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ABSTRACT

Rapid technological development in digital computing system

coupled with significant reduction in their cost have had a

profound effect on how chemical plants can and should be

controlled. In this work, a control system for a laboratory fixed

bed catalytic reactor for methanation of carbon dioxide was

designed with a ~C as data logge~ .nd controller.

To handshake digital computer with methanation plant a hardware

interface for input-- flow and temperature and output-- heater

pow~r' control, stepp~r motor controlled flow control valve and

solenoid valve control, was designed. The raw data in chemical

process system is often corrupted by noise. To reduce the n.oise a

digital filter program was written. To obtain desired ~ystem

performanc~ adaptive controller program was written and tested. by

simulation.

The complete hard~are and software were developed for the

Methanation project of Chemical Engineering Department ~nd

process computer used was XT compatible personal computer of

Computer Science and Engineering Department.
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CHAPTER 1 INTRODUCTION

1.1 INTRODUCTION

Computer can perform arithmetic calculation, can change order of

calculations based onintermed~ate result, can store large amount

of data and can transfer data from one place to another. These

powers of a digital computer can be utilized using special

equipment interfacing the chemical process to perform variety of

jobs.

computer and process can be interconnected In three waysThe

off line, in line and on l,ine (fig 1. 1) . In the off-line

applications, process data are entered manually in to the

computer and calculations are carried out by the computer. With

the in-line configurations, data collections and entry require

human intervention, but the computer operation can be interpreted

by the operator and necessary calculation made immediately. In

on-line applications, the computer directly connected to the

process which oversees the automatic collection and transfer of

data into the computer. On~line may be open loop or closed loop -

depending on whether or not the computer controls the process.

The control of a chSmicBl process plant is intricate because of

1-1
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the nonlinearities in the process variable and a need to

a number of control objectives at the same time such as

satisfy

safety,
process economy, specified throughput and quality. A chemical

plant basicallY consists of a collection,of mixers, separators,

reactors, splitters and heat exchangers interconnected ina

variety of ways to profitably p~oduce output materials from given

~aw materials. Of all the units in a process plant, the chemical

reactor plays the most significant role and is often regarded as

the heart of a chemical ~lant. In addition to this significance,

the chemic~l reactor often poses a nontrivial control problem.

The most common variables which determine the performance of 'the

reactor are the temperature, pressure and concentration of the

chemical species. The overall behavior of the chemical reactor 1S

often critically dependent on one or more of these variables. A

small change in such vari~bles can lead to drastic change in

performance. The temperature of the reactor most often 1S the

signific'ant variable affecting the performance of the reactor in

a profound manner. The control of the te~perature is then the key

to the satisfactory operation of a chemical reactor. The ~eactor

represent.ation.
most often, requires a two dimensional mathematical

The design of a control system based on state

space representation of the reactor results in a complex

mathenl"aticaJ problem difficult even to solve computationally. The

use of a computer to control such a reactor provides an

opportunity to u~e a simple algebraic model for the process and

then continually upgrade the model based on process

1-2



The incorporation of.a computer in the control of a chemical

reactor In place of a conventional analog controller introduces a

number of diffic~lties as well. First of all. it introduces an

incompatibility in signals; the process sends out analog signals

while the digital computer can receive only discrete signals. In

particular, the control syitem designer is now confronted with

the following questions:

1. Analog signal produced by the measuring sensor or transducer

is very low, and requires amplification to theprespecified

range for A/D conversion.

2. The computer is physically located some distance from the

controlled process. If analog signal is transmitted. over a

short distance, I/O interface may be close to the computer.
Else to reduce noise, voltage loss and cable capacitance I/G

interface is placed near the controlled process because

digital signal is less sensitive to external noise.

3. Digital computer uses, processes and produces information In

discrete time form. Hence we need to develop a mechanism

that will convert differential equations describing the

process to difference equations.

4. How fast will be the sampling time to produce discrete time

.equivalent of measured variable and what is the effect of

sampling rate on the quality of control?

5. To analyze the stability of discrete time system new

1-3



a newislaws

analytical tools is required and these will be provided by

the z-transformation.
6. What will be the stability conditions and tuning of a loop?

7. How can we use the tremendous computational power of a

computer to implement some advanced notions of process

control such as feed forward, adaptive, inferential,

optimizing, expert system and so on?

8. S.oftware implementation of the control
control design problem introduced by the digital computer.

Operating systems provide efficient use of resources of

computer system. Utility programs support the development

of the application program. The application programs are

written by user for the specific functions required by the

control problem such as
a) Monitoring the measured process variables at specified

time interval.
b) ~xecuting the algorithms of the control laws.

c) Coordinating the control actions to the various final

control elements.
d) Computing and changing set points.
e) Computing and changing the values of the adjust.able.

control parameter.

f) Calling alarms

limits and so on.

if process variabl~ exceeds preset

1-4
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1.2 OBJECTIVE

In this work, it is intended to develop control system for a

laboratory fixed bed reactor for the catalytic methanation of

carbon dioxide and hydrogen.

During the time of the normal operation of the plant control

action is necessary in the case of minor upset. In such a case,

the disturbance is to be minimiz~d by necessary corrective action

with the help of control system. This ~voids any serious

in(cident, shut down and/or 'wastage of material/energy. Hence it

1S important that the control system be sensitive to the system

variables.

The maJor objective of the work is therefore to design, construct

and implement a digital control system for a chemical process

involving the following tasks:

a) Hardware interface between microcomputer and process plant:

The computer handles' di.gitized values but the data'
.available from the process are in the form of analog

signals. These signals are to be converted to digital

signals. Again digital signals sent from the computer to

manipulate different process variables are to be converted

to Rllalog signals. The interfacing circuits composed of

sampler, hold element, analog to digital converter and

digital to analog converter have to be designed and

constructed.

1-5
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b) Necessary software to control the above hardware also has

to be developed.

c) Signal conditioning software: The process data are usually

corrupted by external noises and requires the use of filters

to reduce nOIse. A digital filter has to be designed for

this purpose.

d) Process control software: To maintain process at a given

~ystem performance, a prD process control algorithm will be

drawn up with a provision to incorporate adaptive control.

1-6
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CHAPTER 2 PROCESS CONTROL SYSTEM

control system of a chemical process is

source some or all the following features:

2.1 INTRODUCTION

The design of the chemical process control becomes a tedious task

because a lot of important and difficult problems arise from the

d.ifferent aspects of the design procedure [lJ. Chemical processes

are characterized by nonlinear, multiple coupling~among

variables, physically realizable variable measurement are often

limited to a .small number, picture of the control objective are

sometimes not clear to the designer, even unknown and c'onsiderable

uncertainty in the prediction of process behavior exists. Inspite

of these shortfalls

called upon to satisfy

a)safety;

b)reliability;

c)goodness of control;
d)ease of start up and shut down;

e)ease of operltion of the ~ystem;

f)production specification;

Now it IS to be clear .that to design a control system the'

designer has to consider the above points. But it also should be

kept in mind that the controller, that is, the output of .thi~

design is always a matte~ of compromises and trade-offs [2].

2-1



/

OPT!M ISAT! ON
BLOCK

SET POINT

CONTROL
BLOCK

SIGNAL CONOIT! ON lNG,
BLOCK

PROCESS

MEASUREMENT
BLOCK

OUTPUT

FIG 2.1 BLOCK 0 I AGRAM OF I NDUSTR I AL CONTROL



Considerable work has been done on different chemical processes

relating to the catalytic chemical reactor control. Jutan et.al

[3Jgave a view of collecting data from the process.

From a survey [4J it is shown that the most important issues in

the technical maintenance of the control system are understanding

the general process, improving yield, the availability of good

analytical measurements, reactor dynamics, and the product

quality. A large portion of the contiol of a chemical process can

be done by using traditional methods based on past practice. In

the case of the difficult nontraditional control problem, the

desig~er has to use mrideling, estimation, multivariable frequency

analysis, adaptive control and steady state optimization. Host of

the industrial reactors a~e of large size and yield a large

vO.lume, and yield and quality are the major economic incentives

for control. Different types of reactors lead to different

solution for the controller.

The

This

building block of industrial control is shown in figure 2.1:

consists of measurement block, signal conditioning block,

control block and optimization block.

2.1.1 liliASlIREHENT BLOCK

The basic building block of industrial control 1S measurement

block: Conventional measurements pressure, temperature, flow,

and level are used for reactor regulatory control.

2-2
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elements of the me~surement block are

1.Standard PTLF(pre~sure,temperature,level,flow) devices;

2.Product analysis;

~,.Densi ty;

4.Surface tension;

5.Refractive

6.Viscosity;

7.pH,and

index; .

••

flow data reconciliation,

&.Laboratory sample results.

2.1.2 SJGNAL CONDITIONING BLOCK

5igl181 con~ition block processes raw measurement signals using

scaling and filtering techniques: Conditioning cleans up the

signal from both the external noises and internal noises from the

sensor 1n order to use the data effectively 1n a closed loop

reactor control scheme. The common techniques for cleaning up are

the exponential filtering (RC filters),. . .

Kalman filtering and other digital filters.

Exporlential filtering irivolves passing the input signal through a

first order lag in order to eliminate the high frequency noise.

Flow data reconciliation uses redundant information to improve-,

the quality and utility of the total measurement system. The

technique works by fitting a measurement to a simple model using

B least square technique. The 6utput of the model calculations

are used as the measurements.
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Kalmari filtering can be used a filter, a signal smoother or an

estimator block which calculates control variables from the

conditioned measurement signal. Digital filter uses the different

types of algorithm to smooth out. unexpected noises .

•
2.1.3 CONTROL BLOCK

Control block contains the algorithm for the control scheme.

Options for this block are:

l:Tradit.ional control: feedforward' (including

impulse),feedback(including prD and cascade);

ratio and

2.Advanced traditional control:

non Iinear feedback.;

overrides, adaptives, and

multivariable frequency analysis, linear

control, nonlinear model based control;

3.Non traditional control: .compensator design

quadratic

using

gaussian

4.Steady state control:steady-state, mode I.-based techniques,
cumulative sum (CUSUH) techniques, product wheel scheduling

and aecounting; and

S.Others: pole placement model, dynamic matrix, optimal servo,
dynamic programming, statistical and expert system, state

variable, model-based, stDchastic and self tuning control.

2-4



2.1.4 OPTIMIZER BLOCK

Optimizer block is the'highest level in the control hierarchy. It

determines the optimal operating conditions for the lower level

control blocks and attempts to maximize or minimize an

economically based objective function. Optimizers are useful for

processes where high yield is an economic justification for

improved control. For specialty product, improving quality is the

to

are

good

the

'The

main 'goal and meeting this. objective usually involves

regulation and supervisory cont~ol. Feedforward tedhniques

perhaps the. most effective way of regulating the feed to

reactor because of the disturbance rejection they provide.

optimizer block has to perform the following tasks

a) Identify that current setpoints no longer correspond

optimization.

b) Find new optimum operating conditions.

c) Bring process to the new optimum operation by changing set

point values.

2.1.5 PROCESS CONTROL: £RQli HARDWARE POINT Q[~
The process control diagram from the hardware point of view is

shown in figure 2.~. The sensor and transducer transform measured

variable to electrical signal which is sampled by sampler. The

analog to digital converterAPC converts the sampled data to

digitized data and feeds to computer control algorithm.

The computer control algorithm gives out a digiial data to

digital to analog converter (PAC) which converts a digital data

2-5
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to discretized signal. The hold element changes the discretized

data to analog data compatible to. final control element.

2.2 OYERYIE~ QE.AOYANCEO CONTROl

processescontrolAdvanced

multivariable

nonlinearitie~

is important for

problems as well as

such as lengthy dead times,

with

for processes

inverse response

true

with

or

time varying beh~vior.

Advancement in computer technology, information processing,

automatic analyzer and intelligent transducer give a thrust to

cO'ltrol theory. These advances on. the hardware side are

accompanied by the new software and algorithm break through [2] .

Besides the conventional methods, there are new area of control

theory, for example, model predictive control and robust contfol.

Hodel predictive control (HPC) has become widely known as dynamic

matrix control (OHC) and model algorithmic control (MAC). As the

HPC algorithm includes the dynamic model of the process to be

controlled, hence on the knowledge of previous control actions

and current output measurement, the control algorithm predicts

the future and present control actions on the future process

output. The success of the HPC is mainly based on the fact that

2-6



this technique does not require state space models of transfer

matrix models but utilizes the impulse ~esponse as a simple. and

intuitive process description. MPC has the inherent on line

optimization, which makes it possible to deal easily with 1)

system having an unequal nu",ber of inputs/outputs, 2) constraints

on the manipulated or controlled variables and 3) the failure of

the actuator. MPC (model predictive control) is suitable for the

multivariable systems with objectives and constraints instead 01
the simpler situations.' The MPC methodology consists of the

following elements.

-Linear model relating the manipulated variables and

measurable disturbances to the output of interest.

-Prediction of the outputs of interest over the

time horizon, corrected via feedbac~.

future

-Computation of the future manipulat~d .variable moves to

make the prediction of the outputs and manipulated

variables satisfy some performance criteria.

Robust process control uses the information of allowable change

In operating conditions, degree of mismatch tolerated by the

model/plant, or the characteristics of the good model for control

system. In monitoring And controlling process of chemical

engineering the knowledge of these qu&ntities which are not

directly measurable is often require'd or at least desirable. The

structured singular value (SSV) approach' of Doyle employs the

2-7



correct philosophy of approaching the robust Issue: use an

uncertainty description of the process at the design stage to

obtain a control lei that.will not perform worse than desired on

the true process ..In this method the designer has to specify

uncertainties in the gains, time constants etc. in given elements

of th~ system transfer function matrix [27J. Asa result a less

conservative stability criterion is obtained.

In practice a decentralized control (multi loop) structu~e is

preferred for ease of start up, bump less auto/manual transfer and

fault tolerance 1n the event of actuator or sensor failure.

Practical design starts with selection of the variables that are

to be manipulated and measured. After the variables are chosen,

the structure of the controller is selected. This determines

which manipulated variables are changed and on which errors the

.changes are based. Proper control system st~ucturing can have a

significant effect on the reliability. Steady state gains,

singular value decomposition, relative gain array and Niderlinski

indices are used for control structure selection.

2-8



2.3

23.1

TIlli PROPO~ ClJ.IITRQL, SYSTEM.

PROCESS DESCRIPTION

The process for the computer control is the catalytic methanation

In a fixe~ bed teactor. The process uses HZ' N2 and COZ as the

process gases. A schematic diagram of the process is shown in

figure Z.Z. The gas flows can be controlled by the stepper motor

controlled valves. The ratio of the gases is selected by the

requirement of the reaction. The solenoid valve is used for

shutting off the gas flow.to th.e reactor at emergency. Pre heater

is provided with electric heater to heat the gas mixture before

entering the.reactor vessel. To study the reactor vessel dynamics

the reactor is provided with thermocouples. To select pressure

of the reaction the valve-5 i~ provided. For the emergency to

release the pressure of reactor, the solenoid valve-2 is placed

in parallel to the outlet.

The monitoring parameters for the plant are the flow rates of the

gases, temperatures of the reactor and the preheater, and'.

pressure of the reactor vessel (Q1' Q2, Q3' Q4' Tp' Tr, Pt). The

controlled parameters are inlet valves of the gases; control

valve for mixture; pressure control valve; heater power

controller and emergency solenoid valves.

The control system of the process is shown in

2-9
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process controller is the microcomputer: The data logger and th~

processor chosen for this purpose is the microcomputer itself.

The raw data which is acquired from the system is passed to the

microprocessor. The data is filtered digitally ~nd passed to the

process controller at the same time to the data logger.

To understand the process controller action it is necessary to

know 1) what units are in the plant and their sizes; 2) how they

are interconnected; 3) the tange of the operating conditions; 4)

possible disturbances, avail~ble measurements and manipulations

and 5) what problems may arise during startup or shutdown of the
plant.

A general description of the plant is as follows

1.The feed streams (H2 and CO2) with nitrogen are mixed.

2.The mixture above is preheated by the electric heater

before entering the reactor.

3.Thereactor previously stabilized at the reaction

temperature,develops a t~mperature profile because of the

exothermicity of the reaction.

4.The reactants leave thrtiugh the pressure control valve to

the atmosphere. Part of this is sent through a sampling

line to the gas chromotograph for analysis.
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2.3.2 HARDWARE Alifr SOFTWARE BLOCKS

For the process described above,it 1S necessary to design

hardware for heater power control (HC), stepper motor oontrol

(SMC ) for controlling flow and solenoid valve cohtrol(SVC)

(figure 2.3). To measure flow, flow sens-or and required .hardware,

and to measure temperature thermocouple amplifier are to be

designed and constructed. This sensor data is to convert to

digital data. by IBM Analog to Digital converter (ADC) card

resided in computer slot. The. flow sensor amplifier (FSA) and

thermocouple amplifier (TCA) outpbt is mad~ compatible with the

ADC card.

