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CHAP TER - 1 

IN TRODU C TTt t 

As the complexity of industrial processes has incr**ssd, 

there has been a consequent increase in the number of process 
variables (such as temperature, pressure, flow, pH) to be 

controlled # and it has bene increasingly evident that further 
development would be difficult or even impossible without the 
aid of devices which would automatically measure and control 
at least some of these process vesiables. Automatic control 
does not replace the human operator but rather supplenents 
him. Automatic control of at least some of the process 

variables allows him to concentrate upon the parts of the 

process which r4quire his special skill. Zn the absence of 
instruments which directly measure and control the quality 

of product, it is necessary to control variables such as 
temperature,, pressure,, pH etc., at values which experience 

has shown result In the greatest safety of the operator and 
the highest qullity and quantity of product.  

The automatic control can be achieved by different 
ways and moans* The controllers can be classified broadly 

by two ways_b, its principle of control or by its mode of 
control i.e. the control criterion. If the control action 
i s achieved by way of pneumatic mechani art* it iø Called 
pnau;matic controller and if liquid is used as means, the 
controller is known as hydraulic, similarly electrical and 
el ect sonic controllers also exist. There is very little 
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3 *t di UU erence between electrical and electronic cont rollers. 
The electrical ones use passive componects, like resistors, 

capacitors etc. and hard wired relay logic while semiconductor 

devices like translators, 2CS are used in the electronic ones. 

2 chnological difference between the two aay be there but one 

thing in both of them is common - that is the transmission 
of signal is electrical& Apart from these controllers, there 

can also be .lectrouspneulnatic and electrohydrau sic controllers 
These are the hybrid types. 

On the basis of control criterion, the controllers 

can be classified into proportional type„ proportional plus 
integral type and proportional plus integral plus derivative 

type* one important class has also been added to this serves 

and that is adaptive control, which has been di etussed later 
In the dissertation. 

Electric and electronic control has got an edge over 

the others due to its following advantages r 23 

No time -logs, no transmission delay 

Linear control response and greater accuracy 
Control medium uneffected by dtrt,.grease and 
foreign particles 

Wider: ambient temperature operating range and 

Control units and functions easily integrated and 
adapted to interconnecting systems. 

Control of unknown systems has been a challenging and 

difficult problem for a long time. Once the PlO controller 

structure was invented and its tuning considered, Major 
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advances have been hard to c om.by. Only recently have significant 

practicable u ntributions been made. A large number of nrw+ 

electronic components have been developed during recent years. 
Among these are the microprocessors and owl-conductors of the 
types ni (RandceiAccess Memory) and pi+l (Programmable Read 
only Memory) which have made it possible to realize desired 

functions in the form of programs instead of using hand-wired 

electronics or relay technique. Electronic technology has 

provided increasingly powerful arrays of programmable control 
•ystn s that can perform extremely sophisticated operations 

which would not be practical using pneumatic or electro-

mechanical logic devices. The cost (Ij of this technology 
has declined to the extent that aJ. 5 microprocessor (1981 price) 

can now take the place of several cabinets full of movingpart 
logic devices, costing thousands of dollars, all while enhano-
Ing the system' a inherent reliability and flexibility for 

change• indeed, the coat of electronic logic is usially 
dwarfted by the cost of the power supplies and power drivers 

necessary to amplete a Working system. 

Chapter 2 of this dissertation deals with different 
type of control act ons like p„ ►i, cm ► etc., and the Most 
modern addition viz / daptive controllers 61assified on the 
basis of their control media, such as pneumatic, hydraulic, 

electrical/electronic etc,, have been discussed in Chapter 3. 

The recent trend in electronic controllers vis microprocessor - 



based controllers has been dealt-with in a separate section 3.4 

of this Chapters  keeping in view of its increasing importance 
in industry and due to the fact that this is the type of 

controller the design of which has been discussed in this 

dis ertation.chapter 4 of this dissertation includes the design 

of a typical microprocessor-based adaptive position control or. 

The software program which was developed on the bast s of design 

presented in Chapter 4,, and subsequently tested and demonstrated 

on the available microcomputer has been given in Anne a re I. 
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CHAPTER « 2 

CON TROL ACTXOH S 

The nature of the change in the output frtss an automatic 

controller in response to a deviation of the controlled condi-
tion from the des ired value will depend upon the type, of 

controller. The nature of the action of a controller may be 

more clearly understood if the thoughts and actions of a highly 
skilled operator are studied. Suppose he is given the took of 

controlling the temperature of the water in a tank through which 
water is flowing at a con st ar t rate,. 9j assist him in his task 
he is provided with a temperature indicator and recorder which 

enable him to access the success, or otherwise, of his efforts. 
The water is heated by passing steam through a heating coil at 
than bottom of the tank as 'sbo'wn in Fig, 2.0 and the operator 
varies the flow of steam by means of a valve and attempts to 
control the water at 8000 3J. 

2*1 ON -OF? CONTROL 

Suppose the seam-flow control valve has two positions 
only S Position - I in which the a apply of sty is insufficient 

to Maintain the temperature of the outgoing water at 8000, so 
that with the valve In this position the water temperature will 
fall; and position - 11 In which the supply  of steaa is more 
than sufficient to maintain the water temperature at 800C rio 
that with the valve in this position the water temperature Will 

rise above 80°C. If position I is such that the valve is closed 
and no-steam flows,, the control represents the special case of 
tWO-step control n*ely on-off control. 
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When the temperature of the water is below 80oC, the 

operator will select valve position - 11 and the to nperature of 

the water will rise. He will watch the temperature indicator 

and when it shows that the temperature has reached 8000, he 

will move the valve to position (1). It will be immediately 
obvious that the quality of control will depend upon the 

accuracy of the temperature indicator. No amount of skill on 
the part of the operator will compensate for inaccuracy in the 
measuring unit. 

with the valve in position (I), the ,supply o l heat will 
be insufficient to maintain the temperature of the water and 

the temperature will fall. before the tee .peratuare of the water 

can fall, however, all the heat stored up in the stem coil must 

be given up to the water, so that although the valve La in 

position (I) # the temperature of the water will continue to rise 
and may reach, say 82°C. 

Again, when the temperature of the water has fallen to 

8000,, the operator will move the steam valve to position #i1, 
but owing to the fact that an initial supply of heat is used 

up In heating the steam coil, the tenp nature will fall to 78°c 
before it begins to rise again. The position of the 4 valve 
and the temperature response of the water will be as shown 

In Pig.2.1 and the response is described as rating or oseillat- 
Inge 

29 the quantity of water flowing through the tank is 
Increased, more heat will be required to maintain the temmperature 

at the ssse average value, so that the proportion of the time 



7 

for which the valu* is in position (2Z) will be increased, but 

the operator is still able to matntat an average t*nperatura 

of 80°C. 

Te closeness of control that the operator Can achievs 

will depend upon many factors. In the first place it will 

depend upon hauz readily the tri .rature indicator responds 

to change in temperature of the waters as he will only take 

action when the meae,red temperature crosses the desired value, 

i.e. it will dep d upon the mea~eurenent lag. 

Zn the second place, it will depend upon the tim. it 

taker him to see that the tenperature has crossed the desired 

value and for him to moTe the control valve in the appropriate 

direction, i.e. upon the lags in the controlling and correcting 

unit. 

It will alao depend upon the heat capacity of the tank. 

If the tank contains a large Quantity of water the tnperatura 

of the water will change slowly, and there will be only a small 

tnp~erature change while he moves the valve. Mao, the heat 

stored in the hosting coil 1 efter the steam flow has bin 

reduced will not produce an appreciable rise in the teperature 

of the water. Similarly, the quantity of heat required will be 

more to raise they teperature of the water by 1°C. Tbs the 

range through which the t enperature wi11 o scillat, will be snail • 

io-►step control will, therefore, give good reeulta if tie 

dsnand side capacity ( e.g. the thermal capacity of the tank 

and water) is many tLaes larger than the supply side capacity 



(e.g. the thermal capacity of the heating coil) and the lags 
in the complete loop are s tail. Statistics show that this fora 

of control La sd* uate fora large proportion of all control 
applications. 

when the time required for the steam to get into the coil 

and for the heat to get from the coil to the water is large(i. e. 

the process has transfer lags) the tanaperature may oscillate 

violently If the capacity i s small e Ito valve will, therefore, 

have to be moved very frequently involving the operator in a great 

deal of work and resulting in consi.de*abi a wear on the valve 

eecheni gm, The frecluency frequency of change of valve position may be 
reduced,, by introducing a hysteresis between the temperatures 

at which the valve is moved to position (1) and that to Vo sition(2) i 

Zn stead of the operator moving the valve everytims the tompereture 

crosses $©0C„ he would move the valve to position (1) when the 

temperature rises to 890C and position (2) when the temperature 
fails to 78°C. This type of control is described as two-step 

action with overlap, and the position of the valve and the Valve 
of the controlled condition i.e. temperature will be as shown in 
7Lg. 2.2. 

If the operator has the choice of more than two positions 
of the control valve, and he coves the valve into those positions 
at pr.detsained values of the temperature, than the controller 

action which he simulates is described as multistep action, and 
the position of the valve and ths4alue of the controlled condi-
tion will be as shown in Fig. 2.3. 



2.2 FRopoR!rzc CONTROL 

in order to eUninati the bunting action which may 

result from COPE cofltrol, the operator can nove this valve 

a distance which Is proportional to the deviation of the tenpers.' 

tune from the derived value. appose the valve is provided 

with a scale having 20 divisions, the valve is half open at 80°C 

and he moves the valve one division for each degree deviation. 

The valve will be fully open when the indicator shows 74°C and 

fully closed at 90°C. 

Supposethe temperature is 76°c. The operator will 

have opened It the additional four divisions as the deviation 

is 42C• 	that the valve will be IQ/20 + 4/20 = 14/20 open. 

As the temperature rises he will close the valve so that it is 

13/20 open at 77i°c, 12/20 open at 78°C, 11/20 open at 79°C, and 

half open at 80°c. Owing to the heat already given to the water, 

however, the temperature will continue to rise, and the o perato r 

will continue to close the valve a that if the temperature 

reaches 83°c. The valve will be only 7/20 open, and the supply 

of heat will be insufficient to maintain the temperature which 

will consequently fall. 

As the temperature falls, the valve will be slowly 

opened en that at 8000 the valve will be halt open and at 78°c 
it will be 12/20 open. This proportional movamant of the valve 

will gradually damp out the temperature oscillations and will 

result in stable control as srivwn in Fiq.2.4. 



r~ 
I 

S},i} 

4 

I %MEi 

1G ~•¢PRvPc~RTtibn~At I-CTIN 

~RK.oVE{~`t' ~'YME 	~jfs.S.l~'iieb 
A.Lui- 

•e 	---- -- 	-- -- —UC SGT 

PR 	clowAL, Ac.rr , 

(b) I Tr=6,RRL QCr fir,, ~• r  
f 	R ca ERT s1tit~ -s+ 

C.-) PRoPO J CNAL- P: Us ILT'E ZAL f1CTIc \ 

Ba 

A) P IZ Po 	C ALPLS_ ►- t- ~ M 
PLU. D EAN VATk V f, 4- r r 

4G.2., 	EFFE.crt C.~ c4NT LLf_P ACnaC~t,~ 



M 

The mount the measured value of the controlled condition 

must change In order that the valve may be moved from the fully 

closed to the fully open position is called the proportional. 

band. to the case of automatic controllers it is usually express-

ed as the percentage of the instrument's full scale. If the 
scale of the instrument is 0 — 1000C and the temperature must 

change from 70°C to 90°C for the valve to be moved from fully 

open to fully closed position the proportional band is 

2/100 x 100 = 20 percent 

The proportional band is made adjustable in order to 

provide stable .control under different process conditions. 

Suppose the operator has obtained stable oondtions but 

the flow of water through the tank increases. with the valve half 
open the supply of heat will be in sufficient to maintain the 

temperature at 800C. As the temperature falls, the operator 
will open the valve one division for each degree of deviation. 

The to iperature may oscillate as before but at a lower value, 

and will finally stabilize out at a temperature, known as the 

control point, which is below the desired value. Thi. difference 

between the equilibrium temperature and the desired value is 
called the 'offset'. 

