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ABSTRACT

Control system is an area which has got a great deal
of mathematical complexity, and the physical significance is
difficult to analyse. This has led to a wide gap inthe
understanding of the subject. - To bridge up the gap in our
understanding an attempt has been made to come up with -—
computer aided learning package of controls and process
control under the ﬁeading_of personal computer based process

control simulator software.

The wide spectrum of control studies has been touched
in this dissertation with the aid of(féégzﬁggéjpackage, many -—
new algorithms and existing subroutines. The area which has
been touched in this dissertation is system identification,
transfer function simulation, block diagram reductions using
state space and FFT applicatiom program. A study package
provided to us by Danes incorporate - U.S.A. for process

control has also been interfaced.

Since each modules has some pitfall and limitations.
Hence approach has also been presented in which direct
development of new subroutine, subprograms ég possible by 7
invoking respective compilers and editor from the menu it-
self. This had made possible for this software to grow with

a great deal of flexibility in near future.
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INTRODUCTION

Control systems is an area, which has traditionally
been associated with a maze of mathematical complexity, where
the physical significance.has not been so forthcoming. This
has led to a wide gap in our understanding of the subject and
limited our creativity. 1In this dissertation the concept of
a software learning package has been proposed, which
incorporates powerful visual aids; this aids learning, and at
the same time makes the mathematical computations and steps

transparent to the the user.

The process control simulator (PCS) analyses the
syétem by studying its input-output behaviour, and as a
result outputs _the _identify - of  the system (SYSTEM
IDENTIFICATION). Currently, this module limits itself to the
identification of single-input, single output (SISO) systems.
Subsequent to this analyses, the system thus identified can
be verified for its I'-0' behaviour by feeding arbitrary

input to this system.

In control system, block diagrams are an effective
graphical representation of the systems is terms of their
transfer-function (TF). Conventional system reduction
techniques involve the use of Mason's gain formula, whose
limitation stems from the fact, that at any arbitrary point
in the block diagram, it is too tedious and difficult to get

overall transfer function of the system specifically when



hidden forward paths and loops are involved.

The PCS overcomes this problem by computing the state-
space matrix at any point, for a given input and thus being
able to compute the TF of the system ét any point where
outputlis desired quickly and effectively. Furthermore, the
PC also incorporates the flexibility to specify any point in
the block diagram where input can be applied. This module
(STATE SPACE ANALYSIS) is currently limited to SISO systems

and does not offer any graphical aids.

Furthermore, the package offers a host of activities
associated with transfer-function viz., simulating the outpuf
for a specified transfer function and input, both continuous
and discrete, obtaining the inverse Lapléc}gp of the given
fﬁnction and translation of T.F. to state-space. This is
supported by the TRANSFER—FUNCTION SIMULATION module which

also offers good graphical support.

This package also includes a PROCESS SIMULATION
module, which is a ready to use package manufactured by Daneé?
incorporates and has been added to enhance the versatility of
the software. It basically allows the user to study the

various kinds of controllers like PID, PI, etc. —

The PCS is only an innovative concept, and therefore
by no means complete. There are plenty of directions in
which the package can be made to grow e.g. extending the

system analysis from SISO to MIMO. Keeping this in mind,



this software has been interfaced with a standard
mathematical package MATLAB: which allows user's to think in
terms of matrices, naturally, and thus improve upon the

existing package.

This PCS also make use of one of the key area of
thrust in system studies that is Fast Fourier Transforms and
it is used in evaluating autocorrelation)cross correlatione—

" and convolution function. It is also used in graphical study

module of sampling and reconstruction of signal.

This dissertation report is categorised as follows.
Qpé/thapter one deals with the system identification which =

includes two methods for system identification'. Thé Chapter

two deal with transfer function simulation, which contains
transfer function to state space conversion, output
simulation for -~any input and inverse laplacian. Chapter

three present a new ‘approach for block diagram reduction
based on state space approach. Chapter four deals with the
fast fourier transform applications to reconstruction of
signal, finding auto-correlation and <c¢ross-correlation
functions. Chapter five include various modules which is
very common but has been given a menu driven approach. They
are matrix operation and least square approximation. Matrix
operation has been given a menudriven approach which includes
determinant, inverse, eigen value, eigen vector and gauss

elimination programs. Similarly least square approximation



also includes five methods of ‘getting a formulae of the
interpolating curve. - Chapter six gives a very Dbrief
‘description about the ready packages like process control
package developed by Danes incorporate and Matlab of Maths
work incorporates. Chapter seven gives the software
structure and its strategic details. Then after conclusion
about the work and subsequent to it is appendices which
includes résults and detailed-squrce code program which is

written in PASCAL.

00000
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SYSTEM IDENTIFICATION

1.1 INTRODUCTION:

The problem of system identification has attracted
considerable attention because of a large number of
applications in diverée field 1like chemical processes,
biomedical systems, socioeconamic systems, transportation,
ecology, camunication, electric power system, hydrology
aeronautics, etc. The model consist basically of mathematical
equations which can be used for understanding the behaviour of
the system, and where ever predictioh and control is involved.
Based upon the output (measurable effect) and input
(measurable cause) to system (black box), system's equation
could be determined. In syétem identification, we -are
concerned with the system models from record of system

operation. The problem can be represented diagrammatically as

shown in Fig. 1.1.

“alt)

SYSTEM

u(t)—————f ——————— 2z (t) n(t)
(UNKNOWN)

y(t)

Fig.l

where,
u(t) is known inputvector of dimension :n

z(t) 1is outputvector of dimension P
w(t) 1is the input disturbance vector
n(t) 1is the observation noise vector

y(t) is the measured output vector of dimension p.



Thus, the problem of syétem identification is the
determination of the system model from record of u(t) and
y(t). And as far as control system is concerned, many
control system design algorithms and filtering algofithms
in the Lﬁ%okg assume knowledge of the parameters of the
Signalvprocess model. But in practice a-priori-knowledge
of those parameters alongwith the order of the system is
‘ rarely available and that is why there is a 'need_ to

identify the model of the system. Completely _ by

experimentation/simulation.

1.2 REVIEW:

The problems associated with the system identifica-

tion are:

a) Determination of the order of the linear model.

b) Selection of a suitable criterion for
determining the "accuracy" of thewmodel.

c) Designing on input-signal which will maximize
" the accuracy of the estimates of the parameters
of the model.

Many authors had worked on the identification, a
brief outline of their work has been presented. For
stationary stochastic time - series an autoregressive
moving average (ARMA) model is frequently used,since it is.
the minimum parameter linear model of such time series.
The book of N.K.Sinhé and B.Kuszta [l] is probably the

most complete book on the identification of stationary and



ngnstationary systems. Durbin [2] has treated the
identifying the auto- reyressive (AR) parameter of an ARMA
model given the moving average (MA) parameter (and vice
versa). Lee and Gersch [3] also achieved the results for the
problem of estimating AR parameter of a mixed ARMA model of
given order assuming a knowledge of MA parameters. The major
draw back with all the above existing methods was that, the
order of the system comes by the assumptions which in general
doés not give the oétimal order of the system. Mehra [4] has
presented a method for identifying the state variable model
of the gaussian process which can be executed in recurssive
manner. His method is computationally convinient for
estimating AR paraﬁeter of an ARMA model but is complex when
dealing with MA parameters. Further Graupse, Krause and
Moore gave a method of identifying ARMA parameter out of AR
model [5], which infact was the only method to give both
order of the systém and estimated parameters but in this
method model under consideration was not of the type of used

by earlier investigators.

