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CHAPTER ~ 1
INTRODUCTION

As the complexity of ifndustrial processes hés increased,
there has been a consequent increase in the number of process
variables (such as temperature, pressure, flow, pH) to be
controlled, and it hag become mf:renanqu evident that further
development would be difficult or even impoassible witlout the
aid of devices which would automatically measure and control
at least some of these process vaxiables. Jmtqnauc‘contml
does not replace tm human opent.ér ut rather supplements
hime Automatic control of at least some of the process
variables allows him to concentrate upon the parts of the
process which rejuire his special skill. In the sbsence 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 quality and quantity of product,

The automatic control c¢an be achieved by different
ways and means. The controllers can be classified broadly
by two wayu_fby its principle of control or by its mode of
control L.00 the control criterion. If the control action
is achieved by way of pneumatic mechaniam, it is called
pn.umaﬂc controller and if liquid is used as means, the
controller is known as hydrauuc; gimilarly olcctriéu and
electronic controllers also exist. There ;: very little
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iittie difference between electrical and electronic controllers.
e slectrical ones use passive components, like resistors,
capacitors etce and hard wired relay logic while semiconductor
devices like transistors, ICs are uged in the electronic ones.
Technological difference between the two may be thers but one
thing in both of them is common - that is the transmisaion

of signal is electricals Apart from these contzbllorp, there
can also be electro-pnemmatic and electro-hydraulic controllers
These are the hybrid types.

On the basis of control criterion, the controllers
can 'b. classified into proportional type, proportional plus
integral type and proportional plus integral plus derivative
typa. One important class has also been added to this serves
and that is adaptive control, which has been disfussed later
in the dissertation.

- 2

Electric and electronic control has got an egdge over
the others due to its following advantages [_27]

- No time lags, no tranamission delay
= Linear control response and greater accuracy

= Qontrol medium uneffected by d.trt,greue 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 challanging and
difficult problem for a long time. Once the PID controller
structure was invented and its tuning considered, major



advances have been hard to comedy. Only recently have significant
practicabie contrikbuticns been made. A large number of new
electronic components have bsen developed during recent years.
Among thase are the microprocessors and semi-conductors of the
types RM (Random Access Memoxy) and PROM (Programmable Read
Oonly Memory) which have made it posaible to realize desired
functions in the fomm of programs instead of using hard~wired
electronics or relay techniqQue. Electronic tecinology hes
provided increasingly powerful arrays of programmable control
systens that can perform extremely sophisticated operations
which woul.dl not be practical using peumatic or -.lectro-
mechanical logic devices. The cost [_17] of this technology
has declined to the extent that af 5 microprocessor (1981 price)
can nov take the place of several cabinets full of moving-part
logic devices, costing thousands of dollars, all while enhano-
ing the system's inherent reliability and flexibility for
change. Indeed, the cost of electronic logic is usually
dwarfted by the cost of the power supplies and power drivers
necessary to éomplete a working system.

Chapter 2 of this digsertation deals with different
type of control actions like P, PI, PID etc., and the most
modern addition viz.Adaptive controllers Glassified on the
bapis of their control media, such as pn-umatie, hydraulic,
electrical/electronic etce, have been discussed in Chapter J.

The recent trend in electronic controllers vis microprocessor -



based controllers has been dealt-with in a separate section 3.4
of this Chapter, kupﬂ.ng in view of its increasing importance
in industry and due to the fact that this is the type of
controller the deaign of which has been discussed in this
dissertation.Chapter 4 of this dissertation includes the design
of a typical microprocessor-based adaptive position controller.
The software program which was developed on the basis of design
presented in Chapter 4, and subsequently tested and demonstrated
on the available microcomputer has been given in Annexure X.



CHAPTER « 2

CONTROL ACTIONS

The nature of the change in tha output £rom an automatic
controller in response to a deviation of the controlled condi-
tion from the desired value will depend upon the type of
controller. The nature of the action of s controller may bc
more clearly understood 4f the thoughts and actions of & highly
skilled operator are studied. Suppose he i3 given the task of
controlling the temperature of the water in a tank through which
water is flowing at a constant rate. .au.lst him in his task
he is provided with a temperature indicator and recorder which
snable him to access the success, or otherwise, of his efforts.
The water is heated by punnq st eam through & heating coil at
the bottom of the tank as shg-wn in Figs 2.0 and the operator
varies the flow of steam by means of a valve and attempts to

control the water at 80°c [ 37,

2¢1 ON~OFPF CONTROL

Suppose the stean-flow control valve has two positions
only ! Position - I in which the smupply of steam is insufficient
to maintain the tawperature of the outgoing water at 80°c, )
that with the valwe in this position the water temperaturs will
fally and position « II 4in which the supply of steam is more
than sufficient to maintain the water temperature at 80°C so
that with the valve in this position the water temperature will
rige alove 80%. 1f position I is such that the valv..j.. closed
and no-steam flows, the control represents the special case of
two-step control nmely on-off control.
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when the temperature of the water is below 80°C, the
operator will select valve position - II and the temperature of
the water will rise. He will watch the temperature indicator
and when it shows that the temperature has resched 80°C, he
will move the valve to position (1). It will be immediately
ob:v&oua that the quality of control will depend upon the
acauracy of the temperature indicators No amount of skill on
the part of the operator will compensate for Lnacéuncy in the

measuring unit.

With the valve in position (1), the supply of heat will
be insufficient to maintain the temperature of the water and
‘the tempersture will falls Before tha temperature of the water
can fall, however, all the heat stored up in the steam ¢oil must
be given up to the water, so Ohat although the valve is in
position (I), the temperature of the water will continue to rise
and mey reach, say 82°C.

Again, when the temperature of the water has fallen to
80°c, the operator will move the steam valve to position (R),
but owing to the fact that an initial mupply of heat is used
up in heating the steam coil, the temperature will fall to 78%¢
before it begins to riss again, The position of the d valve
and the temperature response of the water will be as shown

in Fig.2:.1 and the response is described as hunting or oscillat-
inge.

2£ the quantity of water flowing through the tank is
increased, more heat will ke required to maintain the temperature
at the sme average value, 80 that the proportion of the time



for which the value is in position (2Z) will be increased, but
the operator is still akle to maintain an average temperature
of 80°C.

The closeness of control that the operator can achi eve
will depend upon many factorse In the first place it will
depend upon hour rcadily the temperature indicator responds
to change in temperature of the water, as he will only take
action when the measured temperature crosses the desired value,

1.0+ it will depend upon the measurement lage

In the second place, it will depend upon the time it
takes him to see that thd temperature has crossed the desired
value and for him to mowe the oontgul valve in the appropriate
direction, ise. upon the lags in the controlling and correcting
unit. |

It will also depend upon the heat capacity of the tank.
If the tank containsg a large Quantity of wétez the tanperature
of the water will change slowly, and there will be only a small
temperature change while he moves the valve. Also, the heat
stored in the hesting coil efter the steam flow has been
reduced will not produce an appreciable rise in the temperature
of the water, similarly, the quantity of hest required will be
more to raise the temperature of the water by 1°C. Tus the
range through which the temperature will oescillate will be small.
Two-step control will, therefore, give good results Lf the
demand side cespacity (e.ge the themmal capacity of the tank
and water) is many times larger than the supply side capacity



(esge the thermal capacity of the heating coil) snd the lags
in the complete loop are small. GStatistics siow that this fom
of control is adequate for a large proportion of all control
applicationss

when the time required for the steam to get intc the coil
and for the heat to get !iom the coil to the water is large(i.e.
the process has transfer lags) the temperature may oscillate
viclently 3£ the capacity 1s snall. The valve will, therefore,
have to be movad very frequently involving the operator in a great
deal of work and remulting in considesable wear on the valve
mechanisn, The frequency of change of valve posgition may be
reduced, by introducing a hystexnais between the tanperatures
at which the valve i6 moved to position (1) and that to position(2).
Instead of thc‘ape:atnt moving the valve sverytime the temperature
crosses 80°C, he would move the valve to position (1) when the
tanperature rises to 89°¢c and position (2) when the temperature
falls 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 1.6« temperature will be as shown in
Fige 2.2.

If the operator has the choice of more than two positions
of the control valve, and he moves the valve into those positions
at predetemined values of the temperature, then tho ocontroller
action which he simulates is described as multistep action, and
the position of the valve and theValue of the contzq;lad condi-
tion will be as shown in Pig. 2.3,



2+2 PROPORTICGN CONTROL

In order to eliminate the mnting action which may
result from ON-OFF control, the operator can move thé valve
a distance which 4s proportional to the deviation o€ the tempera-
ture from the derived values Suppose 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.
Tne valve will be fully open when the indicator shows 70°C and
fully closed st 90°C. '

suppose the temperature is 76°Cs  The operatoy will
have openad it the additional four divisions as the deviation
is 4°C. so that the valve will be 1¢/20 + 4/20 = 3.4/20 open.
As the temperature rigses he will close the valve o that it is
13/20 open st 77°¢, 12/20 open at 78°C, 11/20 open at 79°C, and
half open at BOOC. owing to the heat already given to the water,
however, the tenperature will continue to rise, and the operator
will sontinue o clogse the valve s> that if the temperature
reaches 83°C. The valve will be only 7/20 open, snd the supply
of heat will be inmufficient to maintain the temperature which
will consequently fall.

Ae the tanperature falls, the valve will be slowly
opened so that at 80°C the valve will be hale open and at 78°%
it will be 12/20 open. This proportional movement of the valve
will gradually damp out the temperature oscillations and will
result in stable control as srown in Filge2.4.
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The amount 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. In the case of automatic controllers it is usually express-
ed as the percentage of the instrument's full scale. If the
scale of the ingtrument is O — 100°C and the temperature must
change from 70°C to 90°C for the valve to be moved f£from fully
open to fully closed position the proportional band is

2/100 x 100 = 20 percent

The proportional band is made adjustablie in oxder to

provide stakle control under different process conditionse

Suppose the operator has obtained stahle condtions but
the flow of wat'er thmugh the tank increagess wWith the valve half
opelt the supply of heat will be insufficient to maintain the
tamperature at 80°C. As the temperature falls, the operator
will open the valve one division for each degree of deviation.
The temperature may oscillate as before but at a lower value,
and will f£inally stabilize ocut at a temparature, known as the
control point, which is below the desired values This 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 lime-duantity of heat must be supplied
in oxder to oktain a steady tamperature near to the deaired
value. Suppose the valve opening reduired is 12/20: The valve
position is detemined by the deviation. 7The deviation must



e

be «2°c, 1£ the valve is to be opened further 2/20. The tempera-
ture, therefors, will after oscillating stabilize out at 78°¢,

28 shown in Fig.2.5(a). 1In a similarxr manner, 1f the flow throuqh
the tank is decrsased, the heat provided with the valve halgf

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

at a control point which is gbove 80°C. In other words, there
must be an offset if the value is to be maintained in any posi-
tion other than half open, s that proporticnal response cannot
maintain a congtant temperature under conditions which require
different valve positions in oxder to hold the seme desired value.

In order that allowance may be made for load changes, many
controllers have 'manual reset's This adjustment mabin the
operator to adjust the output of the controller when the controlle-
ed condition is at the control point and so eliminate offset.

When a further load change ccculs, however, a further adjustment
of the reset control will be required if there is to be no offset.

~ In effect, the manual reset control alters the valve position

for the desired valuge

whenever different positions of the correcting elanent
are rmuid for the same value of the contmlied condition,
offget 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 bands. In order to keep the offset
as smell as possible, the band width should be made &s narrow
as possible, ut if it 1s made too narrow hunting will occur,
The pemissible width of the proportional bsnd will depend upon
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the process reaction ratee aSmall process reaction rates pemit
the use of narrow proportional bands so that the offset may be
negligible and proportional action alone will provide satis-
factory controle

In the limiting case, when the process reaction rate be-
comes extremely small, an extremely narrow or zero proportional
band may be used, in other words a two-step action. Two-step
action may be regarded aé“proportional action with an extremely
narrow propartional band.

243 INTEGRAL CONTROL

Faced with the problam of offset caused by increased
flow, the operator will open th- valve slowly in order to re-
stablish the control point at the desired value of 80°C, the
longer the deviation persists thi more he will open the valve.
If he moves the valve an amount which depends upon the sgige of
the deviation and the time for which it persiests, oxr moves the
valve at a rate which is proportional to the deviationlo This
type of action is described ae integral action. The gffect
of integral action upon the control point is shown in Pige2.5%Db).

I£f the operator could apply both pmpott.&onal and integ~-
ral actions simultanecusly, the temperature may oscillate as
before, but the tendency for the temperature to stabilize
st a control point of 76°C owing to proportional action(rig.2.%s))
would be eliminated by the mt.qra.’; action, (Fig.2.5(b)) =0 that
fhe control point would finally oconcide with the desired value
of 80°C as shown in Fig.2.% c¢). “The most satisfactory combination
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of these two actions will be achieved if the time taken for

the integral action to make the control point concide with

the desired value is ocmd. to the time taken for the temperature
oscillationg owing to proportional contrpl to be danped oute

2¢4 DERIVATIVE CONTROL

After very conslderable sxperience of the plant, the
oparator will WC vefr- skilled in its operation and thoroughly
understand its bshavicur and be akle to snalyse the record which
the tamperature recoxrder is producinge Each time the controlled
condition deviates fxom the desired value, he will take the
nppwpxj,aga action. Lf the vduo of the eontrolied condition
is increasing slowly, he will close the control valve the small
amount required to counteract the téndency. If the rise is
sharp he will close the valve vexy much more. If the tempera-
ture has a tandeacy to fall he will open the control valve an
anount which depends upon the rate at which the temperature is
falling.

In other words, in sddition to moving the valve in a
xharmcr which simulates proportional and integral action, he
moves the valve an amount which depends, not upon the size of
the deviation, lut upon the rate at which the deviation 1is
changings In moving the valve in this msnner he is simulating
'derivative action's The effect of the addition of dstivative
action 4 shown in Fige«2+5(d)s It will be seen that the
Tecovery time and size of the disturbance are considerably
reduced. It is very important to realige, however, that
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derivative action cannot be used aloné, for derivative action

will produce a change in valve position only shile the devia-
tion is changings When the deviation is constant, it does not
matter how ;a:qo it may be, derivative iet.tqn will pmduco"m

change in the valve position.

Derivative action has very important applications in
processes which have large lags: 1t does not reguire the exis-
tance of a large deviation in oxder to produce a marked valve
momenents  As soon as the devistion atarti, dexivative action
will apply & controller action which tends to ranove the devia-
tion even before it becomes large encugh to show up on the

mtml .