This sustained deviation or offset exists because, owing 
to the Increased flow, a large-quantity of heat must be supplied 

in order to obtain a steady temperature near to the desired 

value. *appose the valve opening requ1 red is 12/20• The valve 
position is determined by the deviation. The deviation must 
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be .2°c, it the valve i* to be opened further 2/20. The t+sspera-

ture, therefore, will after oscillating  stabilize out at 78°c, 
as shown in P1g.2.5(a). In a similar manner,, it the flow through 

the tank is decreased, the heat provided with the valve half 

open will be more than enough to maintain the temperature at 80°C, 
and after some oscillations the temperature will stabilize out 

at a control point which Is %bove 800C. In other words, there 

must be an offset if the valla La to be ma. ntainad in any po.i-

tton other than half open, so that proportional response cannot 
s intai,n a constant temperature under cnditions which require 
different valve positions in order to geld the same desired d value• 

In order that allowance may be made for load changes, many 

controllers have 'manual reset' • This adjustment enables the 
operator to adjust the output of the controller when the controll«- 

ed condition is at the control point and so eliminate off set. 

wt a further load change occurs„ however, a further adjustment 

of the reset control will be required if there is to be no offset. 

In effect„ the manual, resat control alters the valve position 

for the desired value• 

whenever different positions of the correcting element 

are required for the aquae value of the controlled condition, 

offset will be produced and the value of the offset produced 

will depend upon the extent of the load change and upon the 

width of the proportional, band. In order to keep the offset 
as small as possible, the band width should be made as narrow 

as possible, but if it is made too narrow hunting will oc►r. 

The pezmissible width of the proportional bond will depend upon 



the process reaction rater a all process reaction rates pelt 

the use of narrow proportional bonds so that the offset may be 
negligible and proportional, action alone will provide eativ-

factory control. 

In the Limiting case, when the process reaction rate b.-

aimes extremely shall, an extremely narrow or zero proportional 

band may be used, in other words a two-step action. Dio.. step 
action may be regarded ai proportional action with an extremely 

narrow proportional band. 

2..3 x TcRMJOMTRoa 
Faced with the problem of offset caused by increased 

flow, the operator will open the valve slowly in order to re 

stabli sh the control point at the desired value of 8000, the 

longer the deviation persists the, more he will open the valve. 

if he moves the valve an amount which depends upon the size of 

the deviation and the time for which it persists#  or moves the 

valve at a rate which is proportional to the deviation. This 

type of action is described as Integral action. The effect 

of integral action upon the control point is shown In Pig. 2.5(b) • 

If the operator could apply both proportional and integ-

ral actions simultaneously., the temperature ; may oscillate as 

before, but the tendency for the temperature to stabilize 

at a control point of 78°c owing to proportional action(tiq.2. 5(a) ) 
would be eliminated py the integral ya+ tion, iig.2. 5(b)) so that 

%hi control point would finally concide with the desired value 

of 8000 as shown in Piq. 2.5(c) . The most satisfactory combination 



of these two actions will be achieved it the tin* taken for 
the integral action to make the control point co►ncide with 
the desired value is .uat to the time taken for the temperature 
oar llation s owing to proportional control to be damped out. 

2.4 DSAIVATIV $ CONTROL 

After very considerable cperience of the plant, the 

operator will become very skilled in its operation and th toughly 
understand its behaviour and be &kA * to analyse the record which 

the to perature recorder is producing* tach time the controlled 
condition deviates from the desired value, he will take the 
appropriate action. It the value of the cont rolled condition 
is increasing slowly,, he will close the control valy, the small 
mount required to counteract the tindency. It the rise is 
sharp he will close the valve very much more* If the tampers'* 
tune has a tendency to fall he will open the control valvar an 
amount which depends upon the rate at which the temperature is 
lalling* 

In other words, In addition to moving the valve in a 

manner which simulates proportional and integral-  action s, he 
moves the valve an anount which depends, not upon the size of 

the deviation, but upon the rate at which the deviation is 
changing. In moving the valve in this manner he is simulating 

' derivat ,ve action', the effect of the addition of d*tivative 
action i. Shown in Fiq. 2, 3(d ). It will be seen tilt the 
recovery time and size of the disturbance are considerably 
reduced. It is very important to realise, however, that 
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derivative action cannot be used along, for derivative *ction 

will produce a chang..pari valve position only 	.1t the dr via.- 

tion is c*iangthg. Whom the deviation is constant, it does not 

matter how large it may be, derivative action wilt produce no 

change In the valve position* 

Derivative action has very important applications in 

processes which have large raga, it does not require the exisr-

tance of a lagge deviation In order to produce a maned valve 

'..ant. As soon as the deviation starts„ derivative action 

Will apply a cnantzoUUer action which tend* to r ove the d*Visi 

i acid even before it yes large enough to .haw up on the 
t nt90l. 

2..5 I%ESPON$CS OP °lI t TER4 CONTROOXsLERS 
2. 5.1Proportional Jct, on 

Propox tion&1 action is defined an the action of a 

contzoller the output signal V 
the measured deviation Q* 	a 

of which is proportional to 
. 	F 

the $proportional action factor' is proportional to 

1 	 t 
Band width Of the controller 	Percentage proportional basad 

The negative sign appears in the . equation because when 

$ increases, V increases in the opposite sense. 

This type of adntzoi results in offset because V will 

be zero when 4 is sere i e. a Sustained day lstion is n ter► 

.sexy where a valve position other then the preliminary setting 
is re uired 



• 11 jj  the proportional, action factor is very high 

or the bandwidth of the controller is extremely narrow, even 

a Small deviation of the coat rolled variable f 	the control 

int will make the contz4l er output saturated. The sign of 

V will change whenever a changes ► s sign i.e.  whenever 
measured variable crosses control point* Hence it will 
+spa, 0 an ON-OP ontro Uer. . 

2.5.2 Integral Action 
1ho action of a controller, rate of change in the 

out ,tt signal of which is proportional , to the measured 

deviation. 

... z 4 ori;  V = -K2  , $ cit 

Where K2  is the 'integral action factor' of the c►ut taller 
i.e. the #aange of controller output signal is proportional 
to the time integral of the measureddeviation. Thins for a 
constant stunt deviat on in this type of action the change of out-
put signal will be proportional to the, time, I. *• the longer 
the deviation lasts the greater will be the valvar movement 
pro ced by the controller. 

2.5.3 Derivative Action 
The action of a ntroller, the output of which is 

p3bportiohal to the rata at which the me cured deviation 
changes. Thus 

dQ V 

K3 is the 'derivative action factor ' of the controller* 
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thsn Q is constant, +moi/dt = 0, Thus in this type of 

action no valve movement is produced if the deviation is 

constant, so that derivative action cannot be used alone as 

there will be no action however large the deviation, provided 

it is constant* 

2.5. 4 Compound Action 
A controller action in which the output signal tt 

the controller is the result of more than one operation on 
the measured deviation. 

It should be realized that compound action ccsictconsists 

of the simultaneous application of the two or more control 
actions. Integral action i n applied simultaneously with 

proportional action in order to el .minate offs ',, DeriVa. 

fii,ve action is applied simultaneously with proportional or 

with proportional plus integral action in order to reduce 

the time required for a di sturbance to be noothed out and 
a11* to reduce the size of the de atione produced by a 
disturbance,& 

Compound actions may be represented by the following 
equations* 

proportional Plus Integral. Action 

V = .KI * K2 f Q tit 

+ 	f0dt) 

The integral, action time t1 of the controller is 

defined as the time interval in which the part of the output 



V 

I 

signs] due to Integral action increases by an amount equal to 

the part of the output signal due tD proportional action when 

the deviation Is unchanging. If Ai is constsent,, owing to 
proportional action 

V 

Owing to integral action 

V 	dt 

If these actions are equal at a time t see 
ti 

dt 	XQ t1 

~► 	integral action time, 

V = - Kj(4D + L f de) 
1 

Proportional PIUS Derivative Action 

V 	dQ 
3 

The derivative action time t2 of a controller is defined an 

the time interval in which the part of the signal due to 

proportional action, in a controller having proportional plus 

derivative action, increases ky an amount equal to the part 
of the output signal. due to derivative action, when the deftep-

tion is changing at a constant rates 



suppose deviation is changing at a constant stant rata # The 

detivativ* action will immediately produce a change in the 

output signal of -.K3(dQ/dt) which will remain constant as the 

deviation ia changing of a constant rate* 

.lppoee the proportional action AgnaL is equal to the 

deviative action at a time t2, At time t2 

t2 	t2 
Deviation n = f 	dt 	f at 

0 	 0 

t2 t` (aa 	is constant) 

At time t2, -K ,t2 	-K at 

1  X3 

. • 	Derivative action time t2 
1 

V ~»g1( + t2 	) 

Proportional plus Integral plus derivative. ,won 
Where the controller produces three controller actions 

, muJtan.ousy,, 

V =-MY.Z i -» J(2 J dt — 3 chi 

eK ( t c f4► dt  

The response of this type of contnUer is shown In Fig* 

2.8.4 4 
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2.6 a1D1 PTZVE QNTRQI. 

Adaptive C ntroL i s one in which automatic and a n i-

nual measurer nt of the process to be controlled is used as 

a basis for the automatic and Continuing self-design of the 

cont rcl system E 4]. Adaptive Control 'etine are charact erl-

zed by the inclusion of a group of components specifically 

inserted for the automatic and frequent measurement of process 

dynamics (or at least specific aspects of process dyFnam .cs) 

end another group for the automatic adjustment of controller 

character, stica* 

Since adaptive control involves a measurement of 

process dynamics in at least some tom, a computer in frequent-

ly required, hence, adaptive Control sqrstena are often specific 

types of computer controlled cryctems* 

2.6.1 The Essential Components of Adaptive Control 

IWo components which always appear in a m* form in 

adaptive control are. (1) ident .fication and (2) actuation. 

Id nti ficatien refers to the meatre hent of the dynamic 

transfer characteristics of the process to be controlled and 

actuati©n atQnjfies the generation of an appropriate actuating 

signal as the process Input* 

The identification proton, of essentialimportance 

in any approach to control-ayeten design,,, becomes a central 

element of adaptive control since adaptivity implies automatic, 

frequent and rapid solution of the identification problem. 

Once the identification problem is salved, the results of 
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identification are utilized to establish automatically the 
controller transfer characteristics and hence the way. in which 
the sy staM error is modified before it ii used to drive the 
process. 

if the overall /yste is to. be operable In the case of 

reRova] (or failure) of the adaptive section, the existence 
at a conventional feedback control syaten upon which the adapt-
1,ve section is siperimposed is certain-ly desirable. An 
adaptive control with direct actuation has been shown in )14.2.9. 
As the actuating signal is generated by a 	ptiter directly 
from observations of the Input signal p the system response, 
and the measured process dynamics. In such a system, the 
actuating signal may Vicar no simple relation to system error# 
but rather may represent the computer's best estimate of the 
actuating signal required to drive the output to the desired 
value in the minimum timo, This generalization of the actin 
tion problem represents a natural extension cf the concepts 
inherent in the prototype sa npled»date systens, the optimum 
bsn~►baug syste s, and the final-value systems. 

2.6.2 The Zssetial Nature of Adaptive Control 
The configuration of Fig. 2.10 represents the simplest 

conceivable adaptive system. In this system, the only variable 
par meter of the process Is the gain Kp, which is measured by 
c mpa ri aan of the process and model output ,signals (if there 
are long periods with no s gnificant no anal operating signals, 
an extra identification signal can be inserted at the int 
of the process and model). The gain of the controller is 



adjusted automatically to the value of J/X,, so that regard. 

]►*fr of Kph the +op*loop transfer' function i s the unvarying 

This elemental adaptive mWst,sn is obviously Unear in 
sa far as the relation I wen int and output is concerned, 
at least to the sittent that the adaptive section responds 
instantaneously and aassurately such linear time-variant perfov-
finance As realized, .t Wever, only by the inclusion of properly 
selected nonhineanities. 

'taus, an . overall adaptive system may be linear or non-
linear, but the usual realizations of the adaptivity involve 
the inclusion of nonlinear .elements within the AVstsms 

2.6,3. The Geieral adaptive System 
gure 2.11 1* one posstblø Mock diagram of the desired 

generality# . The a ements of the ysteu are -~ 

(1) The idenrti fieri in whith the identification pro l en Lø 

salved In the form associated with the particular type 

of adaptiVity. 

(2) The sign&. identification,., in which the properties of 

the input signals are determined as a basis for the 
sel a tion of performance or optimisation criteria. 

(3) The decision Cn5*ater..in Lich the results of both 
process and .signal, identification are utilized to 

-deteantns the reeui s ad controller characteristics of 

the % necessary actuating signal. 



R,  

4) 	The Ampl entation, or the equipmentr fired to 
impl. en e t the dwci aq on of the decision omput*r. 

