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~ ABSTRACT

Automation is f.urrantly Eeing used to an ever -increasing degres In industrial
plants. Ho'wevei"_most of _these applications require only a few basic control
concapts repeated for each plece of equipment. Thers is often a fair amount of
interaction between pieces of equipment’in terms of safety interlocking and
sequencing. _D_esp_ité this eagh piece of software rémains an autonomous entity

recelving the necessary external data it requires. The. principles' of OBJECT

ORIENTED DESIGN are suited to the development of this type of software, This

dissartation wilf dembnstrat'e’ that object oriented deveippm‘ent has distinct
| "-béne'f.its' cvér -mére éléssicai"c_!esign techn[qués. Gérieraiized software for
c_can‘t_rolling a minerals processing plant'will be 'conceptuaily designed, using
techniques implemented in C++ 1o 'demonstraté the basic hypothesis. This will
attempt to encompass all the available design techniques of object oriented
design i_ntd an area that has t'raditional!y developad its own software devetopment

paradigm.
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1.0 INTRODUCTION

"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. Maczka, Editor in Chief
Intech 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
e Byte August 1986

1.1_Programmable Logic Controliers

Programmable loglc controliers (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 pari'als. Thus,

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

| PLC-'Iénguages have for a long time kept the emphasis on software that Is easily
maintainable by plant persoﬁne! that do not have a formal computer training. In
addition, PLC languagas have tended to be mainly graphical and three of the
four ma]or' languages'(disc_:us'sad in 'cl“lapterj two) are graphically baséd. It is for

this reason that "software driven control systems have been programmed by
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control engineers rather than software engineers."(Waine 1987 p63) This is
however changing at quité a rapid pace as the large PLC has become a small
industrial computer and the " 11 pin relay base has become a 20 word

software construct." (Waine 1987 p63)

Ona of the major problems faced by software engineers designing PLGC software
Is that the disciplines of the last 20 years of software engineering have not
followed through into the PLC figld. The major reason for this has been the
hardware constraints, the lack of programming languages and the heavy
empliasis on easy to use graphical languagss. Both. have made rapid
advancements in the last five years and the emphasis is definitely towards

software engineering and not conirol engineering.

One aspect that has evolved over the last few years is the development of the
distributed control system (DCS). This ha‘s evolved from the use of multiple
independent control systems, pethaps PLC based, linked to a central operator
station. The issue, however, is that DCS suppliers no longer "program" the DCS,
they tend to use the terrn "configuration". The configuration of a DCS (such as
Hartmann a.n.d Braun Contronic P and Foxboro IfA} uses an interactive
configuration program. Thus, when configuring a DCS, a programmer is
prompted for inf'brmation in an English style format, as oppdsed to a
programming languags. .This_ does .not imply that there is. no programming
required, but rather the convarse, The ;Srog_ramming fs done at a much higher

level, to interpret the configuration p’rogﬁam and convert that into a form that will



generate the control system. This is providing a completely new light on the
control system design and development arena, The control or software engineer,
devsloping the control system, Is no longer stuck behind a terminal, coding in

a traditional language.

‘What has evolved is that the programmer now develo::is. a control philosophy,
‘and converts that into canfiguration shieets, that can be typed into the control
system by a clerical worker. This does not imply that development of control

systems has bécome easier, but rather that t‘he tedious task of programming has
- become simplifled. If the design of the control philosophy Is wrong, the control

system will still not work.

The Implication of the developments in the DGS environment, indicate this definite
shift away from the need for graphical based PLC languages, to a higher level
form of system configuration. This will perha‘ps speed pr the development of

high level languages for control system development.

A distinction must be made betwsen 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 pseudofprccedures. (e.g. Siemens PLCs) This facility does

3
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allow for the setup of an infrastructure and then the development of the main
program that calls these functions. |

However, the languages used are still ét a very low level, The situation in the
DCS environment is that the development of "che 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 fﬁnctions remaih part of the
"user pfdgram" as opposed to the system envitonment. The principles of control
aﬁd control 'philosophies will be discussed throughout this dissertation, however
.it must be noted that there are as marny 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 ifs 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 cuntrol

‘situation. In addition, it will show that this adaptation and system setup is easily

achieved using the techniques of object oriented software design.
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1.2 Object Oriented Design and Prograimming

Object Oriented design and programming has emerged in the 1980's as a
superior method of scftware design. (White and Malloy 1986 pi137) The
emphiasis, 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
pr'ogramming environment as developed at Xerox PARC. The maijor difference
betwsen conventional programming (procedure-oriented) j[anguages énd so-called
Object-oriented ianguages lies in the concept of data pracedures vs owject

messages (Pascoe 1986},

lr_n'the more conventional languages active procedures act on _passive data that
is passed to tl'iem. An example of this would be the procedure to find the square
root of 8 numbe.r' : sort{x). In data prdcedure languages the procedure would
take the number and return the value of the square root., Object-orlented
languages on tha other hand employ an object ¢+ tered approach. In this case
the data is not passed to the sqrt procedurs, rather the message sqrt Is passed
to the data which will perform the function on itself, It is for these, amongst other
reasons,that programimers are calling for higher levels of programming langtage
to copé with the abstrpgﬁon required by an ohject-oriented approach to

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



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

It is fekt that the emphasis on object orlented design has been on a academic
level in terms of requiring higher levels of abstraction in the programming
languages rather than applying these principles to practical issues. There have
been numerous papers writtan on the subject of.object oriented design that
critivize the languages that currently exist. (Duff 1986) Véry few nowever tend to
accept what is avaiable 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 Smalltalk. The major problem with this_wa_s the inherent insfficiency in the
language. The " programs run a lot slower and required a fot 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 Stroqstrup (1987} In developing the C4 -+ language. This used the
run time efficiency of a compﬂér combined with the advantages of object oriented
design. Both ianguages have thelr merits, with Smalitalk being an excellent
prototyping and development language and G4+ (and other compiler

languagas) delivaring 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 sach will respond in fundamentaily different ways to the same

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

3



~ derived from & simple base class. This will expoundad upon in later chapters and
demonstrated in the C4+ programs geherat_ad. This fundamentsl principle of
object oriented design allows for the simplification of a number of infrastructural
systems as wel_i as the development of a high level programming interface for

PLC systems. It is this baslc premise that forms the foundation of this

dissertation.

i
!
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1.3 Basic Hypothesis

U b Ty e

The basic contertion of this dissertation 'is that these two totally juxtaposed
concepts can mesh into one powerful method of developing con_tro! system
software. This wouid incorporate the advantages of both concepts whilst
attempting to .overshadow the weak points of each cne. Simply statad.. it is the
objective of this dissertation to demonstrate fhat the principles of object oriented
programming and software design can be used to effectively design PLC

sYstems and hence thelr sofiware. In addition this dissertation will show why

| object oriented design should be used, as opposed to some cther software

development paradigm.

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

- languages that aliow for object orignted programming. Therefore the emphaéis

of this entire dlss’ertation is that, firstly, the concepts of object orienfed désign
cari be appiled to the development of software for PLC systerns, Secondly, the
principles of object orlented design can effecﬁvely be used to gerierate a high
lavel control system programrming 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 answeredt Is * Why object oriented
design as opposed to some other software development paradigm? The
answer must be given In the light of a number of factors. On the most simplistic

level, there Is a major irend oward object oriented design principles in the

8
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softwaré world, Object oriented design, prdvides 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 ane
subclassing {inheritance) faciiity 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 comiplexity increases the base classes of equi'pment within

the plant beihg controlled, can be subtlassed and levels of complexity added.

'The second major benefit is arises from the use of the informatioﬁ 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 gliobally available as is the orse ™ PLC systems. This decreases
the chance of emors acourring when ¢ tn he control algarithm tries to

access Inputs or outputs associated w.ith another picce of squipment.

An area ihat was discussed previousty is thay of dynamic binding. This almost
- eliminated the need for type checking w'..in a program as the system dacides
at runtime, what actlons are need in r.esponse'ta a -particular message being
passed to a speciiic object. Strong type checking is dons at compue time,
howevar, it will be shown that in the context of this dissertation, the dynamic

kinding forms the heert of the code.

Ancther major benefit is that is believed that the program code generated may
use substantially less program memory than current PLC programs. The reason

9
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for this saving lies in the fact the different types of equipment are globally defined
within the system environment, and the only additional ~ode is their deﬁnition___
section. Conventional PLC programs require that often. identical pieces of code
be copied and only the definitions changed. This requires é substantial overhead
in terms of memory usage. ‘f‘his is an extremely difficult figure to guantify due to
the lack of obj'edt oriented control system pro.gramming 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 effictent use of pregrammers.

This area however specifically excludes the PLC. environment, however, it should
be emphasized that PLCs are slowly rhoving away from the classical jow level
language in the dire~tion of languages such as C, Pascal and Forth,
{Programmable Controller Product Survey 1987) This will allow for the object

orlented technicques to be applied to an even greater extent.

It must also be realizéd that until the control system languages fully Incorporate
the principles of object oriented design, it will not be possible for programmers
to make use of alf the features of object _oi'i_'anted désign. However, another major
'propo'sal o f this diss‘ertation is that the principles of object orlented design are

fundamentally sound. and provide numerous benefits as compared to ather

- 10
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software development paradigms. The implication, is that developers of control
system soitware, begin dsing the techniques that will be discussed, in a more
structured fashion until the control system languages have caught up with the
design technigues.
11
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1.4 Cunclusjon

The original basis for this dissertation éro_se when it was discovered that PLC
programmers, were, in an informal mdnner, applying the principles of object
oriented development to their design. The dissertation has evolved to a much
highér level of programming environment, whilst still maintaining the most basic
premises of confroi system software design. The conclusion is that the
techniques of object oriented design wil provide a sound basis for the future
development of control system software. This basis wil revqlve around the

development of the system infrastructure as well as the aase 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 10 the more conventional software
development paracigms. This wIlI. also refute the calls for high_er.and higher levels
of abstractiqn in the .Ianguages, and show that the languages that exist, perhaps
not m the PLC anvirdnmeht. do encompass the basic principles of o'b]ect

oriented design.

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

future trends in this regard. Chaptar three covers the concept of object oriented
design as applied to the design of generalized software, Chapter four deals with
the methods in which object oriented deéign can be applied to the design of
sontrol system software. Chapter five considers the Implementation of a number

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

orianted language for this purpose. Chapter six describes the infras_tructural cods

12
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necessary to implemeni 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 five plant. One of the major
constraints is that there are currently no PLC's that are capable of being
programmed in an object orientsd language. Chapter eight is the corclusion and

considers the future of PLCs and 'Objéct oriented design.

A_pp.endlx 1 contains a full compiled fisting of all the software written for this

dissertation.

13
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2.0 CURRENT PLC LANGUAGE TRENDS
2.1 introduction

Proé;rammab_le logic controllers have sihce 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 abuut the first of the PLC

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

' re}ay panel. PLCs are now available in varying sizes and degrees of complexity.

At the bottom end of the scale is the National PL.16 (Readman 1987) which offers
8 inputs and 8 outputs, In the middle order there are the Siemens 150U series
(Siémans 19886), Telamechanique TSX7 (Telemechanique 1987) amongst others,
all offering up to 2048 Inputs énd outputs, At the top end of the scale is ihe

General Electric series 6 offering 16000 digital i/O. (Readman 1987)

PLC programming languages have evolved into a four main types, with each
vendor supporting variations on one of these basic types. Thess four are Ladder
logic or Relay logic, Control System fiowsheets, Sequential function chart and
Boolean loglc. Certain languages may include a combination of the abaove basic
langtiages types. Each of the four areas wil!.-now be discussed and some
possible variations or combinatiohs of each shov;n. It is not possible within the
scope of this dissertation to cover all the different Iaﬁguéges 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 stil is

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

r e 20, many PLC vendors refer to a language called Relay Ladder or Relay

Logic.
2.2.1 Ladder togic

Ladder Logic parallels digital combinational and sequential logic, to a large
extent, Each vendor has a unique method handling of /O within their version of
ladder logie, This incorporates the mnemenics used, limitations on the number
and typé of Iogié gates and the general constraints of the language. Thas.e 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 i is analogous to the concspt 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 ocour if the

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

Ladder logic revolves arbund two "gates” viz nfo ] [ {normally open} and nfc J/|

{normally closed). A nfo gate corresponds to a relay whose contacts are open

15



- Le. not passing power, when there is no current passin., hrough the relay coil,

If the desired state of a gate is one where It is closed (passt g p_ower) 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 stéte. The converse applies for a nfc (normélly closed)

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

logical 0 or Off state.

If, for example, an action should occur when an input changes from a jogical 1
to a loglcal 0 then a normally closed n/c gate will be used. in the logical 1 state
this .g_ate will be open and hence not passing powsr and conversely in the logical

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

Ladder logic in its si'mp;est form consisté of manip'ulating bits of input. 6r output
data. Figure 1 shows the"logic diagram of a si.mple p.ump that is started in the
field frorn. a push-button switch. To the operator in the field It appears that the
actiﬁn of pushing the start button directly staits the pump. Actually his start
signal Is merely a "retjuest to start” signal sent to the PLC. The PLC also
recelves an indication of whether the pump has been field stopped (the stop
button has been pressed ), tripped (due to a faulf) or whether it is currently

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

signal to the pump to stait, The start signhal is then fed back into the beginning

to latch itself. This is necessary as the pun *he field must continually have

a signal applied for it to continue running. n [ddition this provides a safsty

16



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

automatically stop. (fail to safety).

FIELD GTARY

HUHI.IIN“ X

BTART
JRLL L LW

>
BTOE HEALYHY | &
THIEW HEALTHY

- ATART

FIGURE 1
SIMPLE LOGIG DIAGRAM OF A PUMP

Figure 2 shows the ladder diagram of the simple field started pump. When the
field start button ié depressad the corrasponding nfo contact will closs and
assuming that the trips and stops are in a iogical 1 state power will be passed
to the start contact. This contact (state 1) is aiso used as a latch around the field
start and running contacts as when the field start signal is no longer appiied 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 pré.vent any action being taken if the
field start button is depressed whilst the pump Is running. If, however, the PLC_.
6utput must ba removed, as a safety precaution, after a time interval If the pump
has failed to start then a n/c contact will be added as shown | . lgure 3. In this

example when the PLC output i furned on a timer is started.

17



FIELD STAHT  pUNNHID TAIPS HRALTHY STOPS HRALTHY BYART
[ N 11 S | . {)}
L LT 1 =ik t
- sTART ' 1
p-u-ul [ —————————————— 3
L : -
FIGURE 2

LADDER DiAGRAM OF SIMPLE PUMP

" The .operatian of the timer is based on the-principle that when the input signal
Is applied it will begin timiﬁg the perind 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 siate of its output to a logical 1.
~ This will cause the temp flag (n/c) to become open thus removing the fatch on
the start signal and causing the start signal (o fall away. This is done maiiily as
a safety precaution so that in the event of a fault the start signal will not
constantly be appli'éd..lf it were, once the fault had been cleared then the pump
would automatically start and perhaps endenger the person who rectified the
fault. This Is only one of the types of timers available to the programmer, ail
howaQer depend oﬁ 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
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. ‘FIGURE 3
LADDER DIAGRAM OF PUMP WITH TIMER

Ladder logic in its simp!est for n has lboth 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 PLG, This
| form of ladder logic does riot allow for selective calling of differént éubroutines
and functions in specific Instances. A dummy contact can be used to simulate

this action, however this will undesirably increase program. complexity.

