1 is that of DOS systems. The classical

PLOprogramming approaches have to a large extent fallen away with the advent

of the DOS. This is evidenced in the shift from "programming" to "configuration".

However, the design methodologies are still relevant to any type of control

environment, only the programming lnterface has changed.
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3.0 OBJECT ORIENTED SOFTWARE DEVELOPMENT TECHNIQUES

"Object oriented development is an approach to software design in which
the decomposition of a system is based on the concept of an object. An
object is an entity whose behavior is characterized by the actions it suffers
and requires of other objects."

G BOOCH 1986

There are ~~1 many views on what Object-oriented programming is as there are

computer scientists (Pascoe 1986). This is h~rgely due to the origins of tole

concept of Object-oriented programming techniques. The term was originally

used to describe the Smalltalk programming environment developed at Xerox

PARCo(Goldberg at a! 1983) Today it describes a completely new dimension in

programming and a vastly improved method of developing software and

increasing programmer productivity. (Bright 1988)

The simplest definition of object oriented languages is that they allow the

programmer the ability to defir;s a new class. (8rigllt 1988) A class is a new type

of data. The compiler then treats the new class as if it was part of the existing

data type definition of the language. To be classified an object oriented language,

an language must exhibit four characteristics viz. data abstraction, dynamic

binding, information hiding and inheritance. (Pascoe 1986) !\ number of high level

languages have been mistakenly \Jailedobject oriented as they do not exhibit all

four characteristics.
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3.1 Data Abstraction

The process of defining new data types or classes is referred to as data

abstraction (Pascoe 1986) or abstract data typing (Bright 1988). A programmer

defines the class along with the internal method of representing that class. This

internal representation may consist of basic data types (integer, string real etc.)

or other class types. In adcltion to the definition of this class, the programmer

defines a set of manipulative procedures to access and manipulate that data. An

example of data abstraction conslders the definition of two data types viz Stack

and list. Each type has differences in their methods of data storage and

manipulation. Therefore each Will have a set of procedures that will manipulate

the associated data type i.e. Initialize or print. This has as the disadvantage that

the overall structure will be larger due to calling sr parats manipulative

procedures However, this does allow for ease of definition of new classes,

Assume that the types List and Stack are defined, the type Queue could now be

defined along with its set of internal manipulative procedures which would be

independent of the existing data types.

This aspect of object oriented design forms the basis of using these techniques

for the development of control system software. The fundamental reason for this

is that the classical control problem revolves around the controlling of a few

fundamental types of equipment, an ideal situation for the classing of types.
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9.2 Information Hiding

Information hiding considers the aspect that the state of a software module is

only visible from within that module. Thus data is manipulated only by internal

procedures. This feature allows for the efficient design of modules such that the

. internal variables within a module are not accessible from outside the module. In

effect internal data structures may be changed without affecting other modules

in that implementation. Most programming languages support information hiding

except Pascal as it does not allow a method of defining static data types within

a procedure.

Information hiding could playa vital role in the safety aspect of control systems.

All of the information regarding a piece of equipment within a plant can be

hidden, and only accessible to the piece of control code that deals with that

equlprnent, This would ensure that each piece of code only deals with the

sections of memory and variables associated with a particular object, and does

not have global access. This aspect will be discussed in chapter 5.
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3.3 Dvrtamic Bindin_g.

The issue here is that the message initialize, for example, sent to different objects

of each of a number of different classes will elicit different responses from each

of them. Thus the initialization procedure for the stack and the list will be

substantially different, but the messaqe to tell the variables what to do is exactly

the same.

This area is often referred to as polymorphism (800ch 1986), dynamic binding

(Pascoe 1986) or commonality (Bright 1988). Polymorphism is the ability of

objects of different classes to behave in the same way, whereas dynamic binding

is the mechanism for selection of the correct behavior at runtime. The advantage

of this occurs where a new data manipulation procedure needs to be added to'

a proqrarr., Assume the procedure "listJo~Screen" is to be added. In this case

there may be numerous data types i.e, integers, strings and arrays. Traditionally

the new procedure would have to cater for all the existing data types and elicit

the correspondlnq responses. It is potentially dangerous to attempt to list an

array in a procedure designed to list integers. In addition If a new data type such

as two dimensional array is added to the program then all the existing

procedures would have to be modified to accommodate this data type, including

the list procedure.

Object oriented programming pushes the responsibility of type determination onto

the data typos themselves. Each type of object will be sent exactly the same

message and each will then display the correct behavior for that type of object.
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Simply defined the area of dynamic binding allocates responsibility. "An object

decides, at runtime, what to do with the message you've sent It." (Bright

1988)

3.4 Inheritance

Inheritance enables programmers to create classes and sub classes. This is

called subolasslnq where the lower level new object is called a subclass of the

superclass. The subclass inherits its behavior from the superclass and will add

aspects of its own to the characteristics of the superc!ass. Inheritance allows

programmers to create new classes Of objects by specifying the differences

between them and th~~original class. instead of starting from scratch. This is

associated with another area, that of software reusability I where sections of code

an be reused many times. (Meyer 1987). Objects are defined as being either a

subclass or a variable, which is defined as being of a class type,

Bright defines inheritance or "type derlvatlon" as "deflne a new class which is

this old class here plus some additions and changes I want to make"
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Once again, this becomes relevant in the control system environment I Where all

types of electrical equipment may behave in the same fundamental way.

However, each may exhibit slightly different characteristics. Thus some of the

classes may be derived form a base class. This forms the fundamental basis of

the derivations ir. chapter 5.
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3.5 Design methodology.

One aspect that requires consideration is the methodology of linking of objects

into a piece of coherent code, Jamsa (1984) considers that the srnphasls of

object oriented design is to "keep the solution as near to the real world

problem as posslble". The methodology proposes that the clear statement of

the problem can be utilized to produce the implementable units in t')

identification phase of development. When considering the problem statement it

will become evident that the objects are the nouns and that the operations

performed on them are the verbs.

Jamsa proposes the following steps in the design procedure :

1) Define the problem

2) Develop an informal strategy

3) Formalize the strategy

a) Identify the objects and their attributes.

b) Identify the operations on the objects.

c) Establish the visibility of objects,

d) Establish the interfaces between objects.

e) Implement the operations of each object.

The first step is a clear concise plain language definition of the problem. This

should include a full description of all the objects and a definition of the basis for

their interaction. In an industrial application this would most probably take the
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....Jr:.!

form of a tunotional description of the system. This functional description or

specification will in the majority of cases include a description 01' the interlocking

between devices and an indication as to the controilability of the system under

varying conditions.

The informal strategy phase considers the development of a process description.

This, unlike the problem definition IS not a description of the proCGSS but rather

a software description. Jamsa (1984) suggests that structured Engl:sh could be

employed at this stage. A useful tool at this point in the development life cycle

is perhaps Program description language (POL). This is discussed in detail by

Walker (1984) and Caine (1980, Ihls PDL description can be used as a definite

starting point for the des, "'he one problem with PDL in this context is that it

follows very closely along the lines of Pascal, a language that is not really suited

to the object oriented environment. However, a designer may make use of

another suitable type of pseudo code, perhaps along the lines of C+ +.

The formalization of the st .I follows along similar lines to those proposed by

Abbott (1980) and dlsci.sseo by Booch (1986). The first step i.e. identification of

the objects and their attributes, Involves the recognition of the major actors,

servers and agents within the framework of the problem. One method that has

been proposed is to consider the problem definition and extract all the nouns

from the description. These will be the major objects in the problem space. At

this stage it may also be found that there are objects that share many attributes.

These can then be combined to form a class of objects and a corresponding set
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of subclasses. This will allow each .bject to be considered as an instance of a

class.

Identification of the operations suffered by and required of objects forms the next

step in the formalization of the strategy. This serves as a method of

characterizing the behavior of the objects and classes of objects. Here the "static

semantlcs" (800ch 1986) of the objects are determined by establishing which

operations may meaningfullY be performed on that object. Considering the

method discussed above if all the verbs are extracted from the description then

these will define the actions suffered by objects. These action by definition then

define the actions of an object when acted upon by other objects.

The establishment of the visibility of objects establishes the static dependence of

objects upon each other. This step serves to determine which objects are seen

by other objects. The fourth step, the establishment of interfaces, involves the

production of a module or object specification. This requires combining all the

data captured in the previous steps and assembiing it into a coherent

specification. This information serves as the basis for establishing the boundary

between internal and external views of an object.

The fiftl1and final step involves the implementation of each abject using available

language resources. At this point a suitable representation for classes and

subclasses of objects is found. If an object is found to be composed of several

subordinate classes of objects then the entire method is repeated to further
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decompose the object. However in the majority of cases an object is built up by

using one of the existing classes and subclesslnq, thereby adding characteristics

of its own the existlnq superclass.
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3.6 Conclusion

This chapter considered the mechanics of Object-oriented design of software.

Object-oriented development will undoubtedly have major implications in the

future of software engineering due to the large number of features this type of

methodology encompasses. These steps discussed throughout the chapter

constitute the Iifeoycle of the software development. Booch (1986) states that II

Object oriented development is a partial lifecycle method: It focuses on the

design and implementation st...tgesof software development", The steps listed

above may appear mechanical, however Abbott obsei les that it is not an

automatic procedure and requires "a great deal of real world knowledge and

intuitive understanding of the problem", However; this greater understanding

will help to simplify software and allow for greater programmer productlvlty and

utilization of resources. It is believed that the principles of object-oriented design

will form the fundamental basis for a large number of software development

applications in the future. The next chapter considers the application of

Object-oriented design techniques to the development of generalized PLC

software. This will show the versatility of the design methods and how their usage

can be modified to encompass other areas of software development.
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4.0 CONTROL SYSTEM SOFTWARE DESIGN

4.1 Introduction

This chapter covers the design of control system software using the principles

of object oriented design. It is at this point that a distinction should be made

between Object oriented programming and' Object oriented software design. Duff

(1986) Cox (1986) and Pascoe (1986) are amongst many authors that are

concerned with language specific issues. They consider the pros and cons of

each language and its possible use for implementing software designed using

object oriented design techniques. The emphasis lies with the inherent features

of the languages, such as Srnalltalk, that will allow the characteristics discussed

in chapter three to be implemented to their fullest extent.

On the other hand Beech (1986) places his emphasis an the necessary

development principles at,,,,,, briefly discusses the implementation of his ideas in

a specific language environment. Bright (1988) discusses implementation issues

in a language specific environment. This is the area that vvillbe the focus of this

chapter i.e. that the design techniques associated with object oriented software

development are sound and can be utiliZ:'3din a language independent fashion.

This chapter will consider the application of the techniques discussed in the

previous chapter with regard to their usage in the design of industrial control

systems.
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At the outset It should be noted that PLC languages suffer from many constraints

when applied to pure object oriented development. However the nature of the

dynamics of the system to be controlled will allow for the implementation of these

Object oriented techniques. Certain aspects of the design phase will become

fairly abstract but will nevertheless allow for the more efficient design of industrial

control system software

Current trends in PLC languages have been previously considered. A few PLC

vendors are already heading away from the classical PLC programming

languages and are allowing for software to be written in la.iquaqes such as C

and Forth. There are C+ + compilers that have an intermediate stage of

compilation that generates a set of standard ANSI C procedures. These could

then be downloaded to a PLC that is capable of being programmed in C. This

will ease the burden of implementation and the level of programming will be

much better. These languages are more suited to implementation of Object

oriented software. As they gain wider acceptance, the principles of object

oriented software design will become necessary design tools.
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4.2 Generalized Software Design

Consider the design of a generalized control system. There will generally be sn

overall control phliosophy that will define the basic rules of operation of the major

pieces of equipment and eqtnpmen ypes. This is often referred to as the MeC

(Motor Control Center) philosophy. This philosophy does not cover each

individual piece of equipment, but rather the control aspects of types ·)f

equipment and the: interactions between these. The control system philosophy

will define the necessary classes and subclasses to for the programmer. The

functional specification of the control system will define the specific requirements

of eaoh piece of equipment along with the physical data. The latter aspect covers

the infcrrnation such as what connection f"om the PLC wiil go to that specific

piece of equipment.

For the purr -ses of example, all equipment that is classified as electric drives will

be considered. In an industrial apr •stlon this will include pumps, motors,

conveyor belts etc. These may be of different ty~ s and sizes but the base

assumption is that they all operate :n similar fashions,

A simple operating philosophy was discussed previously, but can be summarized

as follows : Upon receiving a request to start signal the control system checks

whether the drive's trips and stops are in a healthy state and whether or not it

is running. If these conditions are true then in the most basic case a Signal is

sent to the drive to allow it to start.
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According to the principles of object oriented design a superclass, perhaps of

the type "driven could be created. This would be the simplest form of logic.

Figure 11 shows the logic of this simple "drive".

As each different drive is encountered, which differs slightly from the superclass,

a new sub ;ri:tSS can be created to cater for that type of drive and its associated

€lxtra logic.

FIELD STAR

&
RUNNIN°tlll.....

>=1
STI\RT

GTOI'S Ut:ALTHY &
TRIPS H"At.THY

Assume for the purposes of example that there exists a drive that when a

FIGURE 11
SIMPLE LOGIG DIAGRAM OF A PUMP

request to start signal is received will sound a slrer: for a certain time period

( before starting. This siren is called a safe start siren and is used to warn

()
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personnel in the area of the impending start. In this case a subclass of "drive

wlthslren" could be created to cater for this instance of drive.

The logic diagram of this "drive_with_siren" is shown in Figure 12. A timer is

used, that times the siren. Upon completion of the timing period the timer output

will be turned on, and paralleled with the rest of the logic.

"UHNING

'llLU .,......"

flln,"

FIGURE 12
DRIVE WITH SIREN

In most applications there will also be numerous Interlocks between the drives.

These will prevent certain areas of the system from starting before it is safe to

do so, or In the event of a device tripping then the associated devices are

required to stop. The methodology of coping with this is to have an internal

variable within a class "Interlock", This class of interlock can then be created

which will cater for an open-ended number of interlocks for each drive. Each
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drive routine vvlllhave a specific interlock ooject passing, as it were, a clearance

signal to the control module to allow it to corrlnue and start the drive. The logic

diagram lIIustrating this logic is shown in Figure 13.