245 RESPONSES OF THREE TERM coamomms-
2451 proportionsl nretion

Proportional action 1s Gefined as the actiocn of &
controller the output signal V of which is proportional to
_the measured deviation &« Thus %

Vﬂwlﬁza

X,, the 'proportionsl action factor' is proportionsl to

!

1 ot 100
Band width of the controllier Percentage proportional band
The negative sign appears in the ejuation kecause when
€ increases, V increases in the opposite senses

This type of ecntrol results in offset becsuss V will
be zer when @ 48 zoro i.e. & sustained deviation 48 nNece~

ssary where a valve position other than the preliminary setting
is rejquired.-
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b § "1’ the proportional action factor is very high
oY the bandwidth of the contivller is extremely narrow, even
s small deviation of the contrllied variehls frmm the control
point will make the controll er output saturated. The eign of
V will change whenever € changes its sign i.e» whetever
meseured variable crosses control polnt. HMence it will

wWork as an Ol-OFF controllers

2¢542 Integral Action

The action of a controller, rate of change in the
output signal of which is proportional to the measired
deviation

g% ==K, €@ or, V ==Ky S 6 at

where K, is the 'integral action factor' of the controller
i.e« the change of controller output signal is proportional
to the time integral of the measured deviation: Tmus for a
constant deviation in this type of action the change of out-
put dqnd. will be proportional to the time, i.e. the longer
the deviation lasts the greater will be tna-‘valvq movemant
produced by the controller. |

2+5¢3 Derivative Action

The action of a controller, the output of which is
poportiohal %0 the rate at which the measured deviation
changes. Thus

Ve "2%2‘

K3 is the 'derivative action factor ' of the contmllers
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when @ is constant, d9/dt = 0, Thus in this type of
action no valve movenent 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,

24544 Compound Action
' A controller action in which the output signal £rom
the controller 48 the remult of more than one operation on

the measured deviation.

It should be realized that compound aetion» conslsts
of the simulteneous application of the two or more control
actions. Integral action i@ épplied simultanecusly with
proportional action in order to eliminate loffeet's Deriva=
tive action is applied simultanecusly with p;bport.idnal or

with proportional plus integral action in order to reduce
the time required for a disturbance to be gnoothed out and
also to reduce the gize of the defiations produced by a

di gsturbance. |

Compound actions may be Xepresented by the following
equationss
pProportional Plus Integral Action

v m-xlauxzfadt'

K
==k (6 + =2 [ 0 at)

9

The integral action time t; of the contioller is
defined as the time interval in which the part of the output
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Y

signal due to integral action increases by an amount ejual t".o
the part of the output signal due t proportional action when
the deviation is unchanging. If @ 1s constant, owing to
propoxtional action

V ae KI.G
owing to integral action
VvV = -xzﬁa at

1£f these actions are egual at a time 1:1 soe
4

1
“K, @ anxzﬂof dt = - K0 t,

" Integral action time,
. K
G, =
- e
o
Vo=- k(0 +t1 J e ae)

proportional Plug Derivative Action

de

V m-K@ - K3 T
‘ Ky @@

The derivative action time t, of 3 controller is defined as
the time interval in which the part of the signal due to
pmwportional action, in a controller having proportional plus
derivative action, increases by an amount equal to the part
of the cutput aignal due to derivative action, when the detia~

tion is changing at a congtant rate.
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Suppose deviation is changing at a constant rxates The
derivative action will immediately produce a change in the
output signal of -K::,(dﬂ/dt‘) which will remain constant as the

deviation is changing at a con ﬁ:ant rateae

Suppose the proportional action sgnal is equal to the
deviative action 2t a time toe AL time t,

£2 ag 2
4o ‘
ng&ation ag T at, =ﬁ-g Gt

=t, g% (ag g-’g— 1s constant)

.. At tipe t,, ~K t, %{- =<Ky é‘%

d K
* . Derivative action time t.z = -’-‘2
: p 3

Vo2 (@ +ty %2—)

Proportional plus Integral plus derivative action

where the controller produces three controller actions
simultanecuasly,

V o eK9 - Ky Jo Ot - K5 Go

. 49,
= ~K, (9 g Jo ot +t, 3%)

The response of this type of controller is shown in  Fige
208043
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246 ADAPTIVE UONTROL

Adaptive control is one in which automatic and onii-
nual measurenment of the process to be controlled is used as
2 bagis for the automatic and continuing self~design of the
control system [: 4] . Adaptive Controul agystams are chataccet&—»
zed by the inclusion of a group of components specifically
inserted for the automatic nixd frequent measurement of process
dynamics (or at least specific aspects of process dynamics)
and another gwoup for the automatic adjustment of controller

characteristicsas

Since adaptive control involves a maasurement of
process dynamics in at least some fomn, a computer is frequent-
ly required, hence, adaptive control systems are often specific
types of computer controlied syctanse

2+6+1 Te Essential Components of AMaptive Control

wo components which always appear in some foxrm in
adaptive ccntiol are (1) identification and (2} actuation.
ldentification refers to the measirement of the dynamie
transfer charascteriestics of the process to be controlled and
actuation gignifies the generation of an appropriate actuating
signal as the process inpute

The identification problam, of escential importance
in any approach to controlesystem design, becomes a central
element of adaptive control since adaptivity implies autamatic,
frequent and raplid solution of the identification problem.
Once the identification problem is solved, the results of
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identification are utiliszed to establish automatically the
controller transfer characteristics and hence the way in which
the system error is modified before it is used to drive the

Processe

I£ the overall system is to be épotah),o in the case of
removal (or failure) of the adaptive section, the existence
of a conventional feedback control sgystem upon which the adapt-
ive section is superimposed is certain-iy desirable. An
adaptive control with direct actuation has been shown in Fig.2.9.
As the actuating signal is generated by a computer directly
£rom observations of the input signal, the system response,
and the measuired process dymamicss In such a systeu, the
actuating signal may hi&t no simple relation to systan error,
but rather may tepresént the mmputer"a bost estimate of the
wﬁunting signal required to drive the cutput to the desired
value in the minimum time. %This generalization of the actua~
tion problem represents & natural extansion <f the concepts
inherent in the prototype sampled~data gystems, the optimum
bang-bang systems, and the final-value systems.

226.2 The Essential Nature of Adaptive Control ‘

The configuration of ¥Fig.2:¢10 represents the simplest
conceivable adaptive system. In th:l,_g system, the only variable
parameter of the process is the gain ;<;, which i & measured by
comparison of the process and model output signals (if there
are long periocds with no significant nomal operating signals,
an extra identification signal can be inserted at the input

of the process and model ). The gain of the controller is
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sdjusted automatically to the value of K/xp. ® that rogard~
less of K_, the opan=loop transfer function is the unvarying

Kd 8)e

o4

is slamental ;l.d&pt.ﬁv. system is obviocusly linear in
%0 far as the relation betwean input and output is concemed,
at least to the sitent that the adaptive section responds
instantaneously md agmurately such linear time-variant perfor-
mance is reauud, hovever, cnly by the inclusion of properly
snlected nonlinearitiess

9

‘mua, an averall adaptive gystem may be 1inesr or non-
1.‘lnear, r.m the umal realizations of the adaptivity invclve
the mclusicn a! nonu.near elenents within the oy ok ane

2¢643s The General aAdaptive System
Figure 2.11 is one possible block diagram of the desired
generality. . The elemante of the gystem are =

(1) The identifier, in which the ideatification problem is
solved in the fomm associated with the particular type

of adeptivitys N

- (2) The signal identification, in which the properties of
. the input signals are detennined as a basis for the
sslection of perfommance or optimization criterias

(3) e decision computex, in shich the results of both
proceas and gignal identification are utilized to
detemine the required controller characteristics or |
the { necessary actuating signale



(4) . Te inplenentation, ox the equipment required to
{ implenent the decision of the decision comput ere

‘(»5) The controuer, ‘Usually combined with the implenentation
nquimmt, in which the input is modtﬂ.od to yzald the
ucmj.ted mmau.nq d.qnal. ’

The general repressntation of Pig« 2.11 is unrealistioc
in tems of practical adaptive control systens £or the two
mmﬁn - (1) mon. actual processes are exceedingly complex
involving many lOOpl and numerous inputs and outputs, and (2) any
practical adapt.iva sy stem must, becauae of the limitations impo sed
by cost, size, welght, and renabiuty conaiderations, involve
3 combination or onm~ission of several of the blocks indicated
in the figuxes |

24644: Leaming in Adaptive gystems

ﬁe ay.ttsn déwdbad in Fig. 2.11 fatl, however, to
implement the leaming characteristic of the muman controller.
In leaming to drive an autamobile on icy roads, the human
being adaptas :.u' the following wﬁyc The new drivex,operating
- with a desire to reach his deat.tnation in a minimunm time, in
spite of alippery road conditions, ax.tmpu an initial aspeed
while measuring the xoad conditions by injecting amall distux-
bances on the st:ee‘tinﬁ vheel. when a sglight skid accu?&. the
driver notes the rxovad mndiuon. (ot car dynamics) and reduces
speede Gradually, over days or yearu of experience t.he driver
ac quires 3 knowledge o! the mncuonnl relationship if the
maximum allowable spsed (under the constraint that the
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probability of skidding during a specified time interval should

- be less than a fixed small quantity) to the car dynamics. Once
this threshold«gpeed function is known, the dz:lvery is experienced
on icy roads and future years bring only a slight modification
of the knowledge. Acquisition of the required knowledge dopcn_fh
upon the experience or upon the J.__oan;.l.ng mechani ane

The above example represent simple legminq process within
the scope of feasible m:uzumehtaition- In this problem, leaming'
consists in detemining the functicnal relation among forward
speed, the probability of skidding, and measured automobile
dynamics (or environmental coriditigns). In this case as well as
An the other menifestations of the learning process, the possi-
hility of introducing leaming into the decision computer of thd
adaptive control élyl.tsn opens an entirely new horizon for novel and

improved control system performances

‘e major promise of the adaptive concept liaes in the
possibllity of introducing a simple iaam.inq mechapian within
the adaptive part of the system. OnCe learning is cambined with
adaptivity, tha control gystem appm;c}xes the flexibility and
capabilities of human mntrollc,x; in more .gqntﬁcmt tasks.

-,
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CHAPTDR »~

PROCESS CONTROLLIERS -

501 BIEUNIATIC CONTROIIERS

In o pocumatic control gyctem, compressed aly is cupplicd
to the controlling clement. As the value of the measured variable
changes, the pncunatic output of the controlling clement aleo change
cs. A £lopper-nozzle mechaniem provides the memms of controlling
the pnoumatic output, Dy adding aifferent clements to this basic
- mechanicme various control sctions can bo achieved, as d—imnaed
balow,

S+1s%. Proportional Control

Refor €lgure 3.1. A source pi:esmre P, io fed into nosczle
chamber through a £ixed restriction. Usually this supply 1o obtained
f£ron a ccpeorate conprensed alr system, A nozzle open&ng@ which fo
longer thon £4ixed orifice allows the air to cocape. NMovement of
£lopper vorico £lov in nozzle which in turn varies pressuro in nozzlc
charbors This 1o used ag output loading prescurc Py.

Adding o bourzdon tubos -

The bourdon tubs acts as prcSsure soneor. As input proscure
Py decreacess the kourdon tubo movancnt coto on £lopper which closes
the nozzle cecordingly csusing inercass in Py e In proctice, the
£ircd pivot on the flapper is repleoced by a bellows ( Fig.B.2), P,
1o Cooped end £od Into an edjustable three voy valvee The port of
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Py, thaot 1o scat to bellows con bo voriced by odjusting tho valves
e threo vay valve octo os splittor. Pavt of output gignal goling
to ity 1o £cd4 to the bellows od the remainder 1o cicusted
otno gporCe

egative feed-bechk-

any chenge in Py chonges Ppe Part of this is fed to bellous
in such o voy to reduce the.effect of Py upon Py« Thig 1s Incsm ag
negotive foodback and e usad‘ to roduce overall senpitivity or gadn
of tho mechonion,. Thoe gmamtfmgativm geedhock }6’ v greator is the
decrease in gain of nechanisme Mjuostment of J-trpy valve 4o colled
gain or proportional bond control,

' Uhen the load change is largo, the controlled prescurc Pys
agter cottling dovmg differs £rom the sot polnt. Thio diffcerence io
called offcats The orount of offset em bo decreased by increaping
the galn of the cystom. 1 the gain is very high, offsot will booone
negligiblo.fbut the high gain can conse instabllity in the oyoctem, %he
vay t0 colve inctobility problem in proportional controller Lo to
edjust the goin to a lower valuey by increasing negative feedback
isce Widen the proportional bend esctting. Fovever it will recultl
offeat. Thio offoot con effectively bo reduced by adding reocet cone
trol o the mochonicme

5.1e20 Rocot Contiol

In Pig.5+3s miothor bollows ( resot bellows ), oppocite to
that in Fig.3.2.(proportional boliows ) with oporating chorcetoriptlces
matching thoco of latery hao been added. IE tho prescurce in theca

Cp Doldowo a0 crmualy coch one cancels the cffoct of othar od the
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cyotcn egoin onjoys high goin Boeforo the chinge in preseure con’
roceh reset bollovoy 4C pascos through odjustoble necdlo valves
Isovm’ oo rogot control. hle purpoeo of thig valve ig to introduco
o tine dolaye. The more the roaotriction adjupted into valve, the
longer it will take a chonge in proscure to register in recch
b2llso, |

Fopitive fead-back

8ignal that goes to reset bollous 4s called poeitive Cocdl~
backes The more 4o tho value of positive fecd backs the more 4o ¢tho
increase in sensltivity or galn of controller. In the stoedy gtato
condition the positive ond negative fe2d back cignalo concel coch
othor, In the tramsiont condition, hovwavrer, tho rosot reolriction
temporarily delays €he positive Ceodbecl: signol, o that the ncgae
tive fcedback can achiovo lto galn cutting cfloct.