The chief advantage of pure ladder logic is that it is simple to program. This is
dus to the fact that there are only two possible contacts and contact states.
There Is no varisty of programming statements to be remembered and this

‘dacreases the possibiiity 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 fadder loglc is today not being

superseded by higher levels of programming but rather forming part of the

19

[ X e




subsets of 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 Fidwsheet

Earfier Figure 1 was referred to as a logic diagram. This form of -progrém
repras’entéﬁon can be applied directly with certain PLCs, These PLCs use a
Iar_nguagé' called CSF {Contral System Flowsheet), This allows the programmer |
to tranélat.a the logic diagrams of the 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 usefui cpmparison can be found by comparing CSF to
.Ladder. In Ladder n/o and n/o contacts are put in sefies or paraliel to form "Ang,”
ard Or functions -respEctiQely. if a number of ladder logic contacts are placed in
serles they will pgss' power orice afl condlitions have peen met thus forming an
AND furiction, f, howaver, they are placed in parallel when any one condition is
mat, power will be passed thus forfning_ an OR function. If the gates are inverted
i.e. nfo td nfo then the AND wilf become an OR and visa versa.(Figure 4) With
CSF these gatss already exist {And,Or) but the inputs to these gates may have
to be _'invérted to take into account any input states, This Is shown in figure 5

whero the corresponding CSF and ladder logic functions are shown,
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COMPARISON OF SERIES AND PARALLEL
LLADDER LOGIC

CSF has the obvious advantage that it requires littie transiation from design to

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

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

entire program is axecuted every scan of the PLC, in most implemantaﬂons
However certain PLCs { Siemens, Telemechaniqus } do make provision for
conditional calling of so-called subroutines. In addition there Is the possibility that

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

CSF,
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2.2.3 Boolean Lodgic

Boolean logle (BL) is a spesialized assembler langtiags that uses mush of the
syntax of an assembler ia‘nguaga. Figure 6 shows the logle for the simple pump
given in BL. Languages of this sort use much the same ideas as other gréphical
methods such as ladder or CSF. The statements follow along the lires of CSF
in a writtan fashion. The AND function is as follows:

A (input 1

Input 2)

= Output 1

The above code 'ANDs’ inputs 1 &nd ,2‘ and places the result in output 1,

Included in the statements are the following AN {NAND),0 (OR}, ON (NOR) etc.
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Some PLCs 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 FIELD START
0002  : AN RUNwING

| ooz :0 :

0004 - : A START

0005  : AM TEMP FLAG
0006  :

0007 : A TRIPS

0008 - : A STOPS

| 0009 ;= START

QODA 1 #wwk

0008  : A START

000C = : 1.5 SECS _
000E  : START TIMER 1
O0OF : A RUNNING

0011 : RESET TIMER 1
0ot2 tATIVER T

- 0013 : = TEMP FLAG

FIGURE & .
BOOLEAN LOGIC OF A SIMPLE PUMP

One of the ina]or disadvantages of BL is that as it is not graphical it requires -
more thought when debugglng as the function of each group of statements in
not imm'acilatély evident. ‘This Is one area where the moré 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

Bxparlehced assembler programmer to use and is closer to classical

- programming teéhniques than any graphical language.

- 2.2.4 Sequential Function Chart

Sequential function chart (SFC) is a graphical method of functional analysis. SFC
ls marketed under various names such as Grafcet (Telemechanique 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 develo;::ad for

sequential cﬁon_trol problems where fhe steps are sequential or time dependent.
(Tinham 1986) Each step may ra_pres_ent a command or action that Is either a -
logical 1 or 0. The flow of control is governed by a conditional transition that is
either true or false. When a transition condition becomés true control is passed
from one step to the neict. SFC is a higher level lénguage than any of those
discussed previously and Is used as an outer shell from which lower level
sub'rouiines are called. Figure 7 shows the basic SFC symbols. énd- gives a

description of the_lr meaning.
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horizontal lines,
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transitions may he written to the
right of the trassision.

Directed 1inks Indicate the flow of
control, which {sz from top to bottem
unless otherwise indicated,

FIGURE 7

BASIC SFC SYMBOLS

{SOURCE :

The best method of describing SFC is by example. This is given in figure 8
(Telemechanique 1987) In this exampie a circular plate is rotated through 120

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

are parformed:

TELEMECHANIQUE 1987)

Station 1 - Loading the workplecs

Station 2 - Clamping and drilling

Station 38 - 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 plece

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 unti éteps 4,9 and 14. Here the program walits |
until all three sequeﬁces have been completed untii 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.

" ¥IGURE 8
. DRILLING STATION LAYOUT .
(SOURCE : TELEMECHANIQUE 2987)

SFC follows closely along the lines of classical structursd programming as each

of the blocks shown courd be an entire subroutine | function of procedure, SFC
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also _sen)es the purpose of hiding of the actual bit manipulation of sach device.
This becomes a good feature when dealing with large pr'ograms as a block on
the outermost SFC chart could represent another SFC chart which in turn couid

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

CSF. An example of this is shown in Figure 10.

27



5

o= Start AND [nitel gondittons

== plats ratniad

T R 1 i I .
Agyancs Advence Dwicand ;
R Rl = 1011 Ootend | Te2
1 oiace taaded : L clamped . . ..
pltcs faade place clame b Qaufre down AND T< I 3 -|~ T>2a
“Asiret Caacend 1T fiaiza 15
1 3 | 'Il_:lliil ! 9 anill 11 gauge .
»f> loader ratracted L ettt down- o Gaugs up J. gavee up
WAIT 7 ] "t;ﬂ:l. f _12 Mf“?“ !
o} diftl up o= pléce ojucted = manuel sake
LT Reitnst
8 1 cliarnp 13 alwctet
ot placs unciampad i+ sletiaf rateaciad
| 9 14
Warr WAIT
| 1
ey
j ﬂlflllt‘l.. .
17 1 e

FIGURE 9

SFC CHART FOR D“ILLING STATION EXAMPLE
(BOURCE : 1ELEMECHANIQUE 1987)
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SFC CHART MADE UP OF OTHER LANGUAGES
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2.3 Conclusion

PLC languages have progressed a long way fi'om 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 C. 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 Orlented deéign to be used to their fullest extent. This has

- howaver the'-disadvantage'that usars of programs will require far more training

in the different Ianguagas. in addition this piaces a hurden on designers and
prqgrammers for more comprehensive documentation and program commenting.
These minor disadvantages will definitely be outweighed by the benefits obtained
in terms of overall program compiexity and programmar utilization. 1t is hoped
that these advancements in the PLC field will lead to thelr wider use In even

more complex control environments.

An area that was discussed In chapter 1 is that of DCS systems. The classical
PLC programiming épproaches have to a large extent faflen away with the advent
of the DCS. This is evidenced in the shift from "programming" to “configuration”.
Howevér,_ the design methodologies are still relevant to any type of control

environment, only the programming interfave has changed.
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- 3,0 OBJECT ORIENTED SOFTWARE DEVELOPMENT TECHNIQUES

"Ohject criented development is an apﬁroach o 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 charactenzed by the actions it suffers

and requlres of other objects.”

G BOOCH 1986

- There are as many views on what Object-oriented programming is as there are
computer scientists (Pascoe 1986), This is largely due to the origins of tae
concept of Object-oriented programming techniques, The term was originally
used to describe the Smailtalk pmg_'rammlng environmant developed at Xerox
PARC. (Goldberg ot at 1883) Taday it describes a completely new dimansion in

programming and' a vastly improved method of developing software and

Increasing programmer productivity. (Bright 1988)'

The simplest definition of abject oriented Ianguages is that they allow the
programmer the ability to define a new class. (Bright 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 6riented language,
an !anguége must exhibit four characteristics viz, data abstraction, dynamic
bindin.g, information hiding and inherftance.. (Pascoe 1986) A number of high level
languages have been mistakenly valled object oriented as they do not exhibit all

four chéracteristics._
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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 -

isterna; representation may consist of basic data types (ititeger, string real etc.)
or other class types,' In adciition to the definition of this class, the prograrmmer
daﬁnas a set of manipulative procedures to access and manipulate that data. An
éxample of data abstraction considers the definition of two data types viz Stack
and list. Each type has differences in their methods of data storage and
manipulation. Thetefore each will have a set of procedures that will manipulate
the associaied data type i.e. Initializg or print. This has as the disadvantage that
the_ overall structure. will be larger due to caling sfparate manipulative
procedures. However, this does alibw 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 he

Independerit of the existing data types.

This aspect of object oriented design forms the basis of using these techniques
for the development of cohtrol system soﬁwara. The fundamental reason for this

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

- fundamantal types of equipment; an Ideal situ_atibn for the classing of types.
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3.2 Information Hiding

lnfo'rmation hiding considers the aspect that the state of a software module is
only vislble from within that module. Thus data Is manipulated only by interna)
prodedures. This feature allows for the efficient design of modules such that the
Internal variables v_#ithin 'a_module are not accessibie from outside the module. In
effect inte'rnal data structures may be changed without affecting other modules
in_that fmplementation. Most programming languages support information hiding
e.xdept. Pascal as it does not aﬁcw a rﬁethod of defining static data types within

a procedurs,

lnforrﬁation hiding could play a vital role in the safsety aspect of cont_rol systems,
All of the _'.information ragardin_g a piece pf equipment within a plant can be
hidden, and only accessible to the piece of control code that deals with that
equipm.ent. This would enéure that each plece of code only deals with the
sec_tions of memory and variables associated with a particular objsct, and does

not have g'loba'l access. This aspect will be discussed in chapter 5.
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2.3 Dvnamic Binding.

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

of sach of a numbar of different classes will elicit different respenses from each
of them. Thus the initiglization procedure for the stack and the list will be
~ substantialiy different, but the message to tsll the variables what {0 do Is exactly

the same.

This area is often referred to as polymorphism (Booch 1986), dynamic binding
(Pascoe 1986) or commonality (Bright 1988). Polymarphism is the ability of
abjects 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 prograr., Assume the procedure "list to_Screen” is to be added. In this case

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

the new procedure would have to cater for all the existing data types and elicit
the corresponding responses. It is potentlally dangerous 1o 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 fist procedura.

Obiject orlented 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 responsibillity. "An object
decides, at runtime, what to do with the message you've sent it." (Bright

1 988) '
3.4 Inheritance

inheritance enables programimers to create classes and sub classes. This Is
called subclassing where the lower level new object is called a subciass of the
~ superclass, The subclass inherits its behavior from the superclass and will add

aspects of its own to the characteristics of the supetclass, inheritance allows

programmers to create new classes of objects by specifying the differences

between them and the original class, instead of starting from scrateh. This is

‘assoclated with another erea, that of software reusability, where sections of code

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

subclass or a variable, which Is deflned as being of a class type,

Bright detines inheritance or "type derivation" as "define a new class which is

this old class here plus some additlons and changes | want to make" |



Once again, this becomes relevant In the control systern environment, whers all -

types of electrical equipment may behave in the same fundamentat 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; chapler 5. -
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3.5 Design_methodology,

One aspect that requires conslideration is the methodology of linking of abjects

- Into a piece of coherent code. Jamsa (1984) considers that the emphasis of

object oriented desigh is to "keep the solution as near to the real worid
problem as possible". The methodoiogy proposes that the ciear staterment of
the probiem can' be uﬁIIZed to produce the implementable units in t"2
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 foliowing steps in the design procedure :
1) Define the problem
2) Develop an informal strategy
3) Formalize the strategy
a) ldentify the objects and their attributes.
I3} .l'dentlf'y the operations on the objects.
o) Establish the visiblity of objscts.
d) Establish the interfaces between objects.

e) Implement the operations of each object.

The first step Is a clear congise plain language definition of the probiem. This
should include a full description of all the objects and a definition of the basis for

thelr interaction. In an industrial' application this woL:ld rmost probably take the
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form of a functional description of the system. This functional description or
specification will in the majority of cases include a description of the interlocking
between devices and an indication as to the controilability of the system under

varying conditions,

The informal strate'g.y phase cbnsiders the developmient of a process d‘escription..
This, 'unlike the problem definition is not a description of the pracess but rather
a software descrip_tion. Jamsa (1984) suggests that structured Engiish could be
employed at this stage. A useful tool at this pnint in the development (ife cycle
is perhaps Program _desr.:ription language (PDL). This is discuésed In detall by

Walker (1584) and Cainé (1980, fhis 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 sulted
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 formaﬁ_zation of the st .f follows aiqng similar lines to those proposed by
Abbott (1980) and discussed by Booch (1986). The first step |.e. identification of
the objects and their aitributes, involves the recognition of the major actors,
servers and agents within the framework of the problem. One method that has
beun proposed Is to considef the problem definition and extract all the nouns
from the descrihtion. These will be the major abjecis in the problem space. At
this stage It may also be found that thera aré objects that share many attributes.

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

clags.

Identification of.-tha operations suffered by and required of objects forms the next .
step In the formalization of the strafegy. This serves as a method of
characterizing the behavior of the objects and classes of objects. Here the "static
semantics" (Booch 1986) of the objects are determined by e:stablishing which
operations méy | maahingfuhy be performed on tha’t 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 establisiment of the vislbility of objects establishes the static dependenée of
objects upon each other. This step serves to determine which objects are seen
by other objects. The fourth sfep, the establishment of interfabes, involves .the
production of a module or object spacification. This requires combining all the
data captured in the previous steps and assembling it into a coherent
specification. This Information serves as the basls for establishing the boundary

between internal and external views of an object,

‘The fitth and 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 bse composed of several

subordinate classes of objects then the entire (method is repeated to further
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' decomposa the object, However in the ma]brily of cases an chject is built up by -
.using_ one of the existing classes and subclass‘in‘g, thereby adding characteristics

of its own the existing superclass.
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' This chap_ter. considered fhe mechanics of Object-oriented design of softwars,
Object-oriented development will undoubtedly have major implications in the
future of software engineering due to the large number of {eatures this type of
-methodolég_y encampasses. These steps discussed thr_oughout the chapter
constitute the lifegycle of the software development. Booch (1 986) stateé that "
_ Objet:t orie’nféd develo.pment is & partial lifecycle method: it focuses on the
design and impllementaﬁon stuges of software development®. The steps listed
above may appear mechanical, however Abboit obseises that it is not an
automatic procedure and reguires *a great deal of real world knowledge and
ihtuitive understanding of the problem™ However, this g'r_eater understanding
will help to simplify software and allow for greater prograrﬁmar- p_roductlvity and
utilization of resources. It is believed that the principleé of object-oriented design
'wi.l! form the fundamental basis for a large nu.mber of software development
applications in the future. The next chapter considers' the application of
Object-oriented design techniques to the development of _gaheraﬁzed PLC
software. This will show the versaility of the design methods and how thelr 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 orlented design. K is at this point that a distinction should be made
betwesn Object ariented programming and Object oriented software design. Duff
(1986) Cox .(1986) énd Pascoe (1986} are amongst many authors that are
concerned with' language specffic issues. They consid_er.the pros and cons of
sach language and its possible use for Implemerting software designed using
object oriented design_ techniques, Tﬁe emphasis lies with the inherent features
of the languages, such as Srnalitalk, that will allow the characteristics discussed

in chapter three to be implemented to their fullest extent.