1.3 METHOD PRESENTED:

Here in this dissertation two sub models for
identification are presented so that the program can be used

as tool box for the future generation.



1.3.1 Method-1 [6]
LEAST SQUARE APPROXIMATION METHOD:

In this method the order of the system is assumed to

be known a prioﬂ&. <
S-S

Consider a single input - single output model in

discrete time, transfer function H(Z) (to be identified) of

order n defined by equation (S1-1).

-1 -2 -n
aO + alz + azz + .... + a_z
H(Z) =
1+5b z_l + b 2—2 + + bnz 1
1 2
.. (8I-1)
where
H(Z) = y(z)
u(z)
and y(z)= discrete output response of the system.
and u(z)= discrete input te the system.
The eq.(SI-1) can be written as
+aou(K) + alu(K—l).. + anu(K-n) + e(K)
.. (S1-2)

Here e(K) is a random variable which takes into account the

uncertainty or noise in the model. We assume that [e(K)] is



a sequence of independent zero mean random variables having

the same distribution.

Equation (SI+2) can be written in a matrix forms

y(K+2)

where N

Noe eq

or

s

E(K+l)

!

o8
£
7

—

or %=

N

(:;(K) R

Il

Eomemrny

-y (K+N-1) LA (K+N)

H @ + e

is number of samples taken.

<>
I

o O> > <>
Il

(SI-3) can

T ~
H ?N

(HTH)

HB + e

Hence

—

K-n+1) u(K+1)... u(K-p+1)

N > >n

Sl
b2 e (K+.
* b + |.
a .
o
a1
a e (K+N
n
PR a
(SI-

output response vector of N elements.

error vector of N elements
2n+1l

parameter vector

elements.

Nonsquare matrix of 2n+l x N elements.

be written as

N

= (#%H) 8

_l A

A
H YN = ©

[ because of its zero mean property.

_bﬂx}Note that in the above process the error vector e vanishi
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Hence © = (H-H) T gT Yy .. (SI-¢

Equation (SI-4) can easily be implemented on microcomputer t

obtain a; and b, . Its flow chart is as given in Fig. 1.2.
jr Comment
Read N, n, Read n = order of system to beformed
L
u(K and y(éﬁg o N = nos. of samples

u(K*),y(K?) = discrete input & output

| condition N >> n.

‘From H matrix 1%1“
<§£é§) H matrix based on eq.(SI-3)

and Y

N

[ . T
Transpose H matrix Transpose H matrix - H
HT
T T

Multiply H —> HH

and matrix

T

Multiply HY — H oY
and YN
Inverse H'H | — (utm)~t

y

S A —
Multiply (HTH)* HTyN, —> 6 = (HTH) 1 BT YN
To get 6 ‘
SP

Fig. 1.2
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: sl
The draw back with this method is that order is not optinal But

this method can be extended with [7] to give order of the system.

The resulting programme written in PASCAL is given in Appendix 3.

1.3.2 Method-2

This is a method developed and tested by the author. In
this method IIR model on ARMA model is basically derived from FIR

model or MA model. -Starting from equation (sI-1).

Let the system wunder consideration be of the form- shown in

Fig.l.3.

w(t)
x(t G(2) 2 |—mourn o y(t)

Fig.1l.3

Now discretizing the input and the output

, —
: r—— = )

x(2) = |x(nT) . => x(t)  forn =0, 1, 2, ....

y(zZ) = ynT) => y(t)

.. (8I-5)

For sampled function X*(t) the auto correlation sequence under

the erodicty assumption is defined as [8].
' K
.';‘: l . _l . . — l
= =1 — > X(iT) X(iT+nT) = = (T
q)XX(HT) T K.J.__I)noo 2K+1 J_%—K T ¢)XX ) IT= nT

.. (SI-6)
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Where T 1is the sampling time period.

Similarly cross correlation sequence between x (t) and),*(t)
' is
¢. (nv) = L 1im L S x(iT). y(iTenT) = L ¢ (O]
<y T i REL :E:d .Y T TXY _
1=-K =
.. (81-7)

The fourier transform pair ¢&X(T7 and ¢XY(T) represents
statistical pairs of the sampled process. The pulse spectral

density of the sampled function is

Aéxx(z) = Z ¢>*XX(nT),z"n .. (sI-8)
£ :

- Inverse Z-transform of §XX(Z) is

d);x(nT) = 2—71(—3. ﬁ_ §Xx(z) AR .. (s1-9)

where the contour of integration [‘ is the unit circle
|z| = 1. # for finite number of samples at regular

sampling intervals,

TS~ T) AN

n
. (z) = E . x(i), x(i+n).z71 .. (SI-10)
XX
§ (z) = En x(1i). y(i+n) z"1 (s1-11)
Xy . : 2 .. 4
&=0 '

and we also know:: [8] that

§xy(z) = G(Z).§xx(-z) .. (SI-12)

nT
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Hence,
(z) [K , Ky, Koyewuno , K ]
G(z) = %Y— = o 1@ 2 n .. (s1-13)
Xx(z) [Lo,Ll, Lyreeeen. , Lm]

to get FIR:model with a finite precision [9]

G(Z) = deconyolute (§Xy(2); §xx(z))
or
i [KO/LO, Kl/Lo,...., Km/LO] . [K'O K'l K'2""'K'm]
(1, 1,/L_, Ly/LgeeessL /L] [1, ¢, Loyreees L' 1]
(S1-14)

on convolving above eq. we get
m
G, = K . El. L'pK' s .. (8I-15)
1=

Where m varies from 0 tof m.

So MA or FIR ﬁodel of G(z) is

_ -1 -2 ~-m a
G(2Z2) —'Go + GlZ + GZZ + . . .+ lez .. (s1-16)

Now our aim is to evaluate a ARMA or IIR model out of this

FIR model. From eq.(SI-1) and (SI.l7).

Or ,

H(z) = — = G(Z) o
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Or
a +az—l+.. +az®
1 n -1 -2
=G + G.,Z + G,Z "+.... m term
-1 -n O 1 2
1 + blz + + b z
.. (81-18)
where m >> n
or
-1 -n,. _ -1 -n,., -1
(a +alz +...ta.z ) = (l+blz +...+bnz ) (G0+GIZ
-2 -m
+ G2.Z +... + sz )
=> (a_ +a 271 . +a z M) =G + (G.+b.G )z_l + (G,+G. b, +b ;G )z'2
o I n o) 1 7171 2 I"1 7270
‘1’1
+ (6, + > D B
i=1
n -Nn
+ (G + zl‘ b,.G _.) Z
l:

(s1-19)

equating the coefficients of 1like power of Z from both

sides we get (n+l) term

Q
Il

@
’_l

+

lo
-

o
(¢}

. ‘ .. (8I1-19)

=
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Its matrix form will be

—_ — - . —
[ 1 F‘G
o o)
al bl 1 Gl
a, b2 bl 1 G2
— *
an bn bn—l bn—z R Gn
L 1 _ ]

(51-21)

Hence it is very easy to calculate the numerator term
provided denominator term is known. In the L.H.S. of
equation (SI-19) the term greater than 72 ° do not exist.