K

RIVE 1 RUN

RIVE 2 RUN

RIVE 3 RUN &RIVE 4 RUN
INTERLOC

LEVEL LOW

LEVEL HI

c
D

D

D

the subclasses obey the requirements of inheritance.

FIGURE 13
INTERLOCK MODULE

Each class and subclass of drive will respond in a different way to the same

message. The superclass of drive wiil merely start the drive. The "drive_with

siren II will sound the siren before sturting tho drive, The "Drive with interlocks"

will first get a clearance before starting the drive. This action of eliCiting differing

responses to the same command fulfills the object oriented characteristic of

dynamic binding. By virtue of the definition attached to the superclass of "drive",

Data abstraction is considered in the aspect of the design, that a few standard

classes can be desi,.Jned,and the rest of tile classes formed form subclasses of
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these. Information hiding is used to protect the traditionally global variables from

being modified by the program, in areas where it should not be affected.on

hiding become the most complex to deal with when in the area PLC software.

This serves merely to emphasize once again that the objective of this dissertation

is to consider the usefulness of object oriented design techniques as a method

for the development of control system software. It is conceivable that in the not

too distant future there will be PLCs using languages that can fully support and

make use of the features of Object oriented design techniques.
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4.3 Conclusion

The principles of Object-oriented design are sound when applied to the

development of software in an high level environment. However when applied to

PLC software the techniques have to be addressed in a slightly different fashion.

The objectives of this dissertation are to consider the use of object oriented

techniques within the framework of the PLC software development environment.

This chapter has considered how the four major areas of definition of

Object-oriented design can relate to PLC programming. There are a number of

obvious constraints when considering the PLC software and it is accepted that

PLC languages will not currently fully support these high level design techniques.

However in the foreseeable future there will be PLC programming languages

that support the features of Object oriented design. It is at this time that

Object-oriented design methods will be used to their fullest extent. In the interim

period the applicable features can be utilized to enhance the software

development lifecycle.
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5.0 SIMPLE OBJECT ORIENTED IMPLEMENTATION

5.1 Introduction

The previous chapter considered the implementation of the simple operations

associated with electric drives. It alec discussed the possibilities of using object

oriented approaches in the development of the software to control this type of

equipment. This chapter continues along this track, with the irnplementatiort of the

software in C++. This chapter also considers the interface to the physical world

and how to overcome the limitations therein.

This chapter will also begin demonstrating the power of object oriented design

and how all four characteristics thereof are used within a practical example.

These fr aspects were discussed in chapter 3, and are be used as guiding

principles throughout all the software design.
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5.2 Physical Input and Output

One of the major areas of consideration must be the comparison of the object

oriented software to tne physical PLC. All PLC systems work on the principle of

having ~~series of Input/Output (I/O) racks. Each of these makes a physical

connection the pieces of equipment that are to be controlled. In chapter 2, when

the input signals (field start, trips healthy etc.) were discussed, these referred to

physical signals coming into one of the I/O cards within an :,'0 rack. The software

written for this dissertation will not ar::tually operate on a PLC as no PLC can

currently operate with an object oriented language. Therefore the problem lies in

defining I/O and defining a method of mapping such I/O into the real world.

The solution to this is the creation of a number of classes called 10. These

represents the physical 1/0 points which receive and send signals to and from

the plant.

There are tour types of physical I/O associated with a PLC. These are :

Digital inputs (Digl)

This would be a binary signal coming into the PLC.

Digital outputs (DigO)

Similar to the inputs but being sent 'from the PLC to the equipment being

controlled.

Analog inputs (Ani)
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This Is an analog signal (such as a tank level) being sent to the PlC

from the actual unit.

Analog outputs (AnD)

These are analog signals sent by the PlC to specific units. These could

be to control the opening of a valve or the speed of a variable speed

motor.

The features of object oriented languages allow for the defnltton of these classes

to prevent the PlC program attempting to' assign a value to an input or visa

versa.

Thus at the most fundamental level there would be two cl~.;;ses defined. These

would be OigO and Digl.

The definitions (in C+ +) would be :

class OlgO
{

public:
lnt state; II digital state
char* address; 11 address of PLC 10 point
01900; II constructor function

}i

class Digi
{

tnt state;
public:

char= address;
OlglO;
void setDl(lnt value); II function to set value of private variable
Int readOIO; 1/ function to read value of private variable

};
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This deflnltion 'equires some explanation, as there are some areas where the

principle ot information hiding is used. This is done in an attempt to map the

somewhat contrived situation into the real' wcrld. The digital output signals

associated with a drive are public domain in most PLC's. Thus they can be

modified by any procedure operating anywhere within the scope of the PLC. This

issue will be addressed later when the definition of the 10 rack is given. However,

it suffices to say, that the class DlgO (digital out) is made up of two member

variables and a constructor function. The two member variables are the state of

that output signal and the address of that digital output. The latter refers to the

adc ress that is used by the PLC programmer to assign a physical 10 point to a

memory location. Generally, the physical 10 is mapped into a segment of the

PLC memory. This facilitates the quick access of the value, rather that having to

read from the physical 10 card all the time. The constructor function is used to

initialize the state of the objects of this class, when an object is defined.

The definition of the digital input (D;gl) is rather more complex. A large number

of PLC's do not allow for easy access to digital input values. This implies that the

program as it stands cannot overwrite the input area of memory. This is

obviously to safeguard against the problem of the PLC writing VIe wrong value

in place of G physical input. To cater for this feature, the stale of the Digl nas

been defined as private. This means that only member functions of the class Digl

can access and modify that value. It must be stressed that in this application,

there is a tradeoff between 'good' object oriented principles, and mapping into

the real world. In the majority of PLC systems there are very few 'private'
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variables. Thus, the use of the object oriented nrinciple of information hiding is

used to a limited extent the If this program was being written for an actual PLC

then there would be no need to have all of the men iber functions that have been

written. There is a void function called SetDl whlcr is used to fan c the input to

a specific value. This is used as there is no actual to point available. The integer

function ReadDI is used to ascertain the value of the private variable state. This

function would also not normaliy exist as the access to the input values would

normally be unrestricted in a reading mode. Thus right at the outset the program

is beginning to use features of object oriented design.

The full code of the member functions is given below :

1/ Constructor functions:

0190::0Ig00
{

state = 0;
}

Di91::OlgIO
{

state = OJ
}

II r=unctlons for using the state of Dig I

void Dlgl::setOI( Int value)
{
state = value;

}

Dlgl::readOIO
{
return(state) j
}

The code segments given above are part ,of the file "digital.hpp".
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As previously stated. the 10 signals to the PLC are grouped 1I1i...., 10 cards and

racks. Thus the next class definition is that of an IOrack.

This is merely a "holder" of IDs. The IOrack class serves as a type of interface

to the real world. It contains the most basic 10 required for the operation of a

general electric drive.

class 10rack
{

public:
OlgO starts localstart;
O!gl seqstart,fieldstart,trlpshealthy, stopshealthy, running;
IOrackO;

};

The class defined by 10rack does not contain any logic. It merely groups the 10

together and is used to relate specific 10 points to a specific dr. Ie. When a

variable of class 10ra<:k is defined, the specified 10 are defined. The definition

section of the class definition calls the correct 10 types and initializes the fO

accordingly. The constructor function 10rackO required at start-up to facilitate the

definition of a new variable of the class 10 RAck. The code segment of this

function is empty, as when an 10 rack is called it creates all the variables which

initialize themselves.

The variable localstart is used as a temporary carrier of information between the

super- and subclasses. The base type of 10 rack contains the most basic of 10

and does not cater for any new types of drive 10. These would be made local

variables within the new class itself.
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5.2 General Drive Class

Since the simplest classes necessary have been defined, the basic electric drive

operations can now be defined. These are contained in the class General Drive.

The structure of the code is such that the class of General drive forms the heart

of the all the ';ive related operations. All the basic 10, procedures and operations

are defined within this class. All actual operating drive classes are derived form

this base class.

Certain functions are defined as virtual, and this allows for function overloadlnq.

This is perhaps one of the most fundamental benefits of using Object Oriented

deslgr. and associated languages. The same function may be used to denote a

number of different operations. The language will determine at run time which of

the functions to use. 7"his allows each of the sub classes to behave in

fundamentally different ways. The listing of the definition of lIlv I,..lassis given

below. Following this is a brief description of each of the lines in the class

definition.

class GeneralDrlve
{

public:
char namestr[20]j II drive name
char typename[30]j II drive type
GeneralOrive * nextptr: II pointer' for next drive In list
Interlock inter-leek; II Interlocks of this drive
addlnterlocksf); II manipulating interlocks"
detlnterlocksj): /I as above
lot type; /1 used to globally define drive type
virtual statusOi 1/ prints out all drive 10 statusses
virtual addtollsttchar namp[20])i 1/ list manipulation
$~trlJnnlngO; II simula'~ PLe action
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10rack rae"; 1/ 10 of drive
virtual operatet Int value, i'1t error =O)i II specific operations
operatet (Int value, lnt error =0); 1* basic operations ttl
GeneralDriveOiI/constructor

}i

Tl:9 two character strings namestr and typename aro used in defining the

uniqueness of the drive. The type name is applied principally in the definition of

new drive types, where a list of drives if formed and the types are listed for the

user. This will be explained in detail later.

The pointer to the class called nextptr is the pointer that forms the heart of a

linked list of drives. The only wny of allowing for tho creation of drives at run time

was to use the linked list approach. Essentially, during run time all the existing

drives form part of a linked list of drives anchored by the pointer first. This shows

another fundamental principle of object oriented design, in that the pointer is to

the superclass type, but the linked list can be heterogeneous and made of any

of the subclass types. This allows for continuity in the program and reduces the

overhead in the program of maintaining a number of lists for each subclass.

The interlock will be discussed in detail, when its own class is discussed.

However, for completeness, the interlock relates to the safety features in the plant

and unless the interlock condltlor sre met the drive will not be allowed to start.

The member functions add- and del-interlocks are used within the program to set

and delete interlocks associated with ••1 drive.
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The integer type, is used to distinguish the different classes from each other. This

is primarily used in creating drives at run time. The function is to eliminate the

hard wired code generally associated with the selection of different types from

a list of choices. Once again this will be described in more detail when functions

that use this aspect are discussed.

The mernoer function status is required to generate output to the screen of the

status of all the input and output variables associated with a drive, This is used

in a number of instances where a display of this nature is required. This is also

defined as a virtual function, and therefore it allows a new subclass to redefine

its .nember function called status. This is required jf at a later date a sub class

is defined that has fundamentally different output requirements. If the redefinition

is not present, then the base class function will be called.

Addtollst is once again a function that is used in fundamentally different ways by

each subclass. Its prime function is to add a new drive of a specific type to the

linked list of drives.

Setrunnlnq is a member function common to all subclasses and is used to

actually cetermrie if the drive is running.

Rack is a variable of type IORacl<.It contains the basic 10 defined for a particular

class. All 10 operations are carried out using this IOrack. This is a very sound

form of protection in PLC programming. It is often that the programmer types in
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the wrong mnemonic for a variable and thus struggles to 'find an error. The fact

that the 10 associated with a drive is only accessible to that drive makes it

impossible to access the 10 associated with another drive. The additional benefit

is that when programming all the names of the variables are the same, unlike

conventional programs where variables are addressed by their position on the

physical 10 card.

The two member functions operate and operate1 form the heart of the drive

operation. Operate is a common function that defines all the necessary basic

drive operations. Operate1 is specific to each drive type and is called from

operate. The same effect could have been achieved only one virtual function, and

defining absolutely unique operations for each drive type. It waf., decided to use

a common operating core and allow each drive to configure its own specific

parameters Thus when a drive is passed the message operate it calls operatei

which than carries out the core drive operation. This will be expounded upon

, later in the descriptions of the various drive types. The 10 point local start is used

as a transfer mechanism between the procedures.

The last member function of the class General Drive is the constructor function.

This is called each time a drive is created and is used for internal memory

allocation.