On the other hand Gcoch (1986) pléces his emphasis on the necessary
developmant principles an. 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 will be the focus of this
chapter i.e. that the design techniques associated with object oriented software
development are sound and can ba utilizad in a languiage independent fashion.
This chapter will cqnsidef the application of the technicues discussed in the
previous chapter with regard to their usage .in the design of industrial control

systems.
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At the outset 1t should be noted that PLC lar;guages suffer from many constraints
when applied to pure object oriented development. However the nature of the
dynamics of the system to be controlfled will allow for the implementation of these
Object oriented _teéhniques. Certain aspects of the design phase will becbme
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.iguages such as C
and Forth, There are C4+ compilers that have an intermedlate 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 Implemsntatlon and the level of programming will be
much better. These languages are more suited to implementation of Object
oflented softwars. As they gain wider acceptance, the principles of objsct

oriented sofiware design will become necessary design tools.
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4.2 Generalized. Software Desian

Consider the design of a generalized control systermn. There will generally be &n
overall control phiiosophy that will define the basic rules of operation of the major
pieces of equipment and equipmer ypes. This is often referred to as the MCC
(Motor .Control" Center) philosophy. This philosophy dogs not cover each
individual piece of equipment, but rather the control aspects of types of
equibme.nt'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 spéch‘ic requirements
of each plece of equipment along with the physical data. The latter aspec{ covers
| the infcymation such as that connection om the PLC will go to that spedific

piece of equipment,

For the purp 'ses of example, all equipment that is classified as elsctric drives will
be considered. In an industrial apy .ation this will include pumps, motors,
conveyor belts etc. These may be of differsnt tyz s and sizes but the base

assumption is that they all operate In similar fashions.

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

as follows : Upon tecelving 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 baslc case a signal is

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

the type "drive" 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 sncountered, which differs slightly from the suparc!éss,

a new sul: slass can be created to cater for that type of drive and its associated

extra logic.

FIELD BTART]
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aTOPE HEALTHY &
v
TAIRE HEALTHY

STARY

FIGURE 11
SIMPLE LOGIG DIAGRAM OF A PUMP

Assume for the purposes of example that thers exists a drive that when a
request to start signal is received will sound a sirer: for a certain time period

before starting. This siren is called a safe start siren and Is used to warm
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personnel in the area of the impending start. In this case a subclass of “drive

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

The ltogic 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 cutput

will be turned on, and parallsied with the rest of the logic.
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FIGURE 12
DRIVE WITH SIREN

in most applications thers will also be nume.rous. interlncks between the drives.
These will prevent certain areas of the system from starting before it is sa‘fé to
do so, 6r' in the evant 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", Thié 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 will have a specific interiock okject passing, as it were, a clearance
signal to the control module to allow it to coritinue and start the drive. The logic

diagram illustrating this logic is shown in Figure 13.

DRIVE 1 RUN|
DRIVE 2 RUN

DRIVE 3 RUN & |
DRIVE 4 RUN INTERLOCK

LEVEL LOW
LEVEL HI |

FIGURE 13
INTERLOCK MODULE

Each class and subclass of drive wil respond. in a different way to the same
message, The superclass of dfive wii merely start the drive. The "drive_with
siren " will sound the siren before sturting tho drive. The "Cirive with interlocks®
will first get a clearance before starting the drive. This action of eliciting differing
respons'as to the same command fulfile the object oriented charactaristic of
dynamic binding. By virtue of the definition attached to the superclass of "drive”,

the stibclasses ohay the requiresments of inheritance.

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

classes can be desijned, and the rest of the classes formed form subclasses of
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these. Information hiding is used to protect the tradi_tionaﬁy global variables from
being modified by the progr-arh, in areas where it should hot be affected.on
hiding become the most compilex 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 téchniques as a method
for the dsvelopmenf of control system software. It is conceivable that in the not
too distant future there will be PLCs 'Lising Ia.nguagés 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 Iével environment. However when applied to
PLC software the technicues have to be addressed in a slightly different fashion, |
The objectives of this dissertation are to consider the use of object orlented
techniques within the framewark of the PLC software development environment.
This -Chaptér has considered how the 'fqur major 'areas of definition of
Object-oriénted'dasign can relate to PLC programming, There are a number of
obvious cons‘trélnt’s.when considering the PLC software and It is accepted that
PLC languages will -noﬁ surrently fully support these high level design techniques.

However in the foreseeable future there will be PLC progr'amming languages

that support the features of Ob[ect orfented design. It is at this ime that

Object-orientad design methods wil be used 1o their fullest extent. In the interim
period the applicable features can be ullized to enhance the software

development lifecycle,
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5.0 SIMPLE OBJECT ORIENTED IMPLEMENTATION

5.1 Introduction

The previous chapter consid_ered the implefnentation 6f the simple dparations
associated with electric drives. it also discussed the possibilities of using object
oriénted éppi‘oaches in the development t:;f'the software to control this type of .
equipment. This chapter continués along this track, with the impiememfation of the
software in G++. This chapter aiso considers the interface to the physical world

and how to overcome the limitations therein.

This chapter will also begin demcnstrating the power of object oriented design
~and how all four characteristics thereof are used within a practical example.
“These ir aspects were discussed in chapter 3, and are be used as guiding

principles throughout all the software design.
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52 Physical input and Output

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

oriented soﬁWare to the 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 thaf are to be controlted. in chapter 2, when
the input signals {field start, trips healthy etc.) were discussed; these referred to
| _plilysicai signals coming into one of the /O cards within an ;O rack. The software
im‘itten foi‘ this.-dissert'ation will not actually operate on a PLC as no PLC can
.current.ly operate with an object oriented language. Therefore the problem lies in

defining /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 tha physical /O points which receive and send signals to and from

the plant.

There are tuur types of physical I/O associated with a PLC. These are !
Digital inputs (Dig) |
This wouid be a binary signal coming into the PLC.
" Digital outputs (DigO)
Sim_ilar to the inputs but being sent from the PLC to the aquipment being
controlled, o

Analog inputs (Anl)
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This Is an analog signal (such as a tarik level) being sent to the PLC
: frorﬁ the actual unit.
| Analog outputs {(AnQ)
These are analog slgnals sent by _the PLC to specific units. These could
be io contfol the opening of_ a valve or the speed of a varlable speed

_ motdr.

‘The features of object oriented languages allow for the definition of these classes

to prevent the PLC pragram attempting to assign a value to an input or visa

versa.

Thus at the most fundamental level thers would be two clusses defined. These

would be DigO and Digl.

The definitions {in C++) would be :

class DigO

{
publie:
Int state; // digltal state
char* address; // address of PLC 10 point
DigO{; /f constructor functlon

h

class Digl

{
Int state;
public:

char* address;

Dlgl(; _
void setDl(Int value); // functlon to set value of private variable
Int readDI(); // function to read value of private vatiable
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This definitior, “equires some explanation, as there are sume areas where the

principle of information hiding is used, This is done in an attempt to map the

somewhat contrived situation into the real’ werld. The digital output signals

‘assoclated with a drive are public domain In most PLC’s. Thus they can be

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

issue Will be addressed later when the definition of the 1O rack is given. However,

it suffices to say, that the class DigQO (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 iatter refers to the

 adcress 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 valus, 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 deflnition of the digital input (Digl) is rather more complex. A large number

of PLC’s do not allow for easy access to digital input values. This implles that the
program as it stands cannot overwrite the input area of inemory. This is

obviously 1o safeguard against the problem of the PLC writing the wrong value

~in place of & physical input. To cater for this feature, the staie of the Digl has

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 tradecff between ‘good’ obje_ct' ofiented pﬁhcip’t‘es, and mapping into

the real world, In the majority of PLC systems there are very few ‘private’



"

veriables. Thus, the use of the object_oriented orinciple of information hiding is

" usedtoa limited extent. the If this program was being written for an actual PLC

then there would b2 no need to have all of the menber functions that have been |
written. There is a void function called SetDIl whict. is used to forc e the input to
é speclfic value. This Is used as there is no actual IQ point available. The integer
function F{ea‘dDi is used to ascertain the value of the private variable state. This
fuhdﬂon would also not normally exist as the access to the input values would
noi'maliy be unrestricted in a reading mode. Thus right at the outset the program
is baginning to- use features of object orlented design.

The full'cude of tha member functions is given below :

I Constructor fuhctions':
DigO::DigO()'
{

state = 0;

} |
Digl::Digh}

etate = 0;

} | |
] F_.unctions for using the state of Dig {
void Digl::setDI( int vatus)

state = value;

}
Digli:readDi{)

return(state);

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 une (O cards and

'racks. Thus the next class definition is that of an |0Orack. |

 This is merely a "holder" of 10s. 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 electic drive.

| ¢lass 1Orack

public:

DIyo start, Iocalstart

Digl seqstart,ﬂeldstart,tripshealthy, stopshaalthy, running;
IOrack();

h

The class defined by I.O_rabk does not contain any logic. it mersly groups the 1O

together and is used to relate specific 10 points to a specific drive, When a

variable of class |Orack is defined, the specified 10 are defined. The definition
section of the class defi_nition r;ails the correct 10 types and initializes the iO
- accordingly. The constructor funation IOréck() required at start-up to facilitate the
definition of a. new variabie df f_he class IO RAck. The éode segment of this
function is empty, as when an 10 rack Is called it creates al the variables which

initialize themsslves.

The variable localstart is used as a temporary carrier of information hatween 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 IO, These would be made local

variables within the new class itsoif.
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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 farms the heart
ofthe alithe “ive related operations. All the basic 0, procedures and operations
are defined within this class. All actual operating drive classes are derived form

this base class.

Certain functiens are deﬁned as virtual, and this allows for function ovsrloading.
This is perhaps one of the most fundamental beneﬁts of using Object Oriented
deelgr‘ and asseciated !anguages The same function may be used 1o denote a
number of different eperat:ens The Ianguage will determine at run time which of
the func’ttons te use. "'i"le allows each of the sub classes o behave in
fundamehtally different ways. The listing of the definition of ur wass is given
below. Following this is a brief description of each of the lines in the class
definition.
class GeneralDrive
publlc
char namestr[20]; // drive name
char typename[30); // drive type
GeneralDrive * nextpte; // polnter for next drive in list
- Interlock Inter-lock; // imetlocks of this drive
addinteriocks(); // manipulating interlocks -
dellnterlocks(); // as above
It type; // used to globally deflne drive type
virtual status(); /f prints cut all drive 10 statusses

virtual addtolist(char name[20]); // list manlpulaﬂon
setrunning(); /7 simula’s PLC aeuon
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[Orack rack; // 10 of drive

_ virtual operate! int value, Int error =0); // specific operations
operate1{int value, int error =0); f* basic. operaﬂons *f
GeneralDrive(); // construcior

h

Tize two character strings namestr and typename ara used in defining the
uniqueness of the drive. The type hame is applied principally in the definition of
new drive typas; 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 nexiptr is the pointer thzt forms the heart of a

finked list of drives. The only way of allowing for thn 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 finked fist 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 subdlass types. This allows for continuity in the program and reduces the

overhead in the pragram of maintaining a number of lists for each subc'ass,
The interlock will be -discussed in detail, when its nwn class is discussed.
However, for completeness, the interlock relates to the safety featuras in the plant

and unless the interlock conditior are mef the drive will not be allowed to start,

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

and delete interlocks associated with o« 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 functioh is 1o eliminate. the
hard wired code generally associated with the selestion of different types from
-a'_llst of choices. Once again this will be described in more detail when functions

that use this aspect are discussed,

The member function: status is required to generats 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 if at a Jater d.ate 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.

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

each subclass, its prime function is to add a new diive of & specific type to the

linked list of drives.

Setrunning Is a member function common to all subciasses and s used to

actually usterming if the drive is running.

- Rack is a variable of type IORack, It contains the basic |0 defined for a particular
~ class, All 1O operations are carried out using this IOrack. This is & very sound

form of protection in PL.C programming. It is often that the programmer types in
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the \é;ong mnemonic for a variable and thus struggles to find an errot. The fact
that the 1O associated with a drive is only accessible to that drive makes it
impossible to access the_lO associated with another drive. The additional beneﬁt
is that when pfogramming all the names of the variables are the sams, unlike
cbnventional programs where variables are addressed by their positiori on the

physical 10 card,

The two member functions operate and operatel form the heart of the drive
operation. Opéra‘re is é common function that defines all the necessary basic
drive "op'garations., Operatei Is specific to ‘each drive type and is called from
aperate. The same efféct could have been achieved only one virtual function, and
defining absolutely unique operations for each drive type. it Was decided to use
a common Dbérating' coré and allow each drive to configure its own speciiic
pararnete_rs Thus when a drive is pés‘sed the message operate it calls operate1
which than barries .out the core drive operation. This will be expounded upon
" later in the descriptions of the various drive types. The 1O point local start is used

as a transfer mechanism between the procedures.