The controller, :Utsa l y combined with the Lmplenentation 
eq*4ggnt, in which the input Is modified to yield the 
requ i red actuating 4gnal to 

The igeneral repre tatior* of Pig. 2.11 is unrealistic 
in texme of practical adaptive control systns for the two 
rear ►a nor (1) most actual processes are exceedingly c plat 
Involving, many loops and numerous inputs and outputs, and (2) any 
practice adaptive 4y st n must, because of the l .cation s Lupo 
by cost, size, weight, and reliability considerations, ,tzn' v 
a ogmbination or zr4a.ian of several of the Masker indicated 
In the, figure, 

2.6.4. Ieerning in Adaptive syataas 
The system deecribed Sn Fig,. 2.11 fail, however#  to 

implement the learning characteristic of the human controLLer. 
In learning to drive an automobue on icy rads, the tsima 
being adapts,  in the following Way* The new drive4opsrating 
with a desire to reach his destination in a minimum tame* in 
ate of slippery road conditions, attenpts an initial speed 
while meae;ring the road conditions by injecting small di*uv. 
Banc s on the steering wheel. when a slight skid occurs, the 
driver notes the road conditions (or car dynamics) and reduces 
speed. Gradual .y, over days or years of + 	dace the driver 
ac quires a knowledge of the tunctional relationship it the 
maximum allowable speed (under the constraint that the 



probability of skidding during a specified time interval should 

be less than a fixed shall quantity) to. the car dynamics* Lance 

this thresholds»speed function is known, the driver is experienced 

on icy roads 4 id future rears bring only a sight modification 

of the knowledge. Acquisition of the required knowledge depends 

upon the experience or upon the learning meth nian. 

The above example represent simple learning process within 

the scope of feasible instrumentation. in this probl4m, learning 

consists in detenn.tninq the functional relation among forward 

apsed, the probability of skidding,.. and measured automobile 

dynamics (or a vironmental conditions). In this case as well as 
In the other manifestations of the learning pr cess, the poses- 

b.lity of introducing learning into the decision computer of thi 

adaptive control system opens an entirely new horizon for novel and 

improved control systen perf:annance• 

The major promise of the adaptive concept lies in the 

possibility of introducing a simpl. learning mechanian within 

the adaptive part of the systen.._ enc. learning i s c nbined with ► 

adaptivity, t .e control ayst*n approaches the flexibility and 

capabilities of human controllers in more !_ign1fLcant tasks. 
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3,1 VIE t2A ZC ONTRO U4R8 

In a pnci.unotic Control sy ctCM C rCaa0d air is ciupplicd 

to tho con  controlling off. 	t o A8 the vaLuo of the moired variable 

c'hcngoo, the pcurnat.ic output of the controlling elerncn t alco chcng,. 

an. A f pper.nozzlo mochaniarn proviaca the 1 a of contzollinç  
the pneumatic outfit,, By adding different elements to this bocic 

mecbcnicmq  v iouc contzo3. acttone can bc actevodp 	dizucce 

3,1.1. m Prgper 	r __t * l 

Roger bare 3.1. A carte pressure P. .s fed into nole 

eht r through a 9iicd reG° iction w Ucually this. supply is obto..nod 
from a o rote cor rcccod air system # A nozzle opening a  which Is 

longer then £ ied orifice oUoic the o to aces Q • Mbvame2it of 

C-lcper varies floe in noz :e tthich in turn varies preocuro in nnc .c 

+cborZ r • Th.tc to 	as output loading preoGurc Ps. 
Adding a iourdon tuba  

The b rzirc on tuba acts an prc5xo tncor, As input prectutC 

P2 docrccicaoc the 'x,urdon tuba ii ,►vet ccta on Hopper hi . clococ 
tho no le cccord i.ngly causing incroaco in P., in prscfiics the 

. ^d pivot on the flier in replaced by a Y U o c C Fig .3.2),  P 

s tc,pcd end fad into an ed juotable three very valves The part of 

q 



F1~APQER 

•~ 	NOZ2tF 	 ~'~xt:.D N07 Z LE. 	C w ~r16~R P' 'v: T 

Fixe o 
C,atFtE 

Pg 

FIG 3A 	 NOZZLE- FL/r'PEyi AMPLtPIER 

"1. ~'aoPof~mac'3C;Ngl,. 

F-XNAV5T 
,4 

I ,. GAIN CU NTpl.. c . .. 	h1022k.E t 
CHAMze R ` 	 PL 

Py 

FIG. 3,2 	J A-cLC PRoP0R -r%ON CONTRbt..LSR 

it L lA W  ~,  t 

_r 	RESE C ! Oft T 4 L 

Bt~~RD;,hs TtiO~,. 
Ca A1N Cc3NCR0L 

02,2.LV. 

fi 

F G 	 PUS S R E S E.~ GG r1 T RO t L E R 	: 



V 

PL tIIat Jo .tet to bUorn ocn b3 varied 	d uta the v vo. 

b ~e 

 

three uy v&ve octo an i1itt. Pet of output signal going 

to it 9 I s g cd to tho bo13o io cn c7 the remainder La c u ote8 to 

`!cg atjvo+ £ dbcc1- 

my chemo in P2 chongea P Port of this is fed to befla 7o 
in OUC I 4► riay to ie&co the-• e 2ect of P2 upon pis rrt Lo Int an 
negefiivo feed and Lo uOtd to reduce overall cx rnitivi or gainn 

js 
of the ichoniern. 'The gre ti neon .vo +o3bck o gzeato La the 

ocroace in c 	Of 1~LCCh3fl Ern . z4juotnt of *'way" v vo in coed. 
gain c proportional band control*. 

t'hon the ad chmgr in large o the oontroli.e preOcuro P o 
niter cooling am0 Meta from the aet point, Thia difference La 

called off cot, The aicunt of of E cot can ix, 6ecreac by r c asing 
the gain of the cyatern. If the gain La very higi, off set wit : became 
no L9iblootut the high gain can ooucs Instabilityin the ayotem. T 

way to colvo inct ilii pxobkrn in proportionalantz*llor La 
ju yet the 

 
gain  ► a loser vie , by increctol. negative Eee6back 

ide, idci the pm rttona.1. band cotting, 	evor it vi.l1 recu3.t 
off cots Thin effect ern e'f ec v.o1y be reduced by adding react oan-
t o to the mecaniam. 

3.1.2 Rrntio1 

In Vi a3.3e another bolotc (react beilow )g og cto 
ti,ez in Fig. ,2.(nro incl i ia) ttth aoroting z wzeoio^gcc 
mufichnçj t ca, of lctør has becn add , If the preyc?o in the co 

u►bol2rn ren c alo each one eoneele the cffact of other and the 



cyctcfl C4n +n,OYO higII goin or the coo in pry►&urc ccn' 

re c ra t b3UQUO p It pa co thzough tthctab3o noc31a vo ve q. 

on re t control * tz4b puzoco o~ thic value In to Intro6uao 

m tirn dlory. The core the roatrict1on dSucto3 Into va lvcg tho 

longer tt tiil3. tc ko a ch go in pr zcuro to rGgitOr in rec 

bee. io, 

ativo fced.baek 

Signal that goat to Greco .Uotm 10 called oaitivo f+c-

bark+, The more La the value of positive 4eoi2 beck q' tho zo is 

crea 
 

in nr , ci vity or gain ofcontroller* In the wady data 

c nditfion the a tive and negative ftp bad ciinalo cmeel ecth 

o 	* Zn the t . ont c rdi n o het:oucr the zocot 	ct on 
fiorariXyr laya the pcs.ttivo facae !:. nal co that the ncga. 

five ee bc3c' c n achiouo ita gain cutest 	c!oct. 

'  	d highenough 

the cnnt of c f cat i c co small tot 9 Eor all pa 	col purpocca t 
P1 Is =turned. to normal pori.tion0 High gain of crrpli4ior In 

rxicriEicod only during tz' .cont óondition to io the oyct c tblo 

Ac trcnoiont conch (cy t moot act4on o3 4y incraacoa the 
thh^ fin 	eyau.otato condition seache 0 do higs gain  

loado to r eady.ptate pçrforrncnco, 'ig .3.4. 

c6l ittollo i ing 

`o obi boot oc zZto, oattiction ofa oset m al utuct 
a1 Ot  	sect final mast b do1Lcycd $'U 
t+çjh to mate the recoverycharactoriotic of ' p ccoc un2er control 
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Z çjoin croc a too rapidly. tl oy cm 'ii fl tcoi unc b ' c c3 
it dccraar 	too slm7 y j t'ro Oytc r 1 .Ii+rcjic. x a 

o!2ectivo xtrol ill bo thra. Proper ac $asW t o tho control 

in collci1con U oz' tuning0 

3*1c3o Rotc C ►ntrol 

AO O31 OOVO,a irmed tOly a£ tOZ ctoturbonco q gain is loti 
to 	.taro Cyan ctobi.tty but this cu con poor trorioict roo onto. 

3 rant ro and cm-bo cigniEioontly irr avod by delaying the 

gain cutting cx `2ect 5ut long cnc ugh5 x 	to star the t3yotcm reugronc A 
to load d,tsturbCtco izt not c long an to ma3o the cyotcn 	table 

Z?icj*3.3 azot1e the at3i tion o another volvo restriction in pry=o 

line C- oedint, t th bollovo. Lthe ro t.  conal tp " thio valve of co 

ajurtod to pvido proper ttrta delay bo2oo gain 	tinç  

`fes bogino, Once tho proDcurc ohirngo has had te to bleed oeronc3 
the VOlVO rca inn o  the cxntroUor cicto an 6occrz1ixd for tt• -

contol 0 

The ntcuccLi valve to c011e rate control b3no its 
c C oct in inlucncad by rate at watch load disturbance opo 

',c 3,a c1' o c three t alo control. 

.2 . iTazsJuc OOITRO W L S 

Zcalic c ntroUers ore alc cvoi3.oblo tri. .ch pz vnc2a the 
three cont O1 roonceo, san 	. ► the t 2r .c controU r cc- 
c. ca .,,a 	c • corral .o c cc . that the cjc c rzt rc a& 

r: a clot p cIOC04o  Jcjt pipes cnd pictone, Or Co UJc33 Ve2VCa C:70 
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~a cc,din p .cco c! the c I cr- ~.o coir rc.tcy uac inpn ctIc 

O j 4o r. o < <' c the pneumatic no ga. at 8i c tc a 
r,,.1 at acn into eit a oC, ' Jo rccoivin chcnaexa of a double cct-

£ncj c jln.-)ro E:T a the jet p1pa io uovod to the left by the moaaurc4 
vt~ mile as a:gym in rig 63.7 o torn fluid entero cbanbcr I thzn ctcz 
cItcrn3x 2. 'moo cc i co c tho prma c in comer I to Inc roz q 
ova the VIC,= to the right. The pinon vcrct ccii 1 uccO to 
po n .tion a final olc cnt. 

The four rcx' valve can be uaed in the o o n=or ao a't 

jot pLpa. ace r e3.8 c when the value , l in rmcwed to the lc2to 
the fluid j oti to X4nc I La op cd end the path to line 2 in c ccfS, 

The piaton ivcc to the right. r arty ouhei the valvo col I o 
rzvo to the rights the fluid path to line I La c3oeocl, c'16 the  

pati . to .mac 2 in oa nod. The picton tIc nvoo to the left..► The 
flown of the fr'Jcy volvo 'e r4b .ca the action o the jct pipo 

On.a2f ctton Ia cecorr3Htobod in a hydrcaUc cotrollcr 
by vary r id x c cnt o the piston to either ttrane oeLtioi 
Ohm the uleacured variable doviatca a caaU count from cot point. 
Tho ot pipe or volvo c ooi in pbcd.tioned at neutral to ectab.ich 
the ect point at a particular valve of the reaured variable. 

Prc,o rUon al ! tion ruzce a fcd baei: diol fron the 
p titan to the ,v t. pipe or ceol. !cr,ortonol action 1a p vLc ca y 
the tion o a £cel bz3: Unhajo Grana to pioOon, t:wi `i the 
pig Io ivct to the right o cc 	in ?u,;,3.9v b=xuc3 of a ~: g 
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ji the vt .vo oC tho m cured vari, ia$ t Q ,iaton mows to t o 

ricfit 'lto c i 30i: UnIcçjo in att tocl to the pi c' n , It b= ice. o 
the Jot Vipo bath to neutrzg pottion to c i otopc' the r. vc xn o 
the pi awn s `mss there 10 a pi s posit. OO  OCC value o the 
r 00=0d vorta .Q. crngS.rtg the 3ocat4on o the e pivot prov3.cloo pro-
7,ort3nc1 1z1 c^ ,~jaal m is This rcgl latts tho amunt of piston 
town cth?c to reotorc the ,ot poto its ncutrol ition. 

aa iaaa c flocot: ,ems cn be a&i to the p onu  

cxntrollcr by rac~iWying the fc 	c; final. F.tcj«3.IO iilu watco 
aict pipe bydrcuiic contrellor with pro rtlonal plus resat contro 
ca n .. The &inn of a c t tcry piston with a amass previdlos 
the r e action9 thcn the JM pipe In moved to the right, 'both thO 
xath , son and the cuU4ory pian uovo to the right • 	2ee6aca 
3.thiuigo is c" cchcd to o th 	Bary piston * This .in1cgo runs 
the „`t pipe to its neutral position. 1ccQ1sc o the bp, thO 

audXicry piston  retu s to its nid po itiøn a roves the jet pipe to 
tho right ,gam. This causes itztion of the main piston in the 
original direction.  