The following few pages list the actual code for each of the member functions

of the class Genera! Drive.
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1* Initialization calls the other defined classes ~md allows them
to Initialize themselves *1

GeneralDrive: :GeneralDrlveO
{

nextptr = NULL; /I perhaps superflous , but for Initialization
}

1* Operate1 forms the heart of the operation. It specifies the most
basic drive operations */

GeneraIDrive::opcrate{lnt value, Int error)
{ }
GeneraIDtlve::aadtolist(char name[20])
{ }
GeneraIDrlve::operate1 (il'lt value, Int error)
{ timet to, t1;

Int temp;
switch (value) {

case(O): bt'eak;
case(1):!f (l'ack.fie:.tdstart.readDIO=::O) /I check field start buttln

{ temp=1;}
else {temp = OJ}
rack, fleldstart.seti.)l (temp);
break;

case(2):lf (rack.trlpshealthy.readD10==O){ il check trips and change state
temp=1 i }
else {temp=O;l
rack.trlpshealthy .selOl (temp);
break;

case(3):lf (rack.stopshealthy.readDl()==O){ II check stops and change state
tempe t i}
else {temp= OJ}
rack.stopshealthy .setDI (temp);
break;

defaultrerror ;::1;
}

\\ next code 1$ actual drive logic

If (rack.seqstart.readDIO =:::1) {rack.fleldstart.setDl (1);}
rack.localstart state :::

««rack.fleld~tart.rcadDIO:: =1 )&&(rack.runnlng.readDIO = =0» II(rack.lccalstart.etate« =1)&&
(lnterlcck.setstatus 0:::=1)&&

«rack.trlpshealthy .readDl 0::::1) && (rack.stopshealthy.readb J 0= = 1») i
if (rack.Geqstart.readDIO:::: ::::1) {rfick.fleldstart.setDI(O);}

}

\\ used to set state of running signal of drive
GeneraIDrive::setrunningO
{

Int temp;
temp ::::«rack.tripshealthy.readOI 0)&& (reck.stcpsheatthy.readpl 0)&& (rack. start-state) );
rack.running.salOI (temp);

}

60

I~



\\ prlnts out status of drive 10
GeneraIDrive::statusO

{
prlntf("%s\n" .namestr) i
prlntf(" field start %d",rack.fieldstart,readDIO);
prlntf(" trips %d",rack.trlpshealthy,readDIQ)j
prlntf(" stops %d\n" ,rack,stopshealthy.readOI Q);
prlntf(" seq start %d",rack.seqstart,readDIO)j
prlntf(" running %d",raclc.runnJng.readDIO);
prln\f(" start out %d\n",rack.staJ't.state)i

}

\\ used to add drives to the Interlock list
GeneraIOrlve::addlnterlocksO
{
GeneralDrlve * tmpdrlve;
Int select, no;
Interlocknode * currentnede;
Interlocknode * temp;

do
{
current ::: first;
no = IIs1drlvesO;
prlntf("\n Whieh drive do you want to add to the Interlock ( 0 to quit): ")j
scanf(n%d" ,&select);

If «select > 0) & (select < no»
{
currentnodn = lilte~I" .. ·n· "l()j
while ( eurrentnor'

{
temp -.:;cu' ¢tle;
currentnod, ;::.....urrenmede-e-next;

}
eurrentncde :; tempi
current ::::fir$~;
current » flnddrlVes(select)j

lntenocknode \~ ,.extnode ;..: new lnterlocknode;
currentnode·>nc)(~ :::: tiE' ,~node;
(nextnode- >nmstate)

=&(current· ....nextptr- >- rae:k.start.state);
strcpy(nextnod:3-> name.current-» nextptr ..>namestr) j

nextnode-e- next:::: NULL;
currentnode :::: nextnodei
}

} while ($elect > 0);
}
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\\ used to delete drives from the Interlock list
GeneraIDrlve::delintertocl<::>O
{
Int select.no;
interlocknode * currentnode;
lntertceknode * temp;
lnterlccknode * tempz;

do
{
current ::: first;
Interlock.lIst(&no)j
prlntf("\n Which drive do you want to delete from the interlock ( 0 to quit): ");
sc::anf("%d",&select);
If «select> 0) .& (select < no})

{
current = first;
current = flnddrlves(select)j
currentnode = lnterloek.tlrstnode;
while « currentnode 1=

NULL) & (strcmptcurrent-» nextptr- >namestr.currentnode-» name) I:::0)
{
temp ::: currentnode;
currentnode = currentnode-e-next;

}
tempz = tempi
temp-e-next = eurrentnode-e-next:

}
} while (select> 0);

}

The case statement at the beginning of the operate function would not appear

in a PLC program. This is used to determine changes in input state and then act

accordingly, based upon the state changes. In essence this forms the simulation

of the physical 10. The last line, also forms part of this operation as it emulates

the action of the actual drive, by checking whether it can start, and if so, starts

running.
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5.3 Additional Derived Classes

The basic classes have been defined and it is at this point that the principles of

Object Oriented design come into their own. The previous chapter discussed

various variants on the basic drive class. Object oriented design allows for these

to be implemented with little additional code. The class of general drive was

defined in such a manner that additional logic is placed in the subclass's operate

function. The new class then calls operatet, and then adds any additional logic

into its own operate function. This is demonstrated with a number of examples.

5.3.1 Drive with no features

There seems to be little rationale in defining a new subclass that behaves exactly

as the superclass. However, the reason was to maintain a continuity in the

method of defining new drive types. These are all defined by subclassing of the

class general Drive. It was thus logical to subclass a drive of the most basic

class in this fashion. This could also be compared to the situation where the

most general drive class is compiled into a library and users wanting to write

programs would define just their new class as a subclass of the predefined class.

The definition of the drive class (called Drive none) is given below:
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class Drivenone : public GeneralDrive
{

public:
operate( Int value, lnt error =0); 1* calls cperatet *1
DrlvenoneO ;
addtolist(char name[20J);

}i

The code used in the implementation of the class is given below:

Drivenone:: DrivenoneO
{

strncpy(typename,"Standard Drive" ,30);
type = 1;

}
Drlvenone::operate(lnt value) lnt error)
{
Int temp;
operate1 (value,error)i
raek.start.state::::rack.localstart.state;
setrunning 0;
If (value > O)
{
statusj);
}

}
Drlvenone::addtollst(char name[20])
{

temp :::: new Drlvenone;
strncpy(temp~ >namestr.name.zo):
temp-e-nextptr ::::NULL;

}

The two function operate and addtollst are defined in the base class as virtual

functions and thus are redefined in this section of the code. All the other

definitions that are discussed will follow a similar format. However each of these

will contain a fuller description of the code segments.

5.3.2 Drive with start siren

The class of drive with start siren works on the principle that upon start-up of the

drive, a siren is sounded to warn personnel of the impending start.
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class Drlveslren : public GeneralDrive
{

slrentlmer(int period);
public:

DlgO slren:
cperateflnt c, Int d=O);
OrlvesirenOi
addtollst(char name[20]);

}i

This subclass has an additional 10 point 0 called siren. This would be used to

actuate the physical siren in the plant. This is simulated using the C+ + sound

function in the code.

This simulation takes place in the private member function called siren timer. This

function is only accessible to variables of this class type. This is an important

safety feature as there is no chance of the siren being sounded accidentally as

it can only be sounded by a drive of type siren.

The code for the member functions is given below: oj

Orlveslren::OrlveslrenO
{

strncpy(typel1ame,100rive with start siren ",30);
type == 2;

}
Drlveelrennoperatetlnt c, Int b){

operatet (c,O);
If «raclc.localstart.state= =1 )&&(rack.runnlng.readDiO == =0»
{ slren.stateert;

slrenUmer(3); 1/ starts siren for a time period
slren.state=O;

}
rack.start.statee rack.Iocalstart.atete;
setrunnlngO;

If (c > 0)
{
statusj):
}

}

65



-"'-.'-.-~---'1:__~ __l

Drlvesiren::addtolis{{thar name[20n
{

temp = new Drivesirenj
strncpy(temp-> namestr ,name,20);
temp-c-nextptr = NUL.L;

}

Drivesiren::slrentimer(int period)
{
timet to, t1;
prlntf(" starting siren A)j
time (&to);
do
{
time (&n)j
soundtone(5000,1 00,'100);

} while (t1 - to < period && tt >= to)i
prlntf(" siren finished "}j

}

The addition of the logic is achieved by use of the variable local start. The

function operate1 does not actually send out a signal to the real world, it merely

sets a flag called local start. This is then used as the basis for the additional

logic. The siren is now started before the start signal is set. This is also

conditional on the local start signal having been set.

5.3.3 Drive with Safety Timer

Once again this type of drive Is derived from the base general drive. The mode

of operation here is to start a timer, if the conditions for starting are in order. If

the drive starts within the timing period, then the timer is stopped. If it fails to

start them the start signal is removed and the drive returns to the ready to start

position. This is a safety precaution, to remove tile start signal.
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class Drlvetlmer : public GeneralDrive {
public:

opera\e(int c, Int d=O);
DrlvelhnerOi
addtolist(char name[20]);
};

It can be Seen that the definition of the sub classes is almost identical in all

cases. They all have the same member functions and these contair all the

differences in the operation.

The code for the drive with timer is given below :

Drlvetinler::DrlvetimerO
{

stmcpy(typename,"Drlve with start timer",30);
type == 3;

}

Drivetlmer::operate(lnt c, Int b){
operatet (c,O);
Int stat.statuss.temp:
timet to, t1i
If «rack.localstart.state= =='1) &&(rack.r!Jnning.readDI ()::::==0»

{

\\ the hit any key Is used to simulate the drive action
prlntt (" \nHlt a key to start the drive or else timeout II );

time (&to,;
do
{
time (&t1);
statues == (kbhitOI=O)j
If (statuss)
{
temp := getchO;
}
stat == statues II(ti - to > 3);

} while (I(stat»);
if (t1 • to > 3)
rack.tooatstart.stateeo:

}
rack.start.stateerack.lccalstart.state;
setruhnlngO;

it (c > 0)
{
statusO;
}

}
Drlvetlmer::addtolist(char name[20])
{

temp :::; new Orlvetlmer;
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strncpy(temp-> namestr ,r.ame,20);
temp-s-nextptr ;:::NULL;

}

There is no actual plant to generate a return signal a ::'1confirm that the drive is

running. Thus this is simulated by asking the user of the program the strike a

key to emulate the action of the return signal. This would obviously not be used

in the actual implementation in a PLC.
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5.4 Conc~usion

It can be seen from the above examples that the principles of object oriented

design may be applied in many forms, The special features of the language can

be successfully applied in the area of control system software. This chapter

considered the heart of any control system, that of the control of the numerous

drives in a plant. Only three types of drives have been defined, but it is evident

that the process of defining additional drives is fairly trivial, given the

infrastructure.

The objective of this dissertation is not to write PLG code, but rather to show +~

the basic principles of Object-oriented design can be applied to 1lic..1

programmers more productive. This is a major benefit as the human cost in most

control system design and implementation far exceeds the hardware costs of that

implementation.

The following chapter covers the implementation of the additional infrastructural

code required to generate the simulation of a plant, its control system and a

supervisory system within that plant.

Detailed listings of the code written, part of which was discussed in this chapter

is given in Appendix 1.
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6.0 ADDITIONAL INFRASTRUCTURAL SOFTWA_RE

6.1 Introduction

This chapters considers the additional code required to demonstrate the

principles described in the previous chapters. One of the problems faced in

attempting to demonstrate the major hypothesis of this dlssertatlon is that there

are no PLC systems that allow for programming in an Obje ct-Oriented language.

Thus an attempt to demonstrate the action of such a prugram must emulate a

large portion of the action of the PLC. An additional problem is that there is no

physical plant available to be controlled and as such the action 01 the plant must

also be emulated to a degree, even at a crude level. The last area for
.

consideration is that in most plants the operating staff do not have access to the

control svstern and therefore all commands are carried out using some type of

supervisory system. This action must also be emulated in order to demonstrt= ....

the principles of this dissertation.

It was for this reason that a large amount of infrastructural software had to be

written to allow for the emulation of these external devices. An attempt was made

to continue using the principles of Object-oriented design in writing this additional

software.

This software can de divided into three main categories :
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1) Maintenance Software used for the storage and retrieval of data. This

includes the infrastructure for maintaining the linked lists used in the

software.

2) Additional control system software used for the implementation of the

sequenclnq of drives and the interlocking thereof.

3) Supervisory and plant software written to emulate the action of both of

these.

Very little code has been written that does not fall into the category of

Object-orlentec, but in certain instances it was necessary to support one of the

major functions.

This chapter will consider the code written. in its most general form. The full code

listing is given in Appendix 1. . )i
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6.2. Data Management

The issue of data management is vital in any program. A large portion of the

effort was put into the methods of managing the data that is generated by the

program. It was decided to use the linked list approach to the data management.

This relieved the need for hardwired code and allowed the facility for the creation

of new variables of the predefined classes at run time as opposed to compile

time. One at the prinoiples of Object-oriented design is that there is very little

hard wiring in the code. This implies that in this case, where the operator has a

number of classes of object that can be created at run time there must be as

little fixed code as possible. Thus the most fundamental list created within the

code is a list consisting of one of each of tile drive types. This is achieved by the

function drlvellst. This is oalled at the start of the program only and never again.

Its function is to generate a linked list consisting of each of the drive types. This

is anchored by a global pointer, and accessible to all parts of tile program. Thus

when a section of the program requires to list the drive types it runs through the

drive list and writes out the type of drive from that field in the definition of the

drive type. The code for the function drlvellst is given below :
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drivellstO
{
Drlvenone 'I< gen == new Drlvenone;
$trncpy(gen~> namestr ,"gen",20) j
~en->ne){tptr= NULL;
Drlveslren 'I< siren = new Drlveslren;
stmcpytslren-> namestr, "slrcn",20) j
slreno-nextptre NULL;
Drlvetlmer 'It timer == new Drlvetlmer;
strncpy(timer- >namestr,"t1mer",20};
tlmer-e-nextptr« NULL;
drive list = gen;
gen ..>nextptr== siren;
slren-e-nextptre timer;

}

This is the only section of the program where the code is hard wired to class

definition. If the program was sold as a commercial entity, with all the base

classes already compiled, then (he code for this procedure would have to be

given and compiled into the user's code.

The advantages of using this approach will be demonstrated later where by virtue

of the fact that a pointer of the base class type is pointing to an item in the

above list, a new variable of that type can be created by using the member

function add to list.

The second function to be considered is called add drive. This is used to add

drives to the linked list of all drives. This is a generic procedure that is called

globally from the main operating menu. The code segment is given below :
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adddrlve(GeneralDrlve 'I< current)
{
char names[201;
lnt select.llnes;
While (current 1= NULL)

{
list = current;
current = current-e-nextptr:

}
current :::: list;

do
{
lines = 1;
prlntf( "%s\n"," DRIVE TYPES ");
list = drive list;
while (list I= NULL)

{
prlntf("%d%s.,list.>type,") "}j
prlntf("%s\n" ,lIst->typename);
list :::: llst-c-nextptr;
lines ++;
}

prlntf("%s"," Choose a drive type (0 for none) : ")i
$Canf("%d" ,&select);
If ({select> 0) &(serect < lines »
{ .
printf("What is the drive name: ");
scanf("%s",names) ;
list = drlvellst;
llnea e 1;
while (list 1= NULL) & (lines < sele~t)}

{
list:::: Ilst->nexlptrj
IInes++i

}
If «select> 0) p.. \lIst 1= NULL})
{
llst-» addtollst(names) i
current-e-nextptr = temp;
current ::::tempi
}

}
If (lines > select)
{

}
} while (select> O)i

prtntf("%s\n","PLEASE TRY AGAIN");

}
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The section from the first assignment !llist == drivelist!l to the following if statement

lists the various drive types from the global list as described previously. once the

user has selected one the second code segments starting from the same

assignrnent statement searches tile list and points a pointer (of class general

drive ) the selected type of drive, This shows the power of the design

methodology where a pointer of one type does not have to have its type

changed when scanning the list.