The last memnber function of the class General Drive is the constructor function,
This is called sach 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 General Drive.
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/* inlializatlon calls the other defined clagses and allows Them
to lnluaﬂze themselves *f

GeneralDrlve::GeneralDrI\reo
{

}

[* Operatet forms the heart of the operation. It specifies the most
bagsle. drive operations */

nextptr = NULL; // perhaps supertious , but for initialization

Generamr]ve'.operate(lnt value, int error)

{ }

GeneralDrlve::ad'dtolist(char name{20]) -
{ 1}

GeneralDrive:;operate1({int value, int error)
{ timet 10, 113
Int temp;
switch (value) {
case(0):break; _
case(1):lf {rack.tieldstart.readDI)==0) // check field start buttin
{temp"" !]'
else {temp = 0;}
rack.ﬂeldstart.seu}l(temp),

break;
case(2):it (raék.trlpsheaithy readDI(}==0){ // check trips and change state
terp=1; }

else {tempno;}
rack.tripsheaithy.setbl{tempj;
break;
case(3):f {rack, stopshea[thy,readnlo =0){ // check stops and change state
temp=1;} S
eise {temp= 0;}
rack.stopshealthy.setDi{temp);
break;
defauitierror =1;

}

~ \\ next code Is actual drive logle

If (rack.seqstart.readDl)==1) {rack.fieldstart.setDI{1);}
t a ¢ kK .1 o ¢ &1 &8 t a t t . s t a t e =
{{{racRk.fleldstart.readDi() = =1)&&{rack.tunning.readDi(}==0)) | | {rack.localstart.state==1)} &&
(interlock.setstatus()==1)&&
: {(rack tripsheaithy.readDl(}==1) &&{rack.stopshealthy.readDl () = =1)));
It (rack.ceqystart.readD){)==1) {rackfleldstart.setDI{0):}
}

\} used to set state of running signal of drive
GeneralDrivelisetrunning )

int temp;

© temp =((rack. trlpsheaithy.readnl())&& (rack.stopshealthy.readDl 0! &&{rack. slart‘state)).
rack.running,setDl (temp), _
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\\ prints out status of drive 10
GeneralDrivel;status()

{

}

printf{*%s\n*,namestr);

printf{* field start %d*rack.fieidstart,readDI(};
peintf(" trips %d¥ rack.tripshealthy.readDIi());
printt(* stops = %d\n*rack.stopshealthy.readDI();
printf(* seq start  %d",rack.seqstart.readDI());
printi(" running  %dracirunning.readi();
printf(" stant out  %d\nrack.start.state);

\\ used to add drives fo the Interlock list
GeneralDrive::addinterlocks()

GeneraiDrive * tmpdrive;
Int select,no;
Interlocknode * currentnode,
Interlocknode * temp;
do

current = {lyst;
ro = listdrives(};
printf{"n Which drive do you want to add to the Interlock ( 0 to quit): ")
scanf("%d", &aelect);
it ({select > 0) & (select < no})

curreninodn = ltest i e
while { currantpor

femp = cur - oo}
currentnoth = _urreinod s<next;
|
currentnode = tomp;
current = firg";
current = finddrives(select);
Interiocknode * jiextnode = hew Interlocknode;
currentnode->nexi = ne node;
{nextnode->runstatw)
wm&{current-»nextptr-»rack.starl.state);
strepy{nextnoda->name,ctirrent-=nextptr->namestr);
nextiode->naxt=NULL;
currentnade = nextnode;

} whllo}(aelect > o}
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\\ used to delete drives from the inter!ock fist
‘GeneralDriver:delinterlocks ()

Int select 10}

interlocknods * currentnode'
interlocknode * temp;
Interlockniode * temp2;

do
{
Guirent = first;
interlock. list(&no),
printf("\n Which drive do you want to delete from the lnterlock { 0 to quity: );

- geanf("%d",&select); .
it {(select > O) & (select < no))

current = first;

current =x ﬂnddrlves(seleci),

currentnode = Interlock firstnode;
~while . {{ currentnode I=

_ NULL)&(strcmp(current->-nextptr->namestr,currentnode->name)l—fO))

“temp = currentnode;

curréntnode = cutréntnode->next;
1 _

temp2 = temp; _

temp->next = currentnode->next;

} whi{e {select > 0);
¥

The case statemént at the beginning of the operate fuhction would not appear
in & PLC program, This is used fo determine changes in Input state and then act
a‘ocordingly, 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 actlon of the actual drive, by checking whether it can start, and If so, starts

running.



5.3 Additional Derived Classes

The basic classes have been defined and it is at this point that the principles of
Objact' Oriented design come into their own, The previous chapﬁter discussed
vaﬁoxm variants on the ba’s_ic drive class. Object oriented design allows for these
to_be implemented with little aciditional 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 operatei, and then adds any additional logic -

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

5.3.1 Drive with no features

There seems {0 be lithe rationale in .deﬁnin.g a new subclass that behaves exactly
as the éupefclass. However, the reason was to maintain a continuity in the
me.thod' of deﬂning new drjve types. These are all defined by subgclassing of the
class génarai Drive. It was thus logical to subciass a drive of the most basic
| class in fhis.fashion. This could also be compared to the situation where the
most general drive class is compiled into a library and users wantlng to write
programs would define just thelr ﬁew class as a subclass of the predefined class.

The definition of the drive class (called Drive none) is given bslow :
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class Drivenone : public GeneraiDrive
publle:
operate( Int value, Int error =0); /* calls operatel */
Drivenone() ; : '
addtollst{char name[20]);
b SR

The t:ode used in the implementation of the class is given below:

Dilvenone::Drivenone()

stincpy(typename,"Standard Drive”,30);

) type = 1;

Drivenone:;operate(int value, int error)

Int temp;

© operatet {vailte,error); _
rack,start.state=rack.localstart.state;
setrunningg; o
If {value > 0)

status();
} .

}
Drivenone::addtolist(char name[20})

temp = new Drivenone;

strnepy(temp->namestr,fiame,20); o :

temp->nextptr = NULL; )
}

The two function operate and addtolist 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 w!ll_1":')!!(:;1.'{»r a similar format. However each of these

will contaln 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 wamn personnel of the impending start.
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class Drivesiren : public GeneralDrive

slrentimer(int period);

publie:
BigO slven; _
operate(int c, Int d=0);
Drivesiren{); o

. addtolist(char name[20]);

5 . .

" This subclass has an additional 10 point_called siren. This would be used to

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

function in the cods.

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 irhportant
safety feature as there is no chance of the siren being sounded accid'entally as

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

" The cods for the member functions is given below:

Driveslren::Drivesiren()

strnepy(typename, Drive with start siren ¥,30);
type = 2;

Drivesireniioperate(int ¢, Int b}{
operate1{c,0); -
If {(rack.localstart.state=="1}&&(rack.running.readii() ==0}))
{ siren.state=1; : _
slventimer{3); // starts slren for a time period
_ slren.state=0;

vack.start.atate=rack.localstart.state;
setrunning();
>0

status();

-}
b
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Drivesiren::addtolist{char na_'metzd])'
{ .
temip = new Drivesiren;
stenepy(temp->namesir,name,20);
temp-:-nextptr = NULL,

'+

Drl_vesiren::slfentimer(int period) -

timet 0, t1;
printf{" starling siren '),

time {340);

do

time (&t1);

soundtone(5000,100,100);
} white {t1 - 10 < perlod && {1 >= 10);
prlnif(‘ siren ﬂnlshed ;

The addition of the logic is achieved by.us'e of the variable local start. The

function operatel does not actually send out a signal to the real world it merely
sets a flag called }ocal start. This Is then used as the basis for the additional
Iogic The siren is now started before the start signal is set. This 1s also

odnditional 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 faiis to

 start them the start signal is removed and the drive returns to the readly to start

position. This is a safety precaution, to remove the start signal.
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class Drivetimer : public GeneraiDrive {
public:
operate(int ¢, int d=0);
Delvetimer{);
addtelist{char name[20]);

I

It can be seen that the definition of the sub classes is almost identical in all
vases, 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 :

Drivetimer::Drivetimer()

stencpy (typename,'Drive with start timer®,30);

type = 3;
}
Drivetimer::operate{int ¢, int h){
operated (c,0);

Int staf,slatuss,temp;
fimet 10, t1; ' o
_If {{rack.localstarl.state===1) &&{rack.running.readDl{} ==0))
{
\\ the hit any key Is used to simulate the drive action
printf {* \nHit a key to start the drlve or eise timeout " );

time (&t0); '
do

{
time (8i1);

. statuss = {kbhit(l=0);
if {statuss)

temp = getch();

stat = statuss||(t1 -0 > 3};
} while (l(stat}}; _

CEQ1-t0 > 3)
rack.localstart.state=0;

rack.start.state==rack.localstart.state;
~ setrunning();
It {c > 0}
status(};
} B _
‘Drivetimer::addtolist{char rame[20])
{ . .

temp = new Drlvetimer;
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'strncpy(temp->riamesti',name,m);
temp->nextptr = NULL;
¥ ' _ '

There is o actual plant to generate a return signal a .4 confirm 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 Conclusion

ft can be.seen from the above examples that the principles of object oriented
design may be appilied in many forms. The special features of the language can
be -succaszu“y applied In the area of control system software. This chapter
consldered the heart of any control system, that of the control of the numerous
drives in a plant. Only three types of drives have bee;.n defined, but it is evident
that the process of defining additional drives Is faidy trivial, given the

infrastructure.

The objective of this dissertation Is not to write PLC code, but rather to show *
the basic principles of Objsct-oriented design can be applied to e, -

programmers more productive. This is a major benefit as the human cost in most

~ control system design and Implemantation far exceeds the hardware costs of that

implementation.
The following chapter covers the implementztion of the additional infrastructural |
code required to generate the simulation of a plant, its control system and a

supervisory system within that plant. .

Detalled 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 SOFTWARE

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
a&_empting to dehonstréte' thé major hypothesis of this diésertation is that there
are no PLC systemé that allow for prograrmming in an Cbjest-Oriented language.

Thus an aﬂémpt to demonstrate the action of such a prugram must emulate a

large portion-_of-thé action of the PLC. An additional problem ls that there is no

physical plant available to be controlied and as such the action of the plant must

also be emulated fo a degree, even at a crude level. The last area for

" consideration is that in most plants the opératin_g staff do not have access to the

control svstem and therefors all commands are carried out using some type of
supervisory system. This action must also be emulated in order to demonstrata

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 emuiation of these external devices. An attempt was made

to continue using the principles of Object-arlented 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 inirastructure for maintaining the linked lists used In the

software, .

2} Additional control system software used for the implementation of the
sequencing of drives and the interlocking thereof,
3)' Supervisbry and plant software written o emuiate the action of hoth of

these,
Very little code has been wiitten that does not fall into the category of
Object-orientec, but in certain instances it was necessary to support one of the

major furictions.

This chapter will consider the cade written, in its most general form. The full code

isting Is given in Appendix 1.
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6.2 Data Management

The issue of data management is vital in any program. A farge portion of the

effort was put into the methods of managing the data that is generated by the |

" program. It was decided to :ise the linked list approach to the data management,

This relieved the need for hardwired code and allowed the facliity for the creation

of new variabies of the predefined classes at run time as opposed to compile

| time. One of the principles of Object—driented design is that there is very little
hatd wifing. in the code. This implies that In this case, whare the operator has a
number of classes of object that can be created at run time there must be as
little fixed code as possibie. Thus the most fundamental.list created within the

code is a list consisting of one of each of the drive types. This is achieved by the

function drivelist. This Is called at the start of the program only and never again.

-!ts.func_tic)n is to generate g linked fist consisting of each of the drive types. This
is anchored by a giobél pointer, and accessible to ali parts of t1:e program, Thus
when a 'se&tion of the pfogram reqUifes to fist the drive types it runs through the
drive fist and writes out the typs éf drive from that fleld in the definition of the

drive type. The code for the function drivelist is given below |
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drivellst{}
Drivenone * gen = new Drivenone;
strnepy{gen->namestr,"gen",20);
gen->nextplr= NULL;

Drivesiren * siren = new Drivesiren;
strncpy(siren->namestr,"siren”,20);
siren~-=nextptr= NULL; - _
Drivetimer * {imer = new Drivetimer;

. stncpy(limer->namestr,"timer*,20);

tiner->nextpir= NULL;
drivellst = gen;
gen->rexiplr= siren;
siren->nextptr= tlmer;

This is the only section of the 'program-where the code is hard wired to class
definition. If the ﬁrbgram-was sold as a commercial entity, with all the base
classes already c-:JmpHe_d, then 'che code for this procedure would have 10 be

given and compiled into the user’s code.

The aanntaQes of using this approach will be demonstrated iater where by virfue
of the fact that & pointer of the base class type is polnting to an item in the
above list, a new variable of that type can be created by using the member

f_unction 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 sode segment is given below :
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adddrive(GeneralDrive * current)

{ . S

char namasf20];

int selectlines;

while {surrent 1= NULL) -

Ust = current;

current = ourrent->nextplr;

o '

current = list;
do’

lines = 1; _
printf( *%s\n*,* DRIVE TYPES *);
fist = drivelist,
while (list 1= NULL}
A

printt("s%d%s list->type, ) *);
printf{"%s\n,list->>typename);
jist = list-=nextptr;

Tines ++;

} ' .
printf("%s" Choose & drive type (0 for none) ; ');
scanf("%d" &select); _ _

If {{select > 0) &(select « linies })

printf(*What Is the drive name : *);
scanf('%s",names);
fist = drivelist;
fingsg = 1;
while {{list I= NULL) & (lines < selexy))

list = Hst-»nexipir;
lines+-;
P |
if {(select > 0) & (st 1= NULL))
q _ -
list->addtollst(names);

current->nexiptr = temp;
current = temp;

}

¥
it (lines > select)
{ _
printf(*%s\n® "PLEASE TRY AGAIN");

} while {select > 0);
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The section from the first assignment "list = drivelist" to the following f .ataterhent
Jists -tﬁe various drive types from the giobal list as described previously, once the
user has selected one the sscond cdde segmients starting from the same
assignment statement searches the list and points a pointer (of class genera_i
drive ) the selected type of driﬁe. This Shdws thé power of the design
methoddlogy wheré a pdinter of one type does not have to haQe its type

changsd when scanning the fist.

The sta*' ment “list-:»-add_tqlist(némes)" really embraces the power of ‘
Objéct'-orientéd_ programming. This calls the class to which [t is currently pointing
and passes it a message which tells it to creates & new drive of that class and

assign thé variable "name" to its variable called "name sir", The assignment
| immediately following this: takes the current painter {pointing to the last drive in
the li'st_)__and_ pq‘ints it to the newly created drive. Thus there is no code'in this
segment that (s dependant un.the nﬁmlﬁer of subclasses of general drive that
exist. In fact the only place where this is needed Is in the drive type list

discussed previously.

A simitar methadology is employed in the function to read the stored data from
- the storage medium. (function f add) This wil be discussed later as there is
sub'stantiany more cods 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 1o the list of drive types ) could have

easlly 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 fo delete a drive form the list. The code

segiment for this procedure is given below :

deletedtive()

{
int seiect;
GeneralDrive * temp;
NIstdrives();
- eurrent = flrst;
printf(n Which drive do you want to delete : ");
-scanf{*%d" &select);
“current = finddrives(select);
temp = current->nextpty; _
current->nextptr=current->-nextptr->nextptr;
delete temp; : '
3 S

The operation of the function is fairly. straightforward. ft lists all the drives
previously created (Function listdrives) and asks for a selection. The function
finddrives se‘arche's the list of drives and points to the one before the selected
| driye. This. s tb allow .t'h_e. next pointer from that drive to be poih‘ced over the
éelecte.d d.rive and the space bccupied_ by the drive to be freed. This is
accomplisﬁed‘ by the delete (étanﬁard C+ +) function. The code segmants fbr the

functions described is listed below,
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GeneralDrive * finddrives (int I)
{ . .

int §;

1=0;

do

curtent =2 current=>nextplr;

e L.

} while ((]!é—-£i-1)&(cu'rrent->nextptrl=NULL));
return(current);

The above function is of a pointer type and returns a pointer to the drive before

the ona selected.

inf listdrives {

{

Int J;

i=1; _
current=current->nextptr;
do

coudl < [ < ") " <« current->namestr << " e« current-lypename << "\n"
current = current->nextptr; ' '
14 +;

} while {cuirentl=NULL);

returii{l-1};

The function list drives retdrns an integer value of the number of drives listed,
This is ussful In ranging selections that have to be made i.e. when the user has
to select one of the drives listed. It can be seen that all the program segments
will._contai'n 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 procsdures that are used but these re'as .2 the

other independent classes and will be discussed in the context of these, It must

be notad that the global list management couid have been done by means of a
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new class called list manager. Mowever, there would only be one instance of this
class and therefore it was decided to leave these as global procedures.