The hardware cannot independentl~ control the process. The total

process control is done with close cooperation of hardware and

software blocks as shown in figure 2.4 .

•
The software block is the heart of the operation of the process.

These softwares can be classified in three categories: a)filter

. so.ftware)

sof twa re ..

b)controller software, and c) hardware interface

a) Filter 'software: The raw d~ta from the analog to digital

converter card is corrupted by noise, hence to reduce the noise

of flow and temperature data, it has to design a filter and to

develop f.ilter program. The sampling time for temperature and

flow is to be chosen to optimize the use of the computer.

b) Controller software: To operate the total process 1n desired

• 2-11



STEPPER'
MOTOR
HEATER
COIL

SOLENOID
: i SVC ! VALVE
I ' II SOFTWARE BLOCK : !OUTPUTHARDURREj

1-------------------------- 1L._._._._.~

,----------...,------------------------------1 r- ....._._._.-,
, 1 • I
I 1 I .
1 1 • I: INP,UT OUTPUT . L I , "
! INTE- DIGITA DIGITAL INTE-
I RFACE CDNT_ RFACE

SOFTUAREI I FlUE ROLLER I ISOFTUARE

r'-._._._._-_._-_._._'-,
i __ I

! I-r-C-A-W I BJ I
!

ADDA , •
I

r. I FSA nCARD II
• I
!. INPUT HARDWARE iL ._. . ~

ntn.~
~ I <oupIt
;;::
~ I.Thm-= .~ IStor~

FIG 2. ~ HARDWARE AND SOFTWARE BLOCK

FOR PROCESS CONTROL

•



•

operating environment, controller algorithm processes the system

input data and produces the output for the final control

elements, stepper motor controller and heater power controller.

Adaptive control, self tuning and autotuning method, are u~ed for

control algorithm development.

c) Hardware interface software: To convert analog data to digital

a software requires to operate analog to digital converter card

(ADC). To

COlltroller

operate stepp~r. motor

(HC) and solenoid valve

controller

controller

(SMC),

(SVC)
heater

special

programs are required.
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3.1 STUDY OE. HARDWARE REQUIREHENTS
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nOIse introduced 1n the line connecting the thermistors and the

amplifier can be partially eliminated.

The temperature is measured by the thermocouple and an

instrument amplifier is designed to amplify the voltage. of the

thermocouple to match the voltage range of the ADC

The heater power sources commonly used are air, water, steam,
electricity, oil and gas. The control element for the supply of
the energy are contactors, blowers, electric motor or
pneumatically-operated dampers and valves, motor operated

variacs, siturable reactors, and time proportioning or phase

flred SCRS . For computer control, anyone of the above source

and control element can be chosen ..In the present work; heat 1S

supplied by eiectrical element and SCR control is used.

The SCR controls the power flows to the heating elements of the

heater. The power control can be achieved by the pha~e control of

the AC or allocating a time proportion. The last method operates

on the fact that the power is on for a period and off fbr another

period. i.e. power is applied to the load for a percentage of a

fixed cycle. If cycle time is reduced to one. half of the power

line period, then the proportioning action is referred to as the

phase fired control.

Both of these methods have some advantage~ over the other. But to

3-2
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control the heater power accurately phase fired control is

preferable. For the control purpose the phase fired control to

the load is selected. To control the heater power a special ~AC

is constructed. This gets an eight bit data from the computer.

According to the data received by the DAC the firing angle of the

SCR is selected and power flow to the heating element 1~

controlled. The response of the DAC cpmpletely depends upon the

heater coil.

To control the flow bf the gas, the. stepper motor controlled

val~e is used. The stepper motor steps are selected by the

computer data steps and stepper motor controller IS hardware

interrupt driven.

At emergency. to stop .the gas flow and to release ,the gas to

atmosphere a solenoid valve controller circuit is designed.
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3.2

e: .2. 1

DESIGN QE HARDWARE UNITS

HEATER ~ CONVERTER

The circuit for phase fired control of 5CR/TRIAC is shown in

figure 3.2-3.7. The input to the controller is digital firing

ahgle data. This data is used to set the firing angle of. the

5CR/TRIAC. This coritroller design consists of 1) Firing angle

data register, 2) Zero cross detector, 3) Phase shift circuit, 4)

5CB driver and 5) Reference clock generator.

i) Data register: It.consists of an eight bit register 74188. It

stores data from computer upon request.

ii) Zero cross detector: This section sends a pulse to the phase

shift circuit when the power cycle crosses zero average level. A

220-6V 'step down transfer output is applied to inverting input of

an operational amplifier 741 and non-inverting input is connected

to ground. This makes a zero cross detection circuit, the. output

ot which is a 50Hz square wave. A 74123 is connected to

monostable circuit such that it responds to both rising edge and

falling edge. As the output of zero CTOSS detector is connected,

a 2 micro-second width pulse at each edge of 50 Hz square wave IS

the output of this circuit ..

iii) Phase shift circuit: This consists of two divided by 16

90unter .' 74163, so that divided by 256 synchronous counter IS
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availabJ8. At the start. a start pulse loads 8 bit data from data

regist~r arId P enah18 input of 1st 74163 IS high. But T enables
:-'1 j'e lc,w as T ell"ldes are C'c,nnect.edto G of 1/2 7474. When CkA

to~s low, Q is high and count starts. While COUllt terminateri.
'/4.16:) are 'loaded and Q goec; low and count disables. Again when

Chi\. goes low cycle ~epeBts. The terminal count output of last

1. _ t:' . a delayed I,ulse according to the data frc.m. firing

8ng]~ data register. is passed to the next section, SeR driver.

iv) SCR/TRJAC driver: The SCR/TRIAC IS fired by the p~lse from

,;!,ift circuit. Optocoupler is used to isolate the high voltage

~:e(:Lion from ti,e low voltage input circuit. A PNP transistor 1:3

/

referenoe clock g(~rlerat:(Jr. Tile frequency of clock is 51.2 KHz

v) 555 timer for the

1-i1l'jell i:',; haJved by a T fJ jp--flop because t.he 10 millisecond t irpe

. The f1U1s>:: trains of d.ifferent ~;ection~.; are shOHn in

...:,.7',Hnd 3.8.

~-;- ~l

the figure
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HOW TRANSDUCER

Trl rrle~sure flow of the gas there are several methods.
conductivity flow measurement can measure the flow in the

Thermal

range

Icc to 1000,000 ccjmin. The instrument IS based on the fact
t.hat t.1,eCDoling effect of the gas crossing a" hot surface is

directly proportional to the fluid velocity and volumetric flow

rate[6J and that the resistarice of the thermistor changes if

the t.emperature of thermistor changes [llJ. The thermistor has a

property of self heating i.e. current through the thermistor
t.hermistor flot arld its resistance decreases alld current

:i.ncrea~~;es . This cycle goes on unt.il it comes to an equilibrium

with t.he environment of the thermistor. At. steady state, there is

acro~s the thermistor depending onCOrJstRnt vol ta.ge

ellvifollmerJt. The environment of t.he thermistor changes,

the

heat
dissipation equilibrium changes and cu~rent through the

t/,errriist.or i~ affected. This effect is refl~cted on the voltage
across the thermist.or.

1'0 canstruct flow sensor, two thermi~tors were placed at a
dist8nCl?. One was placed so that it.s environment cannot be

ah~llged and it was s~rrounded by t.he sample of the gas whose flow

was. La be" uleasured. This thernlistor is known as reference
ther.,ist.or'.The other thermistor was placed in the sample of gas

(figure 3.9) called measure~ent thermistor.

At zero flow the voltage difference of two thermistors is zero if

3 -.6
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thermistors are perfectly matched pair. The current through the

thermistor was regulated by the constant current supply by Q1 and

QZ' When a flow of gas is introduced, the environment of the

measurement thermistor changes with respect to the

thermistor and a voltage difference occurs. This

difference is directly proportional ~o the flow of the

reference

voltage

gas. To

reduc~ the noises from the connecting wire, instrument amplifier,

composed of three 741 operational which has large input impedance

was used, The amplification of the amplifier can be adju~ted as

the analog to digital converter demands (figure 3.10).

The advantage of this type flow measurement is the reliability

and low response time and can have an improved precision. Due to

the relatively simple 6onstruction detail, a very satisfactory

math~matic~l model of the chara6teristic behavior can be

obtained.

3.23 YALVE CONTROLLER

For the gas flow control valve~ opening and closing are
controlled by the stepper motor. To bontrol the stepper motor a

special stepper motor controller IS desig~ed. A detail

description of stepper motor control is given in [9]. The valve

controller composes of a stepper ~otor, stepper motor controller

and data register. The stepper motor used has the stepping angle

18 degree. The motor is coupled with the valve to be controlled.
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The stepper motor controller decodes the data received from the

computer a)number of steps and b)direction of rotation. To reduce

load of the computer,stepper motor controller receives the

direction and the number of steps to.rotate. The motor rotates

accordingly when it receives a start pulse from computer (figure

3.11). The stepper motor controller card composes of (figure

3.12-3.14).

i.Data logger: This section stores data of number of

rotation of the stepper motor set by the computer. When a low at

load of 74163 is applied, the data at the data bus of the printer

port 1S loaded.

ii.Reference Clock generator: 555 timer of 30 Hz is used for

this purpose. This frequency is in the limit 6f the stepper

motor maximum operating frequency.

iii.Direction latch: The direction of rotation is latched in

74198. For the counter clockwise rotation the direction flag 1S

set to high and for anti-clockwise rotatio~'flag is reset to low.

iv. Stepper motor control circuit: Two 74163 4-bit counter

1S connected to form an 8-bit binary counter. After getting start

pulse it starts counting because P enable of 74163s are high. The

shift circuit 74194 rotates left or right according to the status

of the direction latch. When preassigned number of steps are

completed i.e. the counter is zero an interru~t flag is set high

andP enables goes low and clock to shift circuit is disabled. On.
acknowledging the interrupt the microcomputer has to reset the

3-8





flag, else it remains high.

lV. Drive circuit: Drive circuit boosts low power output of

control circuit by darlington transistor AC128 and

transistor amplifier.

3.2.4. THERMOCOUPLE AMPLIFIER

2N3055

The voltage produced by the thermocouple is too small to be fed

toADC of the computer. Hence an instrument amplifier was

designed to amplify the voltage, The amplifier uses LM741 opamp

to have high input impedance (figure 3.16). The gain of the

amplifier can be adjusted by potentiometer Rl.

3.2.5 SOLENOID YALVE CONTROI,LER

The solenoid valve controller receives 3 bit data. of solenoid

.valve and returns 3 bit status of relay to computer. This card

consists of following se6tions(fig 3.17):

i.Data storage: This stores data of the valve which are to

on/off. A zero means valve is to be off and high means to open. A

74198, an 8 bit register, was used for this purpose.

ii.Relay driver circuit: The relay d~iver circuit capable of

operating three 12V relay. Transistor ,circuit is used to drive

a relay with free wheeling diode across the relay coil for

the protection of relay coil against hi~h voltage produced when

coil is deenergised.
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111. Solenoid valve status circuit: This returns the status

of relay i.e. returns high when closed and returhs low when

opened. The connection for this is shown in figures 4.18.

3.2.6 POWER SUPPLY

The power supply has regulated +5v,+12v and -12v using 7805, 7812

and 7912 and unregulated +12V and +24V for heater controller and

stepper motor contrDl.

~ ~ ~J.L. I COMPUTER INTERFACE

The computer IS interfaced with the modules given above VIa

printer port and ADDA converter port. Printer port handshaking

protocol was changed as shown in figur~ 3.19. The printer port

now has 8 bit uni directional data bus, three ~it address bus,

one bit strobe line and three bit status line. An interface card

connecting to printer port is shown in figure 3.20.
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CHAPTER 4 DIGITAL FILTER DESIGN

4 . 1 SAMPLING 'il11E. SELECTION
The selection of sampling time requires answer to the question

a)What is economIC sampling time?

b)What is the best sampling time from a process dynamics or ~ata

acquisition point of view?

If sampling fate is high enough the process information does not

get lost and also cost of sampling (the number of different

measurement points which can be monitored with computer)

decrease=?_ On the other hand, the economic cost due to control

system performance deterioration increases as the sampling time

increases as shown in figure'4.1 [17J. For large dead time ratios
,

sampling time has less effect on the control performance due to

the poor performance of a feedback controller for a dead time

process. For small dead time ratios, sampling time selection can

be important.

According to T.F.Edgar [17J dominant time constant of process

mod e I may be the key parameter for choosing sampling time. Ife:;1
is the dominant time constant, 0.11:1 may be the sampling period

(a detailed analysis IS done in [17J ). If the system model

contains dead time td which is about the same magnitude as '1::"1'

t.hen the sampling time should be selected
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figure 4. i. If td < < '1:] dead time effect can be neglected. In

selecting the sampling time it should be kept in mind that faster

sampling time is a wa~t~ of computing power.

4 11 SAJ:jPLING T.li1R Hili TIMPE RAtU Rli

For the heater in the experiment, using Cohen and Coon method td
and L] was obtained experimentally •.

td =2.5 min.

't:'] =33 min.

From the figure 4 ..1 for td/ '1:1=0.076 , T/'C1 is 0.2;

Hence T= 0.2 '1:]=6.6 min.

Thus sampling time for temperature IS 6.6 mIn.

This is a very slow system, as the most heat exchangers are.

4.2 INTRODUCTION TIl DlGJTAL FILTER

Signal received by the computer from process is

nOIse. The noise that makes the process

corrupted by

unpredictable

the

is

mainly of two kinds: process noise and measurement noise.

Measurement noise is produced by the measuring device and the

connecting wires. This can be easily eliminated by the proper

choice of the instrument and shielding of the cable. The process

noise _ is introduced by different environmental phenomena. To

4-2



remove this type of nOlse the analog or digital filters are used.

The analog filters are composed of the RC circuits, either active

or passive, to smooth the experimental data.

The equation of first order analog filter IS

'lf
dx

dt
+ x(t) = u(t) --4.1

where x(t) = input;

u(t) = output;

~f =time constant.

For step input,the response of filter IS given by

x(t)=l-e (-tf't'f) --4.2

The choice of the filter device depends on the constant of the

filter. Analog filter is sufficient for the case't'f less than 3

second. But if ~f is greater than this limit, analog filter with

amplifier or digital fi.lter can be used. The analog filter with

an amplifier is not cost effective in comparison to the digital

filter. In general for the chemical process the time COllstant IS

greater than 3 second and hence the digital filter can be used

for filtering purpose.
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A comparative study of the filters is given so that the choice of

digital filter is made clear.

DIGITAL FILTER

1.Easy to tune filter

parameters to filter the

process noise and can easily

be modified.

ANALOG FILTER

1. To redesign it requires

change all components.

to

2.Digital filter uses 2. Analog filter performs

computer which samples the

process variables and analyze

the measurement.

3.Limited by the computation

time, data length, computati-

ng power of the data acquisi-

tion.

4.Instead of increasing the

sampling rate, filtering the

low frequency component of

the signal can be performed.

continuously.

3. Analog filters are indepe-

ndent items. It is not neces-

sary to interact with other

computational aspect of the

process.
4. Filtering the high frequ-

ency noise can be performed

with analog elements.

The above comparison shows clearly that the digital filter IS

much more efficient, flexible and easy to implement than the

analog filter.
To use the computer, the difference equation is applied for the

digital filter construction.
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4.3 DIGITAL FILTER REALIZATION

To design a digital filter there are two methodologies : infinite

impulse. response (IIR) and finite impulse response (FIR) [12J.

By starting with an analog filter we are assuming an infinite

duration unit pulse response as the basic theme behind the IIR

filter design. FIR filter, on the other hand, uses the Fourier

series and windowing method for its realization.

Using IIR filter the first order popular filters are exponential

filter, double exponential filter or moving average filter. In

the case of the higher order filter Butterworth, Chevishev and
elliptical fiiters are a few popular filters.

The design techniques for IIR filters are easy to apply and it

directly follows from the analog prototype, but the FIR filters

have perfectly linear phase and have no poles which makes the

filter always stable. Fast Fourier transformation (FFT) gives the

filter designer a very simple tool for determining the filter
weight.

The analysis done by Robiner et. al [13J showed, that the IIR
filter can be more efficiently realized than the FIR filter In

the case of low pass filters ~ith quasi-equiripple magnitude
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characteristics. IIR filters have the recursive realizations that

are very economical in terms of computational complexity. If the
phase is not the criteria, FIR filters in general requires more

computation to achieve a given accuracy of approximation to the
desired amplitude response than do IIR iilters.