Deri at vo t. tion con 1e wco4 to a 2iydrc1ic port.tbnol 
plus reams controller* in the cchat c of a + ntro3ier o sjfl in 
L'is.5,19 o four ay valve is used tO provide 	 DotJor to the 
reset cad poor cyUnlors. The proportional lk in provides n 
actuation of the Qour ucry valve* . here are to sera fes : 
oyo o, one for moot =Wan cnu a amend for rate action. ' .O 
reset £c^cixcez signal is provided by th power cyLince, `d be Jet 
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pigo. 342 in a diagram of an electrical null•-balance 

contreller. An electrical nu11. azanCe c natroller prev tea 

the various c►ntrel actions by modifyin; the feedback signal. 

'his is done by adding pr ►perly Cenined electrical resin.. 

t ii;c*a and capacitances to the feedback circuit„ i.st !►e" 

reotriati,ns and chambers are added in the pneumatic .ire uits. 

A sensitiv3,ty, or gain, adjustment is the only addi.. 

tion to the c ontr.iiez .required to achieve proportional 

action. This permits the adjustment of the proportional 

band. The snnoitivity adjustment ac $.9 made by ins ort a ng a 

variable yes i3tar in the feedback lire. This provides for 

regulating the magnitude of the feedback signal. The feed-

back signal depends an the position of the final element. 

The smsunt the final element .must move is sov established 

by tan• setting of t` o variable resistor. This movement 

pr duces electrical balance in the controller. See 1 iq.3.13, 

The feedback signal is modified by the addition of a 

resistor ,. + pac t r arrangement to provide proportional 
plus reset action #  See Fig. 3.140  

Any change In the feedback voltage from the final 

element slidewire causes a current to flow into the capacitor 

C. This is where i.t in stored as a voltage. The capacitor 

in then said to be charged. This results in a v',2tage drop 

across resister Re  For a current to continue to flow through 

R, the capacitor must remain charged. Hence, it must continue 



to r eive current. it receives Current by a continuing 

change of the"eedbac?t voltage* The L6e wire of the 

final element and the final element itself musts  therefore#  

ceL tthue to c IdA p.siticra to produce the necessary vel' age 

Changed. The voltage continues to chane as long as there is 

an unbalance si al from, the controller. The reset action 

ceases When the error ign.at is eliminated and the value of 

the measured variable is at set point. The setting of the 

resistor a determines the rate at which reset action pretends. 

.t►fs 9 e3i3cc signal is mmxft fled with an additional 

resist.r.'capacit.r net work to provide proportional plus 

derivative action. see l'iq. 3415. With this arrangement, 

any change in the feed back voltage case the capacitor 

C2  to draw either Xtra: a or loos current, whichever is 

req tired t€ delay the effect of the change in ,feedback 

voltage. The final element can meve mere than It would 

if only propertienal action were used*  

The setting of the resistor R2  determines the rate 

at which the eapaciter is charged, Therefore, the modified 

£eec ack voltage varies with the rate the final element 

slidewire changes the feedback voltage*  The final element 

slidewire position changes as the value of the teaeured 

variable changes. The modified feedback voltage changes 

with the rate the measured variable ch.any es . Derivative 

action is this accomplished. 

Fill. 3.16 shows a null b lance electric cantrell.er 



with proportional plus derivative plus reset action. The 

caatreXler includes a cnntrnl bridge, a feedback bridge, 

a detector .amplified relay, and a Wirer motor* The rate 

and Z t netWQrra are also shown, 

The pewter met positions the sliders of! two 

different s: ids Lres. One slide wir' is in the control 

bridge, and the other is in the feidback bridge. in some 

electric cctzøUera are power motor can else be used to 

position the final element. 

Th o znp %t sift of the de;tcctor is the difference 

in voltage bobaeen the control bridge and the feedback 

bridge, This signal is sufficiently amplified so that the 

relay is actuated. The relay causes the Wirer motor to run 

In a directior. 4tith reposit:-encs the sliders. This reduces 

the input signal "c> zero. 

The control bridge ctain th.e proportional band 

adjustment, This -s the sensitivity adjustment. The adjust.. 

meat detaip,tnee th© relationship bet evu the input signal to 

the control bridare and the resultant output signal of the 

control bridge. 

The teed.-forward electric controller operates an a 

different principle. Theme is n•- Z} edback signal from the 

final element. Fig.3.17 is a schematic of a typical fee!-. 
forward electronic controllerr with proportional pias reset 

plus derivative action. This centr eller operates £tore a 0 

to 10 volt dc input signal. if the primary eleaent does 
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not provide an input. tho conversion modulo provides the 

operating Voltage,*  

The pertontago of total input voltage is shtioin on 

the process indicator. The matching set point voltage of 

0 to 1© volts is introduced by a precision potentiometer. 

Andifference bet aoen the input signal viceltago and the set 

point voltage enters the proportional plus reset zodule, no 
pef entage of total inpst voltage .s also shown on an error 

indicating meter,, 

Proportional band adjustment is accomplished by a 

precision potentiometer s.hich regulates the of tput of the 

amplifier in the proportional plus reset module. The 

regulated output of the amplifier is further changed by a 

precision potetiomoter in th© reset RC n©tiorh to provide 

reset action, For rate response the input signal voltage 

is mnodifteti )y n RC. network before entering the proportional 

plug► reset. mr u..s to provide derivative action, The output 

of the dori tivo modulo in then proportional to the change 

rate of the injut signal volt ge. Tht output motor indicates 

the porc ontage of total output voltage being produced. 

A balnctr4icttng meter is provided to facilitate 

owitching t,3 : ual control. The manual adjuster must be 

position* so that the metes is at the null position when it 

is ovitchcd from automatic to manual control. A capacitor 
in tho tnctruiont circuit eliminatco the need for manual 

odjuntmont Then tho meter in switches from manual to autometic 

This 2untura of a meter is celled automatic bmV4 lcss trans- f'cw. 



3.4 djC tQP tOCSOR BASED C RCIL Ria 

Microprocessor based controllers are the msest modern. 

type sf electric controllers. Due to their increasing 
importance and due to the fact that this is the type which 
) as b n consider{.sit 2, ,tor in the dissertation, we s :all dis« 
cwss them in this separate Section. 

The inn estrial ventral system is a dileMa, A ':antra.. 
diction* and the downfall of many a high technology eu :r~pre.. 
near, control at once demands the very latest capakilttos 
and also re, gets them. Control epipmnt desiVne , aver twenty 
years age sells side by aide with the latest designs• l el 
lity is the reason er sometimes really the execuse for not 
k atin, E6_7 

Until very recently, electronic process controllers 

were analogs of carlirzr pneumatic--meacanical controllers, They 
did little beyond oti :e; in the. advantages of electrical signal 
transmission, Snlid st. !.t a replacunt for rc3,ays promised 
more reliability, but re=. aired a ai.Lferent order of *natntenan e  

e:~pa tine when they did fail. 

The pri! acy e ? auylt of technology against the controls 
marlst, however, was in form of the electronicdigital cur ter.. 
Par control, as far ev►arythin else, the computer as the u3ti. 
mate problem salver. It could (and still can) do everythinf 
short of supplying the final actuator peer to move the process. 
it could replace everything elite in the syst s►.i but the primary 
sensors and the output firer controllers.. 



But even the amput.r had large problems. It was not 

reliable enough b co,rmit a process to. It cost. too much. 

New people would be needed to operate and maintain Its Ivory 

input had to be converted to digits. And on, and on. Bio► even 

with all the wonderful inferential calculations and +nomparissons 

that could be made with a computer, it took the large-scale-

integrated technology of the microprocessor before computer' 

control really caught hold. 

dsy It was there is hardly a control product of any 

kind that does not sasie1x w incorporate or rely on a microprocessor. 

They are not only in controllers, and communications links, and 

terminals for the operator, and actuators. They are even in the 

central minicomputers, making than more capable and more reliable. 

so it some that the microprocessor has finally made all 

that great eleetronlcs technology available to control and 

apparently is oven making control technology driven. Accaadingi 

to a manufacturer of microprocessor based distributed contro- 

liars, 'We have found the advent of microprocessor technology 

to be qualitatively different from many of the previous a ow 

devel op pent a. we can recall situations where we were market 

driven and technology limited. That is, our marketing piopl• 

were detLntng user needs, and then working with development 

and a gins dng people to determine whether the technology 

existed to most triose needs. Dday, we find more technology 

available in the microprocessor than can be used intelligently. 

The marketing task has bsaome a matter of determining hr ow• this 

technology can bo employed to deliver real user benefits'. 

6  
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3.4.1 Hbw to Deaign Microom ter into Control 15y 4ts 

Having decided that a given system should be micmo aputer 

controlled - and the only valid reasonss for using a microcomputer 

is either to give a product enhanced , features or to at costs - 

the first thing that needs to be don* is to sit down and list 

all the functions to be performed C, ?j. 

once the listing has been prepared, we are ready to scan 

microcomputer literature - specifications, user manual a, progra 
Ing manuals,, Ito. 

Draw a Plow Chart 

11th some idea of what micxococnputers are available and 
what the system must do*, we can prepare $high-level' flow chart • 
Such a chart is really iiki the function li sting prepared pre-
viously„ but now it is in a flow-chart to x~ n, making it easier 
to vi suali zt the process flow. 

Now we should attempt to come up with a rough sy'ste~ai 
cost. 3b this and, draw up a tough block (or ,intsrconn ion ) 

diagram of the syste ► using several major microcomputer candi-
dates. Th reason for obtaining a cost estimate at this early 
stag• is obvious$ if it turns out too high, the project can be 
dropped before a significant expenditure of time and/or money. 

Sketch a Block diagram .- 
mice the block agram has satisfied that the system 

ii within our budget,, the next step is to interconnect the 

blocks on a functional level. to doing this, we must keep 

track of the I/Os that have been used and must continuously 

sins necessary functions in terms of microcomputer 



capabilities. for instance, if we have to do a Job in, say, 

100 ps and tt will take o e 20 steps in a 1.5 A machine, we 

Immediately can know that we are In trouble • we either have 
to lock for another microcomputer or do the ru.tred functions 

.ti hardware* 

speed vs 1r z+d Length 

The overall design of a microcomputer - based control 
system balls down to a trade-off between sped and word length. 
&zppose, for instance, we have to control a motor by monitoring 
Its speed at al.l tunes. flaw many times per seconds is it 
necessary to sample its speed and give a cor*n*nd. Applying 
basic sampled data theory tolls us that the sampling frequency 

must be at least twice (and practically, at least five times) 
the highest frequency of t ,o sampled signal, A calculations 

and I/O functions must be performed at this rats f Can our micro-
computer ecute all the necessary instructions in that time 
interval. Vxom this analysis we can estimate all the * tight-

spots' that really determine the speed versus word length 
trade-off. 

At the sine time, memory size is highly important, 
particularly in view of the fact that most single-chip micto-
computers come with some fixed amount of *N4 and R. 

L+ am the Micro Architecture 

After going through these axmrcl ass we cane out with a 
particular micros puter. W must now art familiar both with 
the is st ruction set and the architecture. 
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Once we are familiar with the I/0r, the architecture, 

and the instruction set, we can take the block diagrM develop. 

sd earlier and convert it into a very detailed, ahematio-lik• 

diagram, including everything . At this point the haxdware 

design is being aampleted, and the diagram *ould clearly pin-
point what must be controlled. 

In addition to this a detailed flow chart murk be creat-

ed whic$ should also include sequence of events and their 
timing. 

Programming .. 

There are two basic ways to program - straight linear 

pr gramming (one program for the whole job), or by portioning 

and subroutines. Straight linear pr gramming is sometimes 

more efficient, but it is more di ffi cult to program. 

Ata efficient program is written by oa,bining hardware 
and software, knowing limitations of the machine, and knowing 
what can be done, outside more efficiently or at a lower cost. 

software development can be done In one of the three 

following ways'. 

(1) Zn«hou$e using a timesharing service or an in-house 

software development system* 

(2) By using a vendior-supplied software develo sent system. 

(3) By using a software consultant. 
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Trial Ran 
'Zypicelly, we first try to run the program and it doss 

not runs Here is where an accurate and detailed flow chart 

will pay off. by looking at it, we will see at a glance just 

what conditions should be present or absent at any point in the 
programs. 