I£ ¢he gain in stocdy stato condition g high enoughy
the amouwnt of offcet 4o e mmall thot, for 0ll prostical purpoces,
Py i rotuined to normol pocition. High gain of emplifier g
pocrificed only durdng tronsoicat condition to kesp tho systen stoble

Mg tranocient condition dzcays rooot action slowly dncroaces tho

gain_dhd;by e tms Bleadywotato condition reaches, tho high gain
lcode o steadye-ptate performence, FigeS.4.
Controllor tuning -

70 obtaln bast reculis, rostriction of resst control mist

bo adjuotcd propazly. The recot cignol mist b2 ¢aloycd juct long
cnovgh to match Che recovery charcetoristic of proccos undor controld
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It goin incroacoo (0D ropldlye tho system will hocome unctoble od
A¢ 4t decreooces oo Slovlye Che oysten will bo dluggich od 6o
ctfective control will bo thorc. Proper odjustment of tho controld
15 colled controllor tuning,

Fs9s3+ Rate Control

Ao 60 ohovee dmacdlately aftor a&mwbmcog gain 10 v
to achiove cystem stablility ut this causes poor transicat roeooonca.
Transicnt regponce coh bo olgnificently improved by Golaying tho
- gadn cuttdng offect fust long cnough to start the syotca regponding
to load disturbanecg tut not w© Jong ap €O make the systca unstablo
Fige3.5 dious the cdditlon of another volve restriction in preocurc
dincy feoding toth béllowsg Like gopet contivl, this valve ol
ecn be odjustod Lo provide proper tims dolay, bofore gain cutting
effoct begina. Onco the prescure choiige hae had ¢ime to bleoed aecrong
tho valve reotriction, the controller acto os 6995::&3::36 for t:o-
oo contzod e

The dntroduced valve io called roto control becouso it
offcet do influcneed by rate ot which load dicturbonee occuro.
PAge3e6 chows three modo control. |

Fe2 INMDRAGLIC CONTROLLERS

dHydraidice controllers are alod gvalloblce vhich provide the
throe oontodd sooponcete Cocentdallyy the hydsaulic controllos poe
coables o gacmntic oontrollor otegye dhos he Cyotcn Nt rcaadn

conplotoly clocods Jot pipen ©ad piotonsg or four Uoy vedven, oTo



FivoT
MOTIO KN FReM

MOTie4 € 8o e

MAE AW King o ME ASURNS M EASy !MQ
ELg MENT 4 #LE MENT SN
£ -~ S?R\Nai TET SPR\NCA
ek : prPs
o

b PistoN

| ?'Svow ~FT I o :
R L
CHASR D Ch;-MS‘& CnMBE.R cnéﬁ“ﬁtﬁ C:,‘Ap“g (,Hap\c*g

a

- i

FiG, 37B RYDRALLIC comTreLLeEr WITH Te~ £IPE

G- wAY
v ALV

MELHANICAL ¢
M&L ’ '-:',,"' o e
Py ’é‘&‘é‘“‘?“‘ Vi e -
vy v 4l ;
sPool T WY [t L

o
(VRLVE SPooL. MOVES To
/4)\ THE LEeT

vave 1PsoL Meves T¢
The RiGhT

WAY VAWE

e e o e e s B s |

P N

e e e



29

woad in ploce of the flogper-mogsle ond alr roley uocd in pacinctic

controllers (5),

 The 2t pino roccmbles tho pneunatic nonzlco. IC dipests o
£luld gireom dnto clther of W recelving chomberd of a double cot-
ing cylindor. thoa cho Job pipe 4o moved to the left by ¢ho meagured
vaz:ﬂ.oble ap shovn in Pig.Je7 ¢ rore £luld enters chenbor 1 than cntoes
chembor 2. Thds coucos Che prossure in £ chonbor § to dncronco,
roving the picton o the right. ™o plston roveront con bo ucad o
poaition g Cinol clcaanta

‘he four<tray valve can be ugoed in thoe oome naaner as o
ot pipce SCe Fige3.8 When the value coool s moved €0 the Acft,
the £luld poth to Lince 1 is opened end Che path to line 2 ig eloccd,
Tho piston roved to tho right, Similarlys vhea the valve cpool io
roved €0 tho right, the £ludd path to line 1 45 closed, oad tho
path to linc 2 is opencd, "Ihc'piczwn then oves €0 the lefte T
oction of Gho fourwycy volve resambles ¢he cotion of the job pipo
SyoeGne

On-off notdon 10 eocorpliched in o hydranlia controllcos
by vory ropid rovenent of the piston ©o elthor extreme pogsition
when Tho moagured variablo deviotes a cnoll cwount Srom oot point.
o jot pipo or volve mpool is pooitioned ot neutral to ootoblich
the sot point ot o porticulor valvo of the reasured variobles

Proportional Actlon poquires a £c2d beeh oignal £€xom thoe
ploton o the =0 pipc or ool Froportional cotlon 1o provided Ly
the cddicdon of o food Logh: Minlicge from O plotone thica Che job

pipo io roved o thoe right, oo cotn in Piye.5.9, Bocouca of o cheng
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in tho valve of tho meocurod varigbleg tho piston moves to Che
right, “ho fcod bacl linkoge 1o attcched 0 the piston. ¢ bringo
the Jot pipe bachk Co ncutrad poosition widceh stops the moveocnt of
the picton, Timo thore 40 o ploton position £or cech voluc of tho
measurcd vm:iablc‘ Chenging the location of tho pivot provides pro-
portional kond cajumﬁ.' mg rogulates the arount of piston
motion roruired o zestore the jot pino o ito nc-ﬁtral poaition.

rutonctde Necot Action con be cdded o tho proporitionol
controllor by rmodifying the foedback signale Fig.9.%0 Lllucerates
a jt p&pe hydrouldc oontrollicr uith proportional plus recet control
cetion. Tho oddition of on cudliory picton with o bypass provides
tho roset ootion, thon the ot pipe 1o moved to the right, both tho
rain piston omd the meiiliory pioton move to ¢he right. Tho fesddod
Ainkago is ateachéd w tho aoiilicry piocten. This linkege returno
the ot pipo to ito ncutral position. Bocouse of the bypoos, the
ardiliory pioton roturns tolts mid position, roving the jet pipe o
the gight agadn. Thisc couess motion of tho main piston in tho
original direction.

Dexivative fction con Bo edded to a hydroulic proportional
pluo reset controller. In tho cchematic of o controller ehowm in
FigeS.11y o four«ray valve 1o used 0 provide the pover to the
reoet cnd povor cylindercas The proporitional bellous provides ¢ho
actuation of the four way voalvoes Therc ake o scporate £ocdbed:
syotcmOg onC for reosot getion omd g poeond £OF rote octione a0

resct £oodboel: oignal 1o providod by the pover cylinder, W jct
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oino ccads o cional o Whe pm;_wmamnolhémm v ho value of
¢ho meorurcd vacdonlo dovdates foon cot poldnte Moot estlon clleus
0 pouer plolen W Ve o8 Jonyg oo tho proporilonal bollovs £C-
cclven thic olgnals Thae cdjuctedlo peserlction on tho yposs line

of the recot cylindor dotammines tho rooot tina,

Whe Anhoge £com che dorlvotivo Bollouo provices o gori.-
votive Lcodbdocth signal. The derivative bollowes moves the ot pipo
boe: €0 o nontrel position. The edfustable reotriction botvesn o
ot pine cad the derivative ballows dotormdnes thoe roue tioo, Do
dordvative cotion dolays the feadbaol: Lo the fot pino &2 lons o2
nocoocory in tho portdcnlar prcess. The proporftlonal bolldoio Lo
oble o oporato longor with dorivatdve cction in tho mé%tmllmg
cyctcne Proportdonal bod adfasinent 4s noda 8% the point thore o
proportional bollows ooto on tho lover apsembly vhich commceta o
fourrgy volve gnool to the resot plotone

De3 LLLCIRIC/ PIOCRNDTEC COUMMIOIL RO

(5) |
Diceteda controllero/for proportionad,s proportdonal pluo

mbc’ri:.g ond proportdcnal pivo recct plus dordvotive cotlons oy
be dividced dnto WO Lypod -

1.  Tho nullebolones Cypo 4n vhich there s o elestricol
fecdbpek signal to tho controllor Zron the £inal elcoment,

2 fho dircet type in vhdeh Chore is no elcctrical

foodbael: olgnale Thado 40 2l callced fond lomrard conteolde
-
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Pig. 3,12 i5 & diagram oflan alectrical null«balance
contreller, An electrical mll-balance centreller prevides
the various centrel actions by modifying the feedback signal,
This 1s dene by adding pruperly cembined electrical resise-
tances and capacitances to the feedback circuit, just as
restrictiens ani chambers are added in the pneumatic circuits,

A sensitivity, er gain, adjustment is the snly addie
tion te the contreller.required to achieve prépertional
actien, This permits the adjustment of the propsrtional
pand, The sensitivity adjustment n is made by inserkting a
variable resister in the feedback line. %This prevides for
regulating the magnitude of the feedback signal, The feed-
back signal depends on the position of thz final element,

The amsunt the final element must meve is mev established
by tha setting of tha variable resiétar. This mevement

pre@uces alectricesl balance in the controller, See Fig.3.13,

The feedback signal is modified by the additicn of a
resistar « capaciter arrangement to prtvide proportienal

plus reset action, See Fig. 3,14,

Any change in the feadback voltage from the final
slament slidewire causes a current te flow inte the capaciter
Ce This is where it ir stered as s veltage., The capaciter
is then said te be charged. This results in a vyltage drep
acress resister R, Fer a current to continue te flow thresugh

R, the capaciter must remain charged, Hsnce, it must continue
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te regeive current. It receives €urrent by a continuing
change of the feedbaci veltage., The sllée wire of the

€inal element and the final element itself musit, thorefere,
centinue to change pasitien te preduce the nacossary wliage
change. 'The woltage ceontinues to change as leng as there is
an unbalance signal from the contrelier. The reset actien
ceagses when the errsr signal is eliminated and the value of
the measured variable is at set peint. The setting ef the

resistor R determines the rate at wvhich reset action preceedsz,

' The Zeedback signal is mplified with an additienal
resister~capaciter net work te provide propertisnal plus

derivative action, See Pig. 3,15, With this arrangement,

any change in the feed back veltage causes the cdpaciur

‘:2 tn draw either mors or less carrent, whichever is
required 4o delsy the effect of the change in feedback

voltaye. The final element can move more than it weould

1f only propertienal actief: were used,

The eétting ef the resister R, dectermines the rate
at which the capaciter is charged, Therefore, the medified
faedback veltage varles with the rate the final element
slidewire changes the feedback veoltage, The final element
slidewire pesitien changes as the value of the weasured
variable changes, The medified feedback voltage changes
with the rate the measured wvariable changes, Derivative
actien is thia accemplished,

Pig. 3.16 shews a null balance electric csntreller
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with prezertisenal plus derivative plus reset action, The
coitreller includes a cnntrol bridge, a feedback bridge,
a detector-amplified relay, and a pewer metor. The rate

and resa2t networks are 3lse shown,

The pever metor positiens the sliders of two
diffarent sildevires, QOne slide wire is in the control
bridge, and the ether is in the feodback bridge, In seme
electric ceatrgllers are power moter can alse be used to

pesitien the final element,

Tha input signal eof the detecteor is the difference
in voitage betwesn the control bridge and the feedbhack
bridge, This signal‘is sufficiently amplified se that the

ralay is actuated. The relay causes the pow2r motor te run

in a di:écﬁian vhich repositions the sliders. This reduces

the input signal o zere.

‘™e control bridge contains the prooortional band
adjustment, This i5 the sansitivity adjustment, The adjustc-
ment detemines the relatienship batween the input signal te
the contrel hridge and the resultant output signal of the

cantrel bridge,

The feed~forward electric contreller eperates on a
differant principle, These i3 1> {redback signal frem the
final element, Fig.3.17 is a schematic ef a typical feed-
forward electrenic centroi.er with prepertisnal pius rasst

plus derivative actien. This centreller eperates from a 0

te 10 velt dc input signal, If the primary element dees
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not provide an input, tho conversion module provides the

operating voltago,

The perdontage of total input voltage is shown on
the process indicator. The matching set point voltage of
0 to 10 volta is iatroduced by a precision potontiometer,
any difference betwoea the input signal voltage and the set
peint voltage enters the proportional plus roset module, The
percantage of total inpat wvoliage s also shown on an orror

indicating meter,

Broportional band adjustment isg acconiplished by a
precision potentiometer vhich regulates the output of the
amplifier in the proportionsl plus reser module, The

regulated output of the amplifier is further changed by a
preeision potentiomoter in the reset RC network to provide
reset action. For rate response the input gignal voltage
is inodified By an RL notwork before entering the proportional
plus resst nnduls to provide derivative action, Tho output
of the dorivativo madulc is then proporticnal to the change
rate of the input signal voltage, The output motor indicates
tho porcentnge of total output wvoltage being éroduced.

A halance=-indiceting moter is providod ¢o facilitate
gwitching ¢ manual control. The manual adiuster must be
pontitionsd so that the meter 1s at the null position vhen it
is svitchcd from automatic to manaal control, A copacitor
in tho inctrunont eircuit slinminatos the noed for manual

cdjustmont wvhon tho mater 15 switches £rom manual ¢o automtic

Thic foaturo of 2 mator ic cclled automatic huwpless transfes,



3,4 MICIOPROCESSUR BASED CONTROLLERS

Microprecesser hased contrellers are the mest modernw

type of electric contrellers, Due to their increasing
importance and due to the fact that this is the type which
has baan censidered lator in the dissertatien, we shall dise

cuss tham in this separate section.

The industrial centesl system is & dilemma, A centrae
diction, and the downfall of many a high technolegy enirepre~
near, centrol at onca demands the very latest capabilities
and also rejects them, Control eqiipment designed gver twenty
vears age sells side by gide with the latest designs, Reliahi.
lity i3 the reason er sometimes really the execuse fer not
updating [ 67 .

Until very recently, elestrenic precess contreollers

were analegs of earil:r pnmmatic-mechanical controllers, They
did little deyend sflering the advantages of electrical signal
transnlssien, 8nliid state replacuaents for rglays promised

mere reliabllity, but reguired a diffsrant order ef maintenance

expartise when they aid fasl,

The prinary snz2laught of technelegy against the centrels
marikat, hewever, was in ferm ef the elecironic 4digital computer,
Por contrel, as far everythinrg else, the computer was the ulti-
mate prehlem selver., It ceuld (and =till can) Ge everything
shart;5£ supplying the f£inal actuater pewer to meve the rpreocess,
It ceuld replace everything else in the system dut the primary

sensers and the sutput pewer cantrellers,
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But even the computer had large problems. It was not

_ -reulhlo snough © conmit a process to. It cost too muchs

New people would be needed to operate and maintain it. Ivery
input had to be converted to digits. And on, and on¢ & eVen
with all the wonderful inferential calculations and comparisons
that could be made with a computer, it took the larxge-scale-
integrated technology of the microprocessor before computer
control really caught hold.

Today 4t seens there is hardly & control product of any
kind that does not somehow 1nmrparatg O Tely Oon a miCroprocessor.
They are not only in controllers, and communications links, and
terminals £or the operator, and actuatorss. They are even in the
central mtmmgors, making them more capable and more reliable.