To design the IIR digital filter there are many techniques,
• such

as impulse invariant design, bilinear transformation or matching

poles and zeros to transform analog filter to digital filter

[25J. The design of the IIR filters proceeds through the bilinear

transformation of an appropriate continuous filter. There are two
techniques to design the IIR filter using bilinear
transformation.

In the first procedure the continuous normalized lo~ -pass filter

is first transformed using bilinear transform,then this discrete
normalized low-pass filter is passed through an all-pass
transformation with pass band frequency
(figure 4.2a).

and cutoff frequency

The second technique begins with the identical analog low-pass
filter as the first technique and immediately performs a low-

pass-to-low-pass filter transformat-ion to give an analog filter

and then resulting filter transformed to a digital filter using
the bilinear transformation (figure 4.2b).
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4.3.1 FILTER ORDER SEI,EeTION

Using the most general procedure for IIR digital filter design

the bilinear transformation, it is required to have different

parameters for digital filter i.e. the order of the digital
filter, transition ratio for a given pass band ripple. and stop

band loss and other relative key data. Different parameters for

filter are shown in typical low pass filter amplitude response

and 'magnitude response (figure 4.3). A generalized frequency

response of low pass Butterworth filter of different order is

shown In figure 4.4. The design parameters for the low-pass is

given below and from the different curves presented in figure
4.5, order of the filter is selected.

a)pass-band ripple 61=0.01 ;

b)stop-band loss 02=0.02;

c)pass-band cutoff frequency =150Hz;

d)stop band frequency =350 Hz;

e)sampling frequency =1000Hz;

The sampling frequency is limited by the analog to digital

conversion (AID) card Limitations and the speed of computation.

The AID card that was used and the speed of computation limit the

sampling frequency to 1000 Hz and from thumb rule cutoff

frequency is of about 0.1 times of sampling frequency which leads

cutoff frequency to 150 Hz.
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Normalized pass band frequency Fp and stop band frequency Fs are

150
F =----- =0.15;
p 1000

350
F =----- =.35
s 1000

The jJ- for D1 and 02 is 4e-3 (f,om fig 4.5 a);

The transition ratio for Fs-Fs=0.25 with Fp=0.35 is 0.38 (fig
4. 5c);

Order of Butterworth fi1ter n us ing intersect ion of 1ines f- and
transition ratio in figure 4.5b is 4;

4.3.2 DIGITAL BUTTERWORTH FILTER REALIZATION

The Butterworth filter of order 4 are calculated for
Cutoff frequency 150 Hz.

Sampling frequency 1000Hz.

a)The transfer function of fourth order Butterworth filter is
given by

1

--4.3

where B4(S)=s4+2:6131259 s3 +3.4142136 s2 + 2.6131259 s +1

b) Convert ion into low pass with bandwidth fc=150 Hz 1S done by
putting
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.Hellce

5.0625 E8
H(s)=-------------------------~------------------- _

s4+3,8167E2 s3+7.8188 E4 s2+8.81828 E6 s+5.0625 E8 .

c)Oigital filter transfer function H(z) can be formed from

bilinear transform by putting

1- 2-1
s= C

where C=wc cot(wc T /2)

Hence

0.01856+0.74252z-1+O.111378z-2+O.074252z-3+O.018563z-4
H(?)=------------------------------------- _

1-1.57038z-1+1.275613z-2-O.484403z-3+O.76187z-4 .

X(z)
--4.4

U(z)

Hence

X(z) =1.5704 z-1 X(z)-1.275 z-2 X(z)+0.4844 z-3 X(z)-0.76187 z-4

X(z)+0.01856 U(z)+0.74252 z-1 U(z)+0.11137 z-2 U(z)+0.7425

z-311(z) + 0.01856 z-4U(z);

1'he filter in difference form is

x(nT) = 1.5704 x«n-l)T) - 1.275 x«n-2)T) + 0.4844 x«n-3)T)

0.76197 x«n-4)T) +0.01856 u(nT) + 0.74252 u«n-l)T) + 0.11137

u«rl-2)T) + 0.7425 u«n-3)T) +0.01856 u«n-4)T).

4-8
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4.3.3 FILTER RESPONSE

I'he filter performance of 4th order Butterworth filter as

designed earlier for step input and random noise are given in

figure 4.Ga and 4.Gb respectiv~ly. In figure 4.Gb, actual signal

of one unit is corrupted by Gaussian randOm noise generated by

software.
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CHAPTER 5 CONTROLLER DESIGN

•
5.1 GENERAL IDEA Q£ CONTROLLER DESIGN

To improve the system responie to a desired specification one of

two common methods, cascade or feedback compensation may be used

(figure 5.1). The control system is required to compensate for

one of the following four discriminations of the system due to
•step input:

i) A given system is stable ,and'its transient response is

satisfactory, but its steady state error is too large;

ii) A given system is stable, but its transient response is
not satisfactory;

iii) A given system is stable, but both transient and steady
state error is unsatisfactory;

iv) A given system is unstable for all values of gain.

The additional equipment that is inserted into the, system in

order to obtain the desired system performance IS referred as
controller or compensator.

There are three basic type of compensators or controller and they

are a)proportional type or P type; b)integral type or I type; c)

derivative or D type, A compensator that is generally used in the

process control industry is the PID controller.
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To design the controller, the system transfer function and hence

the controller parameter can be derived either by Cohen-Coon

method or by Zigler-Nichols method. Another procedure for cascade

compensator design is Guilleman-Truxal method. This method is

commonly called pole-zero placement technique. The adaptive

controller self tuning and autotuning use these methods to. find

controller parameter.

controller parameters.

Both these tuning methods update the PID

5.1.1 COHEN CQQR METHOD

To find the control parameters such as PID,.an empirical method

such as Cohen-Coon method can be used. In this method, the

controller is taken out of the loop. A step input of known

magnitude is applied to activate the final element. A record of

output with time known as process reaction curve. It has been

shown that from the process reaction curve, an approximate

delayed first order system can be developed having transfer

G(s)= --------------------
'1:'s + 1

where K = static gain;.

td= dead time;
"t'= time constant;

5-2
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thus output (at steady state) bK=---------------------------- :::-----
input (at steady state) A

td=time elapsed unt.il t.he syst.em respond;
~\:::B/S,where 5 is the slope of sigmoidal respond at

point of inflection.

The graphical constructioll for the identification of the
parameter of the model is shown in fig 5.2.
Having orle quarter decay rat.io, mi.nimum offset, mirlimum integral
square error for the PID controller, the different constants are

1 'r: 4 t.dK :::--- ( ._- .- + ) ;
c K td 3 4.

5.2a

32 -I- 6 t'd I't.

4.

11 -I- 2 td Itt.

5.-3

5.2b

5.2c



5.1.2 ZIGLER NICHOLS TUNING TECHNIQUE

By this method, the tuner uses closed. loop system. In this method

the system is brought to desired operational level. The

proportional control gain is increased such that the system

starts oscillating. At this point the ultimate gain Ku and

oltimate period of sustained oscillation Tu are obtain~d. Using

this data, Zigler and Nichols recommended that the PIO controller

has the paramete~s

5.1.3

Kc=(ku/1.7);

1:I=(Tu/ 2.0);

'rO=(Tu 18.0);

OISCRETE EQRh QE eIfr CONTROLLER

5.3a

5.3b

5.3c

From the theoretical PIO controller, the transfer function is

Using z-transformation and rearranging, z-transformed PIO

controller is given

. 2KpIO(z -a z +b)
°pIO(z)=----------------------------

z(z-l)

where

KpIO=K+T 7:I+'LO/T;

a=(T Kc +2 rO)/T KpIO;

5-4
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b= To / T KpIO;

T=aampling period:;

C(z)=KpIO(E(z) -a E(z) z-1 + b E(z)z-2) + C(z) z-1;

Hence the PIO controller in difference form

C(nT)=KpIO(E(nT)-aE((n-1)T) +b E((n-2)T» +C((n-1)T); --5.5

The controller equation is directly transformed from the analog

controller. The main objection about this is that this does not

take care of the delay and no delay compensation is utilized._

Chemical process is a nonlinear and time dependent process and

I,ellcethe conatants derived for PIO controller ~ill soon become

obsolete due to environmental changes and/or operating point
changes.
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5.2 AUTOTUN~

5.2.1 BASIC THEORY
Zigler-Nichols method requires that the ultimate gain and

altimate frequency are found out from closed loop experiments.

This can be done by using proportional regulator with increasing

gain until oscillation occurs. The gain (Ku) when oscillation

occurs is the critical gain and the period 1S critical period

(Tu). But in practice difficulty arises in keeping amplitude of

oscillation under control [21J.

The autotuning is based on the idea that the ultimate gain and

frequency can be determined bY introducing relay feedback. The

ultimate period Tu is simply the period of oscillation and

critical gain can be calculated by applying Fourier expansion of

relay amplitude and amplitude of oscillation. If d is relay

amplitude, then the amplitud~ of first harmonics is

4d/rr

If output amplitude = a, then ultimate gain

Ku=(4d) / (rra);
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5.2.2 CONTROLLER DESIGN

Using Ziegler.Nichols rule [21]

K ::K /2'c u '

?: I =Tu/2;

'r.D=T u/8;

These PID constarits are transformed to digital form as given

earlier (5.5).
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S.2.3 IMPLEMENTATION QE. AJ1..T..QTUNER

The diagram of auto tuner is given figure 5.3. The flow diagram

of the auto tuner is shown below.

I Reduce relay amplitude

~

stem output > li~~-----:~:-'r

---.---
C-C-ai~uiate-"pe-a"ki
..::=L-_.....__.._ -_._--

current amplit~ds~limit __. .

I
I! No __ ---~-
~ious amplitude -

-- < error
---

~'-'Calculate TuL-.-- and gain Ku

Ealculateparameter
Kc' I' -D. -..- .. __."T .

iC Return)



To implement autotuner the following problems have to be solved.

a)Removal of measurement noise;

b)Level adjustment;

c)Saturation of actuator;

d)Automatic adjustment of the amplitude of oscillation.

Measurement error poses errors in detection of peaks . and zero

crossing. Filtering or hysteresis relay reduces the influence of

measurement noise .

•

If relay amplitude is not sufficiently large for a process with

finite low-fr~quency gain, there 'is no guarantee that the desired

steady state will be achieved with relay control.
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5 . 3 ADAPTIY..E. CONTROL

Often ch~mical processes are nonlinear and process dynamics vary

with changes in operating conditions. Thus with the change of

Lime and operating conditions the controller need to be retuned

:inorder to provide satisfactory perfo-rmance at the new operating

conditions. The adaptive control might be attractive 1n the

following applications.
I,CataJytic process where unmeasureable change occur;

2.Heat exchanger with fouling problem;

3.Frequent equipment change (failure,startuP,shutdown);

4.Large, frequent disturbance (feed compensation, fuel

qualityeLc.);
5.Ambient conditions(rain stor~s,24 hour daily cycle);

6.Product specification i.e. grade changes.

There
[22] .

are
In

two general categories of adaptive control
the first category the different parameters

problems

of the

cont.roller are stored for different. conditions or a model for

constants are prepared for different conditions. If the process

is reasonably well understood, then it may be feasible to adjust

Lhe controller parameters by measuring pr.ocess changes. This type

is known as programmed adaptation since effects of the process

changes are predictable ..

Where the process changes cannot be measured nor predicted, in

this difficult situation the adaptive control strategy use the

feedback method to calculate controller parameter. This type of
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adaptive control is referred to as self tuning control.

A wide variety of adaptive control strategy that has been

proposed can .be conveniently placed into four categories [22].

1.Adaptive controllers designed using a quadratic cost

function;

2.Design methods based on stability theory;

3.Pole assignment techniques;

4.Miscellaneous approach such as pattern recognition.

5 . 4 s.EL.E: T.!J.lilliG: CONT ROI.

If the process changes cannot be measured nor anticipated,
•self tuning control is applied as stated earlier. From the process

data, parameters of controllers are updated (figure 5.4).

To implement self tunning control~ the system must

1. Estimate the process parameter;

2. Calculate new controller parameter;.

3. Implement the control.

Most real time parameter estimation techniques requires the

introduction of an external forcing signal to allow process

identification. Such an input signal can be intraduced through

th8 set POil\t change or superimposed on the controller output.
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FIG 5.4 Block diaa-raru at a conventional adaptive recuJ.ator. [2:2]

-I /'/1)

,

FIG 5.3
Block diarralll of an .aulo-tuner.

The system oper.ales as a relay controller in the tuninc mode (T)
lind as an ordinary PIO rc(ulalor in the .automatic control mode (A). r22 ]
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Jf the process control function is known then desired process

function is derived. The criterion of the feedback process first

is set and accDrdingly the desired transfer function is derived.

Guilleman Truxal method is used to find the control transfer

functi.on. This can be done in two ways (figure 5.5).

5.4.1 THEORETICAL BASIC Q.£ CONTROLLER

For most of the chemical process have the first order delayed

system transfer function, hence for the selftunning controller

the system transfer function can be given by

K e~to.s
pG =~-------------p . n.<'-s + 1

--5.6

where td= delay time;

't"=time constant;

K =gain;p

Generally hold element have zero order with sampling time T, then

transfer function of hold' circuit is

1 -sT- e
l1(s)=----------

s
--5.7

The pulse transfer function for the combination of zero order

hold l1(s) and process transfer function Gp (figure 5.6) is
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K (1_a)z-N-1
.P= ---------------
1-a z-1

--5.8

where a=e(-T/,&,)

N=nearestinteger of td/T;

Using Dahlin algorithm, then the closed loop transfer function

y '(l-q)z-N-1
= --------------------------

R .1 - q z-l - (1_q)z-N-1

where q=e-AT

A =Dahl in tunn ing parameter;

--5.8

if the Dahlin tuning parameter is increased, q approaches zero,

error is reduced faster, and the Dahlin algorithm approaches the

Deadbeat algorithm. For small value of A, the value of q is near

1.0 and the control is very slow. Thus q can be adjusted to,
obtain any desired speed of control.

Using Guilleman-Truxall method (pole-zero-placement technique )

obtain controller pulse transfer function is obtained as

1 C(z)
O(z)= ----------- -----------

R(z) - C(z)

=---------------
K (1_a)z-N-1

p

Simplifying and rearranging

(l_q)z-N-1
---------------------
'1_qZ-1_(1_q)z-N-1

l-az-1 U(z)
D(z)=--------~---=l--------=N=l--- =

Kp(1-a)(1-qz - (l-q)z ) E(z)

5-13
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Hence the difference equation of the controller

1-q
------ (ek - a ek-1)
Kp(1-a)

--5.11

It requires a and Kp and tunning parameter q to identify. For

this type of controller, the closed loop response time remains

constant, although their controller setting varies when the

process model changes.

5.4.3 ,MODEL lIllitlTIFICATION'

The first order model of the process derrieved earlier (5.8) is

given by

Kp(1-a)z-N-1 Y(z)
HG(z)=-------------------------=--------;

1-az-1 E(z)

Then the difference equation of process with hold element is

Yk =K~(1-a) en-N-1 + a Yk-1

=b en-N-1 + aYk-1
where

This equation has two unknown a and b. Usi~gleast square curve

fitting the unknown a and b can be found out .
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5.4.4 IMPLEMENTATION QE. SELF-TUNING CONTROL

The seguence of model Identification is as follows:

'V
( Return):

- ...
Read response time,

imagnitude of step change of setpoint!

,/ -

L Set new set point I
\

Monitor ou tpu t responce
of process

L
Using least sguare curve fitting

calculate process model..-.

'J
! Using process model

calculate parameter of controller

I .

5.5 SOFTWARE EQR INTERFACE

lnt.erfacing the hardware developed with the computer there

requires handshaking software. This software can be categorized

in two section a)program for data acgui~ition and b) program for
hardware control.

To control the total process the data flow diagram is shown in

appendix. To control the heater power, stepper motor, and
solenoid valve and to get the temperature and flow digitized
data taken from ADC, special programs are developed.
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5.5.1 PROGRAHHIN~ EQR rrATA ACQUISITION
The first step in data acquisition IS to scan the process sensing

in~truments. This IS done either on a fixed time schedule, on

demand by the program or by the operator if conditions so

warrant, or the scan may be initialized by a signal from the

process. The sampling frequency is completely depends on the

nature of sampled data and nature of the process. A detailed

analysis IS done in sampling time selection of chapter 4. The

programming for data acquisition follows the sequence followed.

1. Cilannel s~lection and conversion initialization:

The IBH analog to digital converter (AOC) card has internal

analog multiplexer with 16 input channels which may receive

signals from 16 different sensors. To convert signal from the

temperature and flow sensor, the channel number connected to the

sensor should be selected and thi~ is out to port hex 278.

II requires to loop 7 times to start analog to digital conversion
process for low 6 bit and high 6 bit.