The sta': ment "list->addtolist(names)1t really embraces the power of

Object-oriented programming. This calls the class to which it is currently painting

and passes it a messaqe Wllich tells it to create a new drive of that class and

assign the variable 'name" to its variable called "name str", The assignment

immediately following this takes the current pointer (pointing to the last drive in

the list) and paints it to the newly created drive. Thus there is no code in this

segment that is dependant on the number of subclasses of general drivel that . ,)

exist. In fact the only place where this is needed is in the drive type list

discussed previously.

A similar methodology is employed in the function to read the stored data from

the storage medium. (function f add) This will be discussed later as there is

substantially more code In this function to deal with the rest of the data that is

stored.
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The list of operating drives ( as opposed to the list of drive types) could have

easily been created as a class of its own. However there is only one occurrence

of this list type and therefore it was decided to use a more conventional list.

A corresponding procedure also exists to delete a drive form the list. The code

segment for this procedure is given below :

deletedriveO
{
Int seiect;
GemeralDrive * tempi
llstdrlves 0;
current = first;
prlntf("\n Which drive do you want to delete : "):
scanf("%d" J&select);
current = ttnddrtvestselect);
temp = current-c- nextptrj
current-c- nextptreecurrent-c- nextptr-e- nextptr;
delete tempi

}

The operation of the function is fairly straightforward. It lists all the drives

previously created (Function llstdrives) and asks for a selection. The function

finddrives searches the list of drives and points to the one before the selected

drive. This is to allow the next pointer from that drive to be pointed over the

selected drive and the space occupied, by the drive to be freed. This is

accomplished by the delete (stanr'ard C+ +) function. The code segments for the

functions described is listed below.
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GeneralDriVe * flnddrives (Int i)
{
Int 1;
I=Oj
do
{
current « current ..e-nextptr;
1++;
} while Wl=I·1)&(current·>nextptrl=NULL»;
return(current);
}

The above function is of a pointer type and returns a pointer to the drive before

the one selected.

lot Ilstdrlves 0
{
Int I;
1=1;
currentecurrent-e-nextptr:
do
{
cout « I« It.} • « current-c-rtamestr « " "« current-e-typename -c "\n"j
current = current-c-nextptr;
1++;
} while (curren!l=NULL);
return (1-1);
}

The function list drives returns an integer value of the number of drives listed.

This is useful in ranging selections that have to be made l.e, when the user has

to select one of the drives listed. It can be seen that all the program segments

will contain range checking after a selection. The upper limit of this range is

determined by the result of the function.

There are a few more global procedures that are used but these rel~'c, ,'') the

other independent classes and will be discussed in the context of these. It must

be noted that the glObal list management could have been done by me ans of a
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new class called list manager. However, there would only be one instance of this

class and therefore it was decided to leave these as global procedures.

6.3 Interlocks

The purpose of interlocks in a plant are to ensure that certain operations occur

that have a dependance on others. Simply put this means that a drive may not

start unless certain conditions are met. These are not related to the actual drive

10 but rather to the state of other pieces of equipment in the plant.

The interlock was mentioned in the previou~ chapter in regard to a the structure

of a general drive having an interlock as one of its variables. This section will

explain the derivation of the class interlock and the support infrastructure

necessary to ITIAkeinterlocks part of the control system.

)

An interlock generally consists of a number of conditions and not merely a one

to one relationship between the current drive and another piece of equipment.

The list of interlocks is often very large (see chapter 7) and varies in size from

drive to drive.

Given the above description it was decided to implement interlocks as a linked

list of interlock nodes. The variable associated with each drive is of the class

interlock node. This has a pointer to the first of the nodes in the list. Each node

-
consists of a pointer to the name of the drive to which it is painting, as well as
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a poln.. \.: "~ running status of that drive. This does not necessarily have to

be a runnlrrj signal, it could be a high level alarm or another digital signal.

The definition of the interlock classes is given below :

class lnterlockncdo
{
public:

lnterlccknode '1\' next;
Int '#I runstate;
char natne[201;

};

class Interlock
{
Pl.lbllc:

Interlocknode * flrstnode;
InterlockO:
IIst(lnt '#I nocfllnes)j
Int setstatua(l j

};

The class interlock has two member functions the first of which is called list. This

is used tc list all the drives that form part of the linked list of the interlock. This

is necessary in order to be able to modify these interlocks. The second is an

integer function that calculates the status of the list of interlocked drives. It

checks that all the interlock signals are healthy and if so returns the value t. This

value is used in the operate t function of the General drive definition (chapter 6).

If the state of this value is not 1 then the drive is not permitted to start. The

following code contains the definitions for the two classes listed above.

truertocknsetstatusj)
{ ,

lnterlocknode * currentnode;
lot I:
1=1;
currentnode ::: flrstnode-c-next;

while (currentnode 1= NULL)
{
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1 =«1) & (* currentncde-e-runstatejj:
printf(" Interlock state %d",i);
prln\f(" after drive %s\n .currentncde-e-name):
prlntf("\n") ;
currentnode =: currentrrode-e-next;

}
return(l)j

}
Interlock::lIst(lnt It nooflines)
{

Interlocknode * currentnode;
Int I;
1,=1;
currentnode = flrstncde-c-next ;

do
{
prlntf (" %d", I);
prlntf ("%S",".) .);
printf (" %s\n",currentncde·:>name);
currentnode = currentnode-c-next;
1++;

} while (currentnodel=NULL);
*noofilnes = 1-1;
}

Interlock::lnterlockO
{
flrstnode =: new lnterlocknode ;
fil·stnode·>next=:NULLj
strcpy(flrstnode.:> name, "first");
*f!rstnode·:> runstate = 1;
}

In addition to the above definitions there are global procedures used to add,

delete and modify interlocks. However the actual code for adding and deleting

interlocks is part of the definition of the general drive. This provides a safety

feature in that the list of interlocks is an integral part of the drive and not an

independent entity. The code below describes the three procedures:

addlnterlockO
{
GeneralDrlve ." thlsone;
lnt select.ne:
do
{
current = firstj
no = IIstdrlvesO:
prlntf("\n To which drive do you want to add the Interlocks ( 0 to qult): "};
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scanf("%d" ,&.select);
prlntf("debug select: %d\n",select);
If «(select> 0) & (select < no})

{
current :::: first;
thlsone :::: flnddrlves(select)->nextptr;
thlsone-» addlnterlocksO;

}
prlntf(" Drive name: %s\n",thlsone->namestr)j
thlscne-c-lnterlock.llstterto):

} while (select> n)j
}

dellnterlockj)
{
GeneralDr1ve .. thlsone;
!nt select.no;

do
{
current ::::first;
no :::: IIstdrlvesOi
prlntf("\n From which drive do you want to delete an Interlock ( 0 to quit): ");
scanf("%d" ,&.select);
If «select> 0) &. (select < no»

{
current == first;
thlsone ::::flnd1rlves(select)->nextptrj
thlsone-e- deuntertocksj) ;

}
thlsone-e- Interlock.Il'St(&no) i
} while (select> 0);
}
modlnterlockO
{
GeneralDrlve * thlsone;
Int select.no;

current :::: first;
no == IIstol'tvesO:
prlntf("\n Which drive's Interlocks do you want to mOelify ( 0 to quit): II);
scanf(lI%d",&select) j

If «select> 0) &. (select < no»
{

current :::: flrst;
thlsone :::: finddrlves(select)->nextptrj

do
1•
prlntf(" Options : \n") i
prlntf(H 1) Add it drive to the interlock: \n");
prlntf(" 2) Delete a drive from the Interlock: \n");
prlntf(" 3) QUit: \n");
prlntf(" selection: ");
scanf("%d",&select) ;
switch (select)
{
case(1) .thlsone-» addlnterlocksf):
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break;
case (2) ithlscne-> delinte;'lllc!<sO;

break;
default.break;

}
} while (select < 3);
}

}

In essenc ":til these procedures do is to select the drive whose interlocks need

to be modified and then calls that drive and it executes its own modification.

Once again this uses the power of the Object-Oriented structures to allow fairly

simple global procedures that call the more complex member functions of a

particular class.

6.4 Sequences

As the trend towards automation increases there is a growing use of sequencing

in industrial plants. This in effeot automates the sequence of events necessary

to control a section of a plant and replaces the need for an operator to start a

set of drives in a manual sequence. There is an obvious need for increased

safety in this regard as the control system must obey the rules related to the

correct operating conditions for each drive.

A sequence merely carries out a set of logical steps to start or stop a set of

drives in a predefined order. The actual definition of a sequence is fairly similar

to that of an interlock. However, the sequences are independent of any particular
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drive and thus need to be managed in a sligrltly different manner to the

interlocks.

Each sequence consists of a base node of the class sequence and a series of

linked nodes called seq nodes. All the defined sequences are formed into a

linked list which is held by a global anchor called first sequence. There are more

global procedures related to sequences than for interlocks. Tho .ason is the

relative independence of the sequences from the actual drives. Thus all the

manipulation procedures are independent and a drive that is part of a sequence

has no indication thereof. The class definitions follow :

class sequence node
{
public:

sequencencde '" next;
sequencenode * prevIous;
GeneralDrive ." drive;

};

class sequence
{
public:

chat nameI10];
sequencenode 'I< tlrstnode;
sequence * nextseq;
sequenceOi
setupO;

};

The difference between this list and a the other lists is that each node has both

a backward and forward pointer. The sequence itself has a pointer to its first

node as well as a pointer to the next sequence in the list of sequences. The

function setup() is used to create a sequence and is thus part of the class

definition thereof. Global procedures used in sequence management are listed

below:
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lnt llstsequence (sequencenode * tirstnode)
{

seqaencenode * currt. ..tnode;
Int I;
1=1;
c:urrentnode == flrstnode-c-next;

do
{
prlntf (H %d·, I);
prlntf ("%$",".) ");
prlntt ("%$",currentnode-> drlve-c- namestr);
printf ("%s\n",currentMne->drive->typename);
currentnode == currentnode-c-next;
1++;

} while (curren~nodel=NULL,;
return(I-1);

}

The list sequence procedure is used to list the contents of a sequence i.e. the

drives that make up the sequence. The procedure that follows (list sequences)

lists all the sequences and then calls the above procedure to list the individual

drives in the sequence.

listsequences( Int 1< nccfllnes)
{
tnt I,dummy;
I ::; 1:
currentsequence == flrstsequence->nextseq;
while (currentsequence 1= NULL)
{ prlntf("%d",I,"%s·,"). ")j

prlnU("%s\n" .currentsequence-e- name);
dummy=llstsequence(currentsequence.>fll'stnode);
currentsequence :::: currentsequence-c-nextseq;
1++;

}
*nooflines = 1-1;

}

addsequenceO
{
lnt select;
currentsequence ;:; flrstsequence;
While (currentsequence-o-nextseq 1= NULL)
{ currentsequence == ourrentsequence-e-nextseq; }

do
{
select:::: 1;
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if (select === 1)
{
printf(" What Is the sequence name : ");
currentsequence-c-nextseq = new sequence;
scanf{"%s" .currentsequence-» nextseq-» name);
currentsequence = currentsequence-e-nextseq;
currentsequence-c-setupj};
}

prlntf(" Do you want another sequence 1 for yes: H);
scanf("%dH ,&select);
} while (select = = 1);

}

delsequencej)
{
Int select,l,count;
sequence * temp;
sequence node 'I< currentnode;
sequence node * tempnode;
count == 1;
Ilstsequences(&I) ;
prlntf(· Select a sequence no : (0 for none) ");
seanf("'Yod" ,&select) i
currentsequence = flrstsequence;
if «select> O) & (select < I»
{
while «count < I) & (count <select»
{ currentsequence = currentsequence-c-nextseq;

ccunt-i--i-:
}
temp = eurrentsequence-c-nextseq;
currentsequence-e- nextseq :::

currentsequence- > nextseq-e- l~~){tseq;
currentnode = temp-c-nrstnode-c-next;
tempnode = currentnode;
while (currentnode I=NULL)

{ free(tempnode) i
temprrode == currentnode;
currentnode == currentnode-e- next;
}
free(currentnode) j

}
IIstsequences (&1);

}

mcdsequencej)
{
Int select.l.count;
sequence * tempi
sequencenode '/( currentnode;
sequencenode '* tempnode;
count = 1;
IIstsequences{&I) ;
prlntf(" Select a sequence no : (0 for none) ")';
scanf("%d" ,&select} i
currentsequence == firsts ~uencej
If «select> 0) & (select < I)
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{
while «count < I) &. (count <select»

{ currentsequenee « currentsequence-c-nextseq;
count++i

}
temp = currentsequence-c-nextseq;

do
{
prJntf(" Options: \n");
prlntf(" 1) Add a drive to the sequence: \1'1");
prlnlf{" 2} Delete a drive from the sequence: \n");
prlntf(" 3) Quit: \n");
prlntf(- selection: H);
s.;anf("%d", &setect);
swltch(select)
{
case{1 ):temp->setupQ;

break;
case(2) :count= llstsequenceitemp- >firstl1ode) ;

prlntf(" Select a drive (0 for none) : ");
scanf("%d",&I) ;
If «I > O)&{I<count+1))
{
count ::: 1;
tempnodeedemp-e-flrstnode-> next;
currentnode :::; temp-c-tlrstnode;
whUe (count < I)
{
ourrentnode ::: tempnode;
tempnode = tempnode-e-next;
count++;

}

currentnode ..>next=tempnode->next;
free(tempnode) i

\..
break;

default.break;
}

} while (select < 3);
}

}

A number of the above procedures could perhaps have been defined as member

functions, but it was decided to rather define them globally. The rationale was

that they are genera' enough to be used for any form of list management.
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The last sequence related function is used to start a sequence of drives. This is

again a global procedure as it it were a member function there would still have

to be a global procedure that called it.