6.3 Interfocks

The putpose of interlocks in a plant are to ensure that certain operations occur
that have a dependance an 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 Interfock was mentioned in the previous chapter in regard fo_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 irake interlocks part of the conirol system.

An interlock geherally consists of @ number of conditions and not merely a one
to one relationship between the current drive and another piecs of equipment,
The list of interlocks is often very farge {see chapter 7) and varles in size from

drive to drive.

Given the above dsscription it was decided to Implement interlocks as a linked

list of interlock nodes. The variable associated with each drive is of the class

| interfock node. This has a pointer o the first of the nodes in the list. Each hmde

consists of a pointer to the name of the drive to which it is pointing, as well as
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a poln::. 12 2 running status of that drive. This does not necessarily have to

be a funnin-') signal, it could be a high level alarm or another digital signal. -

The definition of the interlock classes is given below :

class Interlocknoda

{

pubfic: _
interlocknode * next;
int * runstate;
char name[20];

) S

class Interlock

public: = .
interlocknode * firstnaoda;
interlock();

list{fat * nocflines);

int setstatus();

jH

The class interiock has two member functions the first of which is called list. This
Is used tc iist all the drives that form part of the linked list of the interlock, This
is necessary in order 1o be able to modify these interlocks. The second is an
integer function that caloulates the status of the list of interlocked drives. Tt
checké that all the interlock signais are healthy and if so returns the value 1. This
value is used in the operate! function of the General drive definition (chapter 6).
If the state of tﬁié value is not 1 then the drive is not permitted to étart. The
followfng COde contains the definitions for the two classes listed above.
Interlock::setstatus()

! intetlocknode * currentnode;
It §; :

f=ty '
currentnode = firstnode.>next;

while (currentnode 1= NULL)
{ _



T=(() & (* cu_fmntnode-—:-runﬂate));_
printf(* Interlock state %d%i);
printf(* after drive %%s\n,currentnode->name);

printe(\n);

curreninode = currentnode->next;
return(l);
|
Interlock::dist{int * nooflines)

- interlocknode * curréntnode;

Int i

1=1;

gurrentnode = firstnode->next ;
dn

{
printf %Y 1);
printf {"%s" ) %;
printf {*  %s\n"currentnede->name);
currentnode = currentnode-:-nexi,
EE N
} wh!!a {currentnodel=NULL);
*fooflines = [-1; .

¥

interlock:tinterlock()
flrstnode = new interfocknode ;
firstnote.z=next=NULL;
strepyffirstnode->>name,"first”);
*flrstnode->runstate = 1;

}

In-addltion to the above definitions there are global procedures used to add,
deleﬁa and maodify ihterlocks. 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 1_ist of interlocks is an integral part of the drive and not an

independent entify. The code below describes the three procedures :

addinterlock()

GeneralDeive * thisone;
Int select,no;
do

current = first;

no = listdrives(};
printt(\n To which drive do you want to add the interlocks { 0 to quit): *);
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scant(“%d" &select);
printt("debug select : %d\n“,select),
If ((select > 0) & (select < no))
H

current = first;
thisone = finddrives{select}->nextptr;
thisone-»addinteriocks();

printf(* Drive name : %s\n" thisone->namestr);
‘thisone->interlock.list{&no);

} while (select > 0);

\ _

delinterlock()

GeneralDrive * thisone;
Int gelect,no;

do

current = first;
no = llstdrlveso,
printf(*\n From which’ drlve do you want to delete an interlock { 0 to quit): ");
scanf("%d", &select);
It {(select > 0} & (select < no))
{

current = first; .
thisone = finddrives{select)- :-nextptr,
thisone->delinterlocks();

}
thisone->Interlock.list{&no);
} while (select > 0);

¥ o
modinteriock()
{
GeneratDrive * thisone;
int select;ho;

current = first;
no = listdrives(:
printf("\nn Which drive's interlocks do you want to mcdlfy (0t quit): "),
scanf(*7%d", &sélect);
It ({select > 0) & (select < no))
{

current = flirst;
thisone = flnddrtvas(salect)~>nextplr,
do _

printf(" Options : \n*);

printf(* 1) Add a drive to the interlock : \n*);
printf(* 2) Deiete a drive from the Intetlock : \n");
printf{* 3) Quit : \n");

printf* selection : *);

scanf{*%d",&select);

switch(select)

case(1):thisone->addinterfocks();

Y
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break;. _ o
case(2):thisone->delinteriacks();
break;
‘default:bireak;

} while (select < 3);

In essenc il these procedures do is to select the drive whose interlocks need
to be modified and then calis that drive and it executes its own modification.
Once again this uéas the power of the Object-Oriented structures to aliow 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 i_ndustriél plants, This in effegt automates the sequehce of evants necessary
to control a section of g plaht and replaces the need for an operator {o start a
set of drives in a manua sequence. Thers is an obvious naéd fér fncreased
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 loglcal steps 1o start or stop a set of

drives in a predefined ordsr. The actual definltion of a sequence Is falrly similar

to that of an interlock. However, the sequences are independent of any particutar
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drive and thué nesed to be managed in a slightly difierert manner to the

“interlocks.

‘Each sequence consists of a base ndde of the class sequence and é éeries of
linked nodes called seq nodes. All the defined sequences are farmed into a
linked list which is held by a global anchor called first sequence. There are more
global procedures related to sequences than for interfocks. Tha sason is the
relativé independe'n(:e of the sequences fromn the actual drives. Thus all the
manipuiation procedures are independent and a drive that is part of a sequence
has no indication thereof. The class definitions follow :
clags sequencenode
p{ublic':_ _

sequoncensde * next;

sequencenode * previous;
GeneralDrlve * drive;

b
clags sequence |
{ .
pubiic:
char hame[10];
sequencenode * firstnode;
sequence * nextseq;
sequence();
setup();
The difference betwean 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
funclion setup() Is used to create a sequence and is thus part of the ciass

defintion thereof. tilobal procedures used in senuence management are Jisted

‘below :
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Int listsequence (sequencenode * tirstnode)
{ .
saquencenode * curte.dnode;
int §
I=1;
currentnode = firstnode->next;
do
{ _
prindf {* %d", i);
printf ("%s"") );
printf ("%s",curcentnode->>drive~>namestr);
printf {*%s\n*,currentnode->drive->typename);
currentnode = currentnode->>neéxt;
) .
} while {curreninode!=NULL});
return{l-1);

}

The list sequence procedure is used to list the contents of a sequence i, the
drives that make up the sequence. The procedure that follows (list sequencers}
lists all the sequences and then calls the above procedure to list the individual

crives in the sequence,

listsequences( int * noollines)

Int |,dummy;

HET I B

currenisequence = firstsequence.>nexlseq;

while {currenisequence = NULL)

{ printf("sd"l,"%s"" ). ");

printf{*%s\n*, currentsequence->naime};
duntmy=listsequence(currentsequence-firstnode);
currenisequence = currentsequence->nextseq;
(S

*noofilnes = I-1;
}
addsequence()
Int select; _ _
currentsequencs = firstsequernce;
while (curremsequence->nextseq 1= NULL) .

4 { currentsequence = currentsequence~>nextseq;
o : :

select = 1;
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If {select == 1)

{
printt{* What is the sequence name : );
currentsequance->rnextseq = new sequence;
scanf{'%s",currentsequence->nextseq->nane);
currentsequence = currentsequence->nexiseq;
currentsequence->setupf();

} _
printt{* Do you want another sequence 1 for yes : *);
scanf("%d", &select);

} while (sefect == 1);

}

delsequenca()

Int select,l,count;
sequence * temp;
sequencenode * currentnode;
sequencencde * tempnode;
count = 1;
listsequences(&l);
. printf(" Sefect a sequence no : {0 for none) *);
- scanf("%d", &select);
currentsequence = firstsedguence;
i {{select > 0) & (select < )

while ((count < ) & (count <select))
{ currentsequence = currentsequence->nexiseq;
count- +;
}

temp = currentsequence->nextsey;
currentaequence-»nextseq =
cuirentsequence->nextseq-»nextsey;
currentnode = temp->firstnode->next;
tempitode = currentnode;
while  (currentnode 1=NULL)
{ free{tempnode);
{empriode = curraninode;
currentnode = currentnode->next;

}
free{currentnode);
Hstsequences(&i);
}
modsequence()

int select,i,count;
sequence * temp;
sequencenode * currentnode;
sequericenode * tempnode;
coun{ = 1;
listsequences(&i);
printf(* Seiect a sequence no : (0 for none) *);
scanf(*%d", &select); _
currentsequence = firsts juence;
If {(select > 0} & (select < 1))
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. 1.

white {{count < I} & {count <select))
{ currentsequance = currentsequence->nextseq;

count4 +;
} .

temp = currentstquence->nexises;
do ' '
{

printf(* Options @ \n%);

printf{* 1) Add a drive to the sequence i HE
printf(" 2) Delete a drive from the sequence n*);
printf(* 3) Quit : \nY);

printf(* selection : %);

aeanf(*obu*, kselect);

switch(select)

case(l):temp->setup;
break;
case(z)~count-llatsequence(temp->flrstnode),
' printf(" Select a drive (0 for none) : ");
scanf(*%d",& _
AL > 0)&(l<count+1))

count = 1; _

tempnode=temp->firstnode->next;

curtentnude = temp->firstnode;
while {count < i)

currefiinotde = tempnode;
tempnode = tempnode->nexs;
- count-b+;
'
. ._'_.-_urrentnodéo>n2xi=tempn0dé->next;
free{tempnode); '
1 . :
bredk;
default:break;

"} while (select < 3);

A number of the above procédures could perhaps have been defined as member
functions, but it was decided to rather define them giobaily, The rationale was

that they are genera’” snough to be used for any form of fist management.
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The last sequence related function s used o start a seguence of drives. This is

- again a global pracedure as If it were a member-function there would still have

1o be a giobal procedure that called it

The code segment for this procedure is given below

‘operatesen()

int noofiines,select,i;
sequencenode * currenlnode,
do '

Iistsequances(&nooﬂlnes), _
printf(* select a sequence (o for none : yH
acanf("%d*.&select).
i ((selecl > 0} & (select < nooﬂlnes + 1))
{ = 1; -
currenisaquenc.e = firstsequence-»nexiseq;
while ((currentsequence l= NULL) & (i < select))
{
currentsedquence = currentsequence->nextseq;
1945 '

currentnade = currentsequence->firstnode- next;
while (currentnode = NULL}
4 _

currentnode-»drive~>rack.seqgstart.setli(1);
currentnode->drive->operate(0,0);

currentriode-> drlve->status();

curretitnode = cwrrentiode->next;

¥
}
} white (seléct > 0);

The heart of tive procedurs sets a digital value called seq start and then passas'

the message op@rata. 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 message status 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

87



sequence. When the message operate is passed to the drive, It checks its
interlocks and then starts itseff. This again demonstrates the differences betwsen

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
opgration of the software. These form the heart of the menu management

systern. All the text for the menus are defines globaily as :

statle char * malnmenu[} = { _
. OPTIONS MENU "
"f) ADD A NEW DRIVE *,
"2} REMOVE A DRIVE *,
*3) SET DRIVEE INTERLOCKS *,
*4) DELETE DRIVE INTERLOCKS *,
"5) MODIFY DRIVE INTERLOCKS *,
*8) OPERATE A DRIVE
*7} RE - LOAD ALL INFQ",
'8) CREATE A SEQUENCE",
*9) DELETE A SEQUENCE",
*10) MODIFY A SEQUENCE",
. ™'1) OPERATE A SEQUENCE",
*12) SAVE ALL INFO",
*13} SHOW ALL DRIVES",
*14) LIST SEQUENCES",
“15) QUIT",
"LAST*
b

statle char * operate[] = {
* Operate Menu ",
"0} PO NOTHING", |
*1) FIELD START THE DRIVE ",
*2) TRIPS HEALTHY - CHANGE STATE',
*3) STOPS HEALTHY « CHANGE STATE",
*LAST"
| T
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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 the first place.

The menu idnction provides a simple way of managirig the operation of menus

without ciuttering up the code associated with the choice.

int menu(char * Hnes{], Int * nooffines)

int selectl;
i=0;
while (stremp(iines{i],"LAST'}=0)

printi(%ss lines[il);

printi("\n%);
I+ +;

}
i=l-1;
*nooflines = |;
printf("MAKE A SELECTION AND HIT ENTER : ");
scanf("%d*,&seloct);
return{select);
¥

The main body of the program is controlled by a procedure called firstmen. (first
menu) This contains a ¢asa statement coidained in a while Joop. Al the main

functions ir the program are executed from this menu system.

flestmanud)

Int select==0;
int nooflines=0;
Int dummy,i;

do

soloct = menuimainmeny, &nooliines);
printf(- debug select %d\n%, select);
current = flrst;
currenisequence = firstsequence;
switch{select)

{
case(l):adddrive(current);

break;
case(a) deletedrive();
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_ break;
case{3):addinterlock();
break;
case(4):definterlock{);
hreak;
case(5):modinteriock(;
break; =
case(B):operatedrive();
break;
- case(7)Madd]);
~ break; :
case(B):addsequence();
break;
case(9):delsequence();
breaic
case(10):modsequence();
break;
cag2(11):operateseq();
: break;
case(12hfsave();
' break;
case{13):listdrives();
printf(strike any key when raady”);
dummy = getch{);
break; . .
case(l4):listsequences(&l);
printf("strike any key when ready"};
dummy = gei~h "
bresak;
default:break;

}
} while {select < nooflines);

6.6 File Storage and Retrieval

The storagé and retriv.. of data from the disc is controlled by two procedures
viz f add and f save, These two 'merely rettieve 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

Tadd()
.:

char namesf20];
lat setect,lines,options;

o0
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FILE *{in;

chatr fname[11];
‘printt{* Do you want to change thr file name {1 for yes) : );
scant("%d", &select);
it (select 1= 1)

{ .
fin = fopen{*data.txt","r);

} . |

else '
{ prindf (* What Is the file name : ");
scanf("%s",fname);

fin = fopen({fname,”r");

¥
it (Itin)
{printf(* error In He *);}

/f reads drives

printt{* Reading drlves \n%)*
current = first;
list = drivelist;
optlons = 0;
while (llst 1= NULL)

fist = list->nextptr;
options ++4;

} .
fscanf{tin, % d",&select);
if {select > 0}

do

fscard(fin,"%s",names);
printf(* Readlng : %s\n",names);
Iist = drivelist;
whiie ((Mst I= NULL) & (list->type I= select))

iist = list->nextp:r-
lf (Ilst J= NULL)

llst.>addtoiist(names};
current->nextplr = temp;
current = temp.