2. Reading data from AOC:

After conversion initialization, from port 279h low 8 bit and

from port 280h high 4 bit data is read i.e. a 12 bit AO data is
now available.
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Flow chart for reading data from ADC card is:

Out analog input channel
number to port Z81h

In port 283h
for low 6 bit conversion

7 times,
no

In port 282h
for high 6 bit conversion

times. tlO

55,2

In port 279h
for low 8 bit data

In port 280h
for high 4 bit data

Return 16 bit data
with high nibble pa'dded zero

SOFTWARE E..QRHARDWARE CONTROL

Tile data out from the computer to the hardware is through the

printer port, The printer port has 8 bit data out line (port

378h), 3 bit address line AO,Al and A2 and one strobe line (port

37Ah). To out 8 bit data on the data bus the out put port is 123

and to out address and strobe out put port is 123. To get status

of the solenoid valve and interrupt of end of motor rotation, the
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input. port 378h 1S used.

1. Initialization of stepper motor environment:

TIle stepper motor uses the interrupt line of the printer card of

the personal computer. This interrupt line is connected through

~he interrupt controller 8258. Before starting the process

control, the interrupt controller 8258 reguires to set interrupt

erlable bit high. As interrupt 15 is connected to the interrupt

line of the printer port, initial interrupt vectOr location 1S

first saved and int 15 routine address is loaded. This is done by

calling initmotor().

2. Stepper motor control program:

The stepper motor control program uses the technigue that to

start motor with step data and direction of rotation it calls

soft interrupt 15 and interrupt 15 calls runmofor function.

a)The runmotor function: It first load 8 bit rotation data

to stepper motor controller (SMC) by placing 8 bit data to

data bus and lowering Al momentarily. Now load the direction

data in solenoid valve. control and other (SVCO) register.

Start rotatinn bit is set high temporarily by loading this

bit first high in SVCO register and subseguently loading low

in SVCO register.

b)The stepper routine: When interrupt 15 is called it first

check ~hether the higher 8 bit of step data is zero. If it
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rinds this data is zero it si'mply load dummy data to SHC to

lower the interrupt of SHC and disable further hard

interrupt call, else set step data D such that stepper motor

rotates 256 and calls run motor.

74198

high,

assembly.

of the

3.Heater power control:

The program of the heater power control is written in

The heater power is controlled by setting firing angle

SCR/TRIAC. The fire angle is first stored in the register

by sending 8 bit fireangle on the data bus and setting AD

then bringing strobe line temporarily high and finally lowering

AD low. Now start heat bit of solenoid valve controller and other

register (SVCD) 74198 is stored high using address A2 and strobe.

During data loading interrupt is disabled because interrupt is

called by motor controller which uses this resister.

4.So1enoid valve control:
To control solenoid valve, the solenoid valv~ data is stored SVCO

register by placing bit 1,2 and 3 to data bus accordingly and

lowering AD and strobe temporarily. To on the solenoid valve the

corresponding bit is set high and done by routine svon and to off

the solenoid valve the corresponding bit is reset and done by

routine svoff.

s. Solenoid valve status:
To get the solenoid valve status the data from the port 379h is

read and returnea. The data returned is in the form that if

5-19



,

s"Jenoid valve 1 is on then bit O. is 1 and

is on bit 1 is 1 and soon.
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CHAPTER 6 CONCLUSION AND SUGGESTION FOR FUTURE WORK

6.1 CONCLUSION

The work involved development of the necessary hardware for the

measurement and control of the controlled variables and the

necessary interfaces. To measure the flow of gases, thermistor

based flow $ensor was designed and to control flow stepper motor

controlled valve actuator was used. To measure temperature

thermocouple amplifier and t9 control heater power phase fired

heater controller were developed. To interface solenoid valves

with the computer, a special interface circuit was designed.

Handshaking programs were written to interface with these

hardware developed All data acquisitions, implementations of

control commands were written in assembly to perform at high

speeds and repeatedly. Complex part of control programs and to

filter noise digital filter programs were written in high level

language C. To represent data, status and alarm graphical

representation program is written in C. The control algorithm and

the filter algorithm were verified by simulation.

The autotuner requires little prior information. On the other

hand self tuning regulators ca~ use more complex control laws with

better performance.
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6.2 SUGGESTION EQR FUTURE HQRK

To enhance the controller and filter algorithm as an extension of

the present work or as an independent work, the following work

may be undertaken.

1. In filter design, low order filter was chosen. For process

with noisy environment, higher,order digital filter may be used.

Hardware implementation of digital filter may be carried out as

an independent work.

2. If process model is known J the Kalman filter can be
implemented to have better result.

3. The autotuner and self tuning regulator will however not work

if the prior guesses are too far off. For better results

autotuner and self tuning algorithm can be combined for better

performance.

purpose.

An expert system can be implemented for this

4. I? the process model is known, Hodel'Predictive Control can

be implemented with high speed computation facility.

5. To handle alarm, detect and diagnose failure and optimize

control expert systems can b'edeveloped.
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APPENDIX A

DATA FLOW DIAGRAM OF THE PROCESS CONTROL .
The data flow diagram of the process control is shown in figures

A-I to A-5. The data dictionary of the program is given below.

DATA DICTIONERY:

Name and Number: Discretize data: DFD 1. 0

Composition: AtoD 1.1

Variable names:

Channel number:Which channel to be digitised, range 0 to 15.

Raw_temp_data: Digitised temperature data after 12 -bit adda

converter,16 bit long with highest nibble

zero.

flow data after 12 bit adda

converter,16 bit long with highest nibble to

zero.

Thermocouple number.
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Process description:

AtoD.
{
Set channel number ;

Clear AD register ;

Loop 7 times for low 6 bit ;

Loop 7 times for high 6 blt ;

Read high order 4 bit

Read low order 8 bit

Store in 16 bit with high nibble zero

Beturn this data.

}

{
Get thermo_no;

Call atod with thermo-no connected channel number;

}

{
call atod with flow sensor connectred channel_no

}
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Name and Number:

Composition:

Limit Check

2.1

DFD 2.0

Variable Name:

amplifier

AID output of thermocouple

.Raw_flow_data AiD output of flow sensor,

Temp_limit The upper limit of teperature

Flow limit Upper limit of flow;

Temporary count register to store

how many times temerature remains

higher than the upper limit

continuously.

Same as Cont_temp but for flow.

Thermocouple number.

Process Description:

{

by 1;

Else set count to zero;

If count_temp > 3 call alarm;
If count_temp <> 0 get temperature data again,

}
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{

.Get raw_flow_data ;

If(raw_flow_data >flow_limit)increment count flow

by 1

Else set count to zero;

I~ count flow") 3 call alarm;

If count flow ~ 0 call ATOD

Else return raw_flow_data;

}

A-4
, 'J~



Name and Number:

Composition:
Variable names:

Operation mode selection DFD 3.0

The operator enters the operation mode

which have a value 0 to4. 0= automatic,

1= manual, 2= "tuning.

Prev_mode Previous mode of operation entry.

Process description:

{

If operator has no entry continue on with prev-,

mode entry;

Else call manual for 1;

tuning for 2;

}
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Compansator calculation:Name and Number:

Composition: Prefilter1 4.1

OFO 4.0

Variable names:

Prefilter2 4.2

Compansator1 4.3
/

value of temperature.

measurement".

Raw_flow_data: Digitised

measurement.

value of flow

Filtered_temperature: Raw temperature data is

filtered by 4th order butterworth filter.

Filtered_flow: raw flow data is filtered by

4th order Butterworth filter.

Compansator output:Filtered

compansated by PIO compansator.

temperature is

File names:
Output history file: Collects the filtered .data,compansator

ouput with time.

Compos itior\:

ou tpu t.

Time of sampling,value sampling,compansator

Process description:

Prefilter1 4.1

{

Initialise filter. parameters

Get current data ;
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Calculate new ou tpu t

Update old data '.

Update' old output

Feturn new output;

}

Prefilter2: 4.2

{Same as Prefilter1.

}

Compansator1 4.3

{

Initialise compansator parameters;

Compute data for heater fire angle;

Store compansated data;

Feturn compansated data;

)
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Name and Number:

Composition:

Update variable

Update1 5.1

Update2 5.2

DFD 5.0

Variable names:

Update-flpw:ijpdated flow data

Updated-temperature: Updated temperature.

~rocess description:

Update1: 5.1

{

Get current data;

Update old temperature data;

}

Update2: 5.2

{Same as Update1for flow data.

}
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Name and Number:

Alises:

Composition:

D/A conversion DFD 6.0

Heater DA 6.1

Stepper DA 6.2

Start motor

Rum motor

Int-15

6.2.1

6'.2.2

6.2.3

*Notes: Stepper motor contol uses hardware interrupt.

Variable names:

No_Of_Steps:Stepper motor steps,16 bit data.

Direction_of rotation: Direction of rotation is

anticlockwise if value is 0 else clockwise.

converter.

Process description:

Heater 6.1

{

Get firing angle;

8 bit fireangle for heater D/A

Store firing angle in resister;

Set heat start bit high

}

Stepper motor 6.2

Start motor

{
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Get no_of_step.

Divide number of step by 256

Store in rest_rot.

Start rotation with modulus of

calling run motor.

}

division

Run motor 6.2.2

6.2.3

{If rotation is not completed by checking

rest_rot

Store step 8 bit no_of rotation to

stepper register

start stepping;

else store dummy data to stepper register;
}

Int 15

{

S.etno_of_step 256;

decrese rest_rot by 1;

call run motor;
}
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Name and Number: Display Data & Status 7.0

Composition: Display-status 7.1

Di.splay-alarm 7.2

Display-temperature 7.3

Display-flow 7.4

Display-power to heater 7.5

Set-status 7.6

Reset-status 7.7

Set-alarm 7.8

Reset-alarm 7.9

Set-temperature 7.10

Set-flow 7.11

Set-power 7.12

Variable name:

Status The status of the plant, O=Automatic mode,
l=Hanual mode, 2= Tuning mode.

Alarm O=Temp. Hi,

5=Temp ..low,

l=Flow High,

6=Flow low

3 extra

expansIon.

high and 3 extra low alarm for future

Themo_no Thermocouple number, ranging from 0 to 3.

Filtered-flow

Temperature data.

Flow data of gas from filter.

Power Heater power calculating from firing a~gle
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Process descri~tion:

Set status 7.7

{

Get mode of o~eration;

Dis~lay mode;

}

Set alarm 7.8

{

Get alarm number;

Clasify high or low;

Display on screen with sound;

}

{

Get alarm number;

Classify high or low;

Remove alarm;

}

Set_temperature

{

7.10

Get temperatur data and thermocou~le number;

Scale data;.

Reset old pointer;

set pointer to new ~osition;

}
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Name and Number:

Composition:

Manual 8.0

Process description:

{

8.1

read fireangle from console;

store Fire_angle;

Call heater;

}

•

{

8.2

Read step and direction from console;

Call start motor.
1.'

Choice

{

8.3

Get choice from console

If choice is 2 call get_new_fireangle;

If choice is 0 return to mainstream;

Repeat

}
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Name and Number:

Composition:

Autuning 9.0

Put new data 9.1
Relay 9.2

Peak 9.3

Parameter calc 9.4

Variable names:

New_er.ror: set"-point - measured and filtered data;

process_array: stores previous data of relay output;

Allowable range of error for two

consecutive peak of output;

measur_array: store of previous measured data

Relay_amplitd: Amplitude of relay oscilation;

KU,TU: Critical gain and critical period;

amplitude of measured data;

KC,TAO_I,TAO_D: Parameters of PID controller.

File names:

Process description:

{

get new data

Shift data of array

Put new data in last position of array

}
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Relay

{

Get error data;

If error_data> 0 set present_flag=l;

Else set present_flag=O;

If (previous_flag != present_flag) set amplitude of relay

previous_flag = present flag;

return amplitude of relay;

}

t'eak

{

Get new data

initialize peak;
if new data > previous data set flag to 0

if new data < previous data and flag equals 0 set peak to

previous data and set flag to 1 and get new_time;

return peak and period;

}

parameter:"'calc

{

Call relay with set-point - measured data

Call peak

If previous-peak - new-peak les,s than error_range

{calculate KU and TU
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calculate KC,TAO_I,TAO_D from TU and KU

Stores all in compansator coefficint file.

return to main stream }

Else repeat

}
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Uinclude <process.h>
Uinclude cstdlib.h>
unsigned. int channel, step ,direct, valve_no, fire_angle;
int i)j,k;
double scale;.
float qq;

/~ This routine returns average of 10 data from the
channel indicated */

float filter_avg1(int channel_no){
int kk;
channel=O;

for(kk=0;kkcl0;kk++)
{
chann e1+ =a tod (channe I_no);
}

channell=10;
return(channel) ;
J

I~ This routine displays four filtered temerature data on the
screen and stores data in file data, log until q is pressed *1

void cllanel(void)
c
l
float chan,mx;
in t k k;
for(;';)

(
for(kk=O;kkc4;kk++)

(
chan=filter(kk); /* fourth order Butterworth filter *1
if(k % 4 ==0)

printf("\n ch(%2d) = %5.4f ", kk, qq = scale * chan);
else

printf(" ch(%2d) = %5,4f ",kk, qq = scale * chan);
}

store(&qq) ;
printf("\nTo quit press q\n");
if(getch()=='q')break;
}

} I~end of channel*1
/$ 1'his routine starts running stepper motor with keyboard entered

step data and direction data and returns the sucess of
motor rotation*!
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int motor(void)
(
inl sucess;
printf("\n\tNo of Steps? ");
sCRnf( "Xci",&step);
printf("\n No of steps?=%d",step);
printfC'\n\tDirection? ");
seanf( "Xd" ,&direct);
printf("\nStepper motor sucess=%d\n",sucess=stepper(step,direct»;

/*stepper routine is an external routine which starts motor
after loading number of steps and direction of rotation
properly, */

getch();
return(sucess);
} /* end of motor */

/* This routine get firing angle data, ranging from 10 to 244, from
key board, */

int heat(void)
(
prinlf("\n\tEnter firing angle? ");
scanf("Xd" ,&fire_angle);
healer(fire_angle);

/* heater is an external routine which loads firing angle data
to heater controller circuit, */

/* This routine shows the condition of the solenoid valve in coded
form i, e, sol" valve 1 status * 1 + sol, valve 2 status * 2 +

sol, valve 3 status * 4,
To on the required solenoid valve the valVe number is entered
through key board, The sv_on routine is an external routine which
loads high in proper bit of solenoid vave control register, */

void valveon(void){
printf("\nCondition of valves is %d
printf("What is your valve to on?
seanf( "%d" ,&valve_no);
sv_on(valve_no);
printf("\ncondition of sv%2d is %d

\ n" ,get so 1set ( )) ;
" ) ;

} /*end of valveon */

/* This routine shows the condition of the solenoid valve in coded
form 1, e. sol, valve 1 status * 1 + sol, valve 2 status * 2 +

sol, valve 3 status * 4.
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To off the required solenoid valve the valve number is entered
through key board. The sv off routine is an external routine
which loads low in proper bit of solenoid vave control
register. */

void valveoff(void){
printl"("\n Condition of valves is %d
printf("\nWhat is your valve to off?
scanf("'%d" ,&valve_no);
printf("\ncondition of sv%2d is %d
sv_off(valve_no);

",getsolset(» ;
" ) ;

) /* end of valveoff' */

1* The menu routine displays the menu of operations i.e. stepper
motor on, solenoid valve on/off, setting heater fire angle or
display of thermocouple voltage dat'a. */

in t menu(){

illt choice;
elrscr();
p'otoxy(5,5);
printf("YOUR OPTIONS ARE ... ");
printf( "\n\tl. \tHotor On ..");
printf("\n\t2.\tSolenoid valve on. ,");
printf("\n\t3,\tSolenoid valve off ..");
printf("\n\t4.\tHeater fire angle ....);
printfC"\r,\t5.\tHeater off, ,");
prillt f. ( ..\ n\ I.6 ,\ I.The rmoe 0upIe v0 I I. ag e ,...);
printf("\n\t7,\tQuit ..");
do{

gotoxy(5,ZO);
printf("\t\t\tYOUR CHOICE IS, ....);
scanf("%Zd",&choice);
)while(choice<O :: choice >7);

return(choice);

/* end of menu */

/* The menup routine calls the required operation routine according
to menu routine choice, */

mr:llup(vo id) ( \
ir:l, choice;
while«choice=menu(» !=7){

switch(choice){
case l:clrscr();motor();break;
case Z:clrscr();valveon();break;
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case 3:clrscr(); valveoff();break;
case 4:clrscr();heat();break;
case 5:clrscr();stopheat();break;
case 6:clrscr();chanel();
default:break;
}

}
printf("\n\t\tPress any key .....");
getch();

} /* end of menup */

manual(),
l
char Chi
scale=9.000/4095;
k=O ,:

/* scaling of the 9 volt by 12 bit data */

.fileintl();
initmotor( ).:
initfi1ter( );

menup( );

/*Initialisation of file to store data */
/*To initiaTize stepper motor start environment */
/*The filter parameters are initialised *)

/*To retrive previous environment */
/*To stop heating of heater */

/* Before closing mannual mode following routines are called. */

closemotor()
stopheat();
clrscr():
printf( "press any key );
getch() ;

}

rna in ( )
{
manua.l();
}
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/* mult times enlarged */

'/* mult times enlarged */
/* incTeam~nt in x axis by 2 */

Uinclude <math.h>
Uinclude <stdio.h>
Uinclude <graphics.h>
Uinclude <dos.h>
Uinclude <stdlib.h>
Uinclude <a:\process\filter.h>

struct time *timess; /* start time pointer */
struct time *timee; /*,end time pointer */
extern float channel(int channel no); ,

. J. -

float xreal[250],value[250],value_exp[250]; /*Array for display */
float x[7],y[7],coeff_y[7],coeff_x[7]; /* Array for f~lter routine*/
int order=4;

/* To initialise graphics mOde to display filter response */
void' initial()
{int graphdriver,graphmode;
graphdriver=DETECT;
initgraph(&graphdriver,&graphmode,"\\bgi");
} ./*end of initial */ "

/* To plot an array,value in y direction;maximum of 250 'points */

void plotting(int axis,float array[],int point,floatmult){ .
.int i,x,y;
x=O;
y=axis-array[O] * m~lt;
moveto(x,Y);
for(i=O;i<point~i++){

y=axis-array[i] * multi
x+=2;
lineto(x,y);
}

} /* end of plotting routine */

/* Put a new data .at the end of the array and s,hift the previous
data to immediate previous position */

void putnew( float arraY[],float data)
{
Int i;
f6r(i=O;i<order;i++)

array[i]=array[i+l];
array[order]=data;
} /* end of putnew routine*/
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/* nth order filter' calculation,Chebicheve or Butterworth depending
on 'coefficient supplied */

float filter_calc(void)
{
int i;
y[order]=O;

for (i=O;i<=order;i++)
y[order]+=coeff_y[i] *y[order-i] +coeff_x[i] * x[order-i]

return (y[order]);.