The code segment for this procedure is given below :

operateseqj)
{
lnt nootllnes.select.l;
sequencenode * currentnode;
do
{
IIstsequences(&nooflines} j
prlntf(" select a sequence (0 for none: ");
scanf("O/Od",&sefect);
If «select > 0) & (select < nooflines + 1»
{ 1:::1;

currentsequence = firstsequence-:>nextseqj
while «currentsequence 1= NULL) & (I < select)
{

currentsequence = currentsequence- >nextseq;
1++;

}
currentncde ::::currentsequence-c-ffrstnode-» next;

while (currentnode 1= NULL)
{

currentnode.>drlve.>rack.seqstart.setPl(1)j
currentnode-c- drlve-> opcl'ate(O,O};
eurrentncde-» drlve->statusO;
currentnode :::: c.urrentnode ..>next;

}
}

} while (select:> 0);
}

Tile heart of tile procedure sets a digital value called seq start and then passes

the message operate to the drive to which it is currently pointing. This is to allow

the drive to start if its trips and other conditions are healthy. The procedure then

passes the m$ssi.~gestatus to the drive. The drive then lists the status of its 10

rack and other digital values. This is done in turn for each of the drives in the
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sequence. When the message operate is passed to the drive, it checks its

interlocks and then starts itself. This again demonstrates the differences between

Object-oriented design methods and conventional software design methodology.

6.5 Menu Management

There are a few procedures and global variables that are defined to aid in the

operation of the software. These form the heart of the menu management

system. All the text for the menus are defines globally as :

static char * malnmenuD = {
" OPTION!" MENU
"1) ADD A NEW DAIVE .,
"2) REMOVE J, DRIVE ",
"3) SET DRM: INTERLOCKS ",
"4) DEL.ETE ORIVE INTERLOCKS '"
"5) MODIFY '.>RIVE INTERLOCKS ",
"6) OPERAT'E A DRIVE ",
"7) AE - LO)\D ALL INFO",
"8) CREATE A SEQUENCE",
"9) DELETE A SEQUENCE",
"10) MODIFY A SEQUENCE",
"11) OPERATE A SEQUENCE",
"12) SAVE ALL INF'O",
"13) SHOW ALL DRiVeS",
"14) LIST SEQUENCES",
"15) QUIT",
"LAST"
};

u,

static char '* operateD .::::{
• Operate Menu ",
"0) 00 NOTHING",
"1) FIELD START THE DRIVE ",
"2) TRIPS HEALTHY· CHANGE STATE",
"3) STOPS HeALTHY· CHANGE STATE",
"LAST"
}i
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These static character arrays are called from an integer function called menu.

This function lists the options returns a response value to the part of the program

that called it in thF! first place.

The menu ~unction provides a simple way of managing the operation of menus

without duttering up the code associated with the choice.

Int menutchar * lines[], Int * nooflines)
{
lot select.l;
'::::0;
while (stremp(lInes[I],"LAST") I=0)
{
prlntf("%s",lInes[I]);
prlntf ("\n");
1++;
}

1=1-1;
*noofJInes :::: I;
prlntf("MAKE A SELECTION AND HIT ENtER: ");
scant ("%dH ,&5eleol);
return(select)i

}

The main body of the program is controlled by a procedure called firstmen. (first

menu) This contains a case statement co:,t..lined in a while loop. All the main

functions ir the program are executed from this menu system.

flrstmenuf]
-{
Int select=O;
Int nMfIlnes=Oj
lnt dummY,lj
do
{
select:::: menu(mtllnmenu, &noofllnes);
prlntfr debug select %d\n",select);
current :::: first;
cutrentsequenca == f1rstsequence;
swltch(select)
{
case(1): adddrlve(currenl);

break;
case(2) :deletedrlveO;
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break;
case(3) :&ddlnterlockO;

break;
case( 4):dellnterlockO;

break;
case(5) :modinterlockO i

break;
case(6} .operatedrlvef):

break;
case(7):faddO;

break;
case(8) .addsequencet):

break;
case(9) .delsequencef);

break;
casert 0) .modsequenceq;

breale;
cas'3(11) .operateseqq;

break;
case (12) :fsave 0;

break;
case(13) :lIstdrlvesO j

prlntf(~strlke any key when ready");
dummy = getchO;
break;

case(14) :lIstsequences(&I);
prlntf("strlke any key when ready");
dummy = ge~"I'r':
break;

default:break;
}

} while (select < nootllnesj:
}

6.6 File Storage and Retrieval

The storage and retr«,..... of data from the disc is controlled by two procedures

viz f add and f save. These two merely retrieve and save data in a specified

format. They both default to a data file called "data.txt" but allow the user the

option of changing the name of the file. The code for these procedures follows

faddO

char names[201:
IOlt setect.tlnes.optlons;
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FILE "'fln;
char fname[11];
prlnU(" Do you want to change th( file name (1 for yes) : ");
scanf("%d",&select);
If (select 1= 1)
{
fin == fopen("datn.txt","r");

}
else
{ prlntf (" What Is the file name: ");
scanf("%s" ,tname);
fin == fopen(fname,"r")i

}
If (Ifln)
{p~lntf(" error In ''lie "):}

II reads drives

prlntf(" Reading drives \n")'
current = first;

list == drlvellst;
options == 0;
While (list 1= NULL)
{
list = llat-e-nextptr;
options ++;

}
fscanf(fln, "%d",&select);
If (select > 0)
{

do
{

fscanf(fln,"%n" .namesj:
prlntf(" Reading: %s\n",names);

list == drivellst;
while «list 1= NULL) & (list->type 1= select»

{
list = IIst->nextptr;

}
If (list 1= NULL)
{

llst-c- addtoUst(names);
current-e-nextptr = temp;
current = tempi

}
fscanf(fln, "%d", &select) i

} while (select > 0);
}

If reads sequences

prlntf(" Reading sequences \n"};
sequence node * currentnode;
char seqname[10];
char drlname[20];

currentsequence = flrstsequence;
tscanf(f1n,"%s",seqname);
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prlntf(" Reading : %s\n" .seqnamel;
if (strcmp(seqnall'le,"zz")::: =0)
{
fscanf{fln, "%s" ,seq name} ;

prlntf(" Reading: %s\n",seqname);
while (strcmp(seqname,lIzzzzll)!=O)

{
currentsequence->nextseq = new sequence;
strcpy(currentsequence->nextseq~>name,seqname);
fscanf(fln, "%s" .drlname) ;

prinlf(" Reading: %s\n",drlname)j
currentnode = currentsequence->nextseq->firstnode;
while (strcmp(drlname,·zz")I=O)
{
current = first;
while (strcmptdrlname.current-e-nextptr-c- namestr) I=0)
{
current = current-e-nextptr;
}
sequence node .,. nextnode = new sequencencde;
currentnode-e-next = nextnode;
nextnode-e-drlve = current-c-nextptr;
nextnode-e- tlext==NULL;
nextnode-e-prevlous = currentnode;
currentnode = nextnode;
fscanf(fln,"%s",driname) ;

prlntf(" Reading : %s\n",driname);
}
fscanf(fln,"%s",seqname) ;

prlntf(" Reading: %s\n",seqname)j
currentsequence ==currentsequence- >nextseq;

}

}
char drname[20];
GeneralDrlve * tmpdrlve;
Interlocknode * eurrentnod;
prlntf(" Reading tnterlccks \n");

fscnnf(fln,"%s",drname);
prlntf(" ReadIng: %s\n",dmame);
If (strcmp(drname, "xx") ===0)
{
fscanf(flll,"%s",drname) i

prlntf(" Reading: %s\n",drname);
while (stl'cmp(drname,"xxxx")I:=O)
{
current := tlrst-c-nextptr:

whlle(strcmp(drnarne,current->namestr)I:=O}
{
current := current-xnextptr:

}
tmpdrlve = current;
eurrentnod := trnpdrlve-c-lnterlock.ftrstncde;
do
{

fscanf(fln,"%s·,drname)j
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prln\f(" Reading: %s\n",drnall'le);
current = tlrst-e-nextptr;
If (strcll'lp(drname,"xx")I:=O)
{

whlle(strcmp( drname.current-» namestr) 1=0)
{

current := current-e-nextptr;
}

lnterlocknode * nextnod := new lnterlocknode;
currentnod-c-next = nextnod;
(nextnod-c-runstate) =&(current->rack.start.state) i
strcpy(nextnod->name,current-> namestr);
nextncd-c- next= NULL;
currentnod = nextnod;

}
} while (strcmp(drname,"xx")I=O)j

fscanf(fln, "%s",drname);
plintf(" Reading: %s\n",dmame)i

}
}

fclose(fln) ;
}

fsaveO
{
FILE *fout;
lnt select;
char fnsme[11]j
prlntf(" 00 you want to change the file name (1 for yes) : "};
scanf("%d" ,&seJect);
If (select 1= 1)
.( tout := fopen("data.txt·,"w")j }
else
{ prlntf (" What is the fl"~ name; ");
scant("%s" ,fname);
fout = fopen(fname," ......")i

}
If (Ifout)
{printf(n error In file ");}

II saves ail drives

currentetlret-s-nextptr;
while (currentl=NULL)

"
fprintf(fout,"%d\n",current->type);
fprlntf(fout,"%s\n",current">namestr)i
prlntf(" saving %s\n",current-> namestr);
current :=current->nextptr;
}

fprlntt(f!>ut,"%d\n·,O);
fpl'intf(fout,"%s\n", "n") j
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/I saves all sequences
sequencenode * currentnode;
currentsequence = flrstsequence-c-nextseq;
while (currentsequence 1= NULL)
{ prlntf(" saving It);
prlntf("%s\n",currentsequence->name)j
fprlntf(fout, "%s\n" .currentsequence-» name) j
currentnode = currentsequence-c-Ilrstnode-c-next;
do
{
tprlntf(fout, "%s\n" .currentnode- > drive- > namestr);
currentnode :::: currentnode-e-next;

} while (currentnodel=NULL);
fprlntf(i'out,"%s\n","zz");
currentsequence = currentsequence-e-nextseq:

}
fprlntf(fout,"%s\n", ":zzzz");

II Saves Interlocks

current::.:first;
lnterlocknode * currentnod;
while (currentl=NULL)
{
If (current-e- tnterlockjtrstnode-c- next! =NULL){ .

current nod :::: current-c-fnterlock.flrstnode-c-nextr
fprlntf(fout, "%s\n","xx");
fprlntf(fout,"%s\n",current->namestr);
while (currentnod 1= NULL)
{
prlntf(" saving Interlock: %s\n",currentnod->name};
fprlntf(fout,"%s\n" .currentnod- >name);
currentnod :::: cutrentnod-c-next;
}

}
current = current-s-nextptr;

}
fprlntf(fout, "%s\n", "xx");
fprlntf(fout,"%s\n" ,">000(");
Iclo$e(fout);

}
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6.7 Conclusion

It can be seen that there is a large amount of infrastructural software that has

been developed. An attempt has been made to embrace the principles of

Object-Oriented design even in the peripheral software. If is evident from the

previous sections that this has been possible to a large extent. It has also sl iown

the power of this design methodology as an alternative fan n of software design,

It is a great pity that technology has not allowed for the use of languages such

as 0 (not even Object-oriented C) in the field of PLC pro-jrarnrnlnp. It is believed

that this will one day be the case. at which point the principles discussed in the

previous chapters will come to the fore as a major force in the control system

field.
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7.0 SOFTWARE FOR CRUSHING AND SCREENING PLANT

7.1 Introduction

This chapter considers an r .•.)lication of Object-oriented design techrlques as

applied to a real world problem. The area to be considered the design of the

software for the Primary crushing and screening section of a diamond processing

plant, (Ireland 1987) The circuit is fairly simple in operation and is the primary

source of ground being fed Into the plant. This will be considered from a number

of viewpoints :

The application of Ob'ect-oriented techniques

The development of different classes ana eubclasses

The 6ffectiveness of the ~pplic~tion of thp.se design techniques

These are just a few of the are, ' to be covered in the design of the software.

7.2 Functional Description

'the following is an extract from the functional description as written by lreland

{1987}. This is only a small port-on of the description of the plant.
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"Run of mine ore is tipped through a 800mm aperture static grizzly into a 150 ton receiving

bin. Any oversize material is broken up by a rock breaker at the bin. A pushfeeder (No Pi)

then feeds the material onto a vibrating screen (No S1) screening at 200mm. The ·200mm

Material Is fed onto no 1 conveyor via a chute. F~"'Im no 1 conveyor the material is

delivered onto two screens (Nos S2 and S3) screening at somm. The oversize passes onto

conveyor 5 and from there Is transported onto the boulder stockpile. The -somm undersize

falls Into the primary screening bin.

~

The +200 oversize reports to a jaw crusher (J1) where It is crushed to ·125mm. From the

crusher the material Is fed onto a flats removal screen (S4). The ·200mm material Is

screened off onto no 2 conveyor which feeds the primary screening bin. The oversize

material Is fed to the waste stockpile via conveyor 4. A pushteeder under the primary

scree ''''ing bin loads conveyor 3 which transfers material to the scrubber bins."

7.3 Start"up Sequence

Tile screening section must be started up before tile crushing section as the

latter feeds the former. The screening section must be started up as follows:

start siren 2

wait 6 seconds

stop siren

wait 14 seconds

start conveyor no 50

start screen no 15
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start screen no 16

Once the above section has been started in the correct order then the primary

crushing section can be started in the following order:

Start siren 1

wait 6 seconds

stop siren 1

wait 14 seconds

start conveyor 1

start conveyor 'j2

start slab screen 42

start conveyor 2

start jaw crusher lube system

start jaw crusher

start screen no 35

start no 1 pushfeeder hydraulic pump

start no 1 pushfeeder

set rookbreaker cooling pump on

Both of the above circuits will be shut down in the reverse order to the start-up.
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7.4 Interlocking

Jaw crusher J1

This drive is interlocked with the jaw crusher pressure switch and the

liquid starter

Pushteeder no 1 Pi main motor

This drive is interlocked with the following:

Hydraulic motor no '1,Screen '1, screen 2, Conveyors '1, 2 and 4, Primary

screening bin high level, primary tipping bin low level, Boulder stockpile

high level and slabs stockpile r:gh level.