80 it seems that the nicroprocessor has £inally made all
that great olcetmmca technology availakle to control and
apparently is even making control technology drivens Accoxding-
to a mmuttetﬁnr of microprocessor based ﬁzsﬁrimtcd CONELO-
llers, 'We have found the advent of micropmcessor techmology
to be qualitatively different from many of the previous new
developmentss We can recall situations where we were market~
drgiven and tncmdloqy limiteds That is, our niatketinq pople
were defining user needs, and then working with development
and engineering people to determine whether the technology
existed to meet those needs. Today, we £ind more technology
available in the microprocessor than can be used intelligently.
The marketing task has besome a matter of detemining how this
technology can be employed to deliver real user benefits'.
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" 3e4s1 How to Design Microcomputer into Control Systems
Having decided that a given gystem should be xkicmca_n‘wtcr

controlled - and the only valid reasons for using a microcomputer
1s either to give a product enhenced ,fatures‘or to o.;i:. coKks -
the first thing that needs to be done is to sit down and list

all the functions to be perfommed [ 7] .

Once the listing has been prepared, we are ready to scan
microcomputer literature - ipcctﬂcaucnt, user manual s, programm-

ing manuals, etce

Drav a Flow Chart

with some idea of what microconputers are availahle and
what the system must do, we can prepare 'high-level' flow chart.
Such a chart is really iike the function listing prepared pre-
viocusly, ut now it is in a flow-chart foim, making it easier

to visalize the process flows

Now we should attempt to come up with a rough system
costs T this end, draw up & rough block (or interconnection)
d&lqm'o! the system uszing several major microcomputer candi-
dates. The reason fOr obtaining a cost estimate at this early
stage is obvicust 4if it tums out too high, the project can be
dropped before a gignificant expenditure of time and/or money.

Sketch a Block Diagram =

| once the hlock dagram has satisfied 1that the system
is within our udget, the next step is to interconnect the
blocks on a functional level. In doing this, we must keep
track of the I/0s that have been used and must continuocusly

axamine necessary functions in tems of microcomputer
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capakilities. For instance, if we have to do a Job 1in, say,
100 Hs and it will take gome 20 steps in & 15 u machine, ve
mmedtaﬁely can know that we are in trouble - we elther have
ko look for another microcomputer or do the required functions
'&n haxdwares

Speed vs Woxd Length

The overall design of & microcomputer - based control
systan boils down to a trade-off between speed and word length.
Suppose, for ingtance, we have to control a motor by monitoring
its speed at all timess HoWw many times put seconds is it
necessary to sample 11;; speed and qi\re a command. Applying
bagic sampled data th‘arx tells us that the sampling £requency
must be at least twice (and practically, at least five times)
the highest frequency of the sampled signal. A calculations
and 1/0 functions must be pcftomad at this rate; Can ocur micro-
computer exacute all the necessary instructions in that time
interval. TFrom this analysis we can estimate all the 'tight-
spots' that really detemmine the speed versus word length
trade-off.

At the same time, memory size is highly important,
particularly in view of the fact that most szingle-~chip micro-
computers come with gome fixed amount of RAM and ROM,

Learmn the Micreo Architecture

After going ﬁhrough these exsrclises we come out with a
particular microcomputers We must now get familiar both with
the instruction set and the nrchztectun.
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once we are familiar with the I/0s, the architecture,
and the instruction set, we can take the block diagram develop~
od earlier and convert it into a very detalled, schematic-like
diagram, including everything « At this point the hardware
design is being completed, and the diagram should clcqﬁny pin-
point what must be controlled.

In addition to this a detailed £flow chart must be Creat-
& whichk should also include segquence of events and thelir
timing.

Programming -

There are two basic ways to prmgram «~ straight linear
progranming (one program f£or the whole job), or by partioning
end subroutines. Straight linear programeing 48 gometimes
more efficient, hut it i more difficult to program.

An efficient prugram is written by combining hardvare
and goftware, knowing limitations of the machine, and knowing
what can bs done ocutside more efficiently or at a lover cost.

Software development can be done in one of the three

following ways -

(1) In=house using a timesharing service or an in-house
software development systan.

(2) By using a vendor-supplied software development gysteme

(2) By using a software consultant.
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Trial Run

Typically, we first txy to run the program and it does
not run. 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

pPrOgrExe

Now c¢omes the hard part - the real-time, ‘true-life’
system executions At this point we may discover that certain
real-world conditions were not taken into account during

program development and program must be modified.
Getting the system into production
M1l now we have made two agaumptions -

(1)  that we have a rsal-world system, and
(2) that we have operated it in a real life environment.

ane or both of these sssumptions might be wrong. -+
we can go t a prototype boards. We can take the prototypes
and operate them in the field. This pmdesi will uncover any

real-world problemse

After this last stepk we can start talking to the
microcomputer vendor akout developing the magk. The £irst
engineering sample deliveries must be tested again. This
is to confimm that the vendor implemented our program as we
told him.
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CHAPTER«

D2gECH OF UP-DASED ADAPTIVE CONTROLEER

447 INTRODUCTION

Uhen o micmoprocencor of lovw end minfcomputer 1o wezd In
doveloping cn cdaptive or self-~tuning ocontrollor for a pxocesc with
solotivoly fast dynamicos the combinatlon of low computing opoed
cad high ocmpling rate will limit the complexity of feasible algori-
timo. Tinig complox adoptive eontrol algoritims are not cosily ine
plcmenteds. An attractive ocltomnativae is zn cdoptive contxoller which
substitutos table ook up for computation. |

A major problem cncountored in the developnmont of control
algorithns vhich make uss of date ptorage and conditional operation
ariceoirom the foct that the mathomatico involved in a rigorous
cnolysio of tho performance of thepo algorithms 85 oxtremely com;
plete To ovoid this complexdty o relatdvely simple, intutivo ﬁevo;
lopnent of a m&ﬁ«ww control pehome (8) 4s prosented dn
cooelon 4.2. BoCorog ﬁiaausaing Lhis ac!wamé in tho folloving pec-
tiono vo chall have o preliminory overall look ab the controller
to bo deoigned.lot us suppoce that the process hos o moving part,
pooition of wvhich is to be contzvllied as per the oot value. Thowe
will bo o pocition poneor which will be senoing the current pocitlon
o;d converting it into clectrical signal. Thic signal after pro-
ceooing vidibo fcd into the microcorputer boacod controllors Tho
got valuc will B ZJcd ¢hrouvgh o koyboarde If Chore 4o any differcnce
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oo procoat pooition and tho oot volucy the controller will
Lalze ¢hie copzootlive cowdon Chrouoh como GwWwicd Cdge GoCo MOLOLe
Tho corrcotive cetidon of the controldoxr will be baced on thoe
dooh up toble which will continuously bo updated,

In ooetion 4.3¢ oscontlal clemonts oﬁ a8 microcormutor
ore dicounscd, Shkn a Cypical microconputer I'ICT«1y on which the
coftwore vas dsveloped nd tosted, hos boom deseribode. Architectura
of 8080A CPU cnd ito inatruction cot hao ali:a boen dncluded. In
soctlon 4.4 octual algaorit:m usod, structure of the look;up tablay
o0 ~gniad. dcrhectﬁon ete. has boen diccuocad. Intorconncetion of
voriouc blocks in oxder ¢o echicve conplotod controller has ko
discuosed in scotion 4.5, W0 cofCGUNrC progran vhich vag dovelopod
and tosted hos boet given in omeomro-Te

4.2 DOAPTIVE FOSETION CONTROLIER

Suppocs We hove o table of ' how to move' data organiced
by ' precont position® end ° doolred pooition'. Whon the table 1o
£illcdy tho entrios sy hwu to move £rom ecch precant poaition
W coch desired ppoition, Situotions whore prescat position cgualo
desired position corregpond t0 pointo on the dicgonal such ao Py |
(dglccégfm). The entricc on the dicgonal chot’ v to stoy ot the

procent pooition (8),

A ¢zt podnt (L.c. dooired pooition) change correoponds o
6 move 0ZC of tho diggonal from Py o Pye The entry ot P, ohotro
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0 moke the desired responso - a roeturn to the dicggonal with
e pooition cgqual o the no sot-point. This corresponds to
nove fmm pa w 930

tthen the table is full, there is information on how to
lorm all possihle moves. Asouming that this informotion is
et g e can perform any move within the conastraints of our
.c design essumptions.

.1 Trial gnd Eryor

Suppo e s hovevers Chat tho table 4o only sparsely popu-
»a with known doto and thot we are requestod to perform a move
which there is no daca in the table, A simple atret.egy is to
1 one or ceveral known moves which are ' near® tw the dogired
1 3n eome eengse md then extrapelate £rom them,

AG we make nmovesy we galn information reguired to £3111
tables I£ tho control aotions based on an extrspolation £rom
ropt noighbors proves succedssful {i.e, wo got to the dosired
lcion) then thic bocomes the actusl data for the previously

IOWE ROVCe

If the actions were unsuccessful 3 we have also galned
2 information. ife now know how to get o whorever we ended ups
tho cnery in the table corresponding to thic actual move moy
1lled for future uca. ‘

ZE the table containg data for g roquested move, we
L gtild chock ¢he sctual final position cgainot dooired positic
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in ordor to varify table tocurccy. I£€ tho move 10 uncucsesoful
thoro are 7o courcoo of ectiong 1) the entry moy have becn bacod
on bzl dota op the cyostan noy hove chonged,y in thio caco we widh

te cosToct or cdmst the controller by updoting the cntey, of 2) ¢ho
faslurc moy bo a couriono xesul*c due to nolso or o digturbocog

in this case we do not went &0 chango tho cnliry. Since wo gonerally
coanot tall vhich is méa there must be a trede »off botween cpoed
of coquisition { learmning epoes) mnd nodso rejostion.

& for vio have assumad that a requost o porform a rove
for vhich there is no date in the teble will lecd o o search for
tho nearest moves £or which there is dotaos Sineo oeorching for
tho nearest neighlurs will b2 time consuming s end sines wo would
lile o bogin the move as shon oo possible afiter the requost lore-
coived, ve will not perform tho scarel vhen the request 16 roe- i

colveds Instoady coch wmknown pogition in the toble will b prow
vidod vith linko to its neavrost maom nelghbors.

Tireco Minko necd only e updoted when o previsucly
unimovn move bocones knovn- whion thisc occurs, all aatrics 4n thoe
table oro oxoadned to seo 4f tho nev move 48 closor Chen oy of
tholy prooent neorest noightors. I€ & ¢ the apgpmprim iinka
ore chamnged €O refcr 0 Cho e NV

The covuad control progrom will be driven by intorpupto
£rom o pood ¢im clociie t2icn Chio routine completod a rovdy
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cucceosful or mot AC pleced data concernidng tho coctual movo 4in
a Slrpet-in/first out QUCIC, A con-cursent non-intcrrupt routine

scmovas dova Sron tho quecuo and updates the toble,

44220 Coneent of tho ‘é‘ahlg

in ordor (o Zacilitete developmont of o toble baccd colf-
endng ciicno, (ho ontrol method ugoed should exhibit coveral ime
portent propeztics -
— To minimizo tho table slge, the control ection for coch
movo chould be deseriboble with a minimum data,

- T Secellitata extropolation from the nearest neilghbors tho
ptored move dota chould chango in a relatively smooth way over the
entire tohlo. -

_ The rova data rmust be chwesn oo that 48 con bo rollebly
doterminsd by the conputor £0on measurenants made during normal

syotzm oporation,

Thio dost rotuiremant 19 porbops the most Alfficuls to
gatleiy. If wo are alloved to goply otops or othey tast siomals
Lo he open loop cyctome 4G may 12 quito eagy to £ind paramstor
vodues vhlch alve the Doot contxol . Hovever wo shouldd like

coradne thecs parcmoto: values from cloged Joop opersting data
in oxder Co impoovo of optimico porformance on lines This requirc-
nens z:cn&ccs noy oontiold mothods uncuable since they tend Co nadk
tho cyoten'o canrostorictlcos
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For example, if we Use measuremonts of peak overshoot snd
ringing . ibvever, since our measurénents have only £inite precision
it will now ba rather difficult to obtain an accurate assessaent
of systan performaice under the present control so that further
optimum tuning may take places

44243 Bapy-bang control

A gimple control which performs well with regpect to the
shove requirements is hang-bang or contactor contyol. This is also
time optimal for many oystems.

let us conslder a simple controlled process modelled by
et =2u (k) (5.1)

where x(t) is poaition and uft) is a bounded input in the range
-1 % ug 1, The fastest way to move £rom a initial position x(o )=t
to final position x(t.) = 0 18 to make use of the masximum force
avallsbles that iss to accelerste towards zexo until the ' lest '
possible movement ' and then applyfull braking force in order to
come to rest & at xlt.) = 0,

The Fig.4.6 shows the phase planc portrait of the process
described by equation {4.1) foru =t andu = -:-1. It is clear that
we can move X, t0 O by applying u = -1 until we intersect the
u = *1 trajectory which passes through the origin, and then applying
us + 1 to follow thia trajectoxy into the origin. Since for any
initial condition the switching of contrel polerity will ocour at
the trajectories which lead Into the origin, these trajectors are
called the switching curves for the gystem,
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o cmoclang of Choea curves may B2 detornined £oom
cquation (4.1)s By inccgratdon of em.{4.1) for u conctont we ob-
tain

Zeut-nopeT (2.2)

. e ' N

whore A s u ¢ {io ¢ 2 3+ Eliminating ¢ bowean equation (4.2) =@
cquation (4.3) gives cmuntion (4.4)

:za-*‘*«u[!.n(u“% )] -;. 2 n. £4.4)

U=ge O

The critching curve 16 obtoined by setting 1, =& = 0 o It 40

swm - o olgn c:‘-‘*)[m (1°1: 1)] (4.5)
(ot~ vhen & 40 w0, u 4o «vo and when # 40 ~vo, u 1s v e

 Adthough this cguatlion 10 nod olmplos 4t might bo pogsoible
o ovaluato 16 dn real timo 42 n ond £ ore given. A more corioun
problon 4o thot uvith more goaczol proceocao the Siritening curve
depends in o complost SrGy ON PROCESS ROArIRILOTrSe Tis crrors in
modolidng tha proeats oy lecd o signidicont ervors in the switch-
ing aurve cyuations, giving rieo © poor porformence. In additdon,
in o Aigital resilsotion i A0 AL€ficult to get a good valuo for
% £rom moasuramants of ieq For these repconsy wo would proefer o
avoid using the dordvative In complax calanlationo,

I o pooitioning cystcm, it ic not unrealistic to romuize
¢hot f e & ( €z) = 04 Thile this plecos o restriction on the
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acpabilities of the oyctan, there are meny appllicotiongy cuch as
muaorically contmplled machine toolo, whore a toold heed or vworl
piceo must come o rest koefore en operation can commencee This
type of cpplication will be agouned.