} /* end of filt~r routine */

/* Initialisation of the coefficient for 4th order butter filter
type I */

void set_coeff~butter(inta)
{
coeff_y[Oj=O.O;
coeff_y[1]=1.5703989;
coeff_y[2]=-1.2756133;'
coeff _y [3J=+0. 4844033;
coeff _y[4]=-0 ..076197;
coeff_x[0]=O.018563;
coeff_x[1]=0.074252;
coef f_x [2J=O .111378;
coeff_x[3]=O.074252;
coeff_x[4]=0.018563;

} /* end of set_coeff_butter for 4th order */

./* initialize an array with data d */
void
{
for

start(float array[].
int. 'i;

(i=O;i<=order;i++)
array[i]=d;

float d)

} /*end of start */
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/*Initialisation of filter parameters and x data and y daia array */

void initfilter()
{
se t~c 0 e f f_b u tter (°);
start(x,O);start(y,O);

} /* end of initfilter */

/* Filter routine takes data from given channel number of AD card
and uses 4th order Butterworth filter equation to filter out
noise and returns filtered data. */

float filter(int chanel_no){
in t i;
float yx;
fore i=O; i < 20; i++) {

putnew(x,atod(chanel_no»;
yx=filter_calc( );
putnew(y,yx);
}

printf("\n Filtering %d samples %f \n",i,y[order);
return(yx) ;

}

/*

/*end of filter */

This s~ction was used for tesingthe routines when de~eloped

'main( )
{ int i,j,k=250,r;
float z,d;
float scale; /* scale f6r.data read ~/
order=4;
scale=100,O/4.0950;
timess=malloc(sizeof(struct time»;
tim ee =rna110 c (s iz.e0 f (st ru ct tim e ));
initfilter(); /* Initialisation of filter paramet.rs */
for (j=O;j<5;j++){

gettime(timess);
filter(2);'

.gettime( timee);
printf("START TIME = %d:%d:%d,%d",timess->ti_hour,\

timess-> ti_min, time.ss-> ti_sec, t.imess- >t.i_hund);
printf( "\nSTOP .'TIME = %d: %d: %d. ;\d",timee->ti'_hour, \

timee->ti_min,timee->ti_sec,timee->ti_hund);

getch( );
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iniiial(); I*Initialisation of graphics session *1
plotting(250,value,k,par); 1* Filtered data.*1
piotting(100,xreal,k,~ar/l0.); 1* Real data *1
getch();
closegraph();
}

end .of main *1
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~include <stdio.h>
~include <conio.h>
"include <stdlib.h>
int wdataptr,rdataptr;
in t new J C I a;.
float g=S.2231;
float. >buff;
FILE *in,*out:

1* write data track and read data track *1

I*buffer of temprary data read or write *1
1* input file and output file pointer *1

1* write data track and read data track *1
1* are initialized *1

1* This routine initialize file where the data to be read or write;
the data stored is in bineryform to reduce file siz~. *1

void fileintl(void)
(
,;lrscr() ;
buff = calloc(sizeof(float),lO);
in=fopen(" a :d'ata.log", "wb");
fc lose( in);
if((in=fopen (.,a :da ta .log" ,"r+b" ))==NULL )

(
fprintf(stderr,"Cannot open file.\n");
return (l);
}

wdataptr=O;
.rdatap tr=O;

} .I*endof fileinitl *1

1* This. routine s.tores float temerature data; \:Idataptr keep track of
data to write *1

,oid store(float *data)

'seek(in,wdataptr*sizeof(float),O);
,dataptr+=fwrite(data,sizeof(float),l,in);
nintf(" %d\n", ftellOn»;
-dataptr=wdataptr;

I*end of store *1

:* retrieves data that stored earlier and shows in screen *1
aid retrieve{void)

n.t n;

seek(in,«rdataptr-10) < ° ? ° : (rdataptr-10) )*sizeof(float),O);
f(. (fread (buff,sizeof(fl~at),lO,in»==NULL) priritf("Oh no!");
or (n=0;n<10;n++)
rintf(" %5.4f" ,buff[n);

1* end tif retrieve *1
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1* Closes the the fjle openhed *1

void fileclose(void)
{
fclose( in);,
}

1*
.This secti.on is used for testing of routines,

main()
{
fileintl() ;
whiJe(getch()!='q ')

{
q+=l,O;
store(&q );
retrieve();
}

fileclose();
}*I

,



linclude tgraphics.h>

/* This module can be used to display data in monitor.The
functions used are:

void init(void);
void display(void);

~oid display_status(void);
void display~alarm(void);
voiddisplay_temp(void);
void display_flow(void);
void display-power(vbid);

void setstatus(int status);
void resets~atus(int st~tus);
void setalarm(int alarm_no);
void resetalarm(int alarm_no);
void settemppoint(int therm_no, float temerature);
void setflowpoint(float flow);
void setpowerpoint(float power);

The global vaiiables used for different functions
TOP_X,TOP_Y,BOTTOM_X,BOTTOM_Y status box size;
DISPLACE_BOX displacement of status box;
T_START_X,T_START_Y teperature monitor position;
F_START_X,F_START_Y flow. monitor position; .
A_START_X,A_START_Y alarm monitor start positIon;.
P_START_X,P_START_Y power monitor start position;
TEMP _START, TEMP _END temperature initial & end value ;
FLOW_START ,FLOW_END flow initial & end value for meter;
POWER_START,POWER_END power initial & end value for meter;
scaleset,pointerset scale and pointer data;
status,~larm status and alarm data;
prev...... previous state of ..... :.

.1- /

int TOP_X =10, TOP~Y= .10,BOTTOM_X=50,BOTTOM_Y.=30;
int 01SPLACE':"'TEMP=50;
int T_START_X=550,T_START_Y=10,T_WIDTH=35;
int F_START_X=62.5,F_START_Y=140;.
int A~START_X=555,A_START_Y=280;
int P_START_X=550,P_START_Y=140;
int O_START_X=350,O_START_Y=25;
flaa t TEMP _START=O, TEMP _END= 10,FLOICSTART=O ,FLOW _END= 10;
float POWER_START=30,POWER_END=60;.

int * scaleset,*pointset;
illt *.status,*alarm;
int prevstatus[5]={0},prevalarm[10]={0};
int prevpos[4]={105,105,105,105};
int prevpower=O,prevflow=O;
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/* To initialise the graphics display*/
init()
{
int driver=.DETECT.,mode,g_error;
in itgraph (&d rive r ,&mod e ,"\\bg i" );
if«g_error=graphresult(»!=O)

printf("initgraph error: %s",grapherrormsg(g_error»;
}

/* To display the status of the solenoid valve, heater or motor
0 = s'olenoid valve R
1 = Solenoid valve S,., = Solenoid valve T£.

3 = Heat.er
4 = Flow 1.e. stepper motor */

display_status()
{
int i,j;
sta tus= ma 1I0c( imagesize (TOP_X ,TOP _Y, BOTTOH_X, BOTTOH_Y) );
setf ilIstyle( 11,1);
rectangle (TOP _X, TOP _Y, BOTTOH_X, BOTTOH_Y);
floodfill(15,15,WHITE);
getimage(TOP_X,TOP_Y,BOTTOH_X,BOTTOH_Y,status);
fore i=O; i<5; i++)

{
j=i*DISPLACE_TEHP;
putiniage(j+10,10,status,COPY_PUT);
swi tch( i){

case 0:outtextxy(j+15,15,"SV R");break;
case1:outtextxy(j+15,15,"SV S");break;
case 2:outtextxy(j+15, 15, "SV T" );break;
case 3:outtextxy(j+15,15,"HEAT");break;
case 4: outtextxy(j+15, 15, "FLOW");
}

}
putimage(10,35,status,XOR_PUT);
ou ttextxy( 15,40, "ON" );
get image( 10,35, 10+BOTTOH_X-TOP J, 35+BOTTOICY -TOP _Y, sta tus) ;
'put image( 10,35, sta tus, XOR_PUT) ;
j =0;
for(i=0;i<5;i++)

{
putimage(j+l0,35,status,COPY_PUT);
j+=DISPLACE_TEHP;
}

}
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/* To set the status of the motor .and others described above */

setstatus(int i)
{
if(prevstatus[i]==O)

pu t image( i*DI SPLACE_TEMP+10,35, sta tus, XOR_PUT);
prevstatus[i]=I;
}

/* To reset the status of the motor arid others described
earlier */

resetstatus(int i)
{
if(prevstatus[i]==I)

putimage(i*DISPLACE_TEMP+I0,35,status,XOR_PUT);
pre v s tat us [ i ] =0 ;.
}

/* To display operation mode screen preparation routine */

d.isp lay -,-opera t ion_mode ( )
{
in t i,J j ;
out textxy( O__START_X-15, O_START_Y-I0, "OPERATION MODE");
se tl inestyle( SOLID_LINE, 0, THICK_WIDTH);
rectangle (Oc-START_X, O_START_Y, O_START_X+80, O_START.:..Y+30);
set hnesty lee SOLID_LINE, 0, NORM_WIDTH);
rec tang Ie (O_START_X+7 , O_START_Y+7 ,O_START_X+70, O_START_Y+25);.
setfillstyle(XHATCH_FILL,I);
flood f iII( O_START_X+3, O_START_Y+3.,WHITE);} .

/* Operation mode setting routine

° = Autb;
1 = Hannual;
') = Tune;~
3 = Start;
4 = Shut down; */

setoperationmode(int mode)
{ . '.
setv iewport (O_START_X+8 ,O_START_Y+8, O_START_X+69, O_START_Y+24 , 0);.
clearviewport();
setviewport(O,O,getmaxx(),getmaxy(),O);
moveto( O_START_X+13, O_START_Y+ 13);
switch(mode)

{
case O:{outtext(" AUTO "); break;}
case l:{outtext(:'HANUAL");break;}
case 2:{ ou t text (" TUNE "); break; }
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case 3:{outtext(" START"); break;}
case.4:{outtext(" SHUT ");break;}
}

i* To display alarm section */
display_alarm()
{
int x,Y,i;j;
x=getmaxx();y=getmaxy();
setlinestyle(SOLID_LINE,O,THICK_WIDTH);
rectangle(A_START_X=x-200,A_START_Y=y-80,x,y);
set 1inestyleeSOLID_LINE, 0,NORILWIDTH);
j =40;
for(i=0;i<4;i++)

{
line(A_START_X+j ,A_START_Y ,A_START_X+j ,y);
j+=40; .
}

line(A_START_X,A_START_Y+40,x,y-40);.
outtextxy(A~START_X+80,A_START_Y-10, "ALARM"); .
alarm=malloc (A_START _X+2 ,A_START _Y+2, A_START _X+38.,A_START _Y+38) ; .
rectangle(A_START_X+2,A_START_Y+2,A_START_X+37 ,A_START _Y+37);
rectangle(A_START_X+4,A_START_Y+8,A~START_X+36,A_START~Y+18);
rectangle(A~START_X+4,A_START_Y+18,A_START_X+36,A_START_Y+28);
setf illstyle (SOLID_FILL, WHITE);
flood fill (A_START ~X+3, A_START _Y+3, W.HITE);
ge timage (A_START_X+2, A_START _Y+2, A_START _X+37 ,A_START _Y+37 ,alarm);
putimage( A_START _X+2, A_START _Y+2, alarm, XOR_PUT);
}

i* To set alarm. Alarm no. from 0 to 4 for 10
and 5 to 9 for hi */

setalarm( int alarm_no)'
{
int x,y;
if (alarm_no>4)

{y=A_START _Y+42;
x=A_START_X+(alarm_no-5)*40+2;
}

else
{y=A--,START_Y+3;
x=A_START_X+(alarm_no)*40+2; .
}

if(prevalarm[alarm_no]==O)putimage(x,y,alarm,COPY_PUT);
x+"=2 ;
y+=8;
if(alarm_no >4)outtextxy(x,y+10,"HIGH");
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case 3: {outtextC" START"); break;}
case 4:{outtex'tC" .SHUT ");break;,}
}

,/* To display alarm se.etion */
display_alarm( )
(

'int x,y;i~j';
x=getmaxx();y=getmaxyC );
setlinestyleCSOLID_LINE,O,THICK_WIDTH);
rec tang 1e.( A_START_X=x-200, A_START _Y=y-80, x, y);
se t I ill esty I e CSOLID_LINE, 0, NORM_WIDTH);
j=40; .
for(i=O;i<4;i++)

{ .

line(A_START_X+j,A_START_Y,A~START_X+j,y);
j+=40; . ,
}

lille(A_START_X,A~START_Y+40,x,y-40);
outtextxy(A_START_X+80;A_START_Y-10,"ALARM ");
a larm=ma lloe (A_START _X+2, A_START _Y+2, A_START_X+:38, A_START _Y+38) ;
ree tang 1e (A_START _X+2, A_START _Y+2, A_START _X+37 , A_START _Y+37) ;
rec tangl e (A_STAHT _X+4, A_START _Y+8, A_START_X+36 ,A_START _Y+ 18) ;
ree tang leC A_START_X+4, A_START _Y+ 18, A_START_X+36, A_START _Y+28) ;
selfi llstyleCSOLID_FILL, WHITE);
f le,od f i 11 (A_START _X+3 ,A_START _Y+3, WHITE);
ge t image( A_START_X+2, A_START _Y+2, A_START --':X+37,A_START ~Y+37 , alarm);
putimage(A_START_X+2,A_START_Y+2,alarm,XOR_PUT.);
}

setalarm(int alarm_no)
{
if!t x,y';
if (alarm_no>4)

{y=A_START_Y+42;
x='A_START _X+ (ala.rm_ho-5 )*40+2;
}

/* To set alarm. Alarm no. from 0 to 4 for 10
and 5 to 9 for hi */

•

else
{y=A~START _Y+3;
x=A_START_X+(alarm_no)*40+2;
},

j f Cpreva I arm [a larm_no] ==0 )put image( x, y, alarm, COpy 3'UT);
x+::2;
y+=8;
if(alarm_llo >4)outtextxy(x,y+10, "HIGH");
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e 1 S'':: (lU L Lextxy( x ..y+ 10 " ".LOW");
,\..} I t ,~j! ( 8: 1a r ttl no)

t
ca:,:O' O:\uuttc:xtxy(x ,y ,:'TEMP");break;}
case 1:.{out,textxy(x ,y' .,,"FLOW");break;}
1.;RSC :~~.:{outtextxy(x "y ;"DUMY");break;}
case 3:\outte'xtxy(x ,y ,"DUMY");break;'.}
'''iSC~ 1:{outtexl.xy(x ,y ,"DUMY");break;}
case ::;:{C>llttextxy(x ,y ,"TEMP").;br'eak;}
'oas" 13: \Ollt.textxy( x ,y, "FLOW"); break;}
cas~ '/: -[O,U ~ tex t.xy( x }y .,"DUHY" ) ; break; }
case 8:{outl.extxy(x,y ,"DUMY");break;}
case 8: (out.text.xy(x ,y, "DUMY" ):break;}
}