The number one pushteeder will only start if the above drives are running

and if the level alarms given above are in a non-alarm state.

Screen '1 S'1

This is interlocked with the jaw crusher, slab screen and conveyor no 1.

Screen 484

This is interlocked with conveyors 2 and 4.

Conveyor '1

This conveyor is interlocked with screens 2 and 3 as well as its discharge

chute blocked chute detector. In addition this conveyor has a tensioning

winch attached to it. This winch will pretension the belt so as to allow for

smooth operation. This winch is reversible and has trip and stop signals

interlocked to it. The winch must start and tension the belt before the belt

drives are started.
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Conveyor 5

This conveyor is only interlocked with the boulder stockpile high level.

Other drives

The following drives are only interlocked to safe start sirens

Screens 2 and 3(S2 & S3)I Conveyors 2 and 4 ano no 1 pushfeeder

hydraulic pump.

Each of the drives listed is also interlocked with its own trip and stop signals.

This implies that if the drive has tripped or the stop button has been depressed

then the drive will not start.

The majority of the interlocks listed are concerned with safety features of the

system. This ensures that if a drive does stop for any reason then any other

equipment that is dependent on it will also stop.

It must be remembered that the description given only covers a small portion of

the plant and therefore will serve as a basis for developing the software that

would be used for the entire plant.
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7.5 'Joftware design

In chapter three a generalized method of software development was discussed.

This method embraces the concepts of object oriented design in their entirety.

The development of software for the section of the diamond processing plant

discussed previously will be considered using the method discussed.

The problem has been defh 13d in terms of the plain language definition of the

problem. Here a full description of the system was given and included a

descriptlor: of all the items of relevant equipment and a definition for the basis

of their interaction.

The phase involving me informal strategy has to some extent been defined.

Following on from the functional description of the plant a description of the

interlocking and starting sequences has been given. The assumption has been

made and is genNally made that the basic mode of operation of all the

equipment is the same. This means that the basic unit in the plant will have

trips-healthy and stops-healthy signals which must be taken into account. It is at

this stage that the mode of operation of the generalized drive is formulated. In

the case of PlC program development the aSF method of program description

is often used. A description of the mechanics of the operation is given in chapter

two. A PDl overview of the entire operation could be utilized at this stage for the

description of complex interaction between the different units. In the case of the

diamond plant however the generalized description the unit operation will suffice.
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The formalization of the strategy involves the identification of the objects and

hence the different classes of objects. In the example used the "objects" are the

drives used for the conveying of material. In this instance and most applications

of this type there will be very few if any abstract data types or objects. There are

differences in the actual operation of the individual drives which were described

in the section under interlocking. At this point certain aspects of each drive were

also discussed. These include features such as reversibility of drives, and

tensioning winches on long conveyor belts. The objects identified are as follows:

"Screen"

"Uniudirectional_conveyorll

"Jaw_crusherll

"bi~directional_winch

"standardpump

"push_feeder"

"Ievel_detector"

There are similarities in all the different types of drive operations. It is possible

therefore to utilize the class "General drive" as defined in chapter 5. This would

form the basis from which to work whe" de'fining the other objects and facilitate

the subclasslnp.

The basic superclass of "Generaldrlve" can now be subolassed into the types

of objects discussed above. Whilst still in the formalization of strategy phase we

102



should also note that the operation of "Unl-dtrectlonalconveyor'', "screenil and

"Push_feeder" are all simllar in operation. Therefore a class called "Drive_with

mterlocks" could be established. This also has a minor change from the General

drive. In this case there is not a field start but rather an operator start. This signal

is sent from the control room as opposed to a push-button in the field. In the

past this signal originated from a push-button on the operator monitoring

console. Today drives within an industrial plant are controlled from a supervisory

computer. This also forms a database function and has graphic displays for easy

reference to plant conditions.

The next object to consider is the "Jawcrusher", This is two drives in one, with

the jaw crusher and its associated lube pump. Here the two drlvos are

seemingly separate except for the case when the crusher motor cannot start

without the lube-pump running and must stop 30 minutes after the lube pump

in the event of a trip.

Another object that consists of two drives in una is the "Conveyorwith winch".

This may be broken down into two classes a.' object each consisting of one of

the drives. However if multiple instances of the same situation l.e, a tensioned

conveyor, exist then it is perhaps best to establish a class of its own.

The class of "standard pump" has been considered numerous times within the

course of this dissertation and is not discussed as it is merely a General_drive.
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At this point the entire area of formalization of the strategy has been carried out

up to the stage of implementation of the objects into specific modules in a

language. Once the objects have been implemented there is one more S~'2p

before the testing phase. This step involves returning to the functional description

of the process. One section of this description involved the sequence order of

starting the drives. This forms one of the abstract objects that are used in the

control of plants of this nature.

The previous chapters defined the sequences and interlocks that are used in

industrial plants, These could be applied as they are to the example given in this

chapter,

7.6 Conclusion

In principle the basic object oriented techniques can be applied to the

development of control system software. This methodology allows for more

efficient software development as the basic logic has been defined, the

programmer merely needs to deflne the variables and any additional classes

required. The majority of the new classes are derivations of the previous classes.

It can be seen that all the principles discussed within the scope of this

dissertation provide for the fundamental changes required in the design of the

control systems for industrial plants. This chapter showed on a conceptual level
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how a fairly intensive intrastructu.e can be applied to the simple development of

rather complex control systems.

An issue that has not been addressed was that of analogue signals. These are

generally required as indications, or inputs to PID control loops within a plant.

The principles discussed can equally be applied to both areas of analogue value

usage. In fact the class of PID controller provides another L..~eful application of

Object-Oriented design. This is however impractical in this instance due to the

level of emulation required in demonstrating the principles.
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8.0 CONCLUSION

The basic hypothesis of this dissertation was to demonstrate that the principles

of Object-Oriented design can be applied to the development of control system

software. In addition, the objective was to show why obiect oriented design

should be used, as opposed to an alternative development paradigm. It is

believed that the objective was met and the principles have been demonstrated.

These are now discussed in an attempt to justify the previous statement.

The basic four tenets of object oriented design, as discussed in chapter three,

define the features of languages, that will allow those languages to be defined

as object oriented. However, this dlsssrtatlon began from the basic premise that

C++ is an object oriented language and that these four facets would form the

demonstration of the basic hypotheses. Thus, the application of these features

will form the underlying demonstration that the techniques of object oriented

design can be applied to the design and implementation of control system

software.

The first of these is tile principle of data abstraction. This was used extensively

in the definition at the new classes, from the base class definition. This formed

one of the bases for the development of the rest of the software. It allowed a

basic class to be d,~fined. and additional classes that shared the same basic

ljehavk)r to be subelessed from this basic class. This has a substantial impact

on the programming required, and implications for software re-usability, In the
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former case, the subclass definitions required far less programming than if each

was to be generated as an independent class. The worst case would be if each

had to be continually defined each ti:ne it was required, as is the case with the

majority of PLC systems. The latter aspect, of software re-usability, can be

applied where a number of basic class definitions can serve as the basis for a

large number of different programs. Thus the programmer's task is greatly

reduced.

Information hiding has been applied in tile safety aspects c~control systems. This

was shown in chapter 5 in the definitions of the I/O. the ideal situation would be

that all 110 is defined at the start of the program and assigned to drives. After

that point, no other drive would be able to access the I/O from another drive.

The second area where this was used, was in the definitions of local functions

and procedures. This ensured that an object, not of that class, did not have

access to that function.

The principles of dynamic binding came to the fore in the drive definitions. Here

each subclass had a few of the member functions declared, in the superclass

and the subclass. This concept of operator overloading allowed the different

objects to behave in fundamentally different ways to the same message being

passed to them. This is perhaps one of the most powerful of the features of

object oriented programming languages. It was used in a number of instances,

but two will be used for the purposes of example. In the section of code to add

drives to the linked list, a pointer points to a drive of the class to be added and
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then the message is passed to the class ~6add itself to the list. This requires

that each drive allocate a different amount of memory to itself and initialize all its

members. This proved to be tremendously useful and reduced the amount of

hardwired code required. This will be discussed later in tile conclusion. The

second example is in the sequencing, where when starting a sequence of drives,

the message is passed to the drive and it operates itself. This is independent of

the drive type as the program decides which operate function to call.

The final area, inheritance, has been covered to some degree. In this arena, each

subclass inherits the functions and oharacterletlcs of the superclass, and adds

some of its own features. This is used extensively in the definitions of the drive

classes.

There are (3. number of other features of object oriented design that need to be

considered. The linked list used to oomolne all the drives into one list was not

homogeneous, but rather a heterogenous list. It was composed of fundamentally

different classes, whose only commonality was their base of derivation. This is

obviously an important aspect, as it allows for considerably easier management

of the data within the program infrastructure.

On the PLC side, each time a drive is called, the same mnemonics are used l.e.

start, trips healthy etc. The actual I/O addresses are hidden. This leads to

simplification as for each drive the signals related to that drive are all c~lIed the

some name.
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The last aspect that is considered is the ability to define totally abstract classes.

Tile drive olasces each refer to a piece of physical equipment, whereas

sequences and interlocks are abstract concepts. This definition ability is

fundamental in developing software of this nature.

The emergence of the newer Object-oriented languages has made the

implementation of such software a far easier task than previously. The early

editions of Srnalltalk, the first true Object-Oriented language, featured an

extensive background infrastructure that required the grasping of R totally new

programming environment. The language used for the current implementation

(Zortech C+ +) as well as other versions of C+ + allow G. programmer a more

conventional type of compiler based programming lr.rastructura. This still retains

the basic principles of the deslqn methodology and the power of Object-Oriented

design.

It is believed that the extent to which the features of object oriented design have

been applied within the sC0!=i1Jof this dissertation refutes the claims of using

another software development paradigm. In fact, (' '1/ languages that display the

four basic characteristics of object oriented languages would allow for

development of this nature. Thus the sec-ondmajor hypothesis of this dlsssrtatlon

has been demonstrated in that object oriented uesign s!lould be used in the

development of software, ipeclfically of this nature, in the place of other software

development paradigms. It must be stressed that it is difficult to develop a
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comparison between the object oriented approacn and current PLC software

development paradigms. The reason is that the latter do not really exist. PLC

software development paradigms arenot really well defined. It appears as if each

programmer has developed their own paradigm, based upon one of the more

classical software development paradigms. However, PLC software design does

not follow one of the traditional methodologies. Thus the comparison is not really

valid, as there is not one set methodology.

An interestinq development over the last year is that a number of compilers for

Object-Oriented languages feature an intermediate stage of compilation that

allows the generation of a standai d form of a conventional language. Thus the

principles of the methodology are applied, but can be listed ill a langu'lge

standard form. This obviously defeats some of the objective, but allows for a set

of standards to be created.

At the start of this dissertation it was commented that there are a number of

authors who discuss the downfalls of the languages as opposed to their

application. A comment must be made as to the state of PLC languages and that

it is hoped that they will be brought up tc the current levels of technology in the

future. The programming on C+ + has vovided an opportunity to explore this

exciting new methodology of software design. It was decided at the outset to

r\ .,npt to apply this methodology to a real world problem. This was perhaps the

iundarner 11flaw in a number of the papers on the subject, They only tended to

address the fairly esoteric issues and not a fundamental real live problem.
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In conclusion, 1 believe that I was swept up the wave of optimism that

surrounded the beginnings of object oriented design. However, as time has

progressed I have seen object oriented design as an extension to our basic

software design tools, and not as the universal panacec. i see object oriented

design as addressing some of the more conventional problems of software

design and structure. It is believed that the approaches adopted meet both the

academic requirements of the Master of Science in Engineering as well as being

able to provide an insight into the use of Object oriented design as a practical

tool.
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APPEND\X 1

II Menu Definitions
#include "mainmenu.hpp"
static char * drlvesj] = {

II WHAT TYPE OF DRIVE ",
II 1. GENERAL DRIVE'.,
" 2. DRIVE WITH SIREN",
II 3. DRIVE WITH TIMER",
II 4. QUIT '',
IlLAST"
};

static char * mainmenu[] = {
II OPTIONS MENU
"i) ADD A NEW DRIVE ",
112) REMOVE A DRIVE ",
"3) SET DRIVE INTERLOCKS ",
"4) DELETE DRIVE INTERLOCKS ",
"5) MODIFY DRIVE INTERLOCKS ",
"6) OPERATE A DRIVE '"
"7) RE - LOAD ALL INFO",
"8) CREATE A SEQUENCE",
119) DELETE A SEQUENCE",
"10) MODIFY A SEQUENCE",
"11) OPERATE A SEQUENCE",
U12} SAVE ALL INFO",
"i 3) SHOW ALL DRIVES",
1114) LIST SEQUENCES",
"15) QUIT",
"LAST"
};

"

static char * operate[] == {
II Operate Menu ",
"0) DO NOTHING'"
"1) FIELD START ",
"2) TRIPS HEAL THY",
"3) STOPS HEALTHY",
"LAST"
};

#include 'rnenu.hpp''
lnt menu(char * lines[], ira * nooflines)
{
int select,l;



/1

i=O;
while (strcrnp(lines[i) ,1ILASTI1

)1=0)
{
printf("%s",lines[i]);
printf('\n") ;
i++;
}

i=i-1;
*nooflines = i;
printf("MAKE A SELECTION AND HIT ENTER: II);
scanf("%d",&select);
return(select);

}

II Defined Class Definitions
#include "defns.hpp"
/* Digital output from the program to the real world

The state is public as it is set from the drive routine
The address maps the class to a physical output *1

class DigO
{ public:

int state;
char= address;
DigO();

};

l" Digital input from the real world to the program
The state is private as it is normally not set by the program.
the routine setDl is used to emulate the action of a state change
in the real world, whilst the readDI allows read access: to the state.
The address maps the class to a physical input */

class Digl
{

int state;
public:

char* address;
Digl();
void setDl(int value);
int readDI();

};

ii



/* class 10racK - contains a number of input and output . This represents the
10 rack in the real world */

class IOrack
{

public:
DigO start, localstart;
Dig1 fieldstart,seqstart,tripshealthy, stopshealthy, running;
10rackO;