Uging thic oooumptiong the cwitch point for our axemple
procans moy MoV be dotermined £rom eguation (4.4) Lot %, b greater
¢hcn oo and &) = 0. Thacn for the trajectory with u = -9 in
cquasion (4.4) ve ohtoin

::aqﬁ*ln(?‘ﬁ':'%)»&zfc | (462
Por the trajectory with u = 27 and x, =0 vc obiein
% me®dn (58) (4.7)

The eritch point 1o the valuc of x OO whidh these trajectorios
Antorosct. Eliminating n botrreon cwuatton (4.6) end cquation (4.7)
gives cauation (4.8)

X, S = 1n e 1055 YR 1= o™ (2.8)

mhile thio derlvation agoumoo a £incl position of zoro,
- 4% cin conlly be extended to arbitrary £inal conditions by a chonge
mé‘ méominates, i&m importont point 4o thot in oll coces the .
erdteh point 45 now a function only of the initial cnd £inal poot-
Gionce 3¢ 40 thoce griteh points vhich will b2 cvored dn the celé-
tmdng tobles.

Dol nord complen procescas tho bang«bony cdlutisa od

coitching fommlon oo rore comndat. HoUsvor, €0 40 coumon in conlro,
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cyoten praceice, we vill assures that our process ic dominated by
o polr of poleo md Limo con B2 oppro:dnmoted oo o cecoond order
cyctame Purther, the ' gtop-pulco® deoseribad lcter in thic chopter
can be viared as a correctldon to cccortpdate highor order dynemics
of tho procoss.

44244 Inplomentation

gincce the contool used is bang~-bang d tho proceso 10
c@pmximamd as a samnd order systamg thore will bz only o trone
pitions of the control s:gna!. £or cath movos IDrcover, tho coocond
teomsition e&uays ocoure Uhen the volocity # 19 covo so there 4o
only one picce of dots &0 b stored £or cach move In tho tablo,
tho location of the Sirat cwitch point. To facilicoie cutropoloation
thio data vill be gtored as the rotio of the dictonce ot which
ciritching ocours G the Sotal dlgtonce to be moved,

sbs lincor gystams, the critch ratio will depend only
on the lcngth ol tho ovo. Tme for gyotems which arce ' olmosot
linccr’ ve uont owr moocure of nearness 0 consider soma lepgeh
OVOO 1L Sovourcdly im oot origin roves. Thio correspondo €O
a ccarch for nearcot nel,hbors in tho form of an wpanding cllipso
whogo majfr a:lo 1o parollel o tho diggonal of the table. As thic
orgondzation maics Che coorch ond corputetion of distancs to neighe
hors mescys the oxgendcatlon of tho Goble will bo changed o pleooo
all movao of tho ocro iength dn Ghe 0o odlumm of tho cablco. Tae
rocult 46 a chomoidal toble Uhero 1o Kov 40 deternined by tho

ctariing pocitions cnd Cho colurn 10 dotarmmined by Cho leagth of
17 7/ /

] ul- I.[- et = v (Y'

OO L
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of the moves Dicgonal cllincaee in tho original table nov booorme
vortical ellipsco which orc more caslly ccarchod,

Lot Py o the starting position for o moves ond By bao
the length of tho moves Then the distence (i.e. noorness) in the
table between moves  Pyy By ) md ( Pyy L) 45 defined ao

pafu (pg-2Prn aen®] V2 (9

vheore U, and Uy are welghting factors which control the shape

of tho amotant distance eliipoos. For examplo, i, greater then
“Fﬁ uill £avour roves of the Seme length over noves with the Samo
starting poaition in the linlizge asgignnent,.

For a rcaqucsted move £rom All €0 UANT ve define
L = uange A1 { L ean be ‘wo of «ve) ond obtadn the position at
vhich cuitching will ocqur o8 couation (4.10)

SIITCHROINT o nM ¢ Table (An,L) XL (4,70)
£or & Imovm moves ond cquatdon ( 4.11)

ETZTCHPOMIT = p1 ¢ Table ( tam (at1,n)) XL (2.91)
£for & unimotm move, where LUTI{NL) podnt to the knowm move
nearest o (N1,1) a0 dlomioced eovlier.

D pove now nolsts of uplying en coceloerating force
uncil  CUITCHROZNT 19 meashiede ondd then zoplying o brating foree
until motion cococco. ML thoe el of coch move, tho interrupt ooutino
puts the debo acecacsy for Sable undated in o qucue reod by thoe
update routince Che datcorrupt routine then chccho pooition o
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determine whether or not the move was successful, If the error is
not amall, ENDUP and WANT #ip@ used for another table look up and

move s

If the error between ENDUP and WANT ( or AM and WANT)
is small, continuing the use of bang-bang control will cause
'Chattering '« This type Of operation is usually undesirable and it
is preferable to use a gentle form of control when the error be-
comes amall. In this program we enter a linear mode of operation,
specifically PID control. -

When a set-point change occurs, or a disturbance caises
the error to become larges We leave the linear mode and perform
another table based move. In some cases, this dual mode control
can lead to limit cycling in and out of linear modes In oxder to
avold this, hysteresis is added to the linear control boundary.
That 48, the error mist be less than G4y 0 enter linear mode, and
greater than Lot Jeave linear mode where Cout i1e greater than
.mu
42:5. Measurement of derivative

We have assumed that we could tell when motion had ceased,
i.e, when £ = O, In reality, this ic not a trivial problem Gue to
the limited precision of digital measurcments.

The usual pproximation to the derivative is

x = (YTl %= % _4) ’ (4.12)
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If the resolution of the measurement of x and the sampling period
T, are appropriately related, this gpproximation performs quite
well, Howevery this approximation encounters difficulties when
o~ X9 is less than the amplitude quantigzation of x during the
period T,.

To see this, congider the analog signal x with the quan-:
tioed version ¥ superimposed as shown in the figure. The analog
signal is a ramp with derivative shown by the dotted line in the.
figure 4.3, The quantized signal 18 p stalrcase rather than a
ramp, with the effect that the derivative aspproximation.in equation
(4.12) yields a series of pulses at the points where the ramp sig-
nal crosses the Qumtizaﬂbn lbundariesg The effect of such a
pulse derivative on control con range £rom sstiaf actory to deatabi;-
lizing, |

. The reason that equation (4.12) gives such poor perfov;
mance is that wve are sampling £aster than the signal can crosa the
quantization oundaries. Decreasing the sampling rate of the
entire control algorithm would help, but mey not be desirable due
to effects on other portions of the computation

As &n alternative we can use the gpproximation
. 1 ! | ’

where n = 1, t.h:l.a' is i@enticsl o equation ( 4.12), For larger n,
the effect 18 to increase the time between the oamples used in
the differences While the same Aifference could have been obtained
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by using & (locally) reduced sampling rate in calculsting equaticn
(4.12)4 the approximation in equatdon ( 4.13) has the advantage
that we get a new value for the derivative every T, seconds

rather than every n T, scconds.

Huever, it should be moted that the derivative computed
in equation € 4.13) 12 (approximately) the derivative at time
t- ‘,}n'ras Hence there 18 a linmit on how large we can make n due
to the delay  and error) introduced. To avoid these effects nT,
should be on the order of £ive or ten times smaller than the
shortest eignificent system time constant,

44246« The Stopping Pulse

In the bang«~bang control described we must detect the
point of zexo derivetive to terminate the control action. Unfor-
tunately, even the scheme outlined £ails when the derivative be-

comes sufficiently smalls |

Singe full braking force 1s applled even when the ¢rror
and its derivative are amall, the effect of contimiing the braking
force aftexr the derivative goes to pero 1s %o cause the system o
reverse direction of ' turn around's As we cannot eliminate the
delay and cunsequmb late switching, we attampt to conpensate foX
it.

One method 18 to keep track of the time ( number of
samples ) that the measured yariable has besn at the present quane
tizstion level, When we detect that the variable has changed
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directions, we have a valus for the time spent st the peak quanti-
gation level, If the System is reasonably well behaved, we can
assume that the actual gerc velocity point cecurred at the midpoint
of this interval, we than use thig estimate to apply a ' stopping
pulse’ of the opposite polaxity and of duretion equal to half the
time at the pesk dﬁmﬁiutign level, While some overshoot 1is
inhexent in this scheme, it 1s typically on the oxder of a few quane
tigation ievels and usually insignificant. I¥f no stopping pulse is
uged, the effect of the late saitchsng is more gerious,; since the
next control action must cope with the ( unknown ) nonezero initial
velocity,

| The entire seqence of control actions comprising a move
can now be diagrammed as shown in Fig.4.7. At t =0, the switchpoint
is caloulated fxom present position AM and length of move L =
WANT-AM using equstion (4.10) or equation ( 4,11). When the posi-
tion reaches S(ITCHFOINT st t4y the control is switched fxom
maximum accelerating force to mEXimun deeelerating force. At tps
tumn around ig detected and the stopping puloe width calculated.
At the end of the stopping pulse, information concerning the
move 18 placed on the update queue, for processing by the mave
1z laessbascddunooguizks conctizrrent update routine, a decliasion
is then made on whether tw initiate another table-based move oY
to enter PID modes
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45 IECROCOVLGUTTN

4«3+ 1 t1dorocomsutor gystan (9)
A typicol miciocomputor oonoiots of -
(a) central processor unic ( Cpu)
(b)  1cmory
(¢)  sapuc/Output (1/0) porto

The notory cofves ao & plece to store instructions, the
oodod piogces of infopmation that direct the ectivities of tho CHU,
cnd dolap the coded picces of information that arc procesced bwy
tho CPU. A group of logically related instpuctions storcd in
memory 1o FeZerred 0 88 o programe The CW ' recds' cach ino-
tructdon £rom moory in a logically determined sequences id usog
it to initiote proccocing cotioms. If Che progrem peguence 40 co-
hozent end Jegical procedging the progrom will produce intelligiblo
ad ucsfuld rocultne

Tho maory 0 ol ueed & chore the dota to e manipulatod
as vell as the incisuctions that dircest that menipulotion. e
- proggcm mist bo orycnlzed such that the CHU woes not read o none
instruction vord vika It apooss o s2e on instruction. ™o CTU o
pepldly cocecos any Gota stored in momory, but often the memory 4o
nmot lamge cougl o otoras e ontirs dota bonk romuired for o
parcicuder gypdication. Tho pooblon can bo pesolved by providing
tho corpiCor with one of 2o dnput posto«Tho CHU om cddress thood
porto cd fnoue thn dota contained thero. Thooddition of iAnmu: poreo
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cnablceo the computer W recelvo Information Crom cxternol cmiinmant
ot high rotca of cpeed ond in large volumes,

A omputer aloo euires ono or more output ports that
permits the CFU to communicobe the result of its processing to the
outsido vorld, The output may go o a d.it:pléyg for use by o humen
operators to o poripharal dovico that produces ' harid copy ' cuch
ag a Mne-printers W o mr&pmai porege doviceoy such ¢o &
'floppy disk units oF the output may congtituta procosg mnﬁmi
signals that direct the operations of another System, cuch a9
mtomated assambly line. Ldke input ports, output pores are tddre~
geabloe The input ond oulput ports togother permit the procescor |
to commnicate with the outalde vorid.

™o CH unigion the Systam, I¢ ocontzols tho functiono
pczm’c’ornmd by the othor componcntss The CPU must bo able to fotcn
ingtructions from mamory, deoode thelr binary contento and ox- cute
thome It must aleo be able to referonce memory and I/0 porto as
neoctoary in the cxccutdon of Instructionse In addition, tho CPE_J
chould b2 able o recognize ond regpond 0 certaoin crtamal cone-
trol signals, cuch as INTEMRUPT and WAIT requests. The functional
unics within a ¢HU (8080A) tho enable 4t parforn theso ﬁunc:-
tions are described in chaptetr 4.32¢

44502 A i}@ical Hicrocomutor

Tho IICROCOMPUTER TRAZIER 4ol LIT-T, on vhlch ¢ho
Et-vare veo developed cnd domnotroted, 36 o microproccooon
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(zZntol G0S0A) bacnd microcomuters It 40 intonded o highlight
various opcrotions of microprocetcorc while aiecuting progrommss
dorm <o mechine cyele lovel. Tho program con be orecuted ot o
cpecdo, (o) computer cpoed in WM 1ODE cnd (b) Operator's ocpoed
in STEP MOIE i.c. clther on instruction cycleos or machine cycle
ot O tim2e Thio provides a thorough insight into the working of
tho microproceocor. Thic novledye of microprocessoy is casontial
vhilo dosigning programable process ocontrollors, 2ignal procoetp-
ing, telecomminication equipmenty measuring ingtrumonts, conoumer.
productsy traffic controllcrs and interfacing for a periphcral do-
vicen like paper tape punch, papor Sopo réa&cz.', telotypey ﬁlo'ppy
dise controllers, cassotie oystemsS, intelligent texminals cto.

Thie microconputer trainey provides all fgaoilitios Lo
urite fteres delugs Intorrupt programicn, slomuire computing
woncepto md poriphoral interfocing through ccguence of cvento
eacociated with progron excoution. Tho microcomputor makes uso of
en ergonomicolly dosigned hoyboard eid controlse The kovboard
ooto 08 an intogratod input dowice through vihdch pmgramcﬁ are
catareds, checked and onceutods |

Teohmical Foghwees

NG,

— B~hit microproceomr-baged system (8080a CrU)
— Fuldy oporctiond) end reoady o uéa

— Uy ézboumnes by 24roroe

— Chocl: foF prdgrcm cntez:cﬁ |

— ICIcre oantmllicd Gloploy of IMCIY ond NCORISS
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— Runeando €or progrem otcoution at clock gpecd
— Singldc ingtruction guep oxtccution
—Single mechine cycle step cxecution

— Can oxpeuto any port of progrem at clock cpeed amd
resy in otop-modo.