1* Reset ~]ar.1 rOll~ine */
r 8 ::;~ t. a J (j rill ( i. n tal arm nCJ),
"

int. X'Y,;
if (a 1 arnJ __n 0.' 4.> \ y=A~ST AR'l'_Y +42; x=A_ST ART_X+ ( a1 a rm_n 0 - ,5 )*40'+ 2; )
e 1st: t y=A_STARL.Y+2; x=A_START _X+ (a larm_no )*40+ 2; )
. set v j E;hi P OJ.' t ex .,'y .'x.+313 , y + :3 6 , 0 ) ; .
I:' I (; A r \' i E' W [:',0 r t (' ) ,:
s~~V,i.8Wp()rt(IJ,.O,"e~tmaxx().getmaxy(),O');
J

/+'']'':1 djsp13Y t".emperature digital and analog read .out .;f:/
d i ::;I::'La y __tern p ( .>
{ .
; IIL t ria ng 1e I: J = t:.iI]~j, 1HI, 3 10 , 1 ] ::;, 310 , 10-5, 30::; , 110};
in t. i ..j ,x, cJe 1;
"liar tenlp_arrByl:l0];
scaleset=ilIRl.loc(imagesize('295,10,310}115»:;
po.i.ntset:.::mal~oc( imagesize(305. 105.310,115»;

liner 300,10,300,110);
fCJr(5=1; j<=J1;i++){

j='i*10:
] ine(2813,j,3iJ4,j);
}

drawpoly(sizeofCl.riangle)/(2*sizeof(int),triangle);
getirrlage(285.1Q!310.115,scal.8set);
~0t.jnlaB~(3n5,105,310,115,pointset):
PI] L j nJ<~lfle(":;~8~l-'.1..0 .. :"-3ca l,ese t.! XOR_P[JT).:
(,Ij Lt.,,>: t:xy (T __ST Af<T_X.+ liJ, T_START _Y --8, "T.EIiPE RATURE" ) ;
de 1= (TEMP _c:ND-TEMP _START)/ 10;
xcoTEMF'._END,
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r ,,):( i ,c (j : i < 11 ; i + + ) {
s prj 11t f ( t ertlp~a r ray, "~/~3d" , x) ;

,0l11.'textxy(T~START_X~3D,T~START_Y+j.temp_array);
x,.. =de,l,:
j+=10,:
)

for( i:::O,: i<4; i++)
Cpu Limage (T _START-.:X+ ion _101 IDTH, T_START _Y, sc,a leset , COPY_PUT) ;
p r Cv l' (, S [ i ] =T_S TART_ Y-t: 9 5 ;
)

!~ To display flow in analog ~nd digital */
,d i:';p lnY.J low()

:
i. ;'1 L del -'x,, Y " i "j ;
'.':I '" r t e '"P _a r ray [ 10] ;
':,u;- Lex txy( F._START~X, F._START~Y -10, "FLOW" );
I:'il t i l"age ( t _:'3TART _X, L::oT ART _.Y , sea 1 e se t , COpi .. PUT ); ,
prevflow~:F_START_Y+95;
del=(FLDW~END-FLOW_START)!10;
>:,'FLUW _END:

t,:!!,( i=O; i < 11; i++) {
sp r in t f ( temp _.a r ra y , "%3d" ,x) ;
ollttextxy(F_START_X-30,F_START_Y+j,temp_array);
x-cde1 :
j+=IO;
}

!~ To dispJa~ power in analog and digital */
cJic;play_pol-,er( )

"'1. •

il1~ df.;l'.x .. y,i,j;
ellar Le",p_array[10];

',)'U t textxy (P _.START_X, P _START,3-1 0, "POWER");
P" t i",age( P':"START _X,E' _.START _Y , sea leset , COPY_PUT) ;
prevpower=P_START_Y+85;
rle 1=( POWER._END-POWEfCSTART )/l0';,
:,:"PUWER_ENO; ,
.i :: .-..'~.;
hn ( i = I) ,: i < 11 ; i ++ ) {

s{;".'.rintf(ternp. __array; "%3d" ,x);
ou I:tex t xy( P _START_X - 30, P _START _Y+j " L8mp_array) ;,
x--~d,,],:
oj += 10;
}
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}

*/

and digital display *//*Display data of temerature in analog
settemppoint(int n~,fldat temperature)
{
char cnvrtd_data[10]; /* Array for converted float data

in ~haracter*/
int j,new-position; /* New position of pointer
j=T_START_X +' 10 + no * 'T_WIDTH;
if(temperature >= TEHP_START && temperature <=TEHP_END)
{
new-position=(temperature-TEHP_START)*100/(TEHP_END-TEHP_START);
putimage(j,prevpos[no],pointset,XOR_PUT);
prevpos[no]=T_START_Y+95-new-position; ,
putimage(j,prevpos[no],pointset,XOR_PUT);
}

/* convert ion of float data to string of chracter */
sprintf(cnvrtd_data, "%4 .1f",temperature);
setviewport(j-15,T_START_Y+l05,j+30,T~START_Y+115,O);
clearviewport();
setviewport(O,O,getmaxx(),getmaxy(),O);
outtextxy(j-15,T_START_Y+l05,cnvrtd_data);

/* Displays con've'rteddata */

}

/*To display flow data in analog and digit~lform */

setflowpoint(float flow)
{
in t j;
char cnvrtd_data[10];

j =F_START _X+ 10;
if(flow >= FLOW_START&& flow <= FLOW_END){
putimage(j,prevflow,pointset,XOR_PUT);
prevflow=F_START_Y+95-100*(flow-FLOW_START)/(FLOW_END-

FLOW_START); ,
putimage(j,prevflow,pointset,XOR_PUT);
]

sprintf(cnvrtd_data, "%5. 2f", flow);
setviewport (F_START _X, F_START _Y+ 105,F_START _X+50 ,F_START _Y+ 115,0) ;
cl~arviewport();
setviewpart(O,O,getmaxx(),getmaxy(),O);
au ttextxy( F_START _X, F_START_Y+ 105,cnvrtd_data);
}
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/*To display power data in analog and digital form */
setpowerpoint(float power)
{
in t j;
char cnvrtd_data[ 10];

j=P_START_X+I0;
if(power >= POWER_START && power <= POWER_END){

pu timage (j ,prevpowe r ,po intset, XOR_PUT );
prevpower=P_START_Y+95-100*

(power-POWER_START)/(POWER_END-POWER~START);
pu timage(j, prevpower, pointset, XOR_PUT);.
}

sprintf(cnvrtd_data, "%5.2f" ,power);
setviewport(P_START~X,P_START_Y+105,P_START_X+50,P_START_Y+115,O);
clearviewport(); .
setviewport(O,O,getmaxx(),getmaxy(),O);
outtextxy(P_STA~T_X,P_START_Y+105,cnvrtd_data);
}

/*To display all the displayable section */
display()
{
display_operation_mode();
display_status();
d isplay_temp();
display_flow();
display~ower();
display_alarm();
}

/*
This secti6n was used at the time of development of thii
module.

main()
{
float tc1,flow,power;
in t i.~j ;
init();
display();
getch( );

for(j=O;j<l;j++){
power=O.O;
for(i=0;i<80;i++)

{
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te1=1.0/409.50*atod(1);
flow=1.0/409.50*atod(5);
power+=1,2;
settemppoint(l,te1);
setflowpoint(flow);
setpowerpoint(power);
}

geteh();.
}

geteh( );
for(i=O;i<l;i++){

setstatus(i);
geteh( );
setstatus( i);
geteh( );
resetstatus( i);'
geteh( );
}

for(i=O;i<10;i+~){
.setalarm( i);

setoperationmode(i);
getch( );
resetalarm(i);
geteh();
}

elosegraph();
) end of main */
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#include <a:\process\kohen.h>
#include <math.h>
"include <stdio.h>
#include <dos.h>

struct time *timen; 1* end time *1
struct time *timep; 1* temporary time *1
struct time *times; 1* start time *1
int DELAY_SEC=15,DELAY_HIN=30; 1* delay in minute and second *1
FILE*fp~ 1* file pointer to store time and system output *1
int firingangle,flag; 1* fire angle for heater *1
int sec_flag,min_flag; 1* flag for second. and. minute *1

1* Checking elasped prespecified time; if prespecified time
elasped returns 1 else returns O. *1

int checktime()
{
gettime( timep);
sec_flag=O;
if«timep->ti_sec+=DELAY_SEC»59)

{timep,>ti_sec=timep->ti_sec-6D;
sec_flag=l;
}

flag=O;
doC

gettime(timen);

if(sec_flag==l && timen->ti_se'c >= timep->ti_sec
&& timen->ti_min !=timep->ti_min) flag=l;

else if(sec_flag==O && timen->ti sec >= timep->ti_sec&& timen->ti~min == timep->ti_min) flag=l;
else flag=O;
}while(flag==O);

if(min_flag==l && timen->ti_min >= ,times->ti~min
, && 'timen->,ti_hour !=, times->ti_hour) return(l);

else if(min_flag==O && timen->ti_min >= times~>ti_min
&& timen->ti hour == ,times->ti_hour)return(l);

else return(O);

} I*end of checktime *1

/* This routine get the system output data and stores in file for
analysis *1

,int kohen_calc(int call_no)
C
int i,j"k;
char ch;'
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*/

/* reserves memory */time»;
time»;
time»;

char str[25];
float temp,x;
times=malloc(sizeof(struct
timep=malloc(sizeof(struct
timen=malloc(size6f(struct
clrsct() ;
sprintf(str, "\\process\ \kohen%ld .dat", call_no);

/* generates file name */
fp=fopen(str, "wt"); /* open file
printf(\

"00 you want to start? If yes press any keY.To guit press g.");
/* checks for further data acgusition permission */

ch=getch(); .
if (ch== .g . ) {fclose (fp );ret urn (0 );}

gettime(times);
fprintf(fp, "\nStart time %d: %d: %d ... \n" ,\

times->ti_hour,times->ti-rnin,times->ti_sec);
/* record the start time of operation */

min_flag=O;
/* Setting for delay */

if«times->ti_min+=DELAY_MIN»59)
{times->ti_min=times:->ti_min-60;
m in_f lag= 1;
}

printf("\nStart time %d: %d: %d ..... ,\
times- >ti_hour, tinles->ti_min, t imes- >t i_sec);

for(;;){
temp=filter(2) ;
gettime(timep);printf("\a");
fprintf( fp, "Time = %d: %d: %d. %d ",\
timep->ti_hour,timep->ti_min,timep->ti_sec,timep->ti_hund);
fprintf(fp, "\tTemperature %f\n", temp);
printf("\n%d: %d: %d ... %f" ,\
timen->ti_hour,timen->ti_min,timen->ti_sec,temp);
if(checktime()==l)

{fclose( fp);
return(l);
}

}

} /* end of kohen_calc */

This section was used for testing the developd routines
/*

maine )
{
kohen_calc() ;
) end of main */
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#include <math.h>
#include .<stdio.h>
#include <graphics.h>
#include <dos.h>
#inclJde <stdlib.h>
#include <a:\process\filter.h>

extern float channel( int channel~no);

float xreal[301],value[301],c[25],m[iOO];
float coeff_u[7], coeff_c[7];
floatamp 1itude ,steady, setpo int,st....point;

/*amplitude of relaY,steady value.
of process, set point of process */

float a,b,T,TD,TAO,KP; /* constants of process */
int order=4,N,count;
float K_PID, KC ,TAO_I ,TAO_D ,e [10] ,A,B ,cm [50] ,;

/* constants for controller */
float KU,TU; /~ constants for autunner */

int pflag,prev....pflag=O;
float prev""pdata=O,pamplitude;

/* To iriitiali~e graphics mode */

void initial()
lint graphdriver,graphmode;
graphdriver=DETECT;
initgraph( &graphdr iver, &graphmode, ..\\bgi \\" );

} /*endof initial . */

/* To plot an array, value in y direction,maximum of 200 p6ints */

void plotting(int axis,float array[],~nt p,float mult)
{
int'i,x,y.;
x=O;
y=(axis)-array[O]* multi /* mult times enlarged */
moveto(x,Y) ;
for(i=O;i<p;i++){

y=(axis)-array[i] * multi /* mult times enlarged */
x+=2; /* increament inx axis by 5 */
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lineto(x,y);
}

/* end of plotting routine */

/* initialize array of lenth dimension with d

void start(float arraY[],float d, int length)
{ int i;
for (i=O;i<length;i++)

array[i]=d;

/*end of start */

*/

" ,~,

I ,.
(,
'.
l'

/* Shifts data in array and last data is filled by data i.e put a
new data at the end of the array and shift. the previous data to
immediate next positi6n */

void putnew( float array[];int length, float data)
{

'in t i;
for(i=O;i«length-l);i++)
array[i]=array[i+l];

array[length-l]=data;

}

/*

/* end of putnew routine*/

Sets key data of model of process */

void model_data(void)
{
1'=0.1;
1'D=2.4;
1'AO=21.5;
KP=16.0;
N=1'D/1';

} ./*end of model_data */

/* Calculates model parameters */

void model-param(void)
(
model_data() ;
a=exp(-1'/1'AO);
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}

lineto(x,y);
}

/* end of plotting routine */

/* initialize array of lenth dimension with d */

void start(float arraY[],float d, int length)
{ int ,i;
for (i=O;i<len'gth;i++)

array[i]=d;

) /*end of start */

/* Shifts data in array and last data is filled by data i,e put a
new data at the end of the array and shift ,the previous d8ta to
immediate next position */

void putnew( float array[],int length,.float data)
{
in t i;
for(i=O;i«length-l);i++)
array[i]=array[i+l];

array[length-l]=data;

)

/*

/* end of putnew routine*/

Sets key data of model of process */

voi.d model_data(void)
{
T=O,l ;
Tfl=2,4;
TAO=21.5;
KP=16,0;
N=TD/T;

} /*end of model_data */

/* Calculates model parameters */

void model-param(void)
[
model_data() ;
a=exp(-T/TAO);
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b=(l-a)*KP;
printf("%f\n ",b);

} /*end of model-param */

/* Hodel equation calculation and returns model output. */

float model_calc()
(
float new;
new=b * m[O] + a * c[O];
return(new) ;
} /*end of model calc */

/* Set the model output array */

float model(float input)
{
float ex;
putnew(m,l+N,input);
ex=model_cale();
putnew(e;l;cx);
return(ex);

} /*end of model */

/* This routine simulates the operation of relay. i.e. when data
exceed limit relay output changes */

float relay(float data)
(
float l.e.t;
int flag,prev_flag=O;
if(data.> 0 )

flag=l ;
else flag =-1;
if(prev_flag != flag)

ret=amplitude * flag + st-point/KP;
prey_flag = flag;
return (ret);

}

/*

/*end of relay */

This routine elaculates the peak of model output
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float peakCfloat pdata)
[

ifCCprev~da:ta. > pdata ) && pdata > 0 ) pflag=l;
else ifC(prev-pdata < pdata) :: pdata <0) pflag=-l;
elSe pf lag=O;
pamplitude=O;
ifCpdata< 0) count=O;
ifC(prev-pflag==l && pflag==-l):: (prev-pflag==O && pflag==l) &&count=

{printfC" \n \t\tPEAK %f\n ",pamplitude=prev-pdata);
count++;
}

prev-pflag=pflag;
prev-pdata=pdata;

return(pam~litude);

} /*end of.peak */

/* Claculates the parameters of autotuner */

calc(int k){
float xU,uu',d;
int i,peak_count,current,tu;
peak_count=O;
current=O;
for (i=10;i<k;i++)

{
xu=st-point-value[i-l] ;.
uu=re layC xu);
xreal[i-l]=uu;
value[i]=modelCuu); /* simulates the piocess */
if( (d=peak(st-point-value[i]» != 0)[

'peak_count++;
printf(" KU= %f\n" ,KU=4*d/3.14/amplitude);
printfC" TU= ';f\n",TU=(i-current).* T);
current=i;
}

}

} /*end of calc */

/* This ~outine is of controller */

control_calc'( )[
float mX,'q;
q=O ..9;
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mx=q ~ cm[~] + (l-q) *cm[O] +(l-q) / b * (e[l] - a • e[O]);
/* equation of controller */

return(mx) ;

} /*end of control_calc */

/* Parameters of analog PIO controll~r */

void analog-param(void)
{
printf( " \nKC= %f",KC=KU/2.0)
printf( "TAO_I %f",TAO_I =TU/2.0);
printf(" TAO_O %f\n" ,TAO...eO=TU/S.O).