Hence from R.H.S. of same equation

. |
- .. (81-22)
or ;%: Pi Cp-i+l Cn+1

r Sy — —— — —
Gy G, G, G, b G+l
G2 % bn—l _Gh+2

. : = : .. (SI1-23)
G, . R T by - Gy
o B s N
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or in metrix notation, equn. (SI-23) can be written as

-~

=> Ab = G ' <+ (SI-24)

N.K. SINHA & B. KUSZTA [1] has shown that rank of matrix A in
equn. (SI-24) should be of full order and this full order
becomes the order of the system and“this matrix A is called
Hankel Matrix [7]. Hence in other words (n+l) order of
matrix A shauld'result in |A| = 0 and hence n becomes the
order of system. But some time matrix [A] does not converges

to zero. So the method given in [ 1 ] is followed:

Let
P n — po——n+l —— !
Tﬁ Gyev o G | G, Gye v v -G T
Ap=n . i . and Ay =

At each stage one can evaluate the element D(i) of the array.

lAiI
‘D (n) =
|25 +1]
for i = 2,3,...,n vwhen ]Ai| is the determinent value of matrix
Aji
The value of i for which ©D(i) is the largest gives
the order of the system. Once order is decided using gauss

elimination method to equation (SI.23) bi can be evaluator
and after this using equation (SI.29) a; can be evaluated

and hence the system is identified in all respects.
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The flow chart of this new method is shown in Fig. 1.4.

ST
ARBITRARY INPUT ENTRY
POINT
\
Read discrete time, Read -:KT, X(KT), 'Y(KT),
X(t) and y(t) and arrange. in a-
array form.
Y
-* . .
Find ¢xx (T) and Find auto and cross
* T correlation function
byy (O
Deconvolve deconvoluting ¢~ (T)
4)* (T) with ¢* (T) with ¢* (7) xy
as given in eq.SI.13
[
array form
Y eq. SI.l4.
a
ST Start + If input X(t) is a unit
b step function then we

can start it from this
point.

to XX
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The resulting programme in PASCAL is. also listed in
Appendix-2. This is also menu driven. The flow chart for
this programme has two entry points, viz.(6) when the system
input is a unit step functipn (b) when the input is any

arbitrary for whose samples are known.

FrROM xx

Store G, obtained from a
or

store Y4 obtained from b

in a array form

n = n+l ' Lan
R

Form A matrix

Starting with order

n==2>....

Calculate the value of
determinant of matrix A

YES

Then n = n-1 becomes the
order of system and
form A matrix n dim.

Calculate denominator
Coefficients b, using
causes elimination

Calculate numerator coefficients
using eqg. SI-18

l SP FIG.1.4
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1.4 CONCLUSION

In this module an attempt has been made to make a tool

box for system 1Identification. Two methods have béén

presented. The first belng a known least square method and

——

and the other developed by the author. The second method

o e - e

namely developed by author gives the optlual value for the .

. order of systenl as well as the numerator and denomlnator

coefficients o{htnewggmg.godel (I.I.R.). Whereas the first

method assumes the order of the system. However the method

developed by the author takes quite along time for arriving
at the solution while first method is fast. Many problems as
given in N.R.Sinha and B. Kuszta [l] have been tested u51ng

the identification software developed and gives identical

result. Appendix-6 gives the result for the few of the
2 tae  tew of

problems.
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TRANSFER FUNCTION SIMULATION

2.1 INTRODUCTION

The main purpose of this to perform the host of
activities associated with transfer function viz., transfer
function to state space conversion, inverse 1laplace,
output simulation. of continuous transfer function and

discrete transfer functions.

2.2 TRANSFER FUNCTION TO STATE-SPACE CONVERS

Transfer function to state space program basically
converts transer function into Bush form of state space. Any

transfer function

boS™ - b1s™L 4+ L.l 4 b y(S)
G(S) = = —
. s + alSn_1 F ieeeenn + ap (s)

for SISO system can be represented in a state space form by

equaﬁion [10].

N A
X = A X + B u
y =C Q + Dau
then A = E; 1 0 0 o . . . 0
e s e s e s e o o o o .' is n Xx. n matrix
0 0 ¢+ ¢ ¢ ¢ o« o o o o o1
—an _an_l —an_2 Y . . . . al

20
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. is n x 1 matrix

T e= L (bygagbo), (b i b))« . . (b - ayn) ]

is 1 x n matrix

D = [1x 1] = [bo] .

and hence its signal flow graph's given as shown in Fig.2.1 .

[

Fig.2.1

A, B, C, D matrix can be directly the moment G(s) is known.

The programme, written is given in Appendix-2 and is menu
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driven to implement bush transformation. At the same time
this also serves as building block for state space approach

to Block diagram reductioﬂ and analysis discussed in the next
chapter.

2.3 INVERSE LAPLACE TRANSFORM

2.3.1 Introduction

- The significance of numerical 1laplace inversion is

obvious from the big range of applications. Well known is

Efgg; Laplace transform methods are also used in order to
solve differential and integral equations and to assist when
other numerical methods are applied. Dubner and Abate [11]
used fourier series for the numerical inversion of laplace
transformation. Durbin [12] improved the same method.
Further authors, Simon and Ks Crump [13] used different
acceleration methods in order to speed up the convergence of

the Fourier Series . The biggest disadvantage of the above

mentioned methods i% the dependénce on the discretization,

truncation error on the free parameter. At the same time
method is a bit complex to implement through software. The

iaplace transform of a real function f: R — R with

f(t) = 0 for t < 0 and its inversion formulae

© st

F(S) = L [£(t)] = S ¢St () at. .. (2.1)

. o

1 v¥ ico .

‘ : - s

f(t) = L l[f(s)] = : J : e~ "F(S) ds.
2.KX. 1 . qo

v-i

.. (2.2)
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with Ss=Vv+.i ; , €R

V € R 1is arbitrary, but greater than the real parts of all
the singurlarities of F(S). The integrals in (2.1) and (2.2)

exist for Re(S) > a€R if

(a) f 1is locally integrable

(b) there exist a »to > 0 and K, a € R such that
- |£(t)] < ke®® for all t > t,

(c) for all t € (0, @ ) there is a neighbourhood is

which f is of bounded variation [14].

e!t o -

f(t) = — [Re(F(V+jw))coswt - Im(F(V +jw))sinwt]dw .
2R V-0

.. (2.3)

and on eq. (2.3) fourier transforms are applied in the

existing methods.