— 1 Cyte of mamory includes executive progrem and |
— Provicion for mamory expinsion up to 4% on kpard,
the rogt gutside the syamn
— Nodse-protected RAM
— Counting feature for manipulsting csternal operation
£or systen design |
- Progrzn erccution from gy desired location
— Test signal obeervation abt I70 conncctor
—Operates on Qctol fomiat.
— Machine cycle dioplay
- ai:a'::nﬂ indicator
—Dionlayn Da'i‘mmmss
—Builtwin 3/0 facilities
_t?mxsﬁn for oxtornal periphéx'al &nﬁerﬁex:e

- Reserve ( bounceless) key 'RY for future uge
 Specifications

- HMicyoprocooeny | - Tntel 80301
— tdrd oiszo - B bits
— Copcblo of nddrescing -

256 2/0 inos
— Mumbor off chamels usaed

for internol oporotions - B

54
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— Clack rato - 1.3 microoeconds
— umbcr of instructiono - T8
— Heamory |

512 byteo of EPROM 1o provided of which 256 bytos consict
afi cccutdve progroms the rest left for the ugor. 592
bytes of RA) 15 provided for looding programs, lonory
%x}agn&h;‘n £ocilities arve pmvmcd%!fc—&m:

Four 8 bit parallel 170 dato ldnes cre availablo on
differont portos 8 Dit porallel huffered dato bus io
avallable on this 170 conmiector.

Test cignals provided are -

INSTRUCTION FETCH, MEHORY READ, MENORY URITE, HAMT ACKIOWIEDGE,
ETACK READ, STACK UNITE, INPUT READOUTFUT VRITEs INTERRUST
ACIQIOULEDGE , SUTCARUPT ACINCHIZDOE UIELE MALD, EOLD, SWIC, STRODT,
DBI, READY, TWSTRAUPT ENABIE, INT, OSC.

8 mmbers of plated through prindd clrcuit boordo.

Pover roquircment - 220 yoltse 50 2

Fouer dissipotion - 21 wotto ’

tleignt - 6 kgo
Dimenoions w 420 x 559 122 pm

4«,3,3. Archdtcoiure of the 8080A Cry

"m 80300 CFU congioto of tho folloring functional
unico -
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— Rogiaterroy and adureso logic

_ drithrmyele and logle unit (nw)

— Ingtsuction regioter cid contgol goaction
— Bledircotional s Sestato dato buo butfen

MW“WE

The regloteor ocection conaiots of o stabtic NaN array
organisced into gin 16-bdt regiotorn,

- Progeen counter {BC)

~ Stadk counter ( &7)

— S;hz E-bit gonorol purpoes é@gisi;cxfa arrenged in palroe
referred 0 £8 3¢Cs Do Dp ot Helie

_ A tommrany Eegictor pals called 1%,

e pooyrom counter muntalng the momory addiregs of Che
aod progrom instruction snd io incromentod cutomatically curing
cvary inoctruction fotcie Tho steck pointer romntaine the eddrooo
of the noxk ovadlable stechk loeation in memdry. Tho otock pointer
coa bo indtiasted to uss oy portion of roed write momory az o
otocke The siachk pointer is decromented when data is ' pusied’ onte
the stesh md incramated vhon data 49 ' popped’ off the giech
(Le0. the ctock grovo ' doumrord’ ).

‘™o ol goneral puspocs rogisters ezn bo used olthor
an single rogicters ( P-0AG) or o coxloter padrs (16 bit). Tho
tenporony roglotar palr, Dy 4o not progrod oddecsoohle wad 40

¢l uesd for Yhe dntomed cxnoutlon of inctrugtions,
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pight-bit doto bytes can be trincferred betwreen tho inter-
nal Mo gnd ¢ho register arroy via tho registor-calect mltiplor o,
sirtom.bit tronsfers oo proceed between the rogictor array cmd
the addreso Léwh or the inérmenwx:/decmm‘tér circuit. The
cddroso latch recedvos data £rom oany of the four register palro
ond @xdves the 16 eddress cutput uffero ( Ag-Aq5)y 0o woll oo
the incrcnonter/decyementor eircuit. Theincremonter/decremster
circult recelves dato from the oddress lateh end condo it S tho
rogistor arraye The 16-bit dato can be incremonted or decromonted
or simply txanstorred hotwean roglotors,

arithmotde and Jogle Unie ( nir)

Tho A} contains the following rogisters -

~ A B-hit cocoumudator

—2an Bebit temporary accuritlator (ACE)

A 5-bit £lag reglstors ooy carrye sign, pority ond
auillory carcy

_ra O temporary register ( Tup)

Arithematic, logdenl ond rotate eoperations ore perdoimed
in the AW, The Al 4o fed by the temporery regicter ( BIP) ond
tho Cemporary ccoumlator ( ACT) and carry ¢lip-flop. The recult
of the opcrelion con bo Sranctorred to tho internal us or o tho
ageuriidatory the AU alpo £e0ds the £leg regiotor.

who taparesy raplgice ( Wp) recoives informotion from
tho dntommdd us (d o cond all o portions of AT € Cho MY,

ha £1cy regdotor Caw he dntoznel baoe
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The ceoumulotor (ASC) can be looded £rom the AU and the
inceornal bus cnd eon trenofor dota to tho tamorny sooumlcotor (net
<G the intornal bus. Tho contents of the coourmlator ( ACC) md the
auwsiliary carry £lip«Clop con b2 teoted £or docimal mm:eé&:ion during
the enccutdon of the DAL ingtruction, |

Ingstruction Register mmd Control

During an iInstruction £otch, the £irst byte of on InCe
truction { containing the OP code) 15 transfierred £rom the inteonal
us to the S-bit ingtruction ctegloter.

The contenbts of tho dnstruction regictor cxe, in turn,
availoble W the incstructlon decoder. The ocutput of tho docoder,
combined with various timding signales provides thoe control signoalo
for tho rogister arraye MU ond dato ficry bloghn, In addition,
the outputes from the instructlon decoder ond external control alge
nals feed the tinming and stofe control coction vhich generates tho
gtato ond cyele timing oignalo.

bota Bup Buffor

Tats O-bit hidiroctional 3 state fuifer 1o ueod W
ieplate the CPU's interncd kus from the estermal data ug ( o
through 07). In the output mods, the internal hueo c:on;mx‘; 1o dord=d
into o 8ebit loteh that', in turn, drives the dota bus outmut

buffors.s Me outrut Mifforas are cwitched off during inmut or non-
tranafer operations.
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During the insut rode, dota from the crternaol dato buo
o trancforred o the intognal use Thoe internal o io ps:cc:';mgca'
at the boginning of cach internal gbotoy crespt for the tronglor
ototo, |

4434 Ingtruction Sct

. Nemory uscd in 8030n 15 orgeniscd in a;bit bytece Bach
byto has o unigue location in physical normory.That location is
doceribad by one of a coquence of 16-bit hinary sddroscoes, T
£C30n e oddress upte 642 (2 = 1024, or 210, henee 648 peproconto
tho docimal rumber 65,536) bytos of memory, which mey conalot of
both randomepcoessy reod-write monory ( RAN) &nd resd-only memory
(Ror1) which 48 alco rondomwaccedos

Dota in the 8080a 45 otored in the £orm of Be-bit binacy
intogors -

DATA VORD o
T T 1 ] r } T
HED LGB

in 20200, DIT O 45 reforred o an the oast Sigailflcont
pae { Lon), end BIT 7 (of on B.bit numbor) is pefarred ©9 8 the
oot Signifieont bt ( nsnl.

rn 80s0N ps:é:grmrm Inglrucilon nay DO oney @0 or threo
wrees In leagih, lidAde Ipte instructlons must Be gtorced in
esesodvo nosly Jucotionag tho oddroso ¢f the Sirst byee L0
cluoyo ucad oo Lhe cddwoss of the Inctoucticne The aizce inotsuciion

fornot will doocnd on thae povtlcular opoxoilon to Do ceoutcd,
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Two~ Byte Instructions
—y ’ | e ey
Byte D
e L7 - _ o]
L T pra—
Byte L D‘:l
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Addreasing !"bm

oP ode

0P Code

Data or
Addressg

OF Code

Data oy
Address

S

The B8080A has four different modes for addressing data

stored in memory or in registers -

-Direct - Bytes 2 and 3 of the instruction contain the

exact memory address of the data item ( the low

order bits of the address are in byte 2, the high

order bite in byte 3).



Rejicior -

Regloton -
Indireot

Imnadlote -

A

e dnotruction checiflos the rogloicr of rogiotor
podZ in wvhich tho doto 1o ctored.

Tho inctpuction mecifics o rogister palr which
contalngs the memory oddross vhore the data 49
Jocoted € the high order bits of the oddress are
In the £irct rogloter ©of the rpalr tho low order
biso in the scoond)

The Instruetion contains ¢ho data itoelfs Thio 4o
cither on B-bit cuentity or o 16-bit quentity
(leact olunificont bybe €irpt, moo: cignificont

byte ccoondls

A beronch Ingiruction can gpocify the 2ddoreso of ¢he noxt
instruction to b cxcouted In one of Uo Vays -

Divcoh -

Regdoteor -
Inddscot

Qpn&iu.on Fleas

The branch inctruction containe the address of
the nestt dAnstruction © be oaieouted. ( Excont for
'"Re7’ instruction, vhich 18 & opecial onc-byte
eall instruetion )

The branch dnstruction indicatos a rogisior-pols

which contains the odavess of ¢ho not Inctouetion
Lo bo cxecuted.,

Taere are Eive condition Slojo eacocistod with tho orotie

tion of fagervctions on the 80200, Doeh 49 repreosonted By o f-bit

regloior ( ox ﬁlﬂ.p-z.’jla;:) In Cw CTU. » 230y 15 co% Ly forcing ¢ho

MG to 1y 4t 10 recot Ly forcing tho bit w 0. & dnctruction

fficoto a flog dn e fodlering nomes.
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Zexo - £ the result of an instruction hag the value 0,
this £leg 18 set, otherwise it is resct.
$ign - If the rost significant bit of the result of the

operation has the value 1, this £lag is set,
othervise it 1o reset. |

Parity - I£ the module 2 gum of the bits of the reoult
of the operation 4o 04 { 1.ce 1€ the result has
oven parity ), thio €lay 4 cet, othervise it is
reset { 1,00 4f tho reouit has odd pority ).

caryy - 3£ the ingtruction resuited in a carry ( from
adaition ).'m: a worrow ( from subtraction or a
compardson ) out of the high-order bit, this £lag
iz oot othierwioo it 4o rosccot.

mxilisry - If ¢he inotrucitlon caunded & corsy out of bit 3

carey and bit 4 of ¢ac rosulting value, the .a.u#zil&ary
carry is set, otherwiee it is reget, This £log is
affocted Dy cingleo~ procision additions, subtrace
tions incrawnts, decrenadtsy comparisong and

logical operations,

Instruction Sct

Thz 0020n instructdon cet 1o grouncd under £ive dGifferont
functional heodinge, as £0llous -

(1) pata Tronafor Croun - This group of inotructions tronefors

data to ond fron regloters and nemory. Corcition £lajs are not
affected by any instruction in this group.



MOV ol n

MOV 1M

MOV M4r

MOV re data
MOV IM, data
IXI rp, data 16

1DA addr
STa addr
IHLD addr
SHLD addr
EDAX xp
STAX ¥p
XCHG

4

{ Move register) one byte
(Move from memory) One byte
(Move tomemory ) One byte
(Move Immediate) o byte
(Yove to merory immediate) 1Iwo byte
i(xlao;‘eaﬂ m%ater pair Three byte

(load accumlator direct)  Three byte
(store accumalator direct) Three byte
(1osé H and L airect) Three byte

 (store H and L dircot) Three byte

(loed ecoumilator indirect) One byte
{store scoumilator indirvect) One byte
{Exchange H and L with D and One byte

E)

(2) artthmastic Group

Thisg group of insgtructions performs arithmatic operations

on data in registers and memory, Unless indicated otheﬁwiae. all

instructions in this group affect the zoro, sign, parity, carry
and auxiliary carxy flags according t¢o the standard rules.

In all subtraction operationsgy thecarry £lag 1o set ©
one o Aindicate a borrow and reset to zero to indicate no borrow.
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noDE { M4 rRegioter) one byka
ADD 1 (raa NMemory ) one byto
ADE st (add tmmediato) N0 byto
ADC & (Add Regioter with carry) -One byto
ADC 81 (Agd mermory with carry) ono byto
ACI doto (MG Armediate with caorry) o byko
D 5 (subtzect Regieter )  one byte
cur (cubtract memory) | One byte
sUr doto (zubtract dmmediate) o byte
SDD & (subtroct Regloter with borrow)  One byto
SDI data (mwmmt&m boryo ) One - byto
88D N (gubtroct momoxy with borrow) Onec byto
INR & (Increment Rogioter) one byte
IUR 01 (Incrorent memory ) | One byte
DCR ¢ (Dzerement Register) ono byto
DCR 1 (pocrement memory ) one byte
I op (Incrcment rogister poadr) one byte
DCX ©p (Decrement register poizs) One byte
DAD ©p (ma rogictor pals o H mdl) one hyto
DAA (Decima) rdjuoct accurmlator) One hyte

(3) logical Group

Thio group of instructions pesformo logical ( Boolecn)
opcrations on data in registers and memory cnd on condicion £leogo,
Unlcoo indicated othorwico, oll instructions in thio group affoct



tho Zoroy Slgne Poritye AMmiliory Corryy ond corry £legs cerording
o the stondard puleg.