¥
fscant(fin, "0, &select);
} while (select > 0);

{f reads sequences

grint(* Reading sequences \n');
sequencenode * cusrentnode;
char seqnamef10];
char driname[20];
currentseqguence = firs!sequence'
fscanf{fln,"%s", seqname);

o1
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printt(* Reading : %s\n",seqname);
i (strcmp(seqname,“zz') 0)

fscanf(ﬂn,'%s“,seqname),
printf(" Reading : %s\n*,seqname);
while (stremp({seqname,“zzzz"}{i=0)
{

currentsequence~->nextseq = new seguence;
strepy{currentsequence->nexiseqg->name,seqname);
fscanf(fin,"%s",driname};

printf(* Reading : %s\n*,driname); :
currentnode = currenlsequence->nextseq-:af'rstnode‘
while (strcmp(drlname,‘zz“)!-—ﬂ)

current & ﬂrst'
while (strcmp(driname,current-> nextptr->namestr) [0}
{

current = current->nextptr;

}sequenbenode * nextnode = new sequencenode;
cutrentnode->next = nextnode;
nextnode->drive = current->nextptr;
nextnode~>next=NULL;
nexinode->previous = curréntnode;
currentnode = nextnode;
fscant(fln,*%s" driname);

printf(" Reading : %s$\n",driname};

fscanf(fin,"J%s",segname);
ptintf(* Reading : %s\n",seqname);
currenisequence= currentsequence->nextseq;
F ' '

¥
char dtpame[20];
GeneralDrive * tmpdrive;
interlocknode * currentnod;
prindtf(* Reading [nteriocks \n);

tscanf(fln,"%s", drname);
pricdi(* Reading : %s\n",drname);
if (stremp{drname,’xx")==0)
fscant(fin,*%s",drname);
printf(* Reading : %s\n" drname),
while (stremp{drname, oo =0)
i

surrent = first<>nextptr;
while{stremp{droame,currert->namestr){=: 0}
{' .

current = currenl->nexiptr;
tmpdtive = current;
currentnod = tmpdrive->Interlock firstnode,
do :
fscanf(fin,"%s" drname); B
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prinii(* Reading : %s\n* drname),
- current = flrst>nexiptr;
If (stremp(drname,"xx")1=0} .

whlie(3trcmp(drnﬁnhe,current-> namestr)=0)
current = cuyrent->nextptr;

interlocknode * pextned = new Tnterlocknode;
curreminod-=next = nextnod;

{nextniod->runstate) =&(current->rack.start.state);
stropy{nextnod->name,current->namestr);
nextnod->next=NULL;

currentnod = riextnod;

} while {strcmp(drname,*xx*)I=0);
fscanf(fin,"%s" drnamie);
printf(* Reading : %s\n"driiame);
. _

¥
felose(fin;

fsave()

{
FILE *out;
Int select; .
char fname[11];
prinif(* Do you want to change ihe file name (1 for yes) : *);
scanf{*%d* &select);
If (select I= 1) '
{ fout = fopen(“data.txt" "w“) Y
else
{ printf " What ls the file pame ; "
scant("%s",fname);
fout = fopen(iname,*#");

}
i (Haut)
{printi(" error.in file *);}
/I saves alf drives

current=flrst->nexiptr;
while {currentl=NULL)
’

fptintf(fout,"ssd\n",current->type);
fprintf(fout,"%s\n",current->namestr);
printf{" saving %s\n“,current->namestr),
current =ourrent->nextptr;

Tprintf(fout,"s%d\n",0);
tprinif{fout, %s\n",*z2");
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]/ saves ail sequénces
sequencenode * currentnode;
currentsequence = firstsequence->nexiseq;
while {currenisequence = NULL)

{ pilntf(" saving *;
printf(*%s\n",currentsequence->name);
fprintffout,"s%s\n", currentsequenice-> namej;
cirrentnode = currentsequence->firsinode->next;
"o

tprinif{fout,"%s\n",currentnode->drive->namestr);
currentnode = currentnode->next;
} white {currentnodel=NULL);
fprintf{fout,"9%s\n","2z");
currenisequence = currentsequence->nextseq;

} .
fprintf{fout,"s%s\n", “zzzz");

/| Saves Interlocks

currentsfirst;
Interiocknoda * currenlnod-
- while (eurrenti=NULL)

If {current->imertock.firstnode->nextl=NULL)

currentniod = current->interlock flrstnode->next'
fprintf{fout,“sts\n",»ow);
{printf{fout,"%s\n",current-> namestr);
while (currentnod J= NULL)

printf(" saving Interlock: %s\n"currentnod->name);
fprintf (fout,"%s\n",currentnod->name);
currentnod = currentnod->next;

g

current = current->nextptr;

} .
fprimf(font,"%s\n®"xx"y;
Tprintf{fout,*%8\n","xxxx");
fclose(fout);

}
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6.7 _Conclusion

it can be seen that there Is a large amount of infrastructural software that has
been dévalopéd. An attempt has been made to embrace the principles of
Object-Oriented design even in the peripheral software. If is evident from the
. prevlbus sections that this has been possible to a Iarge' extent. It has also shiown

the power of this dasign methodology as an alternative fonin of software design

tisa gre_rat pity thét technology has not allowed for the uée of languages such
as C (not even Objecf-oriehted C) inthe ﬂe'[d of PLC projramming, It is believed
that {his will one day be the case. at which point the principles discussed in the |
previous chapters will coma 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 ~_ lication of Object-ohriented design techrigues as
applied to a real world problem. The area to be considered the design. of the
software for the -F"rimary crushing and screening section of a diamond processing
plant.{reland 1987) The circuit is falrly 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 spplication of Ob‘ect-oriented techniques

The dievelopment of different classes and subclasses

The sffectiveness of the application of these 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 Ireland

{1987). This is only a small port:an of the description of the plant.

%
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"Run of mine ore is tipped ihrough a 800mm apaérture static grizzly into a 150 ton recelving
bin. Any overslze material Is broken up by a rockbreaker at the bin. A pushfeeder (No P1}

then feeds the material onto a vibrating screen (No 51} sereening at 200mm, The -200mm

Materlal Is fed onto no 1 conveyor via a chute. F-~m no 1 conveyor the material is
delivered onto two screens (Nos §2 and 53} screening at 50mm. The oversize passes onto
conveyor 5 and from there is transported onto the bouider stockplie. The -50mm undersize

falls Into the primaty screening bin.

~ o
The +200 oversize reports to a jaw crusher (J1) where it Is crushed to -125mm. From the

crusher the materlal is fed conto a flats removal screen (S4). The -200mm material is
screened off onto no 2 conveyor which feeds the primary screening bin. The coversize
material 13 fed to the wasie stockpile vla conveyor 4, A pushfeeder under the primary

scree~ing bin loads conveyor 3 which transfers material to the scrubber bins.”
7.3 Start-up Sequence

The screening section must be started up before the crushing section as the

latter feeds the former. The screening section must be started up as follows:

start siren 2

walt 6 seconds

stop siren

walt 14 seconds
start conveyor nd 50

start screén 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

walt 14 seconds

start conveyor 1

start con.vayor 12

start slab screen 42

start conveyor 2

start jaw crusher lube system
start Jaw crusher

start screen no 385

.s'tart no i -pﬁshfeeder hydraulic p‘lump
start no 1 puahfaede'r o

set rockbreaker 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 Jt
This. drive is interlocked with .tﬁe jaw crusher pressure switch and the
liquid starter

Pushfeeder rio 1 P1 main motor
This drive is interlocked with the following:

| Hydraulic motpr ho 1, Screen 1, screen 2, Conveyors 1, 2 and 4, Primary

screening bin high leve!.. primary tip;ping bin low level, Boulder stockpile
high level and slabs stockplle Fgh level,
The numbsar one pushfeeder will only start if the above drives are running
and if the level alarms givén above are in a non-alarm state,

" Screen 1 S1

This Is interlocked. with the jaw crusher, slab scresn and conveyor no 1.

Screen 4 54
This Is interlocked with conveyors 2 and 4.

Cenveyor 1
Thfs conveyor is interlﬁcked wit_h'scree'ns 2and 8 as well as its discharge
chute blocked chute deteﬁtor. In additicn this conveyor has a tensloning
winch attached to it. This winch wil _pretension th_e belt so as 1o allow for
smdoth operation, This winch is 'reversibie and has trip and stop sighal's
interlocked to it, The winch.must start and tension the belt before the belt

drives are started,
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'-Coiwey'or 5
This cﬁnveyor is only interlocked with the boulder stqc:kpiie high level.
| Other drives
N The fo!lowlﬁg' drives are only interlocked to safe start sirens |
Screens 2 and 3(82 &'83), Coﬁveycrs 2 and 4 and no 1 pushfeedesr

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

ther the drive will not start,

The majority of the interlacks listed are concerned with safety features of the
system, This ensures that if a drive does stop for any reason then any other

~ squipment that is"_dependent on it will also stop.
It must be remembered that the deseription given only covers a small portion of

 the plant and thérefo’re will serve as a basis for developing the software that

woulld be used for the entire plant.
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7.5 Joftware design

in chapter thres 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 mathod discussed.

The problem has been definad in terins of the plain language definition of the
problem. Here a fuI.I description of the system was given and included a
description of all the ltems of relovant equipment and a definition for the basis

of their interaction.

The phase involving e informal strategy has to some extent been defined.

Following on from the functional description of the plant a description of the
ihterlocking and starting sequences has been given. The assumption has been
made and is 'generally 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 signais which must be taken Into account. It is at

this stage that the mode of opsration of the generalized drive is formulated. In
-the case of PLC program developimnent the CSF 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 utiiized at thls 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 diiferent 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
alsa _discussed. These include features such as reversibility of drives, and

tensioning winches on long conveyor belts. The objects Identified are as follows:

"Screen”
- "Univdirectional_conveyor"
“Jaw_crusher”

“bi-directional_winch

- Ystandard_pump

"oush_fesder*

"level_detector®

There are similarities in &l the different types of drive operations. It is possible
therefore to utillze the class “"General_drive" as defined in chapter 5. This would
form the basis from which to work when defining the other objects and facilitate
the subclassing.

The basic superclass of "General_drive" can now be subclassed into the types

| of objects discussad ahove. Whilst still in the formalization of strategy phase we
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should also note that the operation of “Uni-directional _conveyor", "scresn® and
"Push_feeder" are all similar in operation. Therefore 2 class called “Drive_with

interlocks" could be established. This also has a minor change from the General

' drive. In this case there is not afield 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 wititin an industrial plant are controlled from a supervisory

| computer. This also forms a database function and has graphic Idisplays_ for aasy

referance to plant conditions.

The next objeCt to consider is the_ “Jaw_crusher". This is two drives in one, with
the jaw crusher and its associated lube pump. Here the two drives are
seemingly separate except for the case when the crusher motor cannot start
without the lube-pump running and must stop 30 mim.ites after the lube pump

in the event of a trip.

- Anocther object that consists of two  drives In une is the "Conveyor_with winch'. .'

This may be broker down into two classes oi object each consisting of one of
the drives. However if multiple instances of the same situation i.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_dfive.
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At this point 'fhej entire area of formalization of the strategy has been carried out’

up to the stage of implementation of the cobjects into specific modules in a

Iang'ua_ge.' Once the objects have been implemented there is one more sixp
before the testing phase. This step Involves returning to the functional description
of the procéss. One section of this description invelved the segquence 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 _Conglusion

In principle the basic object oriented techniques can be applied to the

_ de\)'e'lopmeht of control system software. This methndology allows for more

efficlent software development as the basic logic has been defined, the
p‘fﬂgrammer merely needs to define the varlables and any additional classes

required. The majority of the riew classes are derivations of the pravi'ou_s classes.

It can be seen that all the principles discussed within the scope of this

dissertation provide for the fundamentai changes required in the design of the

| control systerns for industrial plants. This chapter showed on a éonceptual level
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how a fairly intensive infrastructu? ¢an be applied to the simple developmeht of

rather compléx. control systems.

An issue that has not been addressed was that of analogue signals. These are
generally required &s indications, or inputs to PID control Joops within a plant.
The principles discussed can equally be applied to both areas of analogue value

usage. In fact the class of PID coniroller provides another v eful applicatluh 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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The basic hypothesis of this dissertation was to demonstrate that the principles
of Object-Oriented design ¢an ke applied to the development of control system
softwarg. In addition, the objeciive was to show why obiect oriented design
should be used, as opposed to an altemative development paradigm. It is
believed that the objective was met and the principles have been demonstrated,

These are now discussad in an attempt to justify the preifious statemant,

The basic four tensts of abject oriented design_, as discussed in chapter thres,
define the features of languages, that will allow those languages to be defined
as object oriented. However, this dissartation began from the basic premise that
C++ Is an object orlented language and that these four facets would form the
demonstration of the basic bypotheses. Thus, the applioétitm of these features
will form the undcrlying demonstration thait the techniques of object oriented
dBSiQ.I'I can be applied to the design and 'ihplerhentation .of contrél system

software.

The first of these Is the principle of data abstraction. This was used extens.iveiy
in the definition of the new classes, from the base class dsfiniton, This formed
ohe of the bases for the devalopmen{ of the rest of the software. It éllowed a
~ basic class to be dafined, and additional classes that shared the same basic
hehavior to be subclessed 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 re_quired 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 s greatly'

reduced.

information hiding has been applied in the safety aspecis ¢f control systems. This
was shown In .c:haptar 5 in the definitions of the /0, the ideal situation would be
that all /O is defined at the start of the program and assigned to drives. After
that point, no other drive would be able to access the /O from another drive.
The second area where this was used, was in the definitions of local functions
and praocedures. This ensured that an object, not of that class, did not have

aceess to that function.

The principles of dynamic binding came to the fore in the driv'e 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. 1 the section of code to add

drives to the linked list, a pointer paints to a drive of the class to be added and
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then the message is passed to the class to add 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 tremendousiy useful and reduced the amount of

hardwired code required. This wilt be discussed later in the conclusion. The

second exampile 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 characterittics of the superclass, and adds
some of its own features. This is used extensively in the definitions of the drive

- classes.

There are a numb‘er of other features of object oriented design that need to be
considered. The linked list used to comsine al!.the drives into one list was not
homogeneo'us,.but rat.hér a heterogenous list. It was composed of fundamentally
different classes, whosé anly commonality was their 'base of derivation. This is
ohviously an important aSpect. as it allows for considerably easier management

of the data within the program infrastructure.

On the PLG side, each time a drive is called, the same mnemonics are used i.e.
start, trips healthy etc. The actual /O addresses are hidden. This leads to
simpilification as for each drive the signals reiated to that drive are all called the

. s&me name.
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The last aspact that is consideread is the ability to define totally abstract classes.
The drive clasces each refer to a piece of physical equipment, whereas
sequences and interlocks are abstract concepts. This definition abllity is

fundamental in developing soitware of this nature.

The emergence of the newer Object—orienféd languages has made the
implementation of such software a far easier task than previously. The early
editions of Smalltalk. the first true Object-Oriented Ianguaige, featured an
extensive background infrastructure that required the grasping of a totally new
programming environment. The language used for the current implementation

(Zortach C++4) as well as other versions of C++ allow a programmer a niore

conventional type of compiler based programming ir.rastructure. This still retains

the basie principles of the dasign 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 scopv of this dissertation refutes the claims of using
another software development paradigm. In fact, ¢ languages that display the

four basic characteristics of object oriented languages would allow for

development of this nature. Thus the second major hypothesis of this dissartation
has been demonstrated in that object otiented cesign should be used i_n' the

'development of software, specifically of this nafure, in the place of other software

development paradigms. it must be stressed that it is difficult to develop a
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domparisnn between the object oriented .approacn- and current PLC software
development paradigms. The reason is that the latter do not really exist. PLC
softwar'e development paradigms are not really well defined. It appears as if sach
prograramer has developed their own paradigm, based upon one of the more
classical software development paradigms. However, PLC software design does
rot follow one of the traditional methodologies. Thus the comparison is not really

valid, as there is not one set methodology.