Now comes the hard part - the real-time, 'true-life' 
system execution. At this point we may discover that certain 
reel world conditions were not taken into account during 

ptragra development and program must be modified. 

Getting the ystan into production 

2.iI now we have made two assumptions •- 

(1)  that weave a real-world system, and 
(2)  that we have operated it In a real life environments 

(*e or both of these assumptions might be wrong. $ 

we can go to a prototype boards* we can take the prototypes 
and operate then in the field* This process will uncover any 

real-two rid problems*.• 

After this last step we can start talking to the 
microcomputer vendor about developing the mask. The first 
engineering sample deliveries must be tested again. This 
is to confirm that the vendor implemented our pxugram as we 

told him. 
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the jotc '• ctoric4c ,  



For cxiz 3 e, if we Use meaalruaetits of peak overr t +end 
ring * ibwever, since our meaar€ients have only finite preci on 
it will now be rather difficult to obtain an accurate aoseswtt 
of yteer perfoixtce under the pre5cnt contzl so that further 
optiiiAarn twdngmay take place. 

4,2.3 

A die cent. wt c i performs well with respect to the  
above r to :ts is bang bag or contactor contxol « This is also 
t4zrc optimal for Ma' systns. 	 F 

Zt us consider a ale controlled mess me l; by 

• +A =U() 
	

(4 1) 

where ac(s.) Is position afld u. (t) is a bounded int In the rage 
'[  u< 1. The f ast way to more from a initial position x(o ) 

to final position (t ) 0 is to make use oof the m=1w= force 
avai1e4e, that is * to accelerate t#war8a zero until e 'last ` 
possible vcsxmt' and then applyfiAl braking force in order." to 
come to rest a*±atXt 	,0. 

The Pig.4.6 s)wo the rhaoe plane portrait of the process 
described by ecuatlon (4.1) for u a I and u = »1+ It it clear that 
we can nova to 0 by applyi u a .1 until we intersect the 
u c +1 trajectory which passes Hugh the origin s  and then ply1ng  

ula + I to follow this trajectory into the origin. since for spy 
initial condition the ling of control polarity will occur at 
the trajectories Which lead into the origins these trajectorsare 
called the switching cures for the system . 



Cnc G.2 tai ca cuzicc £L y ~mrin C~ 

cgwitton Q.-AL ty 	craZior oC n . (4 o .) aoL' u con r. t o oL-. 
cava 

X =Lid:.A 
	 44,22) 

21 au - r o'er 	 (403) 

uioro A 0 u 	* 2 : O , 	bran ØL2QtIon (4.2) and 
ou n (4.3) gives baton (4.p4)  

Tho C:1 .'0iZ1ç3 C WO is obtcincd by cotttng 1 s 316 c 0 +w 

' cicjn 	in ( I I $ )J 	(4.5) 

toy- 1'cn 44 is O0 a is .o once uic 	ye, u La 

tImugh thin c Yoi 10 not oiri,3o, it might be xati.t3ge 

to CUtO It In realtiIiO L22. cmd are yLvcn. A mro cionri 
p. b c Ln tlmt vith zro gc2oai pz►ccaco t1 o iitcdng eve 
6een a in a cDnpTh iay on pZOCOOQ pQrcfltoza • `tea errora in 
oc o124ug the pzceDa .rack► lei to 0, ni.icn . c rG in the tith-

# C3rVa awtiona9 gives rL, s poor por rrn ce • in  
m d gita ; r . .ice 	t .a 8i !ic t to got a gooc 	uc for 

fiXorn me3awcmfltø *9 . Fortheae reaconD, wo vou2d p 

voic tL4ng the 4orL.vt.tve in ► $cc CiCL1.ationO, 

Xn a jpoit4onLflg Cyofl, it La rt t un al . '4 c to ba a 
( ti) c 0. tJbLio to gi au a rea ricU. ►n on the 



cbil.tt.tC0 Of ti xe oyc ng thro are manycPiiCCtiOflOG cud 

rruxxriOZ3Uy C ttDi1CL mchno tO3io, rhe a tooi heed or a 
,nicce must care to rest. boro en. operation  con oo m ec• Thio 

type O 	icatl n wIIIbo aOCUme. 

Uaing thio aounpt ran the c4  td Zinc for our c 	ase 

pOc2Oo mcy xtU be detc 'nod fzom uitbn (4.4 ), Let be greater 

l 	cva and 	z 0. 	ci for the trajectory with u a -1 

c" jucation (444) we oltatn  

I« gar «u $ in ► 	r► 2% 	 (4. 

Eor the trajectory with u = *I and aO wo o th 

x = Qw 	(.e) 
	

(4.7 )  

The , i.!C► !aint is the Value c1 c va .c3~i they trajoc tioc 

r 	o EUm a m s betic" c a n (4.6) and c ation (4.7) 
,gives .0 4on (4.8) 

V1kiio tic ivat ono a Clze position o 	e 
it cn caoiiy be extended to 	.trory f$so3 a ncUUons1 a chime 
of 0 dInateos Zte important. point is that  Uxt in aLt coo tio 

c4tdi point, io not, a function only of the 3niti 	d final 	►. 

t ~ r • . 1a two E :tCh points w1ici!1 w;t be a"orod in the ceif-
tuningtOLXi, 

Man c 3:o C x c r.-, peaoceo the I 	+-"`"` ' cz uti 1 ced 

4" 

ctciLng ,'o ►, co a ?o ro 	10 	ti "ojr o Co ltd ctru,-. 	in coflt o: 



oyCtcU pe tire, to uiLt ostune that our poceto is dom n tcd b r 
a po of ileo cnd dao ccn befro i at 	a end Or&,r 
oy ctan. urthor * " • 	' # ?p* 	' dozzrtbed 1t" 	' th.te ci" 

be viccd oo a arroc o ► 	i date bier order 	t.ca 
pf the pZCo39 

* Lr 4 Z~ql Igm3nt iAIon. 

eco the control uod is bz ig-bov czd tho pzDcezo ±0 
p ~n o4 a aecxmd order cyan, there will be only io tone 
.mans of the tz EJigna3.for each riovo • t-orc ovor v the end 

tL'Qs.ttbn qry OCG tibfl tO voicity in mo so there is 

only one piece of data to. be *cc for ea move &n the t a3e,, 
the I atcn Qf the Irv4iitch ,ointc > facilitate tr lam 

to chat ?ill be stored as the ratio of the dictcztcc of Nth ch 
litc1iinç occur , to the to 	itnce to be rove& 

r mer ryi3ca, the wit rt uIUZ did only 
on the lcrgth of ther.. vo.. 'iiiuo for ojotexns ;ihich are 'O1 Ot a 
linocx' we u t 	rieaciro of near~neoa to comer cry l jth 
r oe r:iro 	c 	cce a, ?ar 	7c0 	±0 azroepondo to 
a ocarali for nearest no 	ra in the form of +:Ding ellipse 
w1oco nc r a.:ia is pa allol to the diaon of the table, As this 
o 	a mss mathe -a.o-icrzd carztctton oC dintcxraca to neigh. 
bona *neacy, the o 	ac tton of the) table uiLt bo 	gcd to piece  
a.3 nrvoo of the co icncjth in to mmo c slur. of the table, The 
root is a s  ►.. •jai table uere to ;i in c te-ma incd '~fir the 

0 
oto ç3 pocition, cd the +c oat i in dc-; . nod by► the xcgth of 

I . 

l C ; a tib. 



of tho E VO. D nm1 CLU9cQQ 3a th3 or inz3 tc b3o rtov bc o 

vorttcot a ttseo wtcImo more c ,tiy oeerdio6 

Let P, b the +. fi. r oattorl far a move t cd 
the 3 c jti o the t ovo « Thc the cLecnco U ..e. nfln a o) In 
tietroen z avCQ ( j,~ L►, ) aid (p jt L) in mined 

a 	(P j ~. w j)2 + t11 (Lç 	 , 

t xloro tip crzd til, ro w Mln Ch a ubich canz'c4 the £opo 
aw the nttmt r stamce e  co3 Por exec0 TIT  c + Z then 

a " roves of  the G 	.enth over noo with 	 One 
ctort:hg xs tton in the _i$n1: e + ontz't . 

For n rc uCOW4 IDvC fa rstAll to t~3N T we de ! no 

1 a umv.tii (L cam ba'vto or ..ve) and obtDin 'th po eitio tzt 

vlii+b cttchinç Irl ac= cc c qw on (4.10 ) 

'fable (n30L) XL 	(4010) 

£o? a InoJnmw, nd cqua4on •(. 4 J 1) 

I A V= 

 

z1 	'oblo( M (z-i,!.)) XL 	(4,011) 
C-o 	. unn n vo o whare zit.+ »i,,,.x 3 point tothe snoun uo 
noa,ot to (ts49n) o ccocea erier  

a 1tV3 fltJ C 3n CtG O q;)t 'xy4M en ecc3c,atng Corco  
until .`v 	10 t'caed„ d then 	yMV a o!ing fo co  
until noon cmcxo• i"a the cr6 o e h neo the inteeritpt routing 

ttc' the &C ;c_ n~:"' c y or to % "'`t” o in n 	UCUO read by the 
utao routine* z23 	ctrt zoittho thc + is ow.t n to . 



determine whetheror not the move was uccessft4 ,* 12 the error is 
not nall, 2?DUP and 'W?.NT 	used for another table look up and 
nove ,, 

if the error betweø 1NDUP and W? ! (or N4 and WANT) 
is mail,, continuing the use of bang.bEmg bang-b 	 control will cise  
'Chattering'. This ty~ of operation: is usually *n S,trat►1e and It 
is preferable to use a gentle farm of control. wbe the error be. 
cornea entaIl. In this progran we enter a linear node of operations. 
speciicaLty PID ori l0 

when. a set -point chige occurs, or a di rhance causer 
the error to become 3.arg , We leave the wear node and perform 

atm table based move * In iome cases, this duo. made control 
cal lead to limit cycling in and out of linear node, Zn order to 
avoid thi.as 3rystereaia is 	to the linear control boundary. 
That i a,$ the error mgt be less than 	o enter ,wear mode, and 
greater than ,Ou to leave ,:near node where + o, , is greater than 

4.2.3.  aasurcir nt of derivative 

We have awned that we could tell when motion had ceased, 
i.a, when ta ©# In reality, this to not a trivial pzobl due to 
the limited precision of digital measurente. 

The a al pzoxiznation tO the derivative is 

X i -ciifla► xi" x .1) 	 (4.12) 



if the reo3ution of the meet of x and the eaqing period 
TO are eppxoprate1y re3ated, this ; rox..~ nation perEorus quit* 

well. }bweve', this >.r ximation encwitera cif 	ties whe 
xi - xi-,~ is loses than the w4tzde quantization of x during the 

period T$. 

 see this, nidex the anaaog signalx With the 	o- 
timed version ax. perinosed. as s) m in the fure. The ana og 
sicjne) is raTp With derivative abewn by the clotted line An the 
figure 4.3. The 	 ti l signal is a staircase rather than a 
r 1 with the eEfect that the derivative 	ax: tan . in equation 
(4..12) yit de a l3eries of VAses at the points where they rarrp sig. 
nal cussei the 	t2aUnLour thujes, The effect of such a 

less derivative on c 	C►l carL range £rom satisfactory to deetabi.. 

'brie amen that equation (4.12) gives such poor mor. 
.mangy is that we are Doug fate' than the signal cai owes the 
quantization ' xundariea. Decreasing the s&r>34ng rate of the  
entire control algoritiun would help,# but may not be desirable the 
to effects an other portiona of the cc, putaan: 

As an alternative ive we ,jai u + the approximation 

• 1 km: xi 741- 

where n a I, this in idantteal to equtn ( 4.12), r iarger n, 
the d?fect is to increase the time between the awles awl 	 used In 
the difference,* While the same difference *5uld have been obtained  



S 

by using a (3acaUy) 'duced sampling rate in calculating equation  
(4.12 ), the proxi ► on In u aticn ( 4 * 13) has the advantage 
that we get a now value for the derivative  every T. Winds 
rather than every n T. 	ndm. 

bwever, It sh uld be noted that the derivative xnpitd  
in eqttation ( 4.13) La (approximately)  .he derivative at time  
t, 2 fTq* Hence there La a limit on how large we can make n due 
t ► the delay (i error) introiuced. 	aid these effects n? 
should be on the order of five or ten times . n .ler then the 
shortest aignificant system time con tant. 

4.2.6«'his 	Pals+ 

Xn the bncpbag control described we *ist detect the 
po ant of zero derivative to terminate the control action •  Unfor-
tunately, even the schemeoutlined Lall$ when the derivative be 
+ m*s af$iciEtly small.  