ANA £ (AND Regioter ) one Wyto
MIA 1 (a0 merory) : one byto
AT data (A mmediaste) T byte
XRA (exclusive or Regisoter) One byte
XRA T (Exclueive or mamoxy ) One byto
ORD = ( OR Regioter) one byte
ORT Llota { or drmedioee) . Two byte
ORA #1 {orR memoxy ) Ono byte
Cip r {compare Regioter) onec byte
cHP 1 | (compare merory)  one byto
cPi data (Compare immodiate) ™o byte
RLC (rRotate 1cft) Oono byto
RRC (Rotate right) one byte
RAL (Rotate left through carry) onc byte
RAR (Rotate right through carry) One byto
cin (Complement. accummlator ) One byto
cc (corplement corry) One bytc
s7C (ot carzy) ono byto

{4) pzeach Group

Thio group of instructiong altor normal ccguential progeon
£lov, Condition £lago are not affccted by e;ny instruction in t;h:‘.o.
group. Unconditional traonofors simply perform the gpecificd oporps
tdon on regioter PC ( the progrom counter ). Conditional trencfers
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cxomine the stotuso of one of the four procepcsor £lzgo to dotermine
i€ thegpecified branch 1o to be executed. The conditions that moy be
specified are ag follows -

N2 - pot zexo ( 2 = 0)

z - zevo ( 2 = 1)

N3 - no carry ( ¢y = 0)

c | - corry (cy - 1)

PO - parity odd ( p = 0)

PE -  parity even (P = 1)

i - plus { s = 0)

M - ‘minug ( 8 = )
JUp addar rump ) Three byte
J condition addr (conditional jump) Three byte
CALL addr (carl) Three byke
Ccondition addr (Conditional caldl) Thzes byte
RET (rRoturn) | one byte
R condition (conaitional return) One byte
RST n (Restore) ~ one byto
POUL (Oump H M6 L indireet - Ona byto

myye H gd L ©o PC

(5) stack, /0, end Mechine Control Group

This group of instructions porfomms 170 menipulates tho
ptack ond alters internal control flogse. Unless othorwise gpocified
condition £lzgo ore not affcoted by eny instructlons in thio group.
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PUSH rp (push register patr) ono byto
FUSH PCI (Puoh procescor stotus vord) ouc byte
POP £p (rop rogister palr) One byte
pPOP PCI (Fop proceocor status word) One byte
XTHL éﬁr)mhange ptack top with H and One byto
SPHL (t'ove HL o sP) one byto
I port (input) o byto
OUT pozt {outpue) Tvo Hyto
BX (Enoble intemrupto) One byto
D {Dicable intorrupto) Ono byto
HLT (Haag) one byte
1op (1o operation) one byto

848 SOFT VARE

Conoidaring the potentiol of toble top microprocossos
traingr oyoton cvalloble for the purpose of dovelopment of coftuese
for NMoptive Rocition Controllor, some changos have been mpdo 4n
i original olgorithm proocnted in ecction 4.2, Theod chonged
hove b2on loted bolow -

(1) Thios hao boen prommad that the fodlure of o
porticulor move is not due W any grurious recult
couoed by nodcoce oF a disturbonce cnd heace no
provicion has boen nedo to cheeh tho o0l of
coudoltion ( L.c. looming cpocd) cad moics
£ojectlon,



(2)

(4)

673

The linko have not been provided for each un-
noim position in the toble with its ncarest
Imovm nodghbor . Instead the ncarest lknown nelghe
bor will bo scarched ag &nd when it is required,
Thisy howevery will give rice to time required
for a partlcular move, in the initial stege of
lecarning ( honce not time optimol) ut St will
vork soticfoptorily once the controller hos
georted lepmning. lorcovor, 3 the opoed of
nicrocorputer system is quite high, there will
not »e any problem cyen in the inltial stege of
loarning. Thio vay ve shall be ovoiding tho com-
plotity in the slgozithm,

Insteod of plocing thoe data concoerning tho ectual
move in a £irst in/£irct our quauc after the
complction of & porticklar move and updoting the
table c2ter the compiction of controllor Jpbe

ve will bo updating the Cable immedigtely sfter
the mova is complotede

Hysteriods has not boen provided o avoid cycle
in and out of PID conbrol., However this feooturo
con bo included in the coftware if Che features
of the indlvidual parta of the complete Gystoa
ao voll as the process ore knowm.
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The £low chart incorporating these changes has bean

shown in Plg.4.9.

4 od et !% rithnm

(1)

(2)
(3)

£4)

)

)

Read sct value ( of HANT) from keyboord end current
position ( or A1) £rom dnput port 003. If therc io oy
error  or if crror io more thon (;m,\) go to point (2) othor«
wise repeot the point (1),

pisconnect PID control { output 000 at port 006)

Dokosmine P ond L £rom UANT and M. Also £4nd out vhother

L is negative. Compute 10 adiress of the reguired owitch
ratic,

Find out 4€ table 16 £43icd. If yos, go to point (6),
otherwice go to point (5) for scorching the nearcot entrye
Move toward lower ond of table by one £rom computed addresg.
3£ tablo £illcd, go % point (6), othorvwise rove tovards
upper end of Lohle by one from computed address. IS table
still not £illcd, ropeat tho poocoss but chifting by o
towards lover orf upper cndse. Co on inercasing this length
of ghift ti1ll £illed position is reoched. In thic procopo
if a particular end 1s reached, do not cearch the £illed
positicn in that dircetion any more. I£ both the ends

hove reachied, it Andicates that the table 46 not hoving

. eny cntry. S Anterrupt Cho programede

Rocd the m:l.’t:gm*a%p sMieindy 46 Agwith L. Add ¢hio
( or mbtroct/L 45 -ve ) to M. Thio 40 cwitcihpoint.



(7) I8 «ve move, go o point {(12); othervise to point (8),
(8) output 191 ot ports 004. Reod currcnt pooition from pord
003+ Comporae it with the gwiteh point. If both ore not
cqual repeat point (8), othor wos go to point (9).
{9) output 222 at port 004.
(10) Call zero apoed detccuién gubroutine
(19)  output 117 at port 004, Go to point (16). |
(42)  output 222 at port 004. Read current position from input
port 003, Compare it with the mvitch pointe 12 both are
not equal, repeat point (12)y othenrico go to point (15),
(13)  output 111 at port 004
(14) call zexo speed detoction subroutina
(15)  output 222 ot port O04.
(16)  tlait for half of the zero gpeoed duration moagured guring
' BCR0 specd dotection »
(17)  output 000 at port 004,
(i8) Ropd currant valuo £rom input port 003 ond comparc 4t with
| ot value { VAT ). 2€£ move not mmlg go to po:lnt: (21,
othexwice go to poine €190, Gl Lo

Gk

(19)  1£ toble vas not £illeds £311 At with the uscd owiteh _
rotlo.

(20) Conncet PID eontrol ( outpus 577 ot port 006), Go to
point (1),

(29) Dotorminoe P cnd L zocumdng END UP oo UANT. Compute
cadnCine |
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S Ugsed cwitaon ratio X L
(22)  conpute the new cyitch Xotio = =S

(23) Updeate the table by computed é:«ritch roatio
(24) co to point ( 1 ).

40442, Look-Up Table | .
Pig« 410 shovso thoe table condiguration. Positionsare
ascumed to ba O through 7. Pirst thrce LSBS Bye By and B, reprocent
pooition P or the zov. Next threc bits DysBy and B reprecent
length of moyve L or ¢he oolumn. Scventh bit "36‘ reproacaht the
dircecion of move. It 48 1 for position move and O for nogative

VO

Ly address can be computed £ron P and L as follown

By 2‘31 Byg —_ > Present pogition P

Bg By By s . (A) 3£ *vo move mubtract § fxom L
(8) 1£ -vo rove mibtract 1 £rom L
ind compliment
By e 1 fOR ¢ vo mva

-

0 Cor <ve novoe

S SR
Hi eddreos da taken as 005 ( Octal)
Piold of Goble Hi cddvess 005

[ |
:
'g I, oddress 097~ 60



LSB
| 83|Bc|Bs|By | BB, (B, |8,
s v’ . Y A
O SIGN  REPRESEWT REPRESENT
\ OF
MovE L P
L_E N G.TH B ad h h b - A—-’--w-wrw-*u"r»v g
oF
CVE 4 4
[ T~ - —_—d - _ - A
POS\T\O\765432112;
o
1
2
3 |
4
5
é |




>

The owiteh ratios in tho table shall be stored in into-
gero only and their unit shall be QaO‘!. Tho carce hag boen taken
in ¢ho software programes in making use of the switch rotio vhile
corputdng the swritch time,

delded Zoxo Bnead Dotection

The current position will be read £rom input port 005,
Aftor a £inite delays the seme port will again bo read. Go on
repesting this till tixe- two readinge are sane. At thig guncture
the gpeed 1s dotected to bo zoro. v go on ocounting time poriod
till the two rendings are cgain unemual { i.c. gpeed 1o noncero ).
This time-period is the perlod during which the gpeed was come
puted to beo zero, Half of chis tim-period shall be the duration
of thce stopping pulse,

4¢5 INTERCONNFECTION OF VARTOUS BILOCIS

Having diescusped tho coftvare for the dlgptlve pooition
controller and the sderocomputey detallog vo will now ¢ake up how
the microcomputer, having ald tho neceosary software behind it,
will be connected with other cupport facilities in ordsr S0 cons~
tituto o complete controllers

Lot uc cogume thoel the process hap a moving party the |
position of which ip to be contxollod as per the cet valuce There
will ko o position censer ( soc Pigo.d.¥1), whlch will ocnce the
position of the moving part oid will convert 4t into clectricol
aignale Thio oignol will nov bo proccetsed An cicnal procoordra
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n/D convertor will copvert this proccocod taolog signal dnto tho
Gigital ono. T current pooition { digital signal ) will bo pro-
vided at ¢ho inrut port of the microcomputer. Simultancouley the
current position will be dioplayed ot onc of the displcy port of
microcomputor. Sot valuc, '.*.’ea the required position, om bo set
by tho Koyc avadlablo on hey roard. Nov the microcomputer will
£ind cut i€ there 1o any exror in the pocition. The orwor may be
duo W chango in tho oot value or lood value or due to change in
the proccio dynandces. I£ the error 1s more than the predotesnined
valuc Oypy® tho control vild enter mﬁo beng-bang control. A comamd
to control action colector will be given. If one of the output
port ( port 001) 1o 000, the bang-bang contzol will bz colected,
Tho necessary commands, through enother output port ( port 004),
will b2 given beng-bang contyol in order to schicve the sot
valuo.

2 output 45 111 - apply £ull forco in forward direction

If output 10 222 - Mpply £ull force in roverco dircesilon

I outpue is 000 « Apply no foreo

- Por oontrodling the position, thore nsy ho for exampley &
~de motor. By opplying veyp -0 Or Somo wonltoge, wo con achilove
tho above functionss

I the crpor batwocn the get value and the current position
is not ok ally or is leos then 04y, OF 1t hos boen made lcso then
Qpn Wwough bangebang eontrole then the microcomputor 1ill outpult
977 on output port 00%. Thus giving cornmd to control actlion
celector o c»::zs.tchbvax o PID control. In this conditdon the signal
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procescor will £cod the currcnt pnaimn to ¢he PID controlles,

cad e oeth vadue will be £ed by koyboord through lateh and B/A
convertore. Now PZD contzpllor will provide the control o the
procsss, The output of PID controller vill bo dn andlog form end
henee the yolitego 0 the motor will oloo bo in analog formy COTes-
ponding to the moll crror in tho position. In the ctoody~oate
conditlong PID control will provido oo volioge,

currcnt position nd the sot value will continuously bo
mondtorcd by the microcomputer. Whencvor tho OIrdF CFOOGCT Guuae
tho control cgain will be tromafeorred to the bang«bang control.,

4 oﬁ DXSWS@Q:\Y‘

Commtotional offort hins boen kept 0 o ninimum by noking
uc2 of the dota ghorege i conditional oporation capgbilitics
off tho digitod computer, Thio keomo the algorichm simplc nd
freon o proecacor £rom ordensive caleulations. This permits (o
uooe of o micmoonputor unden night heve limited cosputactionad opoode
T oloorithn 0dco hap the obiliCy o tune itoclf ¢o the proccss ol
follow changes in tho process witinut rogquiring dotalled modoling
or tuning intorvcation, |

Boagebong control vas solected booouso of ito timo
optimal performonee and becouce 4t allovo o odnple wupdoting of
the self-tuning toble £rom moacurable dolse e primcry dl0csvcne
Soge 40 that bengebog controd 40 pathor ° unﬁarg’}na * of crroro on
Coloys dn o ouitapoint loectlnnos as motnun foreo 10 Tmllicd

C¥ oo tho ewdtdpoinlto,



Uhile the bany-beng control dmplcmentoed here is tima
optimal on.'!_.y for sceoond ordar oystaus,. It gives reaconable p@f—-
fomaes for higher order Systems which have 8 doninat polr of
polese The algorithn tunes © give zero orror and sovo veloelty
ot the cetpoint. Highor order Oystems will thuo generally poocess
como non pero higher derivatives at the cotpoint. For systoms
with dominant Second order polesy those @drivatives uill be omall
eid the Mnear mode { PID) should be oble to bring them o zoro
without uncua position of velocity error, although the responca -
wAll no longes be timo optdmnle
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CHAPTER « 5 o
' im"\.}_kuufﬂ B

CONCLUSIONG >
9

Computers are shrinking in both size and price. This

N it

is happening as a direct result of advances in very large scale

integration techniques. Bxisting computer architectures shrink.

9 Then new applicationg for computers become possible which were

—

previously unfeasible [ 107].

In industrial control systens, the shrinking computer
has already made it posaible for analog process contrmllers to
be implemented in digital circuits, first by sharing a single
microcomputer's cost to Qight or more contrllerss This has
developed 8o far that it is now practical to include one or
even two dedicated computers per controller. These develop-
ments have led in turn to distribution of thesé microcomputer~
based controllers from the cantral control room i.nto\ the plant'on
control data highways:. Distribution of control is incressing

for many reagons, including aystem relisbility and recuced
wiring costss»

although process control 1n the early yntj started with
centralised main f£rame computers, now with £ub' development of
microelectronics coupled with its cost effectiveness, the
distributed control concept is well established.

Tols means the deployment of more number of 'satellite’
Or remote computers located closa to the pmhccn-tnak- A

central or host computer is connected with these satellite
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iputerss The central mputuf can exscute an optimization
ting using linear programming and other taechniques with

) goal of maximizing profit. The program can usé the data
ained from the satellites to determine the optimum value

» key operating parameters in ucco:danco.with an objective
iction and plant opsrating constraintse

About 50 percent of industrial control loops rejuire
» intervantion of a uman operator in order_ to add an el.dnmt
‘intelligence' to the systems One of the ways in whnich the
arator displays this J.nteucqmce is by edapting his behaviour
changes in the process as he recognises them. He leams from

» process [ 11 ]«

But the advent of cheap computing power in the fomm of
& microprocessor and other aids, has meant that more and
re of the adaptive functions nomally allocated to the human
erator, can now be given to the machine. However, despite
] ava:l.lahtu.ty' of this computing power in theory, the practi-
} implementation of adaptive control systems has been very

nlted for a numker of reasons.
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A;Z,-_..z.ﬁ QE_&&]
adaress Oetal inenoaic Comnentio
Point Codo
i o
1 2 3 (1 5 6
01 o0k 000 obs VIOYIH
oo 001 D05 00%
lLoop 1 OO% oc2 315 CALL ¢
' ook 003 315 348 : Reaé Zoyboard ( set valuo)
ool o0k 000 000 |
00k 00§ o2 3TA
(3108 006 016 616 Sot valuo stcrod dn
605-016 .
oot 007 005 005
82 ook 010 107 HOV B,A
oot o 315 CALL
ool 012 232 see ! Lwead curment positlon o
Gloplcy im 003
ook 013 005 e |
ook o1k 1197 MOV C,a
o0k 019 220 SR
Dot 016 312 A
ook QL7 002 Loop 1
ock: 020 ok o0% |
ool 021 315 CALL ¢ AdGRO0 ;’ - in ©
. ,_ _ f coapuzation L - 3n D
coY 022 200 Addrags 18000 =70 DOVO
och 023 0%y Conpataticn Jis 900~ #vo novo



Anaexure-1{Contd.)
2 3 b 5 6

ook 024 315 CALL

ook 025 325 325

ook 026 005 009

ool 027 000 0P

oCh 030 036 OVIE If B mcaning 000 Tablo is
filled for roqd. nove and

0oL 031 000 000 noed not bo updated is cago
of succonsiul ova.

ook 032 176 HOV 4,16

ockh 033 247 ALAA

004 03l 32 JIZ

004 035 130 57 Junp if toble f£illcq for

‘ - roql.s 0oV

o0k 036 ool och

0oL 037 036 1OVIE & 4s 111~ noarest entry to
bo sooseizd

ook 0%0 111 111

oot 041 325 PGSH D

ock oh2 305 FUsH D

ook 0h3 026 IXI1 D | loyor and uppor cnds of

ock oM 017 017 ¢ fable

oc: 04 960 160 1

oot oG o3k IRB

ook oh7 000 1OVIB

cols 050 00l 001



Annexure-1 (Contd.)