};

class interlocknode
{
public:

interlocknode * next;
int * runstate;
char name [20] ;

};

class interlock
{
public:

lnterlocknode * flrstnode:
lnterlockt):
Iist(int * nooflines);
int setstatus();

};

//* class general drive defines the most basic drive operations. l!"

class GeneralDrive
{

public:
char namestr[20];
char typename[30];
GeneralDrive * nextptr;
interlock interlock';
addinteriookst):
int type;
statusf):
dellnterlockst):
virtual addtolist(char name[20]);
setrunning ();
IOrack rack;
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virtual operate( int value, int error ="0); i" calls operatet */
ooeratet (int value, int error =0): l" basic operations "l
GeneralDriveO;

};
static GeneralDrive * temp;
static GeneralDrive * first;
static GeneralDrive * drlvellst;
static GeneralDrive * list;
static GeneralDrive * current;
static FILE *fopenO;

cluv"; Drlvenone : public GeneralOrive
{

public:
operate( int value, int error =0); /* calls operate1 */
Orivenone(} ;
addtolisttchar name[20]);

};

class Drlveslren : public GeneralDrive
{

sirentimer(int period);
public:

OigO siren;
operate(int c, int d=O);
Orivesiren(} ;
addtolist( char name [20]);

};

class Drivetimer : public GeneralDrive {
public:

opr 1te(int c, int d=O):
Orivetimer() ;
addtousttchar name[20]);
};

class sequencenode
{
public:

sequencenode * next;
sequencenode * previous;
GeneralDrive * drive;
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};

class sequence
{
public:

char name[10];
sequencenode * firstnode;
sequence * nextseq;
eequencej):
setup(};,

J ,

static sequence * firstsequence;
static sequence * currentsequence;

/1 Global Procedures
#include "listseq.hpp"

int Iistsequence (sequencenode * firstnode)
{

sequencenode * ourrentnode:
lnt i;
i== 1;
currentnode = firstnode-> next;

do
{
printf (" %d", i);
printf ("%S",II.) ");
printf ("%s",ourrentnode- > drive- > namestr);
printf ("%s\n" .currentnods ..> drive- > typename):
currentnode = currentnode-c- next;
i++;

} while (currentnode!==NULL);
return (i-i);

,J

}

#include 'llstseos.hpp''
listsequences( int * noofllnes)
{

.)

int i,dummy;
i = 1;
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currentsequence = firstsequence- > nextseq;
while (currentsequence != NULL)

{ printf(,,%d'.,i,lI%s","). ");
printf("%s\n" ,currentsequence- > name);
dummy=listsequence(currentsequence->firstnode);
currentsequence = currentsaquence-c-nextseq;
i++;

}
*nooflines = i-1;

}

#include "addseqs.hpp"

addsequence()
{
int select;
currentsequence = firstsequence;
while (currentsequence->nextseq 1= NULL)
{ currentsequence = currentsequence->nextseq; }

do
{
select = 'l ;
if (select = =: 1)

{
printf(1I VI/hat is the sequence name : ");
currentsequence-c-nextseq '=' new sequence;
scanf(II%~\II,cIJrrentsequence- > nextseq- > name);
currentsequence = currentsequence->nextscq;
currentsequence- > setup 0;
}

printf(' Do you want another sequence 1 for yes : ");
scanf("%dll ,&select);
} while (select == 1);

}

#include "oeiseq, .,hpp"

delsequence(}
{
int select.l.count;
sequence * temp;
sequenoenode * cun entnode:
sequencenode * tempnode;
count « 1:
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listsequences( &i);
printf(" Select a sequence no : (0 for none) ");
scanf(,,%d' ,&select);
currentsequence :::: firstsequence;
if ((select> 0) & (select < i))
{
while «count < i) & (count <selectj)
{ ourrentsequence » currentsequence- > nextseq;

count++;
}
temp == currentsequence->nextseq;
currentsequence- > nextseq = currentsequence- >nextseq- > nextseq;
currentnode = temp-c-firstnode-» next;
tempnode :::::currentnode;
while (currentnode! -.:NULL)

{ free(tempnode);
tempnode = currentnode;
currentnode = currentnode-> next;
}
free(currentnode);

}
listsequences (&i);

}

#include "modseqs.hpp"

modsequenceO
{
int selsct.l.count:
sequence '* temp;
sequencenode * currentnode;
sequenoenode * tempnode;
count == 1;
Ilstsequences (&i);
'printf(" Se!t'l~t a sequence no : (0 for none) ");
scanf("%d" ,&select);
currentsequence == firstsequence;
if «select> 0) & (select < i))
{
while (count < i) & (count <select))
{ currentsequenca « currentsequence-c-nextseq:

count-i--i-:
}
temp == currentsequence->nextseq;

do
{
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printf(" Options : \nll);
printf(" 1) Add a drive to the sequence : \n");
printfC' 2) Delete a drive from the sequence : \n");
printf(" 3) Quit : \n");
printfC' selection : ");
scanf("%d",&select) ;
switch (select)
{
case(1 ):temp~>setupO;

break;
case(2}:count=listsequence(temp~>firstnode);

printf{" Select a drive (0 for none) : ");
scanf{"%dll, &i);

/Iprintf("debug selected drive value %d\n",i);
if ((i > 0)&(i<count+1))
{
count = 1;
ternpnode=ternp- >firstnode~ >next;
currentnode = tsmp-c-flrstnode:
while (count < i)

{
currentnode = tempnode;
tempnode == tampnoos-c-nsxt:
count-v-t-:

}

ourrentnode- >next=ternpnode- >next;
freetternpnode) ;

}
breck:

detault.oreak:
}I

} while (select < 3);
}

}
#include "opseqs.hpp''

operateseq()
{
Int nooflines,select,i;
sequencenode * currentnode;
do
{
listsequences,( &nooflines) ;
printf(" select a sequence (0 for none : ");
scanf(lI%d", &select);
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if «select> 0) & (select < nooflines + i))
{ j;::: 1;

currentsequence == firstsequence- > nextseq;
while ((currentsequence 1= NULL) & (i < select))

{
currentsequence = currentsequence->nextseq;
i++;

}
currentnode = currentsequencs- >firstnode- > next;

while (currentnode != NULL)
{
currentnode- > drive- > rack.seqstart.setDI (1);
currentnode- > drive- > operate (0,0);
currentnode- > drive ..> status ();
currentnode :::::currentnode- > next;

}
}

} while (select> 0);
}

#include "add.hpp"
adddrive(GeneralDrive * current)
{
char names [20];
int select, lines;
while (current I== NULL)
{

list == current;
current = current-c-nextptr:

}
current ::; list;

do
{
lines == 1;
printf( "%s\n"," OFllVE TYPES ");
list ;::: drivelist;
while (list != ~!ULL)

{
printf(,,%d%s",list->type,lI) ");
printf("%s\n",list- >type name );
list::; list->nextptr;
lines ++;
}

printfC'%s"," Choose a drive type (0 for none) : ");
scanf("%d" ,&select):
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}

if (select> 0) &(select < lines ))
{
printf("What is the drive name : II);
scanf("%s" ,names);
list = drivelist;
lines = 1;
while ((list 1= NULL) & (lines < select))
{
list = list-c-nextptr;
!ines++:

}
if ((select> 0) & (list != NULL))
{
list->addtolist(names) ;
current-e-nextptr ::::::temp;
current := temp;
}

}
if (lines > select)
{

printf("%s\n","PLEASE TRY AGAIN");
}

} whil~ (select> 0);

#include 'llstdrl.hpp"
lnt listdrives 0
{
int i;
l=l:
current= current- > nextptr,
do
{
cout << i << ",) II < < ourrent-c-namestr < < II

"\n"; .
current = current-c-nextptr:
i++;
} while (currentl=NULL);
return (i~1);
}

"<< current->typename < <

#include 'finddrl.hpp''
GeneralDrive * find drives (int i)
{
int j'
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j=O;
do
{
current = current-c-nextptr;
j++;
;. while (O!=i-1)&(current->nextptrl==NULL));
return (current);
}

#include "deldrl.bpp''
deletedriveO
{
lnt select;
GeneralDrive 'k temp;
llstdrivesf):
current = first;
printf("\n Which drive do you want to delete : ");
scanfCl%d",&seleot);
current ==finddrives(seleot);
temp = current-c-nextptr:
current- > nsxtptr=current- >nextptr- > nextptr;
delete temp;

}

#inolude "operate.hpp"
operating(GeneralDrive * current)
{
lnt error.select.opttons:

current- >nextptr- > statusf):
do
{
select = menu(operate,&options);
current ->nextptr ->operate (select.error);

} while ((select> O) & (select < options+1));

}

operatedrive()
{
int nootdrlves, select;
current=first;
noofdrives ::=:. listdrlvesf):
printf(ll%s",1Iselect a drive (0 for none) : ");
50anf("%d",&select);
if ((select> 0) & (select < nootdrlves+tj)
{

current=first;
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current « finddrives(select);
operating (current);

}
}

operatesequence()
{

int select;
sequencenode * ourrer ~ode;
currentsequence=flrstse, 'ence- > nextseq;
currentnode ::::currentseo rence-c-fkstnode-c-next;
while (currentnode I::::NULL)
{
currentnode-c-drlve-c-statust):
currentnode ;::::currentnode-> next;
}

}

#include "addlnt.hpp"
addinterlock()
{
GeneralDrive * thlsone:
int select,no;
do
{
current ::::first;
no :::: listdrives():
printf("\n To which drive do you want to add the interlocks ( 0 to quit): ");
scanf("%d",&select) ;

printf(lIdebug select: %d\n",select);
if «select> 0) & (select < no))

{
current ;::::first;
thlsone ...::finddrives(selectj->nextptr;
thisone-c-addlrtterlccksf):

)-
printfe' Drive name: %s\h",thisone->namestr);
thlsone- > interlock.list(&no);

} while (select > 0);
}

tfinclude "delint.hpp"

delintarlackO
\
t1~.'lf~raIDrive * thisone;
jnt select.no;
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do
{
current == first;
no == listdrlvasf):
printf("\n From which drive do you want to delete an interlock ( 0 to quit): ");
scanf("%d",&select) ;
if {(select> 0) & (select < no))

{
current = first;
thisone = finddrive.s{select)->nextptr;
thisons- > delinterlocks 0;

}
thisone- > interlock.list( &no);
} while (select > 0);
}

#include "rnodlnt.hpp"

modinterlockO
{
GeneralDrive * thisone;
int select, no;

current == first;
no = listdrives();
printf("\n Which drive's interlocks do you want to modify ( 0 to quit): ");
scanf{lI%d", &select);
if ((select> 0) & (select < no))

{
current ::::;fir,",,,;
thlsone == finddrives(seleot}->nextptr;

do
{
printf(" Options : \nll);
printf(" 1) Add a drive to the interlock : \n");
printf(" 2) Delete a drive from the interlock : \n");
printf(" 3) Quit : \n");
printf(" selection: ");
scanfe%d", &5elect);
switch (select)
{
case (1) .thlscne- >addinterlocks 0;

break;
case (2) .thtsone- >delinterlocks 0;

break; .
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default:break;
}

} while (select < 3);
}

}

/1 Class procedures
#inciude "digital.hpp"

/* lnitialisatio routine ~ sets the state to be 0 *1

DigO::DigO{)
{

state = 0;
}

/* Initialization routine sets the state to 0 *1

Digl::DigIO
{

state == 0;

}

1* This setDl is used to change the state of a digital input. This is
not normally used as these state changes represent changes in the
real world */

void Digl::setDl( lnt value)
{
state = value;

}
/* ReadDI is used within the logic to ascertain the state of an input */

xiv

f"!gl::readDIO
{
return(state);
}

loraclc: IOrackO{ r upon initialization nothitlg is done ,-,3 all 10 is initialized */
tripshealthy.setDI(1 );
stopshealthy ,$etDl(1);

}



#include "gendrive.hpp"
/* initialization calls the other defined classes and allows them

to initialize themselves */

GeneraIDrive::GeneraIDrive()
{

nextptr = NULL;
}

/* Operate1 forms the heart of the operation. It specifies the most
basic drive operations */

GeneraIDrive::operate(int value, int error)
{
}

GeneralDrive::addtolist( char name[20])
{
}

GeneraIDrive::operate1(int value, int error)
{ timet to, tt:

int temp;
switch (value) {

case(0).break;
oasert) :If (rack.fieldstart.readDI() = =0)

-( temp=I;}
else {temp = O;}
rack.fieldstart.setDl(temp) ;
break;

case(2):if (rack.tripshealthy.readDIO= =O){
ternp= t: }
else {temp=O;}
rack.trlpshealthy .setDl(temp);
break;

ci:lse(3):if (rack.stopsheaithy .readDI0:::: =0) {
temp=1 ;}
else {temp= O;}
rack.stopshealthy .setDl(temp);
break;

detaulterror == 1;
}

if (rack.seqstart.readDIO == = 1) {rack.field$tart.setDl(1);}
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()

rack.localstart.state =
«(rack.fieldstart.readDIG =::; i)&&(rack.running.readD,O = = 0)) \ I(rack.localstart.s
tate==I})&&

(intJrloG!(.s~tstatusO==1)&&

(rack.tripshaalthy.readDIO= =1 )&&(rack.stopshealthy.readDI 0 = = 1)));

if (rack.seqstart.readDIO === 1) {rack.field?tart.setDI(O);}

}

GeneralDrive: :setrunning()
{

int temp;
t e m p

= ((rack.tripshealthy.readDI())&&(rack.stopshealthy.readDI())&&(rack.start.state));
rack.running .setDI(temp);

}

GeneraIDrive;:statusO

{
printt("%s\n",namestr);
printf(" field start %dfl,racl<.fieldstart.readDtO);
printfe' trips %d",rack.tripshealthy.readDI());
printW stops %d\n",rack.stopsheaithy.readDIO);
printf(" seq start %d",rack.seqstart.readDI());
printf(" running %d",rack.running.readDIO);
printf(" start out %d\n",rack.start.state);