} /*end of analog-param */

/* Parameters of digital PIO controller */

void digit-param(void)
{
printfC'. \nK_PrO %f" ,K_PID = KC + T * TAO_I);
printf(" A= %f" ,A= (T * KC + 2 * TAOy) / (T* K_PIO»;
/printf(" B= %f\n" ,B = TAO_O / (T * K_prO»;

} /*end oJ digit-param */

/* Routine of initialisation of parame.ters of pro controller both

and digital and also initialize model data array

void initparam(void)
{
in t i;
analog-param() ;
dig it-param( );
for(i=O;i<=N;i++) cm[i]=O;

*/

} /*endof initparam */

/* Update the array of controller equation*/

void control( float error)
{
float mx;
putnew(e,2,error);
printf(" HX %f ",mx=control_calc(»;
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mx=q * cm[N] + (l-q) *cm[O] +(l-q)
1* equation of controller

return(mx) ;

I. b * (e[l] - a * eGO]);
*1

} /*end of control_calc */

/* Parameters of analog PlO controller */

void analo.g-param(void)
{
printf( " \nKC= %f",KC=KU/2.0)
printf( "TAO_l %f",TAO_l =TU/2,O);
priiltfC'.TAO_O%f\n" ,TAO_O=TU/B.O)

} j*end of analog-param */

/* Para~e£er~ of digital PlO. controller */

void digit-param(void)
{
printf(" \nK_PlD %f" ,K_PlO = KC+ T * TAO_I);
printf(" A= %f" ,A= (T * KC + 2 * TAO_D) / (T * K_PID»;
printf(" B= %f\n",B = TAO_O / ( T * K_PlO»;

} /*end of digit-param */

1* Routine of initialisation of parameters of PlO controller both

and digital and also initialize model data array

void initparam(void)
{
int i;
analog-param( );
d igit-param( );
for(i=O;i<=N;i++) cm[i]=O;

*/

} I*end of initparam */

1* Update the array of controller equation */

void control( float error)
{
float mx;
putnew(e,2,error);
printf(" HX %f ",mx=control_calc(»;
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~utnew(cm,N+1,mx);
return(mx) ;

} I*end of control *1

Ii- Out~ut for ste~ change. in in~ut of process model *1
void ~ont(int k){
int i;
float rawdata,excite;
rawdata=set~oint;
excite=setpoint/KP;
for (i=O;i<k;i++)

{
if(i==50)setpoint=2 ..0;
xreal[i]=control(setpoint-rawdata);
rawdata=model(excite+=xreal[i]);
value[i]=rawdata;
}

} "I*end of cont *1

1* Main routine simulates the process with controller *1

maine)
{
int i,j,k=300,r;

float z,d;
float par,uu,xu;
order=l;
~ar=lOO.O;
amplitude=O.10;
st--point=l.O;

mode l--param();
start(c,st--point,l);
start( m,st--point/KP,N+1);'
relay(O.1);
for(i=O;i<10;i++){

value[i]=1.0;
xreal[i]=1.0;
}

calc(k);
getch( );
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printf("AM I HERE");
initial() ;
plotting(200,value,k,par);
plotting(.200,xreal,k,par/100);
getch( );
closegraph();
initparam( );
setpoint=l.O;
start(c,setpoint.,l);
start(m,setpoint/KP,N+l);
cont(k);
initial() ;
plotting(200,value,k,par);
plotting(200,xreal,k,par/100);
getcf;l();
closegraph() ;
}
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This routines are called by display()
void display_status(void);
void display_alarm(void);
void display_temp(void)';
void display_flow(void);
void display-power(void);

/* process.hincludes all the external routines developed */
extern int atod(int channel);
extern int stepper(int step,int direction);
extern int sv_on(int valve_no);
extern int sv_off(int valve_no);
extern int heater(int fire_angle)';
extern int stopheat(void);
extern void initmotor();
extern int getsolset();
extern int closemotor();
extern void _DELAY(void);
extern retrieve();
extern stor~(float *datS);
extern fileintl();
extern fileclose();,
extern void init(void);
extern ,void display(void);
/*

*/extern void setstatus(int status);
extern void resetstatus(int status);
extern void setalarm( int alarm_no);
extern void resetalarm(int alarm~no);
extern void settemppoint(int therm_no,float temerature);
extern v6id setflowpoint(float flow);
extern void setpowerpoint(float power);
extern void initfilter(void);
extern float filter(int channel_no);
extern float filter_avg(int channel_no);
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"Icro,olt (R) "acro A",obl,r V,r,ion 5.00 1/2/8000126150
ANALOG TO DIGITAL Page I-I

.NODEl SNAll
PAGE 59,90
TITlE ANALOG 10 DIGITAL

0000 .DATA
: 0278 PORT equ 0278h IPort addre!!

\--
: CHANNEl_NO equ [bpH]
0000 •cod.
0000 d.lay proc
0000 51 pu,h ex
0001 S9 OOOS mov ex,OOOBh
0004 loop I1
0004, 90 nop
0005 E2fD loop loopl
0007 59 pOp cx
OOOB C3 ret
0009 delay endp

pub Iic -atod
I
I
Icalling !!qupnce of tho lodul. atod
I in! alod(lnt chann.I,no)1
;channel no .aximu. 15

, ;,-
0009 _atod PROC
0009 55 atodll pu,h bp ;,avlng ba,.poi~te,.~ r
OOOA SS EC 10V bp, 'P ;,torlng ,Iackpoln

ter to b", pointer

OOOC SA om flntl .ov dx,PORT<3 ;c1ear AID r.g
I,Ier

, OOOF SS 0000 mov ax ,0'"" 0012 EF out dx,ax
0013 SA 0278 !!condl 10V dx,PORT+O 1"lect ch,nn.1 nu

.ber for AID conver,ion
0016 8A 46 04 10V al,CHANNEl_NO

, 0019 E£ out dx,aI'•...
OOIA S9 0006 10V ex,6
0010 ,tarthil
0010 SA 027C IiIDV dx,PORT'd ;,tart AID con

ver,ion for high 6 bit
0020 E8 0000 R "II delay I,nd loop 7 lio"

exaclly
0023 EC in aI,dx

"- 0024 E2 f7 loop ,tarthl
0026 S9 0006 10V cx,6

l. 0029 ,1arllol
0029 SA om oov dx,PORI +5 I,tart AID con

vnsion for low 6 bit
I 002C E8 0000 R ,,11 d.lay land loop 7 lio"..- exactly

•.... '



~.,,'

•.". "ierolo!1 (R) "aero Alle.bler Verllon S.OO 1/2/80 001261 SO
ANALOGTO DIGITAL Page 1-2

002F EC in al ,d~
0030 £2 F7 loop ltarllo

0032 8A om IOV d~,PORT+2 lreading highe
r nibble lo ah

0035 E8 0000 R call delay
0038 £C in a I, dx
0039 8A EO oov ah,al
0038 80 £4 OF and ah,OOOOlillb

003£ SA 0279 nov dx,PORT+l" I readi ng lower
byte to al

0041 E8 0000 R- eali delay
0044 £C in a I, dx

004S SD pop bp
0046 C3 re t

.,.••.. 0047 -alod endp
0047 end

\-

I.••",

"-.

,'.

,'-.

,
'v.



NI[rDIDtt (R) NacrD Asseobler V,rslDn 5.00
ANnlOO 10 OIOllnl

S'goents and GrDupsl

N a I e

1/1IBO 00116'50
SyobDls-1

Align CD.bin, CIa"

DGROUP ••••
_DATA

-'EXT .•••• ,

Sy.bDls!

.. , .........
GROUP
0000
0047

WORD
WORD

PUBliC
PUBliC

'DATA 1
'CODE'

N a I ,

AIODI ••••

Iyp!

l NEAR 0009

TEll (bp'4]

Value

-'EXT

Allr

DElAY

FIRST

lOOPI

...... N PROC 0000

l NEAR OOOC

l NEAR 0004

-'EXT
-'EXT

-'EXT

lenglh = 0009

t...,.

PORT ••

SECOND •
STARTHI
STARTlO

.....

...........

.....

NUMBER 0278

l NEAR 0013
l NEAR 0010
l NEAR 0029

@CODE ••
@CODESIlE
@DATASm
@FIlENANE
)TOD •••••••••••••

64 SDUrC! lln!s
64 TDtal lines
23 Sy"bDls

TElT -'EXT
TElT 0
TElT 0
TElT alDd
N PROC 0009 GIDb.1 length = om

,'.
,
',." .•,

50990 + 425346 Byl!, syobDl 'pa[! Ir!!

o Warning ErrDr,
o Srv!rr Err Drs

/ "

~, <~.'!- '
-~.>,:::~



"icrosofl (R) "aero Assembler Versioo 5.00
HEA TER CONTROL

1121BO 00127:~0
Page \-I

oul put to adr.,s h" 37A
1 1 1 1 1 1 1 1 1

slrob_sllbyl.;for strob. stalus
small

svc for ~ata

\pori address for 'prl

;porl a~dress for prin

;porl addr.ss for prin

[bpH]

TITlE IIEmR COtllROl
PAOE 59,90
mRN sVC:byte lslorage

of soleooi~ valve
e,l"
.MODEl
.DATA

037BhDATA}ORT .gu
ntH ~ala port
ADDRES_PORT .qu 037ah
t.r hand shak, out
STATUS_PORT .qu 0379h
t.r hand shake io
F1RE)NGl£ 'qu
I

=

= 0379

= 037A

0000
= 0378

;.ask for strob. SVC

;,ask for sol.ooid valv. c

;mask for strobe h.at.r co

;mask for diabl. all r.gis

;mask for heat,r cootroll.

006h

om
00001000b

002h

: 5:: 6 ,,
' ._1 1 1 1 1 ' 1 ,
I I I , I I I , 1

: X : X : X: intr : not: At : not : not :
: : : :enabh: A2: : AO: shobe:
1 .1 ' , 1 1 •• 1. 1 ,
I , • I I I I r I

: pin no. : : 17: lfl: 14: I :
1 1 1 1 1 1 1 1 1

;
ADDRES_IIC equ OOOh
r r.gisler .nabl.
Cl£AR equ
ler
STROBE}C .qu 001h
otroll,r r.glster
ADDRESJVC .qu
ontroll.r ,nabl,
STROBUVC equ
START }OHR .qu

= 0007
= 0008

= 0001

= 0006

= 0002

= 0000-".,

lout Ih, r

lout slrob. lio. h

;oul 10M slrob. Ii

or al,strob_sl
out d',al
call d,lay

for strob. Ih. SVC,HC or STEPPER
MACRO ,

push ax
eli
mov d',ADDRES_PORT

MV al,ADDRES),
or aI,strob _5 t
out d',al
call d.lay
mav al,STROBE),

or al,slr'ob_st
out d',al
call d,lay
'ov al,ADDRES_I,

n,

igh

;this .acro us,d
@<trohe

.gisler address

,-

I-"i-

,
•••

o
" ,



Hicrosofl (R) Macro Assembler Version 5.00
HEA1ER CONTROL

1/218000'17t40
Page H

,
0000

mo,. al,CLEAR
address of regisl,r

or al,slrob,_st
oul d',aL
call del.y
pop .,
endm

.CODE

0000
0000 51
0001 B9 OOfF
0004
0004 E2 FE
0006 59
0007 C3
OOOB

d, I ay

.1

delay
;

proc
push "
mo, ",Offh

loop a
pop "
rlt

endp

;
; c.lling s'qu,nc, of lhe h,aler rouline is
I ,oid h"t,r(lnt fire_.ngle)
;fire_.ngl, musl lie b,l.,en 10 .nd 240
;lhis du, 10 th, unsl,bl, fr'qu,ncy g,n,r.lion

,
"

OOOB
0008
0009
OOOA
OOOC

FA
55
8B EC
8A 46 04

ain

PUBLIC
PROC

eli
p'Jsh
mo,
mo,

bp
bp, sp
al,FIRUNOlE ;firing angle from.

•.-

,
'.~

,....

OOOF BA 0378
0012 EE

0013 50
0014 FA
0015 BA om

0018 BO 00
OOIA OA 06 0000 E
OOIE EE
OOIF E8 0000 R
0022 BO 01

0024 OA 06 0000 E
0028 EE
0029 EB 0000 R
002C BO 00

002E OA 06 0000 E
0032 EE
0033 E8 0000 R
0036 BO 02

.ov d',OATA_PORT
'olll d".1
@slrobe HC

ala in he.t,r control_card
push a,
eli
mov d',AOORES_PORT

,gisler .ddT'!\\
.0, .L,ADORES-'IC
or ,I,strob_st
out d".1
call d,l.y
mo, .I,STROBE_HC

igh
or .I"Iroh_,1
olll d',al
c.11 delay
•0' .I,ADORES_HC

ne
or .1,shob_st
oul d',al
call d,lay
mo, .I,CLEAR

lstorin9 d

,oul the r

,oul sirobe line h

;outlo. slrobe Ii.

;resel .11



/

Mi[rosoll (R) Ma[ro A!s!mbltr V!rsion 5.00 I/2/BO 00:17'40
HEATER CONTROL Pag! \-3

addr!ss 01 r!gisl!r
003B OA Ob 0000 E " al,s\rob.sl
003C H ouI dx,a1
003D EB 0000 R [all d!lay
0040 5B pop ax

0041 89 mF Il1CV <x,Offflb ld!lay lor int
!rla[lng wilb u[ & HC

0044 stay-"bil!'
0044 E2 FE loop s\ay-wbi I!

004b AO 0000 E mo, ai,s" ,r!lrl!,ing data 0

I s"
0049 OC OB or al,START.POWR ,and s!1 bil 5
0048 24 EF and al,O!fb
004D BA 0378 00' dx,DATA}ORT
0050 H oul dx,al Isloring Ibis in s

" "g. of @s\rob! SVC Islorag! card
0051 50 pusb ax
0052 FA tli

, 0053 8A om mo, dx,ADDRES}ORT lout \b! r
"- !gis!!r add"ss

0056 80 Ob mo, al,ADDRESJVC
, 005B OA Ob 0000 E or al,strob.st
-.' 005C H oul dx ,al

005D EB 0000 R caII d!lay
\'.

00&,0 80 07 mo, al,STROBEJVC lout strobl lin!
bigb

00b2 OA Ob 0000 E or al,strob.sl
\. OObb H out dx,al

00b7 EB 0000 R call d!hy
OObA 80 Ob mo, aI,ADDRESJVC lout 10. strobl 1

ine
OObC OA Ob 0000 E or al,strob,st
0070 H Otl t dx,al
0071 EB 0000 R "II d!lay
0074 BO 02 mo' al,CLEAR ,rmt all

addr!!s 01 r!gisl!r
, om OA Ob 0000 E or al,s\rob,st.~ 007A H ouI dx,al

007B EB 0000 R "II d!lay
~.. oon 5B pop ax

007F 89 OOFF mo, <X ,ooom ,d!hy lor int
\..

trlacing .itb uc & HC
00B2 whi Itl'
00B2 E2 FE loop .b iItI

,,-. 00B4 AO 0000 E mo' ai, lYe

00B7 24 F7 and al,NOT START.POHR ;rml bit 5
~..•..•. 00B9 A2 0000 E ma' s",al land sa,ing tbis i

n SV(

\,.~ OOBC 24 EF and al,O!lh



"icroso!! (R) "acro Ass,~bl,r V,rsion S.OO 1/2100 00l21:40
HEA TER CONTROL Pag' H

OOOE 9A om nov dx,OATA}ORT
0091 EE out dx,al lstori'g this in s

vc tlg. of
@,h',b, SVC I'tor'g' tard

0092 SO I push "
0093 FA I eli
0094 9A om I nov d',AOORES}ORT lout th, r

'gistH .ddt!!s
0097 BO 06 mov al,AOORESJVC
0099 OA 06 0000 E or .I,shob_,t
0090 H out d',al
009E ES 0000 R calr d,lay
OOAI BO 01 nov al,STROOUVC lout strob, lin,

high
00A3 OA 06 0000 E or al,strob_,t

,-- 00A1 H out dx,al
OOAO EB 0000 R call d,lay v

00A9 BO 06 nov .I,AOOR£SJVC lout 10. ,trob, I
ioo

OOAO OA 06 0000 E or al,strob_s!
0001 EE out dx " I

,~. 0092 £S 0000 R call d,lay
OOOS 90 02 .ov •I,CI.£AR l""t ~11

addr,ss of r'gist,r
l.o 0091 OA 06 0000 £ or .I,shob_,t

0099 H out d',aI
009C EO 0000 R c.lI d,lay

,~ 009F S9 pop "
OOCO 50 pop bp

\~""~
OOCI C3 r,t
00C2 -h,atH ~,dp lh,at,r proc,dur,

,nd
I,.". II To stop th, h,.t,r, ,toph,.t is pr,par,d
\, ..