2.3.2 Method Implemented

The méﬁhod implemented for laplace transform is quite
different from the conventional computer methods [11], [12],
[13]. The method used in this dissertation is basically
based on the conventional way of inverse lapiace transform
which has been studied in the class room. Only numerical

method techniques are applied to it.
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The method involves the classical way of finding
partial fraction and then applying residue theorem [15]. Let
us assume that a given rational function F(S) be written in
the form [15].

A(s)

B(S)

F(S)

ac + ajs + ass® + .... a,s™ (2.4)

2 n
+ + ceses
bgs byS byS™ + bns

where § 1is a complex ' frequency variable, coefficient a;

and bi are real quantities, and the degree of the numerator
polynomial =~ A(S) is less than degree of the denominator
polynomial B(S) (i.e. m<n). The poles of the function F(S)
[the roots of the polynomial B(S)] can be found using
Newtons - Horners algorithms. The roots obtained either may
be simple roots or complex roots. But first considering that
we have a simple root 1located at the value of complex
frequency variable P; then

i i
lim F(S) _
S —PPi

The coefficient Ki in above equation is reffered to as the

residue of the simple pole at Pi . If Pi is real, K,
will be real. In addition, since poles that are complex
will always occur in conjugate pairs (this assumes that the
bi are real) it may be shown that the residues of such

conjugate pair will also be conjugate [14]. The value of
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the residue Ki may readily be determined directly from the

function F(S).

A(P;)

B'(P;)

where p; is a simple pole of F(S), A(Pi) is the
numerator polynomial of F(S) evaluated at S = Pi and B'(Pi)
is the derivative of the denominator polynomial of F(S)
(taken with respect to S), evaluated at S = p; - The above
relationship can easily be programmed for micro computer. In
this way partial fraction expaﬁsion could be implemented on
micro computer. After getting the partial fraction output,
the next aim is to get its inverse laplace so as to get
result in time domain. For this we proceed as follows. Let
us assume that such a function has J simple real pole Pi
and h pairs of complex conjugate pole located at Pf and

c

PE, where EE is the complex conjugate of P.C . The

function may then be expanded in the form

C
R(S) = > D = D -
i=1 S-P, iy S°Fj i=1 S5~ Fi
.. (2.5)

where Ki and Ki are residues of which KE has a form

k& = a; + jb,, where a; is the real part of the residue
. . . . c r i

and bi is the imaginary part. If we write Pi = Pi + jPi
i

where Pf is the real part of the location of Pi and Pj .
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is the imaginary part then it may be shown that each pair of

complex conjugate poles and the residues associated with them

will have an inverse transform of the form

( 2.6)

2 etfrPiplaj cos (PI.t) - (by Sin (Pi t)]

Thus the complete inverse transform for a function of

the type is given by

: »_J Pjt h Pj-t (1)
f(t) = z Kie + 2 Z e [aicos(Pi.t)
] i=1
- b,sin (P}.(£)) ]
. (.2.7)

And the above equation could easily be programmed on uc. The

complete flow chart of this method is given as follows:

START

Read the input data
defining the numerator/Den.
polynomial

\
Find the roots of denominator (using Newton
‘polynomial (Poles) Horners method
- for finding
root of equation)

Call partial fraction
Expansion to find residues.

{CALL procedure inverse laplace to find
inverse laplace

1Store output in array form and
call plot routine

l

end

Fig. 2.2
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Routine 'partial fraction' :-

Start

Set i =1

|

i+l

Find value of polynomial
of numerator at P;

i
i

'

Differentiate denominator
Polynomial and Store
it in array

Find the value of
differentiated
polynomial at

P.
1

Computer residue

A(R )/B'(P;)

K, = (P, )
i i
J
IS 1 < n

STOP

Fig. 2.3
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Comment

Value of numerator
polynomial at
pole P, A(Pi)

differentiate
denominator poly-
nomial and store it
in array form

find value of
differentiated
polynomial at
Pole Pi— N'(Pi)

Residue =
B' (Pji)

n = number of pole.



- ROUTINE OF INVERSE LAPLACE

START

Set t = 0 compute At

Set 1 =0
Y

Let £ =0
Y

Set J =0

/
Is imaginary part of P; negative

IS pole real or compled

1

28

real compled
Let f=f + contribution Let £ = £ + contribute
from real pole from complex poles

l

J = J+1 % - IS J < n

Scale value of f and
store in a plotting array

Let t =t + t

i=i+l IS i< nt

STOP

Fig.2.4

R4




29

2.3.3 Limitation

The pitfall of this routine is that it cannot find
the laplace inverse of critical cases i.e. it cannot evaluate
inverse laplace of the «cases in which e—ST that is

transportation log terms are involved.

2.4 CONTINUOUS TRANSFER FUNCTION SIMULATIONS

This method simulates the output for a given input
and given T;F..This method is extension of inverse Laplace
transform. The discrete values of inverse laplace transform
method is stored is an array. And the discrete Values of
input signals are .also stored in a second array and the

convolution is performed between these two array [9].

Consider that the discrete value after performining
inverse laplace be represented as S(G) and discrete value of
input signal be S(A), (provided sampling and range of time
remain same for S(G) and S(A)).
then,

S(G) can be represented in a array as

S(G) = [go, 9yr Gpr o oo ] and

H

s(a) [ao, ajs az, N

a(t) | b(t)
' g(t) EEEE——

Fig. 2.5




then for continuous time

-+t
b(t) = 50 a(x) g(t -x) ax

is the known as convolution or Dubmel
discrete time it is

K

b(K) = :Ej an Y9k-n

n=0

so in a array form it is like

S(A)= [ao, Qs s eeenes A

gn,- cee 193192,91190 =S(G)

Oth term

integral.

Ist term

s(a) agr 811 8y7eees @

/

X X
/

n

30

And for

/
S(G)= gn,...g3,g2,gl,go___*. moving, performing addition

N .

1

S(B) (aogl + algo)
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2nd term
S(A) = a 7 a 7 a ] ® e 0 e a
0 1 2 n
S
X X X

. ey
S(G) . [Bpr--vv 95 91 Iof—»

S(B) = a g, * a;g; t a,g - - - -
Hence S(B) array becomes

S(B) = a ¢ag9y + By Ggr sereseesnoae

OgO

Now once S(B) array is formed then it could be plotted against

time array.

2.5 DISCRETE T.F. SIMULATION

Consider any discrete transfer function be represented by a

rational polynomial.

by + b12™1 + byz72+ .... bng™D

H(z) =
a] + alz'l + azz'2 tereeann
oo (227
where
H(zZ) = y(z) / u(z)
y(Z) = discrete output and

discrete input .

u(z)
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then,
y(2) by + b1z™l + byz™2 + . . . bz
u(z) 1+ a;z”l + a?_Z"2 + ... . afz™m®
.. (2.8)
or,
-2 -m
* -
y(Z)* (1 + alZ 4 a, Z +e o o+ amZ )
- u(z) * (b_+ bz L + bz ™)
o 12 7 e n
or,
y(K) = - aly(K—l) - a2(K—2),... —amy(K—m) + bou(K) + blu(K—l)
+eoo bn u (K-n)
or,
m _ n :
y(K) = = E aiy(K—i) + E biu(K—i) .. (LT-10)
i=1 i=0 ‘

Now the above equation can be programmed for simulating its
output.