An interesting development over the last year is that a number of compilers for'
Object-Oriented lé‘\nguages feature an intermedliate stage of comipilation that
allows the generation of a standaid form of a coﬁventionai language. Thus the
principles of the methodology are applied, but can be listed ip a langlLage
standard form. This obviously defeats some of the objec;tive, 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
itis hoped that they will be brought Llp ic- the current levels of technology in the
future, The programming on C++ has provided an opporiunity to explore this
exciting new methodology of software design. It was decided at the outset to
a ..nptto apply this methodology to a real world problem. This was perhaps the
wndamer 1 flaw in a number of the papers on the subject. They only tended to

address the fairly esoteric issues and not a fundamental real live problém,
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In conclusion, | believe that | was swept up the wave of optimism that
surrounded the beginnings of object oriented design. However, as time has
progressed t have seen object oriented design as an extensfon to our basic
software design toolé, and not as the universal panacec. | see object criented
design as addressing some of the more conventional problems of software

design and s_tructure.. it is believed that the approaches adopted meet both the

academic requirements of the Master of Science in Engirieering as well as being

able to provide an insight into the use of Object ofiented design as a practical

tool.
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APPENDIX 1

/f Menu Definftions
#include "mainmenu.hpp"
statlc char * drives[] = { -
" . WHAT TYPE OF DRIVE ",
* 1, GENERAL DRIVE",
* 2. DRIVE WITH SIREN',
" 3. DRIVE WITH TIMER",
"4, QUIT Y,
"LAST"
5

static char * mainmenu[] = {
" OPTIONS MENU "
"1} ADD A NEW DRIVE ",
"2) REMOVE A DRIVE ",
"3) SET DRIVE INTERLOCKS ",
"4} DELETE DRIVE INTERLOCKS *,
"5) MODIFY DRIVE INTERLOCKS ¥,
"8) OPERATE A DRIVE %, :
"7) RE - LOAD ALL INFO",
'8} CREATE A SEQUENCE",
"9} DELETE A SEQUENCE",
*10) MODIFY A SEQUENCE",
"11) OPERATE A SEQUENCE',
2} SAVE ALL INFQ",
*18) SHOW ALL DRIVES",
"14) LIST SEQUENCES",
"5) QUITY, :
] : S‘Tll
h

static char * operate{] = {
" Operate Menu ",
"0) DO NOTHING",
") FIELD START ',
"2) TRIPS HEALTHY",
"3} STOPS HEALTHY",
IILASTII

Y |
#include "menu.hpp”
int menulchar * lines[], int * nooffines)

int select,l:
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i=0;
while {strempf(linesli),"LAST")!=0)

{
printf(*%s” lines{i});
printf("n'Y;
L
}
f=i1;
*nooflines = i;
printf"MAKE A SELECTION AND HIT ENTER : *);
scanf("%d", &select);
return(select),

// Defined Class Definltions

#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 */

class DigQ
{ public:
int state;
char* address;
| Dig0();
h

/* Digital mput from the real world to the program
The state is private as it is normally not set by the pr ogram
tha routine setD! Is used to emulate the action of a state changs

in the real wotld, whilst the readD| allows read access to the state.

The address maps the class to a physical input */

class Digl
{
Int state;
public:

char* address;
Digl);

vold setDi{int value)
int readDi();

b
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/* class 1Orack - contains a number of input and output This represents the
{0 rack in the real world */ .

class 10rack
public: -
DigO start, localstart;
Digl fieldstart,seqstart tripshealthy, stopshealthy, running;
I0rack();
4 |

class interlocknode

{

public:
interlocknode * next;
int * runstate;
char name{20];

olass interlock

public: :
interlocknode  * firstnode;
interlock();
ist(int * nooflines);

int setstatus();
B -

/{* class general drive defines the most basic drive operatlons. //*
class Generalbrive

public:

char namesir[20];
char typename[30];
GeneralDrive * nextptr;
interfock interlock;
addinteriocks{);
int type;
status();

- delinterlocks();
virtual addtelist{char name[20]);
setrunning();
iOrack rack;

il
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virtual operate{ it value, int error =0); /* calls operatet */
operate1{int value, int error =0); /* basic operations */
GeneralDrive(); '

h

static GeneralDrive * temp;
static GeneralDrive * first;
static GeneraiDrive * drivelist;
static GeneralDrive * list; -
static GeneralDrive * current;.
static FILE *fopen();

cluoc Drivenone : public GeneralDrive

public: ' _
operate( int value, int error =0); /* calls operatet */
Drivenone{} ; . :
addtolist(char name[20]);

>

class Drivesiren : public GeneralDrive

{
sirentimer{int period);
public:
DigO siren;
operate(int ¢, int d=0};
Drivesiren(); - _
addtolist{char name]20]};
b o

class Drivetimer : public GeneralDrive {

public: ' -
opr we(int ¢, int d=0);
Drivetimer(); '

addtonst(char name{20]);

h

class sequencenade

{ .

public:
sequencenode * nexi;
sequencenode * previous;
GeneralDrive * drive;



class sequence

{
public:

char name[10];
sequencenode * firstnode;
sequence * nextseq;
sequence(),
setup();

ds )

static sequence * firstsequence;
static sequence * currentsequence;

/] Global Procedures
#include “listseq.hpp"

int listsequence (sequencenode * firstnode)

sequencenode * currentnode;
nth
i=1,
currantnode = firstnode->next;
{
printf (* %4, 1);
printf ("%s"") ");
printf {"%s",currentnode->drive->namestr);
printf {"%s\n",currentnode.>drive->typename};
- currentnode = currentnode->>next;
o)
} while (currentnodel=NULL);
return(-1); -

}
#include "listsegs.hpp"
listsequences( int * nocflines)

In? i,dummy;
i =1
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currentsequence = firstsequence->nextseq;
while (currentseguence 1= NULL)
{ p’rintf(u%dll’i’ll%sﬂ’ll ). I.I);
printf("%s\n” currentsequence->name};
durmmy =listsequence(currentsequence- >firstnode};
currentsequence = currentsaguence->nextseq;
i++; ' :
}
*nooflines = i-1;

}

#include "addseqgs.hpp”

addsequence()
{
int select: ,
currentsequence = firstsequence;
while (currentsequence->»nextseq = NULL)
{ currentsequence = currentsequence->nextseq;
do :

select = 1;
if (select == 1)

printf(" What is the sequence name : ");
currentsequerice->nextseq = new sequence;
scanf("%s",currentsequence- >riextseq->name);
cutrentsequience = currentseguence->nextsey;
currenisequernce->setup();

printf(" Do you want another sequence 1 for yes : %);
scanf("%d", &select);
-} while (select == 1);

#include "delseq..hpp"

delsequence(}

{
int select,l,count;
seguence * temp;
sequencencde * curtzntnods;
sequencencde * tempnode;
count = 1;

vi
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listsequences(&i); _
printf(" Select a sequenca no : {0 for none) ");
scanf('%d",&select);

currentsequence = firstsequence,

if {(select > 0) & (select < i)

while {{count < i) & (count <select))
{ currentsequence = currenisequence->nexised;
| count++; :
by
temp = currentsequence->nextseq;
currentsequence->nextseq = currentsedquence->hextseq->nextseq;
currentnode = temp->firstnode->next;
tempnode = curreninode;
while (currentnode 1-:NULL)
{ free{tempnode);
tempnode = currentnode;
currentnode = currentnode->next;

free{currentnode);

}
listsequences{&i);

#Include *madseqgs.hpp"
modsequénce 0

int selact,i,count;
sequence * temp;
seguencenode * currentnods;
sequenceriode * tempnode
sount = 1;
listsequences(&i); _
printf(" Beleat a sequence no : (0 for none) *);
scanf("%d", &select);
currentsequence = firstsequenics;
if ((select > 0) & {select < i)}
{

while {{(count < ) & {count <select))
{ cutrentsequence = currentsequence->nextseq, :
count++;

h |
temp = currentsequence->naxtseq;
do ' '
{

vit
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printi(* Options : \n};

printf(* 1) Add a drive to the sequence 1 \n");
printi(" 2) Delete a drive from the sequence : \n');
printf(* 3) Quit : \n");

printi{" selection : *);

scanf{'%d" &select);

switch(select)

case(1):;temp->setup():
break;
case(2): countﬁ-llstsequenc:e(temp >firstnode};
printf(" Select a drive (O for none) : ",
scanf(“%d",&};
fprintf("debug  selected drive value %a\n"i);
if (i > O)&(i<count+1))
- q
count = 1;
tempnode=temp->firstnode->next;
currentnode = temp->firstnode;
while (count < )

{

currentnode = tempnode;

tempnode = tempnode->naext;

count-++;

b

currentnode->next=tempnode->next;

fres(tempnods);

+
breck;

~ default:break;

h
} while (select < 8);
} |

}
#include "opseqgs.hpp*

operatesedy()

int nooflinas,salect,i;
sequencenode * currentnode;
do

listsequences(&noofines);
- printi(" select a sequence (0 for none : *);
scanf(*%d", &select); :

viil
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if {{select > 0) & (select < noofhnec; + 1))
{ i=1

currentsequence = fi rstsequence-> nextsed;

while. {(currentsequence 1= NULL} & {i < select))
{ | |

currentsequence = currentsequence->nextsed;

RS
}

currentnode = currentsequence->firstnode->next;
while {currentnode = NULL)

{ : . _
currentnade->drive->rack.segstart.setDI{1);
currentnode->dtive->operate(0,0);
currentnode->drive->status();
turrertnode = currentnode->next;

}
|
} while (select > 0);

#includs "add.hpp”
adddrive(GeneralDrive * current)

char namas[zo],
int selectlines;
while (current l= NULL)

hst = eurrent;
current = current->nextptr;
} - |
current = list;
do
{
lings = 1, -
printf( "%s\n"," DRIVE TYPES Y);
list = drivelist; .
while (list 1= MULL)
{

printf{"%d%s" list->type,* ) *;
printf("%s\n" list->typename);
list = list->nexiptr;

lines +<;

printf("%s"" Choose a clrive type (0 for none) : ):
scanf("%d",&select);
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if {{seloct > 0) &{select < lines })

printf("What is the drive name : ");
scani("%s",names);
list = drivelist;
fines = 1; _
while ({list 1= NULL) & (lines < select)}
{
fist = list->nextptr;
lines++;

¥
if ({(select > 0) & (list = NULL))
{ .

list->addtolist{names);
current->nextptr = temp;
currerit = temp;

-}

if (lines > select)

{
- printf("%s\n","PLEASE TRY AGAIN");

_ } while {selact > 0);
y A

- #include “istdrl.hpp"

int fistdrives ()

{ o

int I; :

j=1; _
current=current->nextptr;
do
cout << i <<} << current->namestr << "<< curvent->typename <<
:\nu; _

current = current->nexiptr;

M :

} while (currentl=NULL);

retun{i-1);

#inblud‘e “finddrihpp"
Generalrive * finddrives (int §)




j=0;
do
{
current = current->nextptr;
i+
3 while {(jl=i-1)&{current->nextptrl= NULL)),
retum(current),

}

#Inciude "deldri.hpp”

deletedrive()

{
int select;
GeneralDrive * temp;
listdrives();

current = first;
printf("\n Which drive do you want to delete Y,
scanf("%d", &select);
current = finddrives(select);
temp = current->nexiptr;
current~>nextptr=currant—>nextptr—>nextptr
delete temp;

}

#include "operate.hpp"
operating{GeneralDrive * current)

int error,selec:,options;
current->nextptr—>status()
do
{
- select = menu({operate,&options);
current->nexipir->operate(selact,error);
} while {{select > 0) & (select < options+1));

} .

operatadrive()

int noofdrives, select; .

current=first; :

nooldrives = (istdrives():

printf("%s"," select a drive (0 for none) :

scanf(*%d", &select);

if ({select > 0) & (select < noofdrives+1))

current=first;

Xi



cutrent = ﬂnddnves(select)
operating(current);

}

operatessquernce()
{
int select;
sequencenode * curret “ode;
currentsequence=firstse. - rence->nextsed;
currentnode = curreniseq lence->firstnode->next;
while {currentnode 1=MULL)

cuhentriode->drive->status();
currentnode = currentnoda->next;
-}
}

#include “addinthpp®
addintsrlock(}

GeneralDrive * thisone;
int select,no;
do

{
gurrent = first;
no = listdrives();

printf(A\n To which drive do you want to add the interiocks ( O to quit): *);

soanf("%d®, &select);
printf{"debug  select : %d\n",select).
if ({select > 0) & {select < no))
{ :

current = first;
thisone = finddrives(salact)->naxiptr;
thisone->addinterlocks();

printf(® Drive name : %s\n" thisone->namestr);
thisone->interlock list{&no);

1 while (select > O);
}

#include “delint.hpp"

delinteriack()

1
2 nerajDrive * thisone;
int select,no;

i
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do

- gurrent = first;
no = lisidrives(); '
printf("\n From which dnve do you want to delete an interlock { 0 to quit): *};

 scanf("%d" &select);

if ({select > 0) & (select < no))
{ _ o

gurrent = first, |
thisone = finddrives(select)->nextptr;
thisone->delinterlocks();

thisone->interlock.list{&no);
} while (select > 0};

}

#include "modint.hpp"

modinteriock()
{ : '
GeneralDrive * thisone;
int select,no;

cutrent = first;
no = listdrives();
printi{\n Which drive's 1nterlocks do you want to modify ( 0 to quit}: "};
scanf("%d" &select);
if {(setect > 0) & (select < no})
{ o

cutrent = fire
thisone = finddrives(salaat}->nextptr;

-~ do '

A

printf{" Options : \n");
printi(* 1) Add a drive to the Interlock : \n"),
printf(" 2) Delete a drive from the intetlock : \n");
printf(* 3) Quit : \n");
printf(" selection : ");
scanf("%d", &select);
switch(seleot)

‘case(1):thisone- > addintertocks();
break;

case(?) 'thzsone->dehnterlocks(),
break;
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default:breék;-
Yo
} while (select < 3);

}

/l Ciass procedures
#inciude "digital.hpp"

/¥ Initialisatio routine - sets the state to be 0 ¥/

Dig0::DigO()
{

} .
/* Initialization routine sets the state to 0 */
Digl::Digl()
{
state = 0;

}

J* This setDl is used to change the state of a digital input. This is
not normally used as these state shanges represent changes in the
real world *f

state = O;

void DigliisetDl{ int value)
{ .

state = value;
/* ReadDl is used within the Iogi'c to ascertain the staie of an input */
Nigl::readD)
return(state),
}
{Orack::10rack() '
{ /* upon inltialization nothing is done 3 all 10 Is lnmaiized */
tripshealthy.setDI(1); '

stopshealthy.setDI(1);
]. .