723

1 2 3 I 9 6
ook 051 175 HOV A,L
Loop2 00k 052 220 GUB B
ook 053 157 HOV L,A
00 o54h 272 CilP D Check 1f lower end of
teblo hos resched
4133 055 016 MOV IC If C rovains 000~ lover
' ; ond Iog reached
ook 056 000 0G0
ook 057 372 Ji
ock% 060 072 g3 Junp if lowar end hasg
) roached
o0k 061 o04 o0k
G0k ot 000 BOP
ook 063 016 MOVIC
ok o6 111 114 If C 1s 111 - lower end
has not reached
00k 065 176 MOV AM
004 066 247 ATA A
ook 067 302 JNZ
o0 070 26 56 Jump if table warch 13
over
oo 071 ooh ook
3 oo% 072 175 MOV A,L
ook 073 200 ADD B
ook o7h 200 ADD B
ool 079 157 MOV L,A



8%

srure~1{Contds )

9 2 3 b 5 6
och 076 273 CHPE cgack ic ugpor end of tablo
6 Tecchot
Co% 077 372 Jti
ool 100 111 &4 Jump A1£ wypor ond has not
renched
(#le:1 101 ook ook
00k 102 179 1OV A,C
Qo 103 2Ly AllA A
ook 104 302 )8
0% 105 "y 85 Juzp 1f lover ond hag nov
o0 106 00k 00%  roncheq L TPOF end hao
oC 107 373 or
ooL 110 166 HLT HLT 4f table is complotely
blanls
s 0oL 11 176 HOVA, 1
ook 112 ay7 ATIA A
ocl: 143 000 Lop
oc: ik 302 Ji%Z
ock 115 126 86 Junp Af" tablc search ip over
oCk 116 ook ook
55 ock: 117 175 HOV A,L
ook 120 220 SU3 B
ock: 121 959 HOV LyA
ool 122 cob IR B
ook $23 303 JilP



Annoxurc=1 (Contd. )
1 2 3 1 9 6
004 124 052 locp 2
ook 125 O o0k
86 ook 126 301 FOP B
ool 127 321 FOP D
a7 o0 136 062 STA
ook 131 014 (43 11 Switehing vatio stopred in
00501k
ool 132 ong 005
o0k 133 325 pusg p
o0% 134 046 movig !
ool 135 000 000 '
00k 136 120 uovo,s !
o0k 137 137 HOVE, A :
00k 0 257 ¥A L 1 sviten ratio XL
00% m;. 203 ADDE 'Result 4n H and L
00k 263 376 M " Integors An H
!
o0k 143 W Al ! and Doeeimal figures in L
o0k thls 372 JM '
ook W5 155 s8 '
00 - 146 ook ook ' °
0ok 1P o4k DEE o
0oL 150 326 8UL '
ool 151 14, [N '
ook 152 303 JMP !



&7

Annozuv-7{Goutia)

1 2 3 b 5 6
ook 153 142 loop &b ¢
oo  15% 004 00k !

88 osh 155 025 DCRD :
ook 156 302 JNz ,

Suwitch pation ¥I

0% 157 141 Loop 3
ook 160 00k 00 .
ook 161 157 WOV LA |
ook 162 323 FOP D :
ook 163 ok2 GHLD
00k 164 164 161
ool 165 005 05
ook 166 172 110V AyD
ook 167 247 ANA A
00k 170 312 Jz
o0k 171 236 &9 Junp if -vo move
ook 172 0h 00k
ook 173 171 MOV 4,C
onh 17% 204 ADD B
0% 175 %7 MOV H,A
00k 176 076 MOV IA
ool 177 111 111
ook 200 323 ouT
00k 201 ook o0k



40

snnozure-1{(Contas )

Y| 2 3 h 5 6
Loops  OCh 202 315 CALL !
och: 203 232 ase | 1 003
ock: 204 co5 ey
co4 205 274 CiiPH
ook 206 372 JM
ook 207 202 ioops
00k 210 ock 00k
Loopb 004 217 315 CALL
0ok 212 060 060
00% 213 006 006
00k 214 275 CMPL
oot - 215 372 M
ook 216 21 ioopb
o0k 217 o0 il
0% 220 076 Huvia
OOk 221 222 222
004 222 323 ouT
0% 223 ook o0k
oo  22% 319 CALL

00k 20% 267 Zero speed Zoro gpeed detection

ocH 226 005 Detoction

- e W W e



anoxiresi (Contte )

il

1 2 3 b 5
ool n2? o6 MOVIA
oC* 230 1M1 M
oC'- 231 323 OuT -
00k 232 o004 00k
o0 233 303 HP
OOk 234 31, 811
ook 239 00k o0k

59 ok 286 175 HOV A,L
ook 237 247 LNAR
ook 240 312 J2
ook 2 250 S0
ook 2h2 (I o0k
o0k 243 076 HOVIA
o0 24k % ik
ook 245 225 sUBT
OCH 2u6 157 HOVL, &
ook 247 ouh Iy

810 Ve 250 174 MOV A,C

Che 251 22k 5UB B

ool 252 %7 MOV HyA
ook 253 076 MOVIA
ook 25% 222 222
ook 299 323 OuT



Annexure-1(Contd. )
1 2 3 L 5 6
ook 256  OOW 004
oo 257 000 NOP
oo% 269 Oble IRH
Loop?  OO% 261 315 CALL *
oo 262 232 e ! In 003
ook 263 007 eer |
00k 264 27% CiiPH
ook 265 362 Jp
oo 266 261 ioop 7
o0k 267 Ok ooh
ook 270 06k IRL
Loopfs OO 271 315 CALL |
00k 272 060 060 In 009
09 273 006 066 1
00% 27N 275 CHPL
o0 275 362 P
ook 276 271 Loop 8
00k 277 004 oo
00k 300 076 HOVIA
0oL 301 111 111
ook 302 323 oUT
ok 303 o0% ook
00k 304 315 CALL Zero specd detection



q%

Annsxure-1{Contd. )
1 2 3 4 5 6
ool 305 267 Zero gpeed
oo?-u 306 005 Deteeubn Zoro gpocd dstection
0oh 307 000 NOP
ook 310 076 NOVIA
oo%  amM 222 202
00k 312 323 oUT
004 313 ook ook
519 oo 3% O IIRL
loopg 00% 315 319 CALL
ook 316 277 T} mpe dolay
oo 319 000 Dolay !
ook 320 055 DCRL
ook 321 302 INZ
0ok 3z2 315 loop 9
o4 323 00k o0
0ol 324 076 AOVIA
0ok 325 000 009
00% 326 323 ouz
00% 327 0o 0ok
ook 330 072 oA
00k 331 016 016 load set value

Q0% 332 099 005



Y

Amnexure-1{Contd, )
2 3 % 5 6

ook% 333 w7 MOV H,A

ook 334 315 CALL '

ook 335 232 cen * In 003

OOk 336 005 ces :

o6k 337 274 CPME
ook 340 000 HOP
ool 34 302 Jnz |
oo  3h2 366 s12 gg?p if move not succes
coLW 343 004 ook
o0k 34k 173 MOV A, B
ook 345 247 ARAL
004 346 312 JZ

ool 347 163 817 If zero table not to be

updated s jump to initdad
point -

0% 350 005 00%
GO 351 072 LDA

OOk 382 015 015 1oad address of regd.

entry

ook 353 005 005

004 35% 157 MOV L,A

00k 559 ou6 MOV, 1,H

o0% 356 005 005

coh 357 072 LDA

00l 360 o1k o1 Load switch ratio

ook 369 005 005

ook 362 167 MOV, M,A



19"

Annexure~1{Contd. )
1 2 3 h 5 6
00k 363 303 JMP
00k 364 163 519
ook 365 005 005
gi2 OOk 366 107 MOV B,A
oo 367 o6 MOV IH
00k 370 005 005
00 37 000 NOP
Cok 372 171 MOV, 4yC
O0% 373 220 8UBB
ook 374 2 9z
00k 375 006 513
00k 376 005 005
OOk 377 315 CALL ¢
, | | ! Address computae
o0l 000 200 Address . tion
005 | Q01 005 ' Oomputabim:
o5 oz 35 own | St st
005 003 000 000 :
005 00k 006 006 '
005 605 167 MOV M A
81 3 005 006 072 LDA
005 007 016 016
005 010 005 005

. 005 011 303 Jup



96

Annexure-1{Contde )

2 3 N 5 6
009 012 010 82
005 013, (570 oo
17 005 163 076 MOVIA
0oy 164 377 377
005 165 323 oUT
005 166 002 004
c05 167 303 JMP
005 170 000 000
005 171 004 ook
005 329 062 STA
005 326 015 015
005 327 005 005
003 330 257 XRAA
005 331 323 ouT
Q05 232 o 001
005 333 31 RET
Address Computation
Subroutine
005 200 372 M
005 201 213 S1h
005 202 005 005
005 203 107 MOV B,A
005 20% 026 MOVID
09 209 000 000



17

Annazure«~1 (Contds )
1 2 3 4 5 6
005 206 075 DCHA
005 207 057 CMA
005 210 303 P
005 2) 1 221 $19
005 2) 2 005 005
sth 005 2 3 026 MOVID
005 AR A 100 100
- 005 21§ 170 MOV A,B
005 216 221 SUBC
005 217 107 MOV B,A
005 220 075 DCRA
815 005 221 007 RIC
005 222 007 RIC
o5 223 007 RIC
005 224 346 AMI
- 009 225 070 070
005 226 262 (RAD
00% 227 261 ORAC
005 230 157 MOVL,A
005 231 311 RET
005 232 000 NOP I¥ 003 Subroutine
005 253 305 PUSH B
025 23% 365 PUSH PSW



a8

Annexura~1{Contd.)

1 2 3 b 5 6
005 235 333 IN
005 236 003 003
005 237 107 MOV B,A
005 e 315 CALL
005 241 235 Tize Tine Dolay
005 242 005 Dalay |}
005 243 333 m
005 2hl 003 003
ooy 2hg 270 CMEB
005 246 312 Jz
005 247 262 516
005 250 00y 005
005 231 016 MOVIC
mg 252 082 062

Loopi0 W5 253 314 CaLL
005 25k 277 Time
0035 259 000 Delay
005 256 01y DCRC
00y 257 302 JTZ
005 260 253 Losp 10
00% 261 Qo5 005



?"7

Annexure.t (Contd, )
1 2 3 b 5 6
316 005 262 361 POP P8y
005 263 170 MOV 4,B
005 26% 301 POP Be
005 265 314 RET,
00% 266 000 NOP
005 267 983, IN Zero speed Detection
S Subroutine
005 270 005 003
Loop1t 005 an %7 MOV H,A
005 272 kil CALL
005 273 277 Time
005 2" 000 ° Delay
005 275 333 Iy
005 276 005 203
005 277 2% b P
005 300 302 IR
005 301 274 Loop 11
005 302 €% 005
005 303 056 MOVIL
005 304 000 000
Loopl2 005 305 5% INRL
005 306 315 CALL
005 307 277 Time

005 310 o0 Delay



Annoxure-1(Contidas )

2 3 % 5
005 3N 333 IN
00§ 312 003 003
005 213 274 CHPH
005 3 312 3z
005 315 305 Loopt2
005 316 005 005
005 317 297 XRAA

. 08 320 204 ADDL
005 329 037 KAR
0cs 322 3t RET
005 335 323 ouT
005 136 000 000
Co% 337 315 - CALL
Co% 340 277 Timo
005 341 000 Doley
005 3h2 311 RET



Annexure«1 (Contde )
1 2 3 b 5

006 000 kL% PUSH H
006 001 325 PUSH D
006 002 052 LHLD
006 003 161 161
006 acs 005 005
006 099 174 MOVA,H
026 006 247 ANA A
006 007 175 HOVA, L
006 010 026 MOVID
co6 011 cO0 000
006 012 152 KOV L,D
006 013 312 Jz
006 o1l 030 519
006 013 006 006

Loopi3 €06 016 306 ADI
006 017 iy Tely
006 020 322 JKC
006 021 024 518
006 022 006 006
006 023 024 IMmMD
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Amnexure«1{Contd, )
1 2 3 b 5
518 006 o024 4§ DCRE
006 025 302 JNZ
006 026 016 Loopt3
006 027 606 006
519 006 030 137 MOVE, A
Loopth 006 03t 173 MOV A,E
006 032 220 SUB B
006 033 137 MOVE,A
006 L EL 302 IN
006 035 046 820
006 036 006 006
006 037 172 MOY A,D
006 0hO 326 sUI
006 Ot 001 001
006 oh2 372 M
006 oh3 052 s21
006 Oty 006 006
006 oL 127 MOVD,A
§20 066 46 A INRL
006 047 303 JHP
066 050 031 Loopik
086 051 006 006



Annexure«1 (Centd, )

/6>

1 2 3 L 5 é
set 006 052 175 'MOVA, L
006 053 321 POFD
006 o 3w POPE
006 055  3M RET
006 060 305 SEB  IN 005 Sudbroutine
006 061 365 PUSH Pow
006 062 333 ™
‘006 063 00 005
006 06% 107 MOV B,A
006 065 315 CALL
006 066 277 Time
006 067 000 Deley
006 670 333 N
006 074 005 005
006 072 . 270 CMPB
006 073 32 3z
006 o7 262 822
006 07% 006 006
006 o076 016 MOVIC
006 o7s . Uea 062
Loopt5 006 100 315  CALL
006 101 277 Time
006 102 000 Delay



(Y

mmfe-a {Contd.)
1 2 3 N 5 6
006 103 015 DCRC
006 104 302 JNZ
006 105 100 Loop 1§
006 106 006 006
g2 006 167 361 POP TSW
006 110 170 MOV 4, B
006 "1 301 FOP B
006 112 311 RER
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