Hence its flow chart can be derived as follows:

START S COMMENT
Read n,m,ai,bi and u(k) Read n,m,g(i),b. and
and nos. of sample N u(t), N eith form
e board/file.
‘ Y
FROM X % J
Calculatejl
m .
E(K) = - 'Ea a,y(K-i)
i=1l

Contd..
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|

Calculate
n
F(K) = biu (K-1)
‘ i=0
y(K) = E(x) + F(K)

and store it in array

Tes

-}————— TJF K <= N
To xx

NO

1

Then print array of output that is y(K) .

2.6 Conclusion

The'developed program is a menudriven and is given in
Appendix-2. The data can be inputted either through the
keyboard or file. The program for ~inverse laplace and
output simulation is provided with a graphical facilities.
The graphical routines. are also written in PASCAL. With few
of the limitations and pitfalls, the method provides a good

graphical assistance.

Ny
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" BLOCKDIAGRAM REDUCTION



STATE SPACE APPROACH FOR BLOCK DIAGRAM REDUCTION

3.1 INTRODUCTION

Block diagrams are very useful for representing
control systems. To analyse the system block diagram is
reduced as per conventionél techniqﬁe [1] but is restricted
for simple block‘diagrams. An alternate approach is that of
signal flow graphs developed by S.J; Masbn,.which does not
require any reduction process of-a flow graph gain formula
which relates the .input and -output system variable fér
forward path gains and loop gains. But signal flow graph is
not easy to -implement as a whole on a microﬁomputer.
Therefore, matfix approach is adopted to implement the block
diagram on the 'P.C. Hence the state space approach to block
diagram reduction method is adopted here ‘as a solution.
However the method at present is restricted to SISO systems.

[34].

3.2 PROPOSED METHOD

For any SISO system, state model is given by [10].

LN ~
Xx = Ax + Bu
uo(3-l)

X LY
y = €Cx + Du

~

X is nx 1 State Vector, u — u(t), A is n x n system
matrix, B is n x4 input matrix C 1is lxn oﬁtput matrix D
is 1x 1 transmission matrix.which is 'd' in this special case

of SISO syétem.

34
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Its block diagram could be represented as shown in Fig.3.l.

0 ~
v X X
~ B —> /s >> —> C

L A

Fig. 3.1

Equivalently figures such as shown in Fig.3.1 can also be

d

represent simply as shown in Fig.3.2.

Ax + Bu = X%

Cx + du = J

Fig. 3.2

Let A, B, C, d be of bush form type [ 10 ] for a given tansfer
function. Now consider any block diagram which has got n
blocks of single input and single output and may be
interconnected in.any fashion. So it is quite obvious that
input of one block might be output of some other block or
- blocks. Consider that there are n blocks. Fig. 3.3 shows

these n blocks with nomenclature shown there in for each

block.

x>

Fay ) -
Aip1*1,p1 T B1Yy T %
uy——— - v
C +d of Pl.element

A —
1*1 141 T Y
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— &)
A2 3?2 + B2u2 X,
s PR S
CoXp, t dyu, = ¥,

of P2 element

A® + Bu = X
n'n nn n
u, —— ~ - = Yn
CX + du =
n“n nn yn of Pn element

'Fig.3.3

Now when each block is connected to each other in a regular
fashion as given in a problem then it is quite obvious that
the output of many of the blocks may be the input to the

other block/blocks.

This input-output connection relationship «can be

characterised by the matrix egquation:

u = K*y + u .. (3.2)

where K 1is the connection matrix consisting only of 0, -1,

+1 having thesfollowing meanings:

0 = for no direct connection between two blocks
-1 = direction connection with negative gain
1 = Direct connection between two block

with positive gain.

= 1is thus a nxn connection matrix
is an input vector as seen in Fig. 3.3

= 1is the output vector as seen in Fig.3.3

£ X o =
i

= input vector.
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The aim then is to write derivative terms. of above blocks

together so as to formulate a single state space model.

— B a
X1(py) = Bipy) *i(pp) t B1m1 -

~
N
—~
o)
\S]
|

A . A
Az(Py) X2(p2) *+ Byup

. .. (3.3)

— ) A
n(p;) = 2n(p,) Xn,(py) ¥ Bpuy

where Plf P2, ey Pn is nos. of state variables in each

block.

Equation 3.3 can be converted into a matri* equation of the

: ) [T A ' ] .
ril Pl element [Al] A F&l
O ‘ A
X, : ?2 element [A2] <:::> X,
. . | [A3] .
§n P, element . (::i> [An] Qn

3, S
O "
n. .. (3.4)

Equation (3.4) is equal to as given in equation 3.5.
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I
| LS
P
(R+R+AR thy
f— P,
S
' soy)
[\]
[ C— i

xnjf & A, S\(n
B e e 1 el N L |
- (hrtief) ——
f— n i
T — —
. TF [
1
az
A4
5
~ 2 * u .. (3.5)
&
Lo
o —~ 4 b
B
n

Similarly output matrix is given as shown in equation (3.6).
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% (Pl +%-----Pn)“-p‘

rylj Tl ¢ EX

Y, %[ G, I X,
= T*.‘—PZ*’J | +

l 1 el _Qn_

e n -
— _
[d;]

[d, I

3
*

u .. (3;6)

o
1S}

Matrix given in equations (3.5) and (3.6). Now be called as

A, B, C, D matrices so that these equations reduces to

A% + Bu
.. (3.7)

K> M
il

A
Cx + Du

Il

It is to be noted that the A, B, C, D matrices given in
equation 3.7 are the matrices as formulated in equation 3.5

and equation 3.6 and has nothing to do with the system matrix
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A, B, C, D of equation 3.1. As pointed out earlier let K be
the connection matrix for n blocks shown in Fig. 3.3. Hence
this matrix has got n x n dimension consisting of elements -1,

+1l and 0 which defines the connection as shown in Fig. 3.4.

OUTPUT BLOCK NUMBER

l,—>

.oy ! 2 2 L 5 6 ? 8
i . . A f > X 1
'

l »”

and consists of 0, -1 and 1
2t -1 means connection with negative gain
1 direct connection with positive gain
3t 0 means no direct connection exists.
INPUT BLOCK
NUMBER

514
¢l

]
Fd

Fig. 3.4
8d
D
©3
Fig. 3.5
! o

e
For example, the K matrix for figure 3.5 is o



4%

The given system therefore is described by 3 basic
matrix equation as given by equations (3.2) and (3.7) and with
these equations one has to arrive at a relation. for given

input. iX and given output ly

A ' - - '

> XS

A o
iy cCx + DD u, .. (3.9)

Where AA, BB, CC, DD are the matrices identical to system

matrices of equation (3.1).