$ine full braking farce in :palled even when the error 
an+3 Its derivative are 3rna, the 'cam of co txn,ng the breh ixg 
force after the dezivat4tve go eto zero Is to c ee the systen to 
rise direction 	 ' turfl aro c ' 	we cannot e3,imSrzite the 
dela ►and c w t late itch, we Atm to spensate f 
it. 

One method La to keep track of the t i ( number of 
ample$) that the measured variable  has been at the present Gruen. 
U 26t of level, when we detect that the variable has changed  
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ad WANT I AM 
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direr Is, we have a value for the time int at the pear quazti- 

a& t-1 level. it the system is reasonably 'well b  awed, we can 

arm that the actual ero velocity point occuried at the midpoint 
of this Interval *  we than uee this estimate to ipply a  'stopping 

pulse' of the opposite pol&ity and of duration +qual to half the 
time at the peak quantization level. While rne ove s of is 
inherent in this scheme,* it is typically on the order of a few ru 
tiat.1on levels and usually insi gtcant. If no stopping pulse is 
u 9, the effect of the late siitc:hing is mare serious, since the 

n t control action must cope with the (uu wcr) nonzero initial 
eocity, 

The entire sequence of control actions co  uprising ris 	a mover 
can now be diart*ned as sn in F, .4,7 • 	t *0, the itchpoint 
is calculatedfrom present pootticn N4 and length of more L 
WANT.)4 using equation (4.10) or equation ( 4.1l ). When theposi-
tion reaches 2TCMV4T at t1 *the control is timed froom 
maximzn accelerating Barts to dtrmnn decelerating  force » ; ►t 
tuui around in detected and the cpi*. 	width celailated. 
At the 

	

	 s stopping pulses o Information Concerning the 
vee is placed an the update qu e * for prod by the iv 

+encirrent update routine, A decision 
is then maIe on Whether to initiate another table4 aced trove or 
to enter PID nods 
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4.3 r .$R 	~a 

4.3 , 9 	 ( 9 ) 

to tgco. r c 000u tori consists of  

( ) 	cc itr2 pr cc • sc r unit ( Cil` ) 

(b)  

(c) !n /ou C (jo) po tca 

Tho rnoy co voo un ► place 	 ucirioe the 

cb2 piocc o2, in,omtion ht Uec. t2 eUviUeo,  the G U 0 

cn d da the cD.1e pieces og Eorration 1bELt o p oc oci. by 
the CPU a - , group o log icoUy related iXUUQtLOnQ r 3?  in 
n=ry is 	czre to aø pzogrm., The CPU red' o i h 9no- 
tr car E za zzcry in logicallye do r 4 ed cc ce cdwore 
it to inito pocQcinga ions. 3g he progrcm cectucrco ±0 CO-
ho2cnn c1 logical p ccoo a►rj to pogrc t U probac intomgiblc 

d acid  

To .r: 	!A c ala u a to czr the date to bo i to 
a3 cull the inucienc that atm that zicni ►,lat on. The 
pzocP c t Y tst be o 	•raa cuc : t the CPU co net recd at non+- 

i = it c," wo to ceo c iru Z) a Th ' C!J cc""! 

s .c ~ CCC33 Cfly &tC OX) ft in m aryD but cats t tO ory io 
net lgo crntfii to oc o o the cntire drta b rc uS -o6 for a 

fi . . ^. 	 The pb.ei can he osclvoby+ i 
the CD at0I UitIz ono or r =o mat poz a, CPU con cs . o t c e 
ietO cad 21 It t e data tantoszod theze.* ' Wton og £n t IC 

cC 



cc3b1ca tho Qa ;at to rcco4 v 	foct 	m ctoe1 oit 

rpt hicfi ruts o zpod cnd In 3.orgo vuinea 

+cam u~ . to rcquiroq Ono or rrc output poito that 

po nit thO CM to cozxrnunica the reoult o Its p occas to the 
outaicb ord, The output may go to a #play O for UOO by a man 
operator 0 to a pa ,hral device that pmdu 	'hare 	' 0 ouch 

s a :no-arintorto a peripheral otorjo dciricea, cich ce a 
g ppy dish un.tt l, or the output n conotituto proceac Cflt4Zl 

gn ala that dire the oat no of another Dyad., such aoCn 
r utornatcd al300mb3.y 3, o . 'moo int potto o output ports are dro-
O sablt . The Xipttt -3.d out; t rtA "other permit, tho 1,mcoo co r 
to cxsfltman icate with the outoide tod, 

The CPU uioo the £jGtcm. it contro3o the $un '"t?os"' .a 
per!orrncd by the oto cronenta. The CPU mac otbe able toi2ot 

irotructionc from menoryo ode their teary contcnto an1 - cute 
tics. It rr t.t a3o be able to rcexonac rnery z6/0 po tte co 
necoctery in the czrcct a* of Ln 	tin .. Zn a4tt1awothe CPU 
ahould be able to re gnize cod round to certain external oDfl 
trol eignelo o ouch at max nPT and t1AXT reajieoto. The fua cticnca 
unite vein a CPU (80800 thea enable It to p ozm them uncw. 
ins 	described in dha,te 4.3.3 

4.3,2 	iCa1 irocornutor 

The  c 	rWU n 'rAt1n r' of i-1, onI-47ich the 

c ft- is O w=c1crcopcc cfl(1 	 Is 0 n1c pyo+ e 



(zntot oO3Oz) bacd n 	 It to  nt2cd to hiJ1tt 

vcRriouo oQr1tona +r micopococcorc phi 	t Ttj 
rbnso n kine cycle Iovo* ►i.O pzgrTn cm bo ocutcd at tio 

cpu a o (o) unitcr cpooa In =7 	cn4 (b) Operator'o cxxd 

in .3tP £D1^ Z i.e * cities r n it otzuctjon clo or m 	ne cycle 
tit t tiit: # Thia pr,vidc trrugh insight Into thQ working of 

tiro mcroprOceOcr, 'h.a 3 IZo o of microproc or in cct&cl  

xs%.Uo c2 oi! ning pro's inab3o p ►ceco con Uora 0 aiçnl pros c 
fango t . =unloo 4 n t c uipnic , mac ing it rexto 4 con nu- r 
pro(UCtec trCf Ic 	 d. interfacing for a poripherc clo.- 
v.tcco like p 	o punch o per t rc »tom 9 toiotypeD !lop  

d1 col3 er ccotte ysten o intelligent termi le etc 

' ' ecroc n 	trainer ovi2e&i c ll cilIttoo to  

tfl?tOcofiaycra debug 9 interrupt 	. Oac tiro cut 
cpnce tc ns1 poriph 	rig tough cccuonco of event a 

coc aZcA vzith par s eccution, The m oxntor mokee $o  

oonmically designed koftor6 end cont ola The )cybora 

ecto uo cn cgrated input dice through ti  ch p rrimeQ ore 

nic 
•— O.btt cocbe4 "p"'yotc (OO8Oii ct'u ) 
— ullr + ,. otnul end ready tc. ua 

c"i c '": Cot p ~3rcm c 

---- Cof.W- c o 	c G c2.  o f .Or end m- SC 



ftn d Co i prog rin e tcoution at c3øck zeod 

— g3 oe=ct ran zep ácccut3on 
— Single nccbine cycle Øtep exo ~k1tiofl 

— Can ccuto any pr of- pXogr at c3oc c eod. and 
rco in of 4 Dd o 

._ 1 r cto o xenory inciudeoezecutive pr rem and 
RJ mry , 

avian or ntary a 	s!on up to 4 on xardt 
rØ3t t 	the Sy tGns 

N ISO 	tcct ' RAM 

— 	ting Cat c or tU1atXIJ tern al opraton 
for CyctcrA tom 

+r_ P,IY rc,.nu e;csut&nfro Iteny desired ocatlZ)f 

., pest signol obatkm at 1/0 cxnncctor 
_Qporatoo on Q+t al format 
_ l4.cno cycle 
_ $tatua indicator 

--It » a: 1/0 Uitto0 • 

!rovicdon ior CctOrI1a . peripheral .ate e 
itc c a (i un to ) 1oy tR I for future uco 

MU 

Zntel 8030A 

— t-O Oj 	 W. $bits 

— c4go 09 ; dd t tg 	0" 256 s,O Via= 

T = c channels us 
Ccsintcnil o 	.ons - 8 



— C3occ+L'r~ ~̀.Q 	 -• 	1 e3 znicocacon4o 

raids 	atzUc ofQ - 70 

._ 
 

try 
512 ytco of RPROM .ic provided of Which 256 bjrto3 conact 
a c:ccuttvo pzogr mo the root left Eor tho arc. 512 
byteo of IU1 Jo pia d for boding programs, roz7ory  

c ono x,n C- cci.tit.tea t,re p vided -1 -1 	.--*.  
'f Po 
L'our 8 bit pro.Uob 1/0 data : noa o EnUabbo on 

di cx=44 3orto o 8 bIt probbob bufered data buo ,ia 
vcLtbc on this i O o+ r. 

Teat cigaai X)Avicb( ao »- 

iNSARiJC'X10I3' ` ;3 v UOR' READS i 2ORY %1Ri t,9 IWM 1t ',:t iJIB, 

STtQ RrAD, EXjcr C1fli' , ZN1' !EAD OUTPUT t7R1 o XMT- R 1 
= 'JOULCM2 , it A RUPXM'' "sue Jr1'3 MU 1- 1 t MIC t STRO , , 

DMIT O 

 

ntøz, i' -&'"' iter E Am, iNT a 0=* 

8 uux bre oE pb tod through p xi d circuit b orb . 
ter zou cn .t 20 voltc 50 Uz 
1 diocipcUiW21 wctto 

o 	- 6 1g 
42 = 353; 122 nn 

'h 8O80z (J co cuto of the obbo4n 1wncUonob 



ad ~coo10 

_ z e c c c on2 ogLc utt (fl w) 

_ rZ1cor► vecjLc.o. 	►1. c . nto3. 	an 

_ I 	xcion3. :i-cat to c ZtO beta 	'4-o 

iiitre 

orcjaicionto ate. 1G .bit req o . 

._ arc cunt (pc) 
st qtr ( s) 

— 	&bitçcncroi IOG 3cçLetcrs arrc d th pais* 
r o' red to ca 3 sa Do f j c t 

_ i t ' y Zcgt C :0 paw  CO13CL1 UJ y'z„ 

1LA O J-Ci},J CTA on  ter * oun 2f a the m s °y C :cD o o t o 

roc: p  r . ia uo4 wa La £ncntcxir omct4tc&y turthg  

aitoryIntuctian fctc, 	ekpoixitor r► rnttn o the drOOD 

o t o now& ailab aGtt1t , cation In qty o alcc 	tm 

cc , bo initLte to uso iy xto oC soct vrito mry as o 
C"a 	► ar t; is deemsms tad wic dato it ' a te' øn to 

the a '. cad LnCOTtOd ub'n data .s ' . 	e' of 	t 

.oaa the L'L-eit gzztiCS  

o ol: ` ter rtr..ixce zC i ctors cn be ucod o== 

ao s nç3Zo rs . cra ( E' Lt) or  oc.. Ma . Val ( 16 bA{.. ) The 

: rr r jIe%w . par, U t:: j, Is not ,~.: c c..eo go.A4 Io 
C17 U CZI ror to tntcz isi:.-cutlon O!" flCtO2.. 

~r 
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r 41 t b t data bytes can be tr cCerret bet-rctz tho 5 itc . 

flO bU C and t O rgiate: array via the ritor-ce1ect rrru11err, 
S 	Mbit trans !orS can prccee . ire th rc it cr array cd 
the oddrcrr lam or the cit /d crcr nt circuit. * The  

addrcoa atci receives data, £rom any of 	 four reg ..fir pairs 
1 cz~ivco tho 16 xeao output icro ( 	o 17011, 

the Banc 	torjdeczc3mentor citeuit s 7 c ncr /dccetor 
circuit receives data from tha xkreaa latch and cenda it to the  
vagi r 	16-bit dat can be ncEteflted or docrcmzntcd 

o amply m a crro betomris s. 

itnctic 	Rai 4 ) 

The U caths the Eotnçj 	era 
1n Obit ccwnulaWZ 

_ Zn Cit teruporary accux air (Acrn ) 
_.t 

 
5-$t flg rejito, zero, carry 	.9 pity cnc3 

cii.iar carry 
_A Oft tcrn,xrary `c gister (-n-1~ ) 

A 	ical and rotato orations are ~ozcd 

in the W. The 41 3 is fc 1y the tisoy r i er ( IMP) and 
the try a uiulaior (A') and carry C-lip.4 	re It 
o the operaton can be t aneferred to the Internal bus or to the 

c u ' agar v the MiU al cc foeds the flag register,  

o Ieraj rcois tr ( 71.1) rcec±vcs inorrnation tram 
the intcnai W s Ln (A c zi cd all or Lo w es o o w it to the L'J 
w e 	rc otz. rt4 moi^ , ntwnal bao, 



`iixc cccuu Actor (ic) en be odc zera 	'u m1 the 

j z bis t 1 ccxi troo to the t x racy c 	ar (xc , 
c1 the internal tuo. The con at 3 O thecu icov C zc) dth 
i1.tcry carry ip3p can b teed for r ciznz co ceU n a"urinc 

he ecuU.on o2 the 1 inotructu. 