I th, calling s'qu,nc, of th, routin, is
I void stop.h,.t(void)

\- ..,...
public _,toph ••t

00C2 _shph"t proc
00C2 5S push bp

\,., 00C3 00 £C nov bp ,'P
OOCS AO 0000 E mov ai,svc
OOCS OC 00 or al,START}OHR
OOCA A2 0000 £ MV SV( ,al

.,~ OOCO an 0318 mov d',OATA}ORI
0000 H out d".1

~."
@Strob, SVC

0001 SO push "0002 FA eli
I,.. 0003 9A om nov d',AOOR£S}ORT 10'Jt th, r

'gi,tH addr,ss
0006 90 06 mov •I,AOOR£S JVC

'~, OODS OA 06 0000 E or al,shob_st



"icrosofl (R) "aero Ass@mbl@r Version 5.00 1/2/8000'21140
H£ATER CONTROL Page 1-5

OODC H ouI ~x, aI
0000 £8 0000 R call ~elay
00£0 80 07 .ov aI,STR08UVC 10111,Irobe Iln@

high
00£2 OA 06 0000 £ or at,slrob_sl
00£6 H 0111 ~x,al

, 00£7 £8 0000 R call ~@tay
'•..~' OOEA BO 06 .ov al,AOORES.sVC ;oul 10. slrob@ I

in@
OOEC on 06 0000 E or at,strob.sl
OOFO H oul ~x,al
OOFI E8 0000 R ca1I ~@tay
00F4 BO 02 .ov al,ClEAR Ir@sel all

a~~r@ss of regisler
om on 06 0000 £ or al,slrob.,1
om E£ oul ~x,al
OOFB E8 0000 R call ~elay
OOH 58 pop ax

\". OOFF 50 pop bp
0100 C3 rei
0101 _slopheal en~p Illop_h@al.r proc.

\"
~"re en~.
I
I

"-
IThis proce~ure r.turns Ih@ con~ilion of Ih. h@al"
li.@. eilh.r il Is on or not
Ilh@ calling s.quence is

I
I inl gelh.al@r(vold)1.~ I

public _g.lh.al"
0101 .g.theater prO(
0101 no 0000 E mov aI,s¥(
0104 24 08 an~ .1,START }OHR

,. 0106 75 05 jnz heater on
0108 29 CO suh ilX,ilX

I OIOA ED 04 90 j.o return.~..
0100 D8 0001 heal ••.onl .ov ax, I
OliO C3 r@lurn' rei

I ...• 0111 .9.lheater .n~p 1_9.lh.at@r proc@~
ur@ end

0111 .nd
•....

I

"

I~.".

mailto:gelh.al@rvold1
mailto:1_9.lh.at@r
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nicrOloft (R) Macro All,.bl,r V,rlion 5.00 1/2/80 00'27140

HEATER CONTROL Symbols-l

~acros :

N a I , Lin,s

.- @STROBE 20. . . .... . ..
1,••, S'g.,nts and Groups'

N a I , L,nglh Allgn Co.bln, Class

,
'..

DGRDUP • GROUP

-DATA ... 0000 . WORD PUBlIC 'DATA'

1._. -TEXT . Olll WORD. PUBLIC 'CODE'

Symbols I

,.
N a I , Typ' Val •• Attr v

, A ..... L NEAR 0004 -TEXT
,-

ADDRES.HC • NlmBER 0000

ADDRES}ORT NUNBER om
I ADDRESJVC • NUNBER 0006
',.

CLEAR . . . . . .. NUNBER 0002

,". DATA}DRT .... • • I ••• NUNBER 0318

DElAY ...... . . . . . . N PRDC 0000 -TEXT L,ngth = 0008

.•..'
FIRUNGLE • • TElT [bp+4]

HEATER.ON .. . . L NEAR OIOD -TEl!

RETURN • • • • • • • • • • L NEAR 0110 -TElT

l". 5T AR! }OWR • • • • • • • • • • • NUNBER OOOB
STATUS_PORT •••••••••• NliNBER 0379

\,... STAYJ"ILE ••••••••••• L NEAR 0044 -TEXT

STROBE_HC ••• .. , ..... NUNDER 0001
STROBE.SVC ••• ........ NUIIDER 0007

I".. STROB_ST •••• ...... V Bm 0000 Eitornal

SVC .. . ..... v Bm 0000 Edorn.!

~'"
WHILE! • L NEAR 00B2 -'EXT

@CODE TEXT .TEXT

I,.. @CODESIZE TEXT 0
@DATASIZE .......... " TElT 0
@FJLENANE .... , ...... TEXT h,,!or

'...•. -GETHEATER • • • • • • • • • • • N PRDC 0101 -TEXT Global L,ngth • 0010

.HEATER • I ••••• • • I •• N PROC 0008 -TElT Global L,ngth = OOBA

-STOPHEAT ' ...... , ... N PROC 00C2 -TEXT Global L,"gth = 003F

1". .

•••••
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"lcrosofl (R) "acro Allembler Verllon 5.00
HEATER CONTROL

142 Source linel
222 Tolal lim

35 SYlbol1

50974 + 408978 Bylel Iymbol space free

o Warning Error!
o Severe Errorl

1/2/80 00:27:40
Sy~boll-2

v



Microloll (R) Macro Allembler VerI ion 5.00
SOLENOIED VALVECONTROL

112190 00'29'39
Page I-I

TITLE SDLENDIEDVALVECONIR
OL

_g,tch'proc
IVC

Ilrob_ll'byh
Imail

PAGE 59,90
"trn
publtc
"trn
.MODEl
• DATA

(O)

OSOh
MOh
020h

031Sh
031ah

0319h
[bpt4]
006h
001h
002h

IVC db
SVI equ
SV2 e qu
SV3 equ
DATA}ORT equ
ADRS}ORT equ
STATS}ORT equ
VALVE_NO equ
ADDRESJVC equ
STROBEJVC equ
ClEAR equ

= 0006
= 0001
= 0002

=

0000
0000 ??
= 0090
= 0040
= 0020
= 0378
= om
= 03H

'-

0000
hhob,

.COOE
l!Iano
eli
push
'ov

d,
d, ,ADRS}ORT Ipr,paring II robe

on Itrob, lin!

\,

10V al,AODRES_SVC
or al,l!rob_lt
oul d',al
MV .I,SIROSEJVC
or al,ltrob_lt
out d',al
.ov al,ADORES_SVC
or al,l!rob_ll
out d',al
IOV al,CLEAR
or al,ltrob_lt
out d',al
pop d,
,ndl

\~
0000
0000 FA

d,lay proc
eli

d, ,10

t •.••••_

0001
0001 B9 om
0004

IOV c',OOlllh
a I,w ,."nt to Itabl,
while'
Dune, of r,lay

(d,laying

(contact b

0004 E2 IE
0006 4A
0001 15 FB
0009 d,lay

loop
dec
jnz

endp

whil,
d,
aw



"jcroloft (R) "aero Allelbler Verlion 5.00
SOlENOIEO VALVE CONTROL

1/2/80 00129139
Page 1-2

I
I

0009 filler pro[
'.~ 0009 FA eli

OOOA BA om mav d~,STATS}ORT ,reading the I
tatus of the

, 0000 EC in aI,d~ Irelay
, OOOE 80 FC 01 cop ah,OOlh

0011 75 OC jne olherl
0013 25 0008 and a',OOO08h
0016 DO E8 shr al,l
0018 DO E8 shr al,l
OOIA DO E8 shr al,l
OOIC E8 26 90 jup return
OOIF 80 FC 02 otherll cnp ah,02h
0022 75 OC jne other2

'- 0024 25 0010 and a~,OOOIOh v

0027 DO E8 shr al,l
, 0029 DO E8 shr aI,I
'" 002B DO E8 shr a1,1

0020 EB 15 90 jlP return
0030 80 FC 03 other2' [IP ah,03h
0033 75 OC jne 0lher3
0035 25 0020 and a',OO020h

'- 0038 DO E8 shr al,l
om DO E8 Ihr a1,1
003C DO E8 shr ai, I

\~. 003E EB 04 90 j Ip return
0041 other3'
0041 25 OOH and a~,OOOffh

, 0044 return''.. 0044 C3 rot
0045 filler endp

~""'.,. PUBLIC _g;tsolset
0045 _gellolset prO[

~.. 0045 B4 01 IOV ah,OI
0047 E8 0009 R [all filter
004A 8B 08 oov b~,ax

(--~. 004C B4 02 MV ah,02
004E E8 0009 R call filler
0051 OB 08 or b, ,a,

i 0053 B4 03 .ov ah,03- 0055 E8 0009 R call filler
0058 OB 08 or h,a,

t~ 005A 8B C3 10V a~,b,
005C C3 ret
0050 .gellolset endp

, I ".~. I
ITo set a solenoid valve on thil routine II us,d

;.•.•.. IThe calling sequence Is
I Int ,v,on(lnt valve_no>1

'-'
. -.-:~.
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KteroiOl1 (R) Kaero AII!lbl!r V!rllon 5.00 \/1/80 00121139

'- BOlENOIEO VALVECONTROL
hg! \-3

PUBliC -'iv_on

0050 -IV _on PROC
ell

005D 55 o'lh bo

005E BB EC 10V bO,IO

0060 SB 46 04 MV ax,VAlVUIO ,t!lrl!v! vah

! no. frol lain

,0063' 3D 0001 elo ax,Olh ,if valv!

\ .. no. I on valv! I

0066 , 14 10 h valv!1

006S 3D 0002 e.o ax,02h lif valv!

no. 2 on valv! 2

006B 14 13 j! vah!2

0060 3D 0003 elo ax ,03h ,if valv!

no. 3 on valv! 3

0010 14 16 h valv!3

0012 BB ffFF 10V ax,Offffh ,if non! 0

I Ihll nlurn 0
'_. 0015 50 bo

v
000

0076 FB I II

0071 C3 r!1
,,~. 001S AD 0000 R valv!! • !!IDV al,svc , r!lrhv!

Ive and I!I bil 1
001B OC SO or al,SVI

0010 EB OE 90 jno go.on

OOSO AD 0000 R valv!2' IltV allsv[ ,,!lrl!V!

Ive and I!I bll 6

-- 00B3 oe 40 or al,SV2

00B5 EB 06 90 jlo go_on

1.-
OOBS AD 0000 R valv!31 10V al,lve jr!lrhv!

Ive and s!1 bll 5

OOBB DC 20 or al,SV3

1_,
OOBD 24 EF go_tin: and al,O!lh

OOBF A2 0000 R nov sve,al 'Iloring I

his al sve

~
oon BA 0318 .ov d.,DATA.PORT IS!nd Ih! al on da

la bus of
om EE oul d',al lliorag! e

\"..
ard

@Slrob! Islon it

alive r!g. 01

, 00% FA ell~,. 0091 52 oush d,

009B BA om 10V d',ADRS}ORT lor!oarlng Ilrob.

~- on slrob. lin!
009B BO 06 I IOV a I, ADORESJVC

0090 OA 06 0000 E I or al,slrob_11

, OOAI [[ I 0.1 d., a 1~- 00A2 BO 01 ! al,STROBEJVC10V

OOAd OA 06 0000 E I or al,slrob_sl

\. .. 00A8 [[ I 0.1 d',al

00A9 DO 06 \ 10V at ,ADDRES_SVe

OOAB OA 06 0000 E I or al,slrob.sl

I,.,
OOAf EE I 0.1 d. ,al

OOBO BO 02 I 10V al,ClEAR

''-'

.'.
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SOtEHOIEO VALVE COH1ROL

1/2180 00'21131
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\..

I...
,•.•.•..

to lYC reg,
0100 EE oul d',al Iregllter

card
@,ttobe

0101 FA ell

0102 52 pu,h d,
0103 DA om lOY d',AORS}ORT Tpreparlng slrobe

on slrobe Hne
0106 DO 06 1 lOY al,AODRESJVC
0108 OA 06 0000 E I or al"ttob_st
OIOC EE I oul d, ,al
0100 DO 07 I lOY al,STRODEJUC
OIOF OA 06 0000 E 1 or al,lttob_st
0113 EE 1 oul d',al
OH4 DO 06 I MY al,AOORESJVC
0116 OA 06 0000 E I or al,'lrob_,t
OIlA EE I oul d" al
OliO DO 02 I lOY al,CLEAR
0110 OA 06 0000 E I or al"ttob_,t
0121 EE 1 out d',al
0122 SA I pop d,
0123 DA 0001 lOY d',1
0126 E8 0000 R call delay
om 8A 66 04

. ,
lOY ah,VALVE_HO

012C E8 0001 R call filter
012F 5D pop bp
~130 FD III

0131 C3 r,l
0132 _IV _off endp
0132 end

'-
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"Icrosolt (R) ""cro Asselbler Version 5.00 I/21BO 00'29139
SOIE"OIEO VALVE CONTROL Sy"boIs-!

""CrOSI
N a I ! Un"

1STROBE • I • t , I • • I • I • 16
,
'.,- S!gl!nls and Groupsi

N a I ! I!nglh Align COlbine Class
,-,

DGROUP •• I •• I •••• I ••
GROUP

JATA • • • • I • • • • • • • 0001 WORD PUBLIC 'DATA'
JEXT • • I • • I • I • • • • • om WORD PUBLIC 'CODE'

, Sy"bDltl
~

N I I ! Typ! Valu! Allr

ADDRESJVC I ••• I ••••••
NUMBER 0006

ADRS}ORT I • • • • • • • • • • NUMBER om
AU •••••••••••• I ••

I NEAR 0001 -TElT
"-

Cl£AR I ••••••• I •••• NUMBER 0002

'-' DATA}ORT NUnBER 0378
• • • • • I I I • • I

DElAY I • I I • • • • • I I • • N PROC 0000 JEXT lenglh • 0009

'-' FilTER • • • I • • I • I • • • •
N PROC 0009 TElT length' 003C-

,- GO_OrF ••••• I •••••••
I NEAR OOFB JEXT

GO_ON • • • • • • I • • • • • I I NEAR OOBD JUT
'-

\..
OTHER1, ' •••••••••••• 1 NEAR OOIF -TElT
01llER2 • • • • • ., • • • • . . 1 NEAR 0030 -TElT
OTHER3' I I • I I ••••••••

I NEAR 0041 -TEn
,

~' RETURN ••••••••••••• I NEAR 0044 TElT-

STATS}ORT ••••.••••.• NUMDER om
STROBEJVC ••••.••..•• NUMBER 0001
51ROBJT • , •••• I •• I ••

v BYTE 0000 hternll

\-
SVI • I • I • • • • , • • • • '. NUMBER OOBO
SV2 . . . . . . . . . . . . . . NUMBER 0040
SV3 • I • I •••••••••• NUMBER 0020

\+~
SVC I • • • • • I • • • • • • • 1 BYTE 0000 JATA Global

VAIVEOI I • • • • • I • • I • • I NEAR om -TEXT
I

VAIVE02 ............ I NEAR OOED JEXT
••• VAlVE03 I NEAR oon JEXT............

VAL VE 1 • • • • • • • • • • • • • I NEAR 001B -TElT
1,•••••

VAL VE2 I I • • I • • • • • I • •
I NEAR OOBO -TUT

VAL VE3 • • • • • • • • • • • • • I HEAR OOBB JEXT
VAlVE ..NO I ••••••••• I I

TElT (bp'4]
\,.,. NHIlE I HEAR 0004 JUT

• • • • • • I • • • I • •

,
'.'

.- .,



Mlerala!l (R) Maera Allf.blfr Vfrllan 5.00
SOLENOIED VALVE CONTROL

1/2180 00129139
8y.balt-2

@CODE .. I I I • I • • • , • • TEXT .TEXT
@CODESIIE ........... lEXT 0
@DATASIlE •••• I I ••••• TEXT 0
@fiLENAME I • • • • • • • • • • lEXI la1fnald
_GETCH • I •• I ••• I I • '" •

1 NEAR 0000 Exhrnal
,; .GETSOlSET ••••••••••• N PROC 0045 TEXI Glaba! lfnglh = 0018-

_SV.OFF I • I •••••••• N PROC 00C7 .TEXI Olabal lfnglh = 0068

-SV_ON • . . . . . . . . . . . . N PROC 005D -'EXT Glabal lfnglh = M6A

190 Sauref Llnfl
222 Tatal linn
46 Sy.bah

,
, .'

,
'-.

\ ...•.

\..

,..•''"

'''-

~..,..

•-
\,,;,

\....

\.-
1_.

,
" '-
f' \..•.

50958 + 408994 8ylfs sy.bal spaef !rff
o Warning Erra'I
o SfYfrf Errarl

"".
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