Xlv
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#include "gendrive.npp"
/* initialization calls the other defined classes and allows them
-to initialize themselves */

GeneraiDrive::GeneralDrive()
{ _
}

{* Operate1 forms the heart of the operation. it specifies the most
basic drive operations */

nextpir = NULL;

GeneralDrive::operate(int value, int error)
{ _
}

GeneralDrive::addtolist{char name[20})
{ _
} .

GeneralDrive:operatei (int value, Int error)
~{ timet 10, t1;
int temp;
~ switch (value} {

case{0):break; :

case(1):if (rack.fieldstart.readDI()==0)
{ temp=1,}

. else {temp = 0;}
rack fleldstart.setDi{temp);

: break;

‘case(2):lf (rack.tripshealthy.readDi()==0){
ternp=1; }

. else {temp=0;}

rack, tnpsheaithy.setDl(tamp),
break;

casa(a) if {rack.stopshealthy.readDi{)==0){
tamp=1,}
glse {temp= 0;} -
rack.stopshealthy.setDI (temp)
break;

defaultierror =1;

} | ;
it {rack.segstart.readDi{}==1) {rackfieldstart.setDI(1);}

X
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rack.localstart,state =
{{{(rack fleldstart.readDI(} ==:1)&&(rack.running.readbi()==0)) | | {rack.localstart.s
tate==1))&& '
(irtorlock.satstatus()==1)&4&

{(rack.tripshealthy.readDi{)==1}&&(rack.stopshealthy.readDI{()==1)));
if (rack.seqstart.readDi(}==1) {rack.ﬁeldgtart.setD}(O);}
}
GeneralDrive::setrunning()
{ .
int temp;
- ' - t e m P
={{rack.tripshealthy.readDI()) &&{rack.stopshealthy.readDI(}) &&(rack.start.state));
rack.running.setDi{temp);

GeneralDrive;:status()
{
printf("%s\n" namestr);
printf(" fleld start %d" rack fieldstart.readDI());

. printf{" tips - %d",rack.tripshealthy.readDI());
printf(" stops %d\n",rack.stopshealthy.readDI());
printf(* seq start  %d" rack.seqgstart.readDI{));
pntf® rupning - %4 rack,running.readbl());
printf(" start out  %d\n" rack.start.state);

GeneralDrive::__addintarlocks()

GeneralDrive * tmpdrive;

int select,ng;

interlocknode * currentnode.
interlocknode * temp;

do
{
current = first;
no = listdrives(); )
printi{"\n Which drive do you want to add to the interlock ( 0 to quit):

[ i .
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scanf('%d", &select)
if {{select > 0) & (select < no))
{ .
currentnode = interlock firstnode;
while ( currentnode = NULL)
{
temp = currenthode;
currentnode = currentnode->next;
)
currentnode = temp;
current = first;
current = f:nddrwes(selecr)
interlocknoda * nextnode = new interlocknode;
currentnode->next = nextnode;
(nextnode-srunstate) =&{current->nextptr->rack.start.state);
strepy(nextrnode ->name,current->nextpt->namestr);
nextnode-.»nexi=NULL;
- currentnode = nextnode;
¥
} while (select > 0);

GeneralDrive:fdelinterlocks()

int select,no;

interlockniode * currentnede
interlocknode * temp;
interlocknode * temp2;

do

curfent = first;
interlock.list(&nv);
printi(in Which drlve do you want to delete from the interlock (0to
quit): ")
' scanf("%d", &select);
if {{select > 0) & (select < no))
{

current = first;
current = finddrives(selact);
currentnode = interlock.firstnode;
while (( currentnode | =
NULL)&(strcmp(current->nextptr-;-namestr,currentnode~>nama)! o))

. temp w= currentnede.
- currentnode = currenthode->next; .

xvil



}

temp2 = temp;
temp->next = currentnode->next;

} while (select > 0);

Minclude "drmone.hpp"

Drivenone:: Drivenona()

{
type = 1;

Drivenone:operate(int valus, int error)

int temp;
operate (value,error);

strncpy{typename,*Standard Drive",30);

rack.start.state=rack.localstart.state;

setrunning();

if (vaiug > 0)
{
“status();
}

}

Drivenone::addtolist(char name[20})
> _ _
temp = new Drivenone;
stricpy({temp->namestr,nams,20);
 temp->nextptr = NULL;
} |

#includs "drslren.bpp"
Drivesiren::Drivesiren()

o A
typs = 2,

Drivesiren::operate(int c, int b){
operate1(c,0); '

strnepy(typename,'Drive with start siren ",30);

.,,; '_ o if ({rackJocalstart.state==1)&&{rack.rurning.readDI()==0})

xvlii
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{ sirenstate=1;
sirentimer(3);
siren.state=0;

¥

rack.start.state=rack.localstart.state;
setrunning();
>0
{
status(};
}
}

Drivesiren:;addtolist{char name[20])

{ |
temp = new Divesiren;
strncpy(temp->namestr,name,20);
temp->nextptr = NULL;

}

Drivesiten::sirentimer(int period)
{ o

timet t0, t1;

printf(" starting siren *);

time (&t0);

do

{
time (&t1);
soundtone(5000,100,100);

. } while {t] - t0 < period && ti >= 10);
printf(" siren finished "};
¥ : '

#include "driimer.hpp"

Drivetimer::Drivetitner()

{
strnopy(typename,"Drive with start timer",30);
type = 3;

u

Drivetimer::opevate(int , int b){
operate1{c,0);
int stat,statuss,temp;
timet t0, 11; .
if {{rack.localstart.state===1)8&&(rack.running.readDI()==0})

Xix



printf (" \nHit a key to start the drive or else timeout " );
time (&t0);
do
{
time (&t1);
statuss = (kbhit(}1=0);
if {statuss)

{
temp = getch();

} :
stat = statuss||{t1 - t0 > 8);
} while (l{stat));
if {t1 - 10 > 3)
rack.localstart.state=0;

rack.start,state=rack.localstart. state;
setrunning();
if (¢ > 0)

status();
}

X

Drivetimer::addtolist{char name[20])

{
temp = new Drivetimer;
strnepy(temp->namaestr,name,20);
terng->nextptr = NULL;

}

#include "segs.hpp"
sequence::. squence(}

firsthode = new sequenceriods ;
firstnode->next=NULL,;
firstnode-»>previous=NULL;
firstnode<>drive=first;

}naxtseq = NULL;

saquence::setup,)

{

soquencenode ¥ currentnode;

int select;

currentnode = firstne de:

while { currentnode->aext 1= NULL)

XX
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A currentnode = currentnode->next; }

do -

current = first;
listdrives();
printf(in Which drive do you want to add to the sequence ( 0 to quit): *);
scarf("%d", &select);
if (select > Q)

{
: current = first;
current = finddrives(select);
sequencenode * nexinode = new sequencenode;
currentnode->next = nextnods;
nextnode->drive = gurreni->nextptr;
nextnode->next=NULL, '
nextnode->previous = currentnode;
currentnode = nextnode;

} o
} while (select > 0);

}

currentriode = firstrode;
listsgquence(currentnode);

#include “interl.hjpp"

}

interlock::setstatus(}
{

irterlocknode * currentnode;

int §; -

=1y

currentnode = ﬂrstnode >next
while {currentnode 1= NULL)

={{) & (* currentnode->runstate))
printf(* interlock state %d",i); _
printf(" after drive %s\n", currentnode-> name);
;.nntf(“\n“)

- currentnode = currentnode->next;

return(i);

interlock::list(int * nooflines)

{

interlocknode * currentnode

int 1

=1

curtentnode = firstnode->next ;

i e B



printf (* %%d", i);
prinﬂ (ll%sll'".) II);
printf (*  %s\n",currentnode->name);
currentnode = currentnode->next;
BN

} while (currentnode!=NULL);
*nooflines = 1;

}

Interlock::interlock()

{

/I firstnode = NULL;
firstnode = new interiocknode ;
firstnode->next=NULL;
strepy(firstnode->name,'first");
*firstnode->runstate = 1,

}

/! File Handling

#include "driviist.hpp"

drivelist{)

{ .
Drivenone * gen = new Drivenone;
strnopy{gen->namestr,"gen”,20);
gen->nextptr= NULL;
Drivesiren * siren = new Drivesiren;
strnopy(siren->namestr,"siren",20);
sirsn->nexipir= NULL;
Drivetimer * timer = new Drivetimer;
strnopy (timer->namestr,"timer*,20);
timer->nextptr= NULL;
drivelist = gen;
gen->nextptr= siren;
siren->nextptr= timer;

#include "fileadd,hpp"
fadd()
{

char names{20];

xxit
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int selactlines,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) -
{

}

else
{ printf (* What is the file name : *);
scanf("%s",fname);
fin = fopen(fname,’™;
}
if (fin)
{printf(" error in file ); }

fin = fopen("data.tzd"."r“) Vo

/] reads drives
printf(" Reading drives \n");
current = first;
list = drivellst;
options = 0;
while (list 1= NULL) i

list = list->nextptr;
options +-;

}
fscanf(fin,"%d", &:selact);
if {(select > Q).

do
{
fscanf(fin,"%s" names);
printf(" Reading : %s\n",namss);
list = drivelist;
while {{list |= NULL) & (list->type 1= select))
st = list->nextptr;
)
it {tist 1= NULL)
list->addtolist(names);
current->nextptr = temp;
current = temp;

}
tscanf(fin,"%d", &select);
} while {selact > 0);
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I reads sequences

- printf(* Reading sequences \n");

sequencenode * currentnode;

char seqnamef10];

char driname{20];
currentsequence = firstsequence;
fscant(fin,"%s",seqname); _
printf(" Reading : %s\n",seqname);
if {(stremp(segname,"zz")==0)

fscanf(fin,"%s",seqname);
printf(" Reading : %s\n',seqname);
while (stromp(seqname,'zzzz"}l=0}

currentsequence->nextseq = new sequence;

stropy {currentsequence->nextseq- > rnume,seqname);

fscani(fin,"%s",drinarma);

~ printf(" Reading : %s\n"drinarms);

curreninode = currentsequence->nextseq->firstnode;

while (stremp{driname,‘zz"}l=0)

{
current = first; '
while (strcmp(driname,current->nexipir->namestr)!=0)

current = current->nexptr;

} |
sequencenode * nextnode = new sequencenode;
currentnode->next = nextnode;
nextnode->drive = current->nextptr;
nextnode->next=NULL,
nextnode->previous = currentnode;
curreninode = hexinode;
fscani({fin,"%s" driname);

printi* Reading : %s\n"driname);

fscani(fin,'"%s",segname);
printf(" Reading : %s\n",segname);
currentsequences=s qurrentseguence->nextseq;

}

char drname[20];

XXV



GeneralDrive * tmpdrive;
interiocknode * currentnod,;
printf(" Reading interlocks \n");

fscanf(fin,"%s" drnams);
printf(" Reading : %s\n",drnam.
if (stremp{drname,"xx")==0)

fséanf(fin,"%s",dmame):
printf(" Reading : %s\n',Jrmame);
while (stremp(drnams,”soox}=0)

current = first->nextptr;
while{stremp(dmame,current->namestr)|=0)

current = curreni->nextptr;
} .
tmpdrive = current;

currentnod = tmpdrive->interlock.firstnode;
do

~ fseanf(fin,"%s",dmams);
printf(* Reading : %s\n",drname);
ourrent = first->nextptr;
if {strcmp(drmame,"t)!==0)

while(st'rcmp(drname,current->namestr)I-:-O)
current = curent->nextptr;

- interlocknode * riextnod = new intetfacknode;
currentnod->next = nextnod;
{nextnod->runstate) =&{current->rack.start.state);
strepy(nextnod->» name,current->namestr);
nexthod->next=NULL,;
ourrentnod = nextnod;

} o
} whille (stremp(drname,xx")l=0}
fscanf(fin,"%s",drname);
printf(" Reading ; %s\n",drname);

folosa(fin);
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#include “filesave.hpp"
fsave()
1
FILE *fout;
int select;
char fname[11];
printf(" Do you want to change the file name {1 for yes)
scanf("%d", &select);
if (select 1= 1)
{ fout = fopen{"data.tdt","w"}; }
alse
{ printf " Wiiat is the file name : ");
scanf("%s" fname); .
fout = fopen{fname,*w");

}
if (Ifout)
{printfi(" error in file ")}
/! saves all drives

cu.rrent=first-> nextptr;
while (currenti=NULL)

{

fprintf(fout,"%d\n",current->type};
fprintf(fout,"%s\n", current->namestr);
printf(" saving. %s\n" current->namestr)
current =current->nextptr;

forintf(fout,"%d\n",0);
fprintf(fout,"%s\n","z2");

/! saves all sequences
sequencenods * currentnods;
cunentsequence = firstsequence->nextseq;
while (currantsequerice |= NULL)
{ printi(" saving "};
printf("36s\n",currentsequence->name);
forintf{fout,"%s\n",currentsequence->ramae);

currentnode = currentsequence-»firstnode->next;
do

tprintf{fout,"%s\n", currentnode- > drive->namestr};
curraninode = currentnode->next;
} while (curreninodel=NULL};
forintf(fout,"%s\n","22";
currentsequence = currentseguence->nextseq;
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fprintf(fout,"%s\n" ,“zziz“) :

current=first;
interlocknode * currentnod;
while {current!=NULL)

if {current->interlock firstnode->nexti=NULL)
{
currentnod = current->interlock.firstriode->next;
fprintf(fout,"%s\n","xx");
fprintf(fout,*%s\n",current- > namestr);
while (currentnod != NULL)

printi(" saving interlock! %s\n",currentnod->name);
fprintf(fout,"%s\n" currentnod->name};
currentnod = currentnod->next;
}
}
current = current->nextptr;

} .
forintf(fout,"%s\n","xx");
fprintf{fout,"%s\n", xoux";
folose(fout); '
-}

{// Main menu procedure
#include *firstmen.hpp"
firstmenu()
{
int select=0;
int noofiines=0;
int dummy,i;
do
{
select = menu({mainmenu, &nooflines);
printf(" debug select %d\n",select);
current = first;
currentsequence = firstsequence;
switch(select}

case(1):adddrive(currant);
' break;
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case(2):delstedrive();
. break;
case(3):addinteriock();
break;
case(4):delinteriock();
break;
casa(5):modinterlock();
breal;
case(6):operatedrive();
break;
case(7):fadd();
break;
case(B8):addsequence();
break;
case(9):delsequence();
break;
case{10):modsequence();
break;
case(11):operateseq();
break;
case(12):fsave();
break;
case(13):listdrives();
printi("strike any key when ready"},
dummy = getch();
. break;
casa(14):listsequences(&i);
- printf("strike any key when ready");
dummy = getch();
break;
detault:break;

} while (select < nooflines);’

}
i Main Body
main()
{
driveiist();

first = new GeneralDrive;
strnopy(first->namestr,"first", 20, ;
strnopy(first->typeriame,“first",10);
first->nextptr=NULL;

current = first;
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firstsequence = new sequence;
strepy(firstsequence->name, firstseq®,10);
firstsequence->nextseq = NULL;

{/ Actual Main Body
fadd();

firstrenu();
fsave();

} /* main end %/

XXix
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