Xnotrction RCtet rn4 contro 

r~ntzzct1on crc j the it byte of an Incl 
L=en ( st .n ng the OP rode) in trap erri from the .:xite.-m . 
#teas to the 0-bitnetz.icc3on °e ion. 

Thesotto o the in ►moi ion zogictorcr0, In turn, 
a3 .to t 	„ fin dcuxioZ' o he outat o-o the 2cocxor, 

combined tiith vcxloua timing+in.in o p v .dcc th3 cDntwl aignelo 
for the rS.ctcr array, AM cn da;.o 	 cc bid :n, In Lt ton, 

the outputs Cram the , st.uc ton dew r enc c :tornci eontzo . ~.. 
als f oeG the timing and ctitc xn v1 cCt.cfl tlhidi gcnertoe the 

eto ,Gnt1 cycXo ti ng oignelo. 

Daft to 

74 s Obtt bi eetto 3 ttte 	icucolto 
l nto the C I's nteznoZ buo or the e to nal de—aiie 

throt h 1)7) « 'In the output r c v the intern . bio contest iQ ►... . d 

Into 	8. .t lotth that, in turn, c3rivoo the &to We out Tut 
Mere io output WEE-oro are itched off dLri Input or non - 
tan cr o ra nc 



6t4 

lures t inPUt 	t1zt ZO t3 ttZn al 4 tc bw 

.o 	ro1 to to iatorno3. bus. mc in 	o1 Lac . to pr:c 
at thc 	irin%ng of each inte na1 G' Ot ozc t for the tEzm&Or 

Mato# 

4.3.4 notuction . 

X;2IfloZj us: is E03Q:' i s o nisc2 in C.. bit pec. tach 
c hoc atniLto *cation in ppy3 .cal rxxtry .ah c t oction is 

o `fid b j o o of a cxqucnco of i5.bit bnazy er 
CC2OA oct Hca up G4 (x 1024, or  2 °, tzonco 6 • 	cz=nta 

tho dcim&1 rwnb 65,536) bytes; o m ory,, which icj corciict of 
bothc r ^' oo 	arite ncxory 	i) n2 rcd-onym ry 
(Iota) itcz La41CO .:ox w cc c. 

D to in the O08OJ s z or in the formof 8b it b , ► 
inks 

_1! 	Tom ll 

L 1)6 P5 1)43 	D ']DIJ 

in CO2Oi , tIT O Is r 	o c8 to an the Lart 	"'coat 
a1z (LC ), €gid BIT 7 (o 
ioat i 	ick rit ( i-1:313), 

rxi 30 i ;, aOcjre in a 	!Cion y lyo On:o $ v21O or throc  

sr, ^in 3 	 * :  a. 10 'y to in 	c iono rni:t 1 a` rC In 
~r +/4r'! 1 ~r!~ t+ ,.. 	,~ / ~,h~ "I. q~ Y!!~ ~ I'r' ,ry we~p"} c~ p_ 1!~s t~ fS the 

—1~}~ Cy .n. 	o it~ ~L 
R.y+M4wv~,w+.J 	Y/ faJ li ~.~,rla~a+ , 	~..~1/+.+'4.iS.~e „~1: i .,J ' 'L» r+.+ 11.i~ A:rr \✓*.'#~ iw+:r art;, f-.w ar .iY~r +J ~1► 	 y o e 

10 'L x 1 as the c4C::1:,C%V s Of the .wi i imow:-u~{ ion N ~ .d :c ~.w1~ ir[i .cI a 

eo t urn c nc on thw p $ cu1cr aper ~ fl to be c scut» 



Sino Dyto inrtruct4ons 

ilo 	Op code 

Byte 2n ctrUctono 

op co 
one 

Byte 	 —r 	-r - 
'•-- 	

.J 	
Ll1 D3ta or 

- 	 Address 

ThroeThyte 2ntructns 

Byte — --- 	----- --. 	 -.. - 

one 
	

OPQxie 

7 11t 

Dtcor 

_~Oj 
o L111I' 

AddrepLig2  

The 8O6OA has four d.i5tCrEZt zxccs for adreDsing data 
stored in xnwozy or in rcgistere 

-Direct 	Bytes 2 and 3 of the instruction contain the 
exact memory addreaa of the data item ( the low 

order bits of the address are in byte 2, the high 
order bits in byte 3). 



CE 

cr 3ctor 	riteat.rt.otion çccificm to cgictc or rcjictcz  

,o r th t4cS to data t o ottr. 

Rciiotc 	inctrucion 	J..►.icG e fi r poir t ch 
Indirect 

a t3trzG to fir+ ` &1?O o ro the data  

+ .ted C the ig: or r b to o the cc ooa ora 

the flrof rcg i ciao o hi rvar the 3i or 6r 
b o .n t1o oewnd ) 

lrnm3dto » 	'h o inauctton conto.tn3 th o data ltoe32 • Thio io 
either zn 3bit cuctity or 16..bit 	U y 
(car o . fl!  jot 	 'o •. mat 	igniCiccnt  
byto fi ,1d ).* 

A btC1 c 	A." C 	t J'. 2d'C^D O ':'IXC fO C 
nctA1ction to 	a • tQc ut one of tto iry 

raid tnCruction contan c the a&1r 	o 
the nc"wt instrucV4 ii to be e :acutc# . ( 1 xc mt COL 
'tem'inauction..wh ,.ct io a 	ciaL onus 

The brch inf zuct x 	r i 	poi 
whichont o tte &rceo of the nc ,nog- fin 

Cn 	n i o 

7te e vrc iv ecn4tori :: I qj o oac a wl h the o- u. 
ton o 	etieo on the 	. r 	:o rcprtoizj o 'I.44t 
C .I C cry o 	1 7* . o)) .:n 	(TU. r r:.. t' ,̀,,j i3 co rby krcinj the 

t to ' • it ia rocoty -Oorcin j the bit to 0. r.rz otraction  
~. ccto o L 1 cj in the wQ ,a'~a s~.f"j  



Parity 

carry 

wUa 
carry 

XE the result of an instruction has the value 0, 
this E31a is set* otherwise it is reset« 

XE the root oigrUE Leant bit of the result of the 
operation has the v ue It this f laj is 
otherwise it is reset. 

X the module 2 own of the bits of the rpt 
of the oper&4:n is 0, ( 3.. i.E the result has 
ovc parity),  CAn Flay Is rot%, of Oz'aieo it is 
reset ( i.e. i the rocult tial oddparity), 

t e 	truction routed in a carry (from 
aWttlon ), or a xrrow ( from au*raction or a 
c~ori n) out of the 	arch' bit,  th j E l 
is cot, oti )zW it is rant. 

X the insi ctioncue a carry out oE bit" 
aria bit 4 of ho romlttnc value, the 	iliary . 
carry is rt, oth4oe It is reset. This is . 	is 

Eocte by aincj,.c precision adUitionG 0 subtrac-
tionG 4 incrxnts, d cruaita co +Aeons and 

ical operations  operat4ons. 

COO 4 i traction set is çJrQUOd under five c EE ere nt 
E'+TtCtioflal he tea, aw a». '.xa , 
( ) lata 	 car crcip - This rrut, ac"+ ru tionr trsZera 

data to end Eztzt r ~l. atrs and t 	r4,7 ., C'orx tion flaje are not 
affected by rxy i.ns ction In this group, 



MOV r1,r2  (Move register) One byte 

MOV r  (move from mery) One byte 

M0V Mor (Move torary) One byte 

MOV r y data. (Move Zima&tate) ao byte 

V XM, data ( ave to wry 	.ate) "Itio byte 

L3ti rp, data 	6  (load reg4ster  pair Three byte 
nodiate)  

WA d3t (load a cw*xZator direct) Three byte 
S74 add (Store ac 	lator direct) Three byte 
LHW adds (Zoed 1i and L direct) Three byte 
88W ar (Store H and 1► direct) Three tte 
XPAc rp 

 
(Load c 	r.n* 	r inc rte) One byte  

STAX rp (ire ac nulator 	met) one byte 

xc ( 	eH and 1. with 0*d One 

(2) . rit maUic Gztu 

This group of inctxictlxne performs a rithtnatic operations 
on data in registers and rnenorj, Unnless indicated otherwtce, all 
intrticUons inks group affect the z °o * sign, parity, carry 
and ?1xtUary carry flags according to the standard ruee. 

in all ibtraction operations, thecae r flag is set to 
one to Indicate a )zrrow and rem to zero to eradicate no ' rrow. 



I'.al 	r < Wd Rc 	.titer) one tto 
ADD is 

 
(i 2 	) true b$o 

AD% data (Md 	- di. 	o) 'Ao bt 

zcc v (A r iotcr With cam►) 000 byte 

IWO t=1 (Mci ter► with carry) One byte 

ACI c2ata. (Ma iuecUate twith c 	t"y) ' 	'o byte 

UD ( 	fi 	t R ieZor ) One byte 

Ct 	-2 ( 	btract mczroay) one byte 
Z data (tbict 	n, 	, ata) 'Zto byte 

sm v (u1,xoct Dietz withbores) One byte 
Wrnzdiate 

SDI dote ( 	tact =:V vith 	r xx) One - byto 

0133 t i 

 

(etbtzact ncucz 	with borrow) One byte 

X 71 r (incrcaien 	Rogiot 	) Ono byte  

(xncrcrnent rncnt 	) One byte 

DCR r (tc anent r 	.o or) One byto 

DCR fl (stmt .m ry) one b 
I 	t 

 

(znczcmcntr 	io 	tp t) one byte  

170% p (nccnat regjttcr pi) One byte 

Dom'► ? (x a riot 	pax to H cmil) One byte 

D (Deciina3AdUQt ICtAw r 	Itjh4oz) One byte 

(3) 

Thio group OS inotuctiono poornr 3cjica1 ( 	xor ) 

of er c .ono on data in: gist 's nth marry cnd on oon6.ttion C- c:0 c 

Vn .eao niicato4 ot't o rico, all ; otuat in thin group aoct  



One lie 

Once 'fie 

gtv 

One 

tine byte 

One byto 

U, byt 

One byte 

One byto  
One byte 
Ono byte 

One byte 
One 'fie 

Once 

M 

the Z'rOe S3jn , P rity0 tiliy Com► and carry 'legs 	OCU 

to the at ridard u1oo 

SIH 	 4M Regime ? 
F~. NA !1 	 ( ID mcory ) 

J\t71 date 	(swn ftTt 	, 	t ) 

x. r 	 (Excivai 	or Regioter) 
XRJ it 	 (i 	u civ 	or mmorC'y 

ORA r 	 (ORR im' 

oix tclota 	(ORindi•ete)  

oz 11 	 (ORrnemry )  
COP r 	 (Co pare egiater) 
CA 14 	 (compare 	.may ) 
CES% data 	(Compare iaate )  
RLC 	 (r,ta 	f ) 
rc 	 (notate rig1t)  
RAL 	 (notate ie t through carry) 
t 	2 	 (rotate rigiit t1rougt carry)  

(comp1mnt +ccu 	a 	z' ) 

Ct:C 	 ( 	r 	.om t carry) 

SCC 	 (rte ) 

n GPS 

Th to group o in utt.ionc a.tor rormal ocqucntial prc grc ► 
filoUo Condition Elo a are not a!focted by any irmtr.uction in taro 
group. Unconditional nano-oris c.tr1y porfozn the ceciicd aha'» 
tion on regio tor 1 G (the programn r ) con.tional tort  



eamino the €3tOtUa of one of the four gzocoomr flags to cetcru .no 

►o ff iod branch i s to b ai=utod. The condition a that may e 

S,cciied are an Folli we ~. 

i 2 	 ( 2A) 
z ro(zr1) 

• zo c 	zy (C3C 	+ 0 ) 

C carry (CY z 	) 
- 	parity o 	( P 	0 ) 

Pt parity erg C P 
aua( 	O ) 

M - 	duo ( s = 	) 

imp a Three byte 

J anditson addr (a,ndition 	jurn,) Three byte 
CAM a (CaO Three be 
Cu nclitioo n.r (Con8ittona3 cad,) 'wee byte 