. From équatibn (3.7) and (3.2),

¥ = & + b (x§ + vr)
or . -
4 o= chiprr*) 4 D u,
or
(3 D*K*9) = cx + Du_ d
or -
(I -D*K) * § = c;’?+nur
or | u

A

(I - DR)™L (1 - D*x) * y = (I-D+ K) lc £+ (I-D*K)-lDur

oA -1.4 -1
=> y = (I ~-D*K) CX+ (I-D*K) "DU
r .. (3.10)

Comparing the equation (3.4) with (3.9) one can say that

cc = (I-D*kK) Tt

DD = (I-D*K)_lD

(3.11)
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The value of iy specified will give the y]iy for the

given input Ur .
i.e. 9|iy is output point.

cC (iy, (Pl + P, Fouo + Pn) given the C matrix for

that given output point.

Similarly, D (iy, ix) will give the value of D-matrix

for given input and output point.

Again from equation (3.7) and (3.10) and putting them

in first section of equation (3.7), one gets
1

AA = A+B*K®* (I ~D*K) ™~ *C .. (3.12)
and BB = B * (I -K*D) " c. (3.13)
. . AA is state matrix and BB is input matrix hence

BB ((Pl + P, +.... + Pn), ix) will give the B matrix.

2

Hence equations (3.11), (3.12) and (3.13) can be
programmed on a microcomputer to directly give the respective

matrices A, B, C, D.

The flow chart of the above method is shown in Fig.3.6.
It is to be noted that the each block diagram is described by
its transfer function and the programme automatically gives

the corresponding state space equations of each block.

The software programme written in PASCAL corresponding

to flow chart of Fig.3.6 is given in Appendix .



START

|

;“READ—n— nos. of block

'S

Set i=1

READ TRANSFER FUNCTION
BLOCKWISE =

R \
Change T.F. to state space
and store it in a form
of egs.(3.5) & (3.6) -

)
Store A,B,C,D, matrix in
a form of A,B,C,D, mat given
in eq.3.6

i= i+l

Read the connection of block
diagram and specified input/
output point

i

|[Form I matrix of dimension n

\ -

Perform the operation of eq.3.11,12,13

and get AA,BB,CC,DD matrix

i

with specified I/0O point no-.
Get A,B,C,D, matrix and
display to result on S/F/P

I




3.3 CONCLUSION

~An attempt has been made to apply state space approach
for block diagram reductién and analysis. State space has got
a great deal of advantage over conventional control system
analysis like determination of coﬂtrolability, observability
and other methods can easily be incorporated directly to
analyse the systems. The program developed as given 1in

appendix-6 has been used successfully.

Hh#H
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4.

FAST FOURIER TRANSFORM APPLICATIONS

1 INTRODUCTION

This module make use of Fast Fourier Transform (FFT)

routine provided in turbopascal 5.5 integrated package, in a
unit file (TPU file). They are FFTB2.PAS or FFT87B4.PAS and
are compiled to form. TPU file. FFT is the Discrete fourier
transform with a time complexity n.lg2n. The discrete fourier

transform (DFT) is defined as [CH4-1].

N-1 . N

n=0
where N = number of discrete samples

and the inverse DFT is given by

% H(K) ed 2NED/N £or 0cnen-1,,, (FFT-2)
K=0

h(n) =

2=

SIGNAL RECONSTRUCTION

In this subprogram FFT module is used in showing the
effect of number of samples taken for the reconstruction of
signal. The main aim of this program is to show the effect
of change in sampling frequency and then reconstruction of
signal. In this program any discrete time series samples of
a signal is sampled at different sampling frequency and then

it is recénstructed at that frequency using inverse FFT. This

45
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éubproéram gives the graphical display of what is done. This
use of Turbopascaigraphical tool box. Here in this program,
screen is divided in four windows. Two small windows is for
transformation. Third one is instruction window. And fourth
window which is the main window in for display. The discrete
input is given through the file. The flow chart for the

program is as follows.

Start

Read the time in second and
file from which data has to be read.

Read the data from the
file specified

| SET NOS OF SAMPLES IN
A PERIOD = n = 8

Draw the wave from
the input data




to XX

Find the discrete fourier transform

for n samples using FFT routine

‘ .

Separate the even and odd components

and plot it on the screen

Nos.of
samples in a
period =
Nos. of
samples in

a period x 4

!

Using n sampled FFT values calculate

inverse FFT and plot it on same scréeen

IS

n = nos. of

samples

in a period
= 512

YES

STOP
Fiag. 4.1

47
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AUTOCORRELATION CROSSCORRELATION AND CONVOLUTION

In this submodule, FFT is wused in evaluating
autocorreation, cross correlation and convolution fucntions

for both real and complex set of discrete data.
Auto correlation function is defined as [2]

K

]_ —
. E X(iT) .x(iT+nT) = = O )=
Pxx T x—»>m - 2K+l i=k T Oxx )I(=nt

«.. (FFT-3)

where T 1s the sampling period
X(iT) 1is the set of discrete data
XZ(iT%+ nT) 1is the set of same discrete data displaced by nT

samples. '

Similarly, crosscorrelation is defined as [2]

¢ (nT) = = 1i L ZK x(iT).y(iT+nT) = £ ¢_ ()|
Xy o T 'xy T

E im
K—=>® 2K+1 iz k =nT

.. (FFT-4)
where y(iT+nT) is second set of data displaced by nT samples

Convolution is same as crosscorrleation fucntion.

Hence by equation - (FFT-1) we have

-1 .
% h(n) e d 27KV/N oo 0<K<N-1
n=0

H(K)

N-1 .
"> H(K)e? 2R Kn/N for 0<n<N-1

and h(n)
=0

I
==
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Since discrete fourier transform series converts any

discrete time series in discrete frequency series and vice a

versa. It is known that convolution in time domain is a

multiplication in frequency domain. [ ]

Hence for finding cross correlation of two discrete

time series x(t) and y(t) we find their DFT which.

N-1
X(K) = X(n) e—jZJLK.n/N for 0 < n < N-1
n=0
_ N-1 .
YK) = Y ¥(mp) e ATKIRIN p g hcnet
n=0
* *

(Where p is displacement.)

-1
¢}F<Y(K) = X(K) * Y(K) = QL_ X(n)e 2RK n/N

n=90
N-1 .
E Y(n+p)e™? 28K (n+p)/N ....(FFT-5)
n=0
which gives cross correlation in frequency domain. For

finding . its time domain value we have to take inverse

discrete fourier transform eq. FFT-5.