}

GeneraIDrive::addinterlocksO
{
GeneralDrive * trnpdrive:
int select,no;
lnterlooknode * currentnode;
interlocknode * temp;

do
{
current = first;
no == IistdrivesO;
printf("\n Which drive do you want to add to the interlock ( 0 to quit):

") ;

xvi



scanf("%dll ,&select);
if «select> 0) & (select < no»

{
currentnode = interlock.firstnode;
while ( currentnode I= NULL)

{
temp = currentnode;
ourrentnode = currentnode- > next;

}
currentnode = temp;
current = first;
currer It = finddrives(select);

interlocknode * nextnode = new interlocknode;
currentnode->next :=; nextnode;
(nextnode- > runstate) :::::& (current- > nextptr - > rack.start.state):
strcpy(nextnode ·>name,current->nextptr->namestr);
nextnode-> next= NULL;
currentnode = nextnode;
}

} while (select> 0);
}

GeneralDrive: .dellnterlocksf)
{
int select, no;
lnterlocknode * currentnode:
interlocknode * temp;
interlocknode * temp2;

do
{
current :::: first;
interlock.list( &no);
printf("\n Which drive do you want to delete from the interlock ( 0 to

quit): II);
scanf("%d", &select);

if ((select> 0) & (select < no))
{
current :::: first;
current = finddrives(select);
currentnode == interlock.firstnode;

while (( currentnode !=
NULL)&(strcmp(current->nextptr-:>namestr,currentnode->name)I=O))

{
temp :::: currentnode;
ourrentnode :::: currentnode- > next;
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}
temp2 == temp;
temp-e-next = currentnode-> next;

}
} while (select> 0);

}

~'~include"drnone.hpp"

Drivenone:: Drivenone()
{

strncpy(typename,"Standard Drive",30);
type = 1;

}

Drlvenonexoperatetlnt value, int error)
{
int temp;
operate1 (value,error);
rack.start.state= rack. localstart.state;
setrunning ();
if (value > 0)
{
status();
}

}

Drivenone: :addtolist( char name [20])
{

temp =: new Drivenone;
strncpy(temp- > namestr,name,20);
ternp-c-nextptr == NULL;

}

#include "drslren.hpp"
Drivesiren::Drlveslren ()
{

strncpy(typename,"Drive with start siren ",30);
type = 2;

I
j

}
Drivesiren::operate(int c, int b){

opsratet (c,O);
if ((rack.localstart.state=="1)&&(rack,rurning.readDIO==O))
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{ siren.state= 1;
sirentimer (3);
siren.state=O;

}
rack.start.state» rack.localstart.state:
setrunning 0;

if (c > 0)
{
status();
}

}

Drivesiren: iaddtolistt char name [20])
{

temp = new DII\·esiren;
strncpyttemp- >namestr,name,20);
ternp-c-nextptr = NULL;

}

Drlvesrenxslrentrnerflnt period)
{
timet to, tt:
printf(U starting siren II);
time (&to);
do
{
time (&t1);
soundtone(5000,1 00,1 00);

} while (t1 ~ to < period && tt >= to);
printf(1I siren finished ");

}

#include "drtrner.hpp"
Drivetimer:: Drlvetlrnerf)
{

strnopyftypenama'Drlve with start timer",30);
type == 3;

}

Drivetimer..cperatejlnt J, int b){
operate1 (c,O);
int stat.statuss.temp:
timet to, tt:
if ((rack.localstart.state==1 )&&(rack.running.readDIO == =0))

{
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printf (" \nHit a key to start the drive or else timeout II );

time (&to);
do
{
time (&t1);
statues =- (kbhit() I=0);
if (statues)
{
temp » getchO;
}
stat = statues II (t1 ~ to > 3);

} while (I(stat));
if (t1 - to > 3)
rack.localstart.state-e 0;

}
reck. start. state ::::;rack.localetart.state:
setrunning();

if (0 > 0)
{
statust):
}

}
Drlvetlrnen: addtolist{ char name [20])
{

temp :.!:. new Drlvetlrner:
strncpy(temp ..>namestr,name,20);
temp-e-nextptr :::: NULL;

}

#include "seqs.hpp"
sequence-a .squence ()
{
firstnode :::= new sequencenode ;
firstnode->next=NULL;
firstnode~>previous=NULL;
flrstnode ..>drive=first;
nsxtseq ::::NULL;
}

sequence: :setup~}
{
soquencenode * currentnode:
lnt select;
currentnode = firstnc je:
while ( currentrtode-c-oext 1= NULL)
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{ currentnode = currentnode-c- next; }
do
{
current = first;
ilstdrlvesf):
printf("\n Which drive do you want to add to the sequence ( 0 to quit): ");
scar rW%d",&select);
if (seleot > 0)
{

current = first;
current = finddrives(select);
sequencenode * nextnode = new sequencenode;
currentnode-c-next = nextnode;
nextnode->drive = current-c-nextptr:
nextnode- > next= NULL;
nextnode-c-prevlous = currentnode;
currentnode == nextnode;

}
} while (select> 0);
currentnode == firstncde:
listsequence( currentnode);

}

#include 'interl.hpp"
interlock: :setstatus()
{

interlock node * currentnode;
int i;
i = 1;
currentnode = firstnode-> next;

while (currentnode 1= NULL)
{
i =«i) & (* currentnode-c-runstatsj):
prlntf(" interlock state %d',i);
printf(" after drive %s\n",currentnode->narne);
~rintf("\n") ;
currentnode = ourrentnode-c-next;

}
return(i);

}

interlock::list(int * nooflines)
{

Interlocknode * currentnode:
int I;
1=1;
currentnode = ftrstnode-c-next ;
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do
{
printf (II %dll, i);
printf (11%511,11.) II);
printf e %s\nll,currentnode->name);
currentnode = currentnode-> next;
i++;

} while (currentnode!=NULL).;
=noofllnes = t-t:
}

interlock::interlockO
{
II firstnode ==NULL;
firstnode ::::;new interlocknode ;
firstnode- > next= NULL;
strcpy (firstnode- > name, .Ifirstll);
*firstnode->runstate ::: 1:
}

1/ File Handling
#include IIdrivlist.hpp"
drivelistO
{
Drivenone * gen ==new Drivenone;
strncpy(gen->namestr,lIgenll,20);
gen->nextptr= NULL;
Drivesiren * siren == new Drivesiren:
strncpy(siren- >namestr,lIsirenll,20);
sren-c-nextptr= NULL;
Drivetimer * timer ::: new Drivetimer;
strncpy (timer ->namestr, IItimerll,20);
tlmer-e-nextptr= NULL;
drivelist ::: gen;
gen->nextptr== siren:
slren-e-nextptr= timer;

}

#include 'flleadd.hpp''
taddt)
{

char names[20];

xxii



int select, lines, options;
FILE *fin;
char fname (11);
printf(" Do you want to change the file name (1 for yes) : ");
scanf(,,%d",&select) ;
if (select 1= 1)
{
fin = fopen("data.txt't,"r");

}
else
{ prlntt (" What is the file name: ");
scanf("%s" .fnarne):
fin = fopen(fname,.'r"):

}
if (Ifin)
{printf(" error in file II);}

/I reads drives
printf(" Reading drives \n");

current = first;
list = drivellst:
options = 0;
while (list 1= NULL)
{
list = llst-c-nextptr:
options ++;

}
fscanf(fint"%d',&seiect) ;
if (select > 0)
{

do
{

fscanf(fin,lI%sll,names);
printf(tI Reading: %s\nll,names):

list = drlvellst:
while ({list 1= NULL) & (list->type l:t~ select))

{
list = list- > nextptr;

}
if (list 1= NULL)
{

list->addtolist(names) ;
current-> nextptr = temp;
current =: temp;

}
fsoanf(fin,"%d", &seleot);

} while (select> 0);
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}

// reads sequences
printf(" Reading sequences \n");
sequencenode * currentnode;
char seqname [10] ;
char driname[20];

currentsequence = firstsequence;
fscanf(fin, "%S",seqname);
printf(" Reading: %s\n",seqname):
if (strcmp(seqname,"zZ")==O)
{
fscanf(fin, "%S",seqname);

printf(" Reading: %s\n",seqname);
while (etrcmp/seqnamej'zzzz") I=O}
{

currentsequence->nextseq = new sequs nee;
strcpy (currentsequence-> nextseo- :..>nc..:r1e,seqname);
tscanf(fin,"%s",driname) ;

printf(" Reading: %s\n",drinar"ne);
currentnode = currentsequence->nextseq~>fjrstnode;
while (strcmp(driname,Hzz")I=O)
{
current = first;
while (strcmp(driname,current->nextptr->namestr) 1=0)
{
current » ourrent-c-nextptr:
}
sequencenode * nextnode == new sequencenode;
currentnode-e-next = nextnode:
nextnode-o-drive =: current-c-nextptr:
nextnods- >next= NULL;
nextnode-c-previous == currentnode;
currentnode = nextnode;
fscanf(fin,lI0/0stl,driname);

printf(" Reading: %s\n",driname);
}
fscanf(fin, "%s",seqname);

printf(" Reading: %s\n",seqname);
currentsequence« currentsequence- >nextseq;

}

}

char drname[20];
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GeneralDrive * tmpdrive;
interlocknode * currentnod;
printfC' Reading interlocks \n");

fscanf(fin ,1I%sll,drnal11f~);
printf(" Reading : %s\n",drnalr.
if (strcmp(drname,lIxx")=::::O)
{
fscanf(fin,'l%s",drname):

printf(" Reading: %s\n",urname);
while (strcrnp(drna:ne,lxxxx")I=O)
{
current = first->nextptr;

while (strcmp (drname.current- > namestr)! =0)
{
current = current-e-nextptr:

}
tmpdrlve = current;
currentnod = tmpdrive->interlock.firstnode;
do
{

fscanf(fin,"%s",drname) ;
prlntf(" Reading: %s\n",drname);

current = flrst-c-nextptr:
if (strcmp(drname,lxx")I=O)
{

while(strcmp(drname,current-> namestr)! =0)
{

current = current-c-nsxtptr:
}

interlocknode * nextnod :::: new lnterlocknode:
currentnod->next = nextnod;
(nextnod- > runstate) ::::&(current- > rack.start.state):
strcpy(nextnod- >name.current- >namestr):
nextnod- >next= NULL;
currentnod :::: nsxtnod;

}
} while (strernpfdrname.rxx") 1=0);

fscanf(fin,lI%s",drname) ;
printf(" Reading : %s\n",drname):

}
}

fclose(fin) :
}
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#include "filesave.hpp"
fsavel)
{
FILE *fout;
int select;
char fnarne[11];
printf(" Do you want to change the file name (1 for yes) : ");
scanf("%d", &select);
if (select 1= 1)
{ fout == fopen("data.txt","w"); }
else
{ printf e Wi .at is the file name : II);
scanf("%sll,fname) ;
fout = fopen(fname,"w");

}
if (lfout)
{printW error in file ");}

1/ saves all drives

current=first- > nextptr;
while (current! ==NULL)

{
fprintf(f out, "%d\n;I,current- >type);
fprintf(fout,"%s\n",current - > namestr);
printf(" saving %s\n",current->namestr);
current ::::current->nextptr;
}

fprintf(fout,I'%d\n",O) ;
fprintf(fout,"%s\n","zz") ;

1/ saves all sequences
sequencenode * currentnode;
currentsequence = flrstsequence-c-nextseq:
while (currentsequence 1= NULL)
{ printf(" saving II);
printf(h%s\n",currentsequence- >name);
fprintf(fout,"%s\n'.,currentsequence- > name) ;
currentnode == currentsequence->firstnade-> next;
do
{
tprintf(fout,"%s\n'.,currentnode- > drive- >namestr):
currentnode == currentnode-> next;

} while (currentnodel == NULL);
fprintf(fout,"%s\n","zz") ;
currentsequenoe :::: ourrentsequence- > nextseq;
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}
fprintf(fout,"%s\n" ,"ZZZZ");

current=first;
interlocknod.e * currentnod;
while (currentl=NULL)
{

if (current- > interlock.firstnode- > next! = NULL)
{
currentnod = current-> interlock.firstnode- > next;

fprintf(fout,"%s\n", "xx"):
fprintf(fout,"%s\n",current- > narnestr):
while (currentnod I= NULL)
{
printf(" saving interlock! %s\n",currentnod->name);
fprintf(fout,lI%s\nll,currentnod- > name);
currentnod = currentnod- > next;
}

}
current = current-c-nextptr:

}
fprintf(fout,"%s\n",lIxx") ;
fprintf(fout, "%s\nll,"xxxx");
fclose(fout) :

}

II Main menu procedure
#include 'flrstrnen.hpp''
firstmenu()
{
int seleot=O;
int nooflines=O;
int dummy,i;
do
{
select = menu(mainmenu, &nooflines};
printf(" debug select %d\n", select) ;
current = first;
currentsequence = firstsequence;
switch (select)
{
case (1):adcdrive] ourr ent);

break;
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case (2): deleted rive 0;
break;

case (3) .addinterlockt):
break;

case(4):delinterlock();
break;

case(5) .rnodinterlockt):
break;

case (6) .operatedrlvef):
break;

case (7) :fadd 0;
break;

case (8): addsequence 0;
break;

case(9):delsequenceO;
break;

case{1 0) .mcdsequencef):
break;

case (i 1):operateseq ();
break;

case (12) :fsave 0;
break;

case(13):listdrivesO;
printf("strike any key when ready");
dummy = getchO;
break;

case (14) :Iistsequences (&i);
printf("strike any key when ready");
dummy = getchO;
break;

detault:break;
}

} while (select < nooflines);'
}

II Main Body

mainO
{

drlvellstj):

first = new GeneralDrive;
strncpy (first- >namestr ,"first",2('. ;
strncpy(first->typename,"first",1 0);
first->nextptr= NULL;
current = first;
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--- ------ -----

firstsequence = new sequence;
strncpyfirstsequence-» name.firstseq", 10);
firstsequence-c-nextseq = NULL;

// Actual Main Body

taddt):
flrstmenut):
fsavej):

} /* main end */
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