( 	.) One byte 
R con s (Conditional return) One byte 
R 	U (Retort) One byte 

(~ 
 

if Once L indixçat. - One byte 
I OHO 	L tO PC) 

C 3 st n, x 4 and t4achno 9tro GMU R 

This group oC inatrQctiono porozn 1 f01 rn laton the 

otack and alma rote al ccntrol !1ago; Unless otherice cciiod 
condition f1 ca are not $2+ ed by my inctruct3.ono in thio 



iuca rp (Noon r jictoz ;per) Ono 1'to 
CTI PC, Ouch ppoc acor otzituo tore) Ono b o 

POPrp (saprcgiotozpais) One byte 

POP Act (pop pooens or at t 	word) One byto 

xTI4L (t 	'h go stack ' op with I4 and One byto 

I4+ (I 	vo tib► to s) One byte 

III po 't " input) ¶1t3 byte 

OUT , 	;t (output) `3"t o byto 

(Eo bo ifltouptO) One byte 

D1 (Disable n 	rrup 	) Ono byte 
I 	re (I 	t) One byte 

1 	P (v 	) One byc 

4•4 Oma' t7fl! 

con oce.tng the tito1 oo ale top microproecor 
,nom cyatCfl CV011c o £or the pro of dw+1opraent oc c0cf:1cro 

ov J'4c)t.tve Poor c ntz U o m of os have been n' t in 
tt or ino. f or.tth!s p0acnted in motion 4 ,2 0 Thee chcjeQ 

( 1) 	atm tia bem pro3utnec that the e.thxo oil . of o 
pe?tCucr Ivo Is not axe tO my WOO recult 
ctucoca by no.tco or a di sturbc.nco end hcnco no 
pvioion Tics b n incdo to chcccthe co o9 
~3o.t2an C i.a. ccrning cps) ci I 
togse 



X13 

(2) 	The Un10 'macro not boen pxovida4 for oath un. 
] in pooiton In the tie with Ito noarect 
knot in neigh +r • Xnctoaa the nearest lmewn neigh*.. 
bar will be coarched gas nd when it in rr u nd 
Tiffs, however tLU1 give rice to tixte r aired 
fay" a  particular zuove In the initial €tcjo of 
XonLng ( hence not time optimal) bit it will 
tor: Ucf=Wr y once the controller h 
otarted lcazning. floovor, iE the ce 
rncrocomputer item is suite hJh Q, there will 

t be any problem oven in the initial too of 
to th , Thin wcy we shall be  bo cioidinç the con►- 
pl axity in the a1goZ ithm 

eaa of plrc4tvzg the data concerning the ectual 
oin o first in/irot our queue to the 

c e 4oa of a pantie lar n vo and up&tom the 
tabl cto he cozzplction of controller,dab* 
we will be upciating the table iznmeaiatcly O2t: 
the u,vo is or l 	a 

'Hy st'icic ho not b'i provided to mid cycle 
in and out oC* PZD control, lbwevor this  
can be included in the soIare i the QozitiroQ 
*f 

 
the dividu 1. pazta of the complete cyot 

an IweLt as. prows Ora 



TI, bra 4s SW1TGM'TIME 

'NO 

t 

-~_ ~ 	 ~ 	 ~ 

~ 	w 

.. 

~\✓.1-pry 

i 	 s aw;TC►K Fti- 

(~1t; 	 et11 f L W 

NOV/IS> 

S 

R CohnGri 	Y~ 
P t D Cati.'t~rc 

P'1G 4.9 	MODirlZV 	FLaw AC„RA}vy.. 



The Cloii chart moo rora .ng these changec has be3n. 
chom in Fig .4.9. 

44.i  4i 

( ) 	Read Got value (or ti) from kyboard and current 
poaitiàn (or ,dl) s m input. port 003, sf t o is , y 
error (or j error io nore than 	go to point (2) other- 

J MO matt tho point (1). 
(a) 	innoct z'T contaol ( output 000 at port 006) 
(3) oterm e P cnd L from t'JJNT end eta, Alm fond out vhother 

L .i nejativo. Compute LO address of the required ciitch 
ratio. 

(4) rind out if tbLe is tUcd, IC yea, go to point (6 )0  

othoxuise go to point, (5) for ooscbing the nearest entry. 
(5) 1 vo t o ard kor end of to 1e br one from c*m +utcd address, 

if to .11ed, go 	 point (6 ), attic .is nove to Tarda 
uppoZ end of td 1O  one !rom amtod address.  . 2 table 
sttil not filled, rcoat ho poeoso but shifting  y  tuo 
towards Dior or U .. ' cndS. Go an inC c1ng thiS length 
of Oft till, -films pooitiin Is reached. n this process 
if a part.tcuLer Eck is roachd, d not coarch the f iUcd 
po,  tion in that direction any rore * if both the ends 

o roache8v, it indicates that the t& etonothw cj 

any entry, Eo interrupt the prograuno. 
otic to I tctio 	amply it ,i'\:rit Z. d this 

if 
or wbtract/L  is oro ) to i. his to  
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(7) c • vo rzvo n. go to paint (12) ot1ortrise to Loint (13). 
(8) out t 111 t ,port 004. 	curcrnt poaition from pow. 

003,* on,oro it tzith the itch mint.. If both or not 
CV 1 repeat point (8), other 4c go to point (9). 

(9) O ut 222 at port 004. 

(10) Call «oro apeedt 	+n cubroutino 

(11) output III at port 004,E +cam to point (16). 
(12) Qtit t 222 at port 004. Read current  currmt porttcn Iron input 

port 003. Compare it '4th t 	►ice pt. X5 bo 

not equa3., repeat point (12), otricogo to point (13), 

(13) Output lti.at poreIII. 	 004 

(14) C U flero cpeed detocUon cubroutna 

(15) output 222 at port 004.  

(16) a.tt for ha.f of the tea► apoe duration =reed durinçy  
roro spend detection. 

(17) Outut 000 at port 004. 

(18) Road curr rnt va1uo from input port 003 cnd cos "4 it v4th 

	

t vo uo (u). U novo not 	u1 garto point (21), 
oto'# ' `ice go to po 	(19), :~..i 

(19) 19 te to not £ #UUed, 	It Frith  	rit .- 
ratio. 

(20) connect PxD + n al ( output 377 at port 00 6), Co to 
point (1).  

(21) 	ito s , c2 P cd 1 czcan.1.ng 1 UD Up aoTIMM. C ont=to 
CS0. 



(22) 	te tho nc:r c yit h rc do  

23) 	tr 	c the tabLc by computed:44tc ram 

(24) 	co 	point ( 1 ), 

4.4.2.  

M o 41O obi the table conliIVrat1L)n, oitjonaaa 
wmmd to b 0 through 7* L; Qt t1izxe uw S q 8, end 132 r 	cent 

pooiUcn P or the my. P1t three bttt fl 	and D cp ct 
lcngth of . ve L or the ooluiuti, ath bi 86 c r roac t the 

lieion of wv . It o I or xttion ttovo rn1 0 for nejativo 

a8crex t3 ca be onuted EzornP &zdto,ofol 

"2 S, a 0 	, 	P3Oflt Z7ELitiOfl P , 

85 84 	~. 	, (A) If vo nova ubtr c 	Ezori L 

13) I -va itovo cubtract I 	1 

end conlimct 
 - 

 

	

-- - -- 	I ~ox 	Va roVa 

3 cO? *ve 2 VO  

87 

Ri eA3reoakat 	oc0 (Oct) 
Pioi Of table  

I 	€ 	off. 16? 

R 



LSP, 

tir1 

0 S1GN 	 EPE&NT 2E PR SI 

L 	A ren cv E 

It 

4:1 	T"c."e  
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Tho cttth ratios in .r 	tabo chU be gyred in :a- 
gero only d their unit Malt be 0,01.• Tho care hao b+ tai:cn 
in tho curia a pr rgr z in na1dng use of tho oiitci ratio thio 
co uta the f iitch tim a 

The current p0sition will be road from input port 005.  
t a finite c el 	,, the ono pott trill rnain be read. Go on 

re  ting thin tiLt. the to reading o era ems. At thin functuro 
the tpeed is tected to bero*  Iw go on counter time por d 
till the two readings are a: n unequal i.e. speed in nonce ). 
This tines-period is the period during tflich the speed ti ca corn. 
puted to be zero. Half of this ti -period shaLt be theshall 	duration 
of the 	 ase Q 

Having disuoced the ctuaro for t't t1tipe x,oition 
contro3..ter and the microco , a «per details o we will now take up bow 
the m cocoituter, having aLt the n ceseory 	twaro behind it 
t7LU be connected with other support facilities In order to +r nS-

tituto n coo lete controller. 
Let us sswiic that the process has a r;oviug pyo the 

position of 1h.tch is to be contzlZod as per the cot value. There 
w:L. be Q position 	a= ( sea rig o4 1) 0  uiicr will sense the 
pa sition o1 the iravthg .pat cnd wilt convert  It Into electrical  
mal*  This OcJnal wiLt now be proceac ci in signal  proccosr. 





q-6  

IVD cDfVeZtCr Ii 0OV0Zt thin procot 	a3og mal into the 
Wj.ttz1 ono. ' w curc r t poeit n (liitg (wit 	 cign x ) tiiU . p=- .. 
vidod at the iit port oC- the miczoomputer « Sixmx1tcouicy the  
current citta tziU be dicplayed at one o2 the di 3 y' port of 
nicr+racor tcr. sot vc1uc,, ±.00 the rewire aoait n, cn be act 

by the 1c yo avc4ioo on :ey board. 	the microcomputer siill 
A.in8 out 	Lpie . io cny error 	lya ci ion• The error may 7ri:S 

t'uo to chanjo in tbo coot vaie or 	I value or c w to ago in 

the p co jnonico, 	the error Is toro than the proaoternined  
value o, the Q)n 3. t7±I3 enter into b 	brng + anal. * 1► c+ 	cl 
to control acUon selector will be givcn. 12 one of the oust 
port ( port 001) is 0000  the bngbcg control 4U be celoetca. 
The necesosry coziands -D  through cother oust port (sport 004), 
trill be given to bg-fig antzol in or ar to ethic c the sot 
vie. 

19 output is III - r Iy 2u4l 2orco In Eortcird oro on 
If on tut is 222 - ply EuU force in rcArcrco dS.eon 

output is (0 way no Coma 

r controlling t xe position, there arcbe for cxle, a 
 rztor • ti 	 plying Ove v •vo or ciero vs,tcçie t tie can tie to e 

the Azv ' EtinctSone a 

12 the o`er b roto the ot values and the crront position 
is not at ell or is leas then oin  or It hoe been m G loo then 

0in 2 U9 bc4 ^ 4)i 	0I h fl 	uir 	 tyl O t n 
577 
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CHPTER- 5 	 ~ ? 

9 
t puters are shrinking in both size and prici. This s 

. s happening of a direct result of advances in very large scale, 
integration techniques. misting computerarchitectures shrink. 

Then new applications for computers become possible which were 

previously unfeasible C 103 . 

Zn industrial control sy atan s, the shrinking computer 

has already made it possible for analog process controllers to 
be, implemented in digital circuits, first by sharing a single 

micros pater' a cost to eight or more contxollora. This has 
developed so far that it is now practical to include one or 

even two dedicated coaputeri per controller, These develop- 

mints have led In turn to distribution of these microcomputer- 
basad controllers from the central control loom into the plant on 

control data highways. Distribution of control is increasing 
for many reasons, including system reliab.Uity and reduced 
wiring costs. 

.thhugh process control in the early years started with 
cent rali sed main frame computers,, now with fast development of 

microelectronics coupled with its cost effectiveness, the 

distributed control concept is well eat abli ahsd. 

This means the, deployment of more number of 'satellite' 

or remote a mputsrs located close to the process-task. A 
central or host computer is connected with these satellite 



1put era. The centralcomputer can ecute an optimi action 

ItIng using Linear programing and other techniques with 
i +foal of maxiaiiaing profit. The progren can us& the data 
►ains3 from the satellites to determine the optirman value 
k4V operating parameters in accordance with an objective 

ic'tLon and plant operating constraints. 

About 54 percent of industn►8l control loops rerun. 
t intervention of a human operator in order to add an element 
'intelligence' to the 4W aten, Ofle of the ways Lu which the 

3rator displays thi6 intellegence is by adapting his behaviour 
changes in the process an he xrecognla.s them. He leans from  

1r process t it . 
out the advent of cheap ! putinq power in the £i ! of 

e microprocessor and other aide,, has m*Mt that more and 
re of the adaptive functions no nnaily allocated to the human 
e ator!  can now be given to the machine. }t w*Ver, despite 
e availability of this computing power in theory, the practi-
I impl en entat ion of adaptivo control syatena has been very 
Y4.tted for a number of reasons* 
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