. F
¢xy(nT) = inverse DFT (¢XY(K))
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N-1 . o N-=1 .
by Ol = 2 5 3 2maom 5 gansnm
¥y N g=0 n=0
-‘ )
iy(n+p)e'—:12 7~ Kintp)/N
neo o

«+..(FFT-6)

Equation FFT-6 is programed for finding cross
correlation, and convolution function. 1In equation (FFT—G)
two forward FFT operations and one backward FFT operation is
performed. If x(n) and y(n) are complex set of data then
two more FFT operations are performed on the set of data. 131}

The flow chart for the implementation is as follows:

Start

Read discrete set of data from the keyboard/file

Choose .the operation to be performed like to
evaluate Auto,Cross,convolution

Find FFT of set of data as per choise

Multiply the resulting transform
Zk = Xk'Yk

Find inversJ FFT of Zk

Display the results

Hence this module can work as a advance calculator for the

student of systems studies. ;?45;13/0
(entral Library University of Boske:

ROORKEE
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MATRIX APPLICATION

The main aim of creating this module is to give a menu
touch to already existing subprogram for matrix operations
like. |

1) Determinant of the matrix

2) Inverse of the matrix

3) Eigen Value and Eigen Vector

4) Gauss Jorden method for solving simultaneous

equation

By this sub modules program microcomputer can be used as
calculator for matrix operations. This submenu has got four
choices and depending upon the key pressed, microcomputer
performs that operation and again comes to same submenu. This
module uses three Turbopascal 5.5 units, they are DOS, Crt

and common.

LEAST SQUARE OPERATIONS

This module deals basically with the curve fitting
techniques based on the data paints (x,y). A suitable and
well approximated curve can be derived out of a polynomial or
logrithim, or exponential, or Fourier equations. The main
aim of creating this module is to provide user with a menu
driven touch to a already well tested existing subroutines so’
that microcomputer can be used as a calculator for finding

the equation to a set of data. Four type of equations can be

-~ 81
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drived are:

1) Polynomial
2) Exponential
3) Logarithm

4) Fourier

Depending upon the wuser's choice for fitting the @ata,-7~
program is executed. It input data either from key~boa£d’or
file and output the result to screen, file or printer
depending upon the user's choice. This module uses three

unit of Turbopascal 5.5 they are DOS, CRT, COMMON.

MATHS .INC: It is the include file provide with this package
which is in the source code that is pascal. It includes

advance mathematical procedures which are as follow.

(1) Matrix inversion routine - named as inverse { }.
(2) Determinant of matrix = Det ( );

(3) - Eigenvalue of a matrix - Eigen ( );

 (4) Gausé Jorden method - Gauss_Jord ( J;

of solving equation

(5) Least Square - named as LSE_POLY ( };
approximation for evaluating polynomial out of a
set of data.
(6) .LSE_EXPO( ); - for exponential function
(7) S : LSE_LOG( ); - for hggrathimic function
- (8) © 7 . LSE_FOUR( ); - for fourier function

" Thus this math.Inc file can be used for further development
of this package and can be enhanced from time to time.



)
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The package also haé an optionél interfaces to MATLAB, a
.mathematical package, which allows for programé to be developed
in a mathematical environment. The idea is to free the user
froﬁ the monotonous job of developing simple routines which are.
in common usage, and allow for the dévelopment of a more

abstract kind of thinking for more refined mathematical

operations. This matlab is stand alone ready to use packgge“=“7

developed by‘ Maths work Inc. U.S.A. It is equipeted with

following tool box

(i) Control System Tool Box
(ii) Signal Processing Tool Box

(iii) System Identification Tool Box.
For more detail see Matlab mannual.

) Similarly an another ready to use package is interfaced
developed by ggggg_;gc.' This package provide bulk of activity
associated with controllers. This package is completely

assisted with graphical facility.

The main aim of setting up this features is just to

provide the flexibility to switch over from one Soffware to:

another by just remaining in main menu.

0000
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STRUCTURE OF PACKAGE

This is the main program which automatically erxecutes
the subprogram described 1in earlier chaptiers. It is
basically a premitive shell. The structure of Mair menu is

shown as fo;}ows.

- MAIN MENU ~
1) MATRIX OPERATION
2) SYSTEM IDENTIFICATION Element of
3) : MAIN MENU
| IS DEFINED
! AS RECORD
§) EXECUTION OF DOS LEVEL *
COMAND
PRESS SPACE BAR TO QUIT
CASE 1 _ :
. BACK TO MAIN MENU
$
| CASE ?
l 1 |
MATRIX l ' | EXECUTION OF
OPERATION | | ANY DOS LEVEL
| COMMAND
|
| | § ]
| :
g e 0
- . 1
l .l |
CASE—'Z ! “MATLP;B” (5—---—-
( T
, 1
SUB PROG. lr
' "PROCESS
| ] CONTROL"
NORMALLY | ]
CASE=SPACE BAR — ‘
L '
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When the power is first made on. The machine is

SR s e

under thé control of MSDOS. The main menu of the developed
software package 1is entered from MSDOS by executing the

command MAIN.EXE. Once the PC 1s inside the developed

software package one can go back .to the MSDOS by pressing;

‘space ‘bar once in main menu area.

Here the elements of main menu is defined Sé;uaﬁ
record. Normally when no key is pressed, the main ﬁenuf}s
displayed. As the key is pressed the respective sub menu is
displayed. For example if key No.l is pressed then menu qf
the sgbp;ogram is displayed.'This operation is done using
case statement of pascal. When the submenu is under display,
with the respective choice depending wupon the user, the
Corfes?onding program 1is executed. These programs are
usually the 'exe' version. And is directly executed using
'exec; command pfovidéd in turbo pascal 5.5. Refer to
Appendix-1 for the program of main menu. Hence menu program

- is a sort of premitive shell as shown in Fig.7.2.

Dos CoMMAND

Fig.

SUBMENY
] @——w EKECUT!DN
- | | 7.2

Choice no.9 is kept for execution of any dos level command



A'directly from the main menu. Using this feature, aditors
~ can directly be loaded and further development 18 possible
“in the source code file if required.and can return to main
menu aftér existing. This enhances the feature of 'this

sbftware for further development Thuseven turbopascal can ‘be

‘evoked from this menu. And after existing it again comes to

—

~e

main menu automatically. _

This package uses many turbo pascal 5.5 unit: files.

The use of it is given in brief, as follow [10].

UNIT are

DOS. The DOS unit implements a number of very useful
operating system and file - handling routines. The
>command associated with this wunit is Exeg,

Swapvectors etc.

PRINTER The printer unit give a easy excess to the printer

connected. -

CRT . The crt unit implements a range of powerfull
routines that gives a full control to the PC's
features, such as screen mode control, extended

keyboard codes, colors, windows etc.

COMMON This unit is readily used in almost all the
programs. It basically transferm the control while
giving input either from keyboard or File and

outputs the result to file, crt or printer.



FFTB2 . This unit is used where fast fourier transforms
are required. This unit basically evaluates

farward and inverse FFT for the set of deta.

Besides all this some of the turbopascal graphics units are

also used like G-Driven, G-Shell, G—Kernel,Gwindowetcﬂ{l;li;”

~-

In the source code listing in the Appéndix b

SN the unit fileyused in that program.are listed under

"USES".

Vijay.Inc. It is the file which contains the subroutine
which was developed during this course of work
and can further be used for future
development,

. - ’“’ - 3 .
The source code listing is: presented in following
way:

APPENDIX-I It is the source code listing of Menu program.

APPENDIX-II It is the source code listing of program of

"system identification.

APPENDIX-III It is the source code listing of trans-

fer function. simulation.

APPENDIX-IV It is the source code listing of FFT

Application Program.



CONCLUSION

This package is developed with a view to provide a
Qlearning assistance to the students of control system. Each
modules of this package has got its own limitations and

pitfalls. Besides this, software engineering technique has -

e

not been used properly due to which exists the redupdancy.in
source code,. resulting in wastage of memory space. --But
their alwéys exist the possibility of further development
‘and optimization. This software package can be thought of
as the stepping stone and a novel attempt in the field of
‘ cpmputer aided learning' of controls and process control
operation. The package is always open for  future
development for its short comings and its enhancement from

the comming generation of computer software engineers.
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PROGRAM MAINC INPUT, OUTPUT);

(oo }
(- [HE MATN PROGRAM FOR MAIN MENU ~3
o e e )
USES

D0S,CRT,GDRIVER,GSHELL , GKERNEL , GWINDOW;

rvee . S T En

ANALYSIS = (MATRIXAPPLICATION,ROOTANALYSIS,LEASTSQUAREFIT, TRANSFERFSIMULA’

SYSTEMIDENTIFICATION, MATLABWORKSPACE,FFTAPPLICATIONS,.
LOOPANALYSIS, BLOCKDIAGSIMULA, PROCESSIMULAD ; ‘

VQR
-WHICHANALYSIS : ANALYSIS;
PROGRAMNAME , CMDLINE : STRINGL791;
‘CH : : CHAR;
et e
} -
PROCEDURE INTROD;
(e 3
{ PROCEDURE FOR INTRODUCTION OF THE SOFTWARE PACKAGE 2
{_‘____.._.__.___.______; ____________________________________ 3
BEGIN

INITGRAPHIC: 1
DEF INEWINDOWC1,0,0, XMAXGLB, YMAXGLB) ;
DEF INEWORLD(1,0,0, 1000,1000);

 SELECTWORLDC1);

. SELECTWINDOWC1);

. DRAWBORDER; _
DRAWTEXTW(100,100,%,’ SYSTEM IDENTIFICATION ’J;
DRAWTEXTW(450,200,2, AND 'y s
DRAWTEXTW(100,300,4,' PROCESS . CONTROL 'y,

. DRAWTEXTW(250,%00,4%, ’ TOOL BOX BT
 DRAWTEXTW(200,500,2, *BY’); :
DRAWTEXTW(S00, 600, 2, 'VIJAY PANDE’);
DRAWTEXTW(200,700,2, 'GUIDE’ J;
DRAWTEXTW(S00, 800, 2, 'PROF M.K.VASANTHA’ ) ;

DRAWTEXTW(200,800,2, "E.E.DEPT, UOR, dt:14/1/1830°);:
DRAWTEXTWC(R00,950, 1, 'PRESS ANY KEY TO CONTINUE ( EXCEPT ENTER KEY)D'):
REPEAT UNTIL KEYPRESSED:

LEAVEGRAPHIC;

CLRSCR;

BEGIN {MAINZ
INTROD:
REPEAT - —
INITGRAPHIC:
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DRAWBORDER ;

DEF INEWORLDC1.0,0, 1000, 10007 ;

DEFINEWINDOWC1, O, 0 1000, 10007 ;
gDRHwTthwthO,lOO,B "MAIN MENU® J:

"DRAWTEXTW(200, 300,2, '1) MATRIX OPERATIONS ")
DRAWTEXTW(200.400. 2, '2) LEAST SQUARE APPROXIMATION  * )
ORAWTEXTW(200,450,2, ’3) TRANSFER FUNCTION SINMULATION J;
DRAWTEXTW(200,500,2, ’4) SYSTEM IDENTIFICATION P
DRAWTEXTW(200,550,2, °5) EXECUTE DOS COrrMANDS "
DRAWTEXTW(200,600,2, °6) S5 APROACH TO BLOCKD DIAGRAM’ ) ;
DRAWTEXTW(200,650,2, °7) PROCESS SIMULATION PACKAGE '),
URAWTEXTW(200, 700,2, '8) MATLAB WORK SPACE’ "
DRAWTEXTW(200,750,2, '9) FFT APPLICATION PROGRAMS PR
2,

DRAWTEXTW (100, 850, "CHOOSE ANY OPTION BY PRESSING THE KEY'® )
DRAWTEXTW (50, 850, E "PRESS F1 FOR HELP AND SPACE BAR TO QuUIT’ )
CH := READKEY:
IF  KEYPRESSED THEN
CH := READKEY:
CASE CH OF
1’ : BEGIN
CLEARSCREEN;
LEAVEGRAPHIC:
WHICHANALYSIS = MATRIXAPPLICATION;
END;
2’ : BEGIN
CLEARSCREEN;
LEAVEGRAPHIC;
WHICHANALYSIS := LEASTSRUAREFIT:
END; .
'3’ : BEGIN
CLEARSCREEN;
LEAVEGRAPHIC:
WHICHANALYSIS := TRANSFERFSIMULA;
END:
"4’ : BEGIN
CLEARSCREEN:
LEAVEGRAPHIC; .
WHICHANALYSIS := SYSTEMIDENTIFICATION:
END;
5’ . BEGIN
CLEARSCREEN;
LEAVEGRAPHIC;
WHICHANALYSIS : = LOOPANALYSIS;
END:
6’ : BEGIN
CLEARSCREEN;
LEAVEGRAPHIC;
WHICHANALYSIS = BLOCKDIAGSIMULA:
END;
"7’ : BEGIN
CLEARSCREEN:
LEAVEGRAPHIC;
WHICHANALYSIS := PROCESSIMULA;
END:
'8’ : BEGIN
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CLEARSCREEN;
LEAVEGRAPHIC:
WHICHANALYSLS := IMATLABWORKSPACE;
END;
'9" + BEGIN
CLEARSCREEN:
LEAVEGRAPHIC;
WHICHANALYSIS := FFTAPPLICATIONS:
END;
END: {CASE NO 13
UNTIL CH IN C’17..74%12;
WRITELN: -~

CASE WHICHANALYSIS OF R

MATRIXAPPLICATION :BEGIN
REPEAT
WRITELNC® 1) DETERMINANT QF PMATRIX’ J:
WRITELNC' 22 INVERSE OF MATRIX’J:
WRITELNC® 33 EIGENVALUE/VECTOR OF MATRIX’):
WRITELNC® 4) SOLUTION OF SIMULTANEQUS EQU’ )
WRITELN:
WRITEC'SELECT A NUMBERCL-4)’13;
CH := READKEY;
UNTIL CH IN L?1'..°4'];
WRITELN:
CASE CH OF
1’ : BEGIN
PROGRAFINANME := °*DET.EXE’:
CMDLINE := ’EXE’;
END:
2’ : BEGIN
PROGRAMNAME := ’*INVERSE.EXE’:
CMDLINE := "EXE’;
END;
3’ : BEGIN
PROGRAMNAME := ‘WIELANDT.EXE’;
CMDLINE := "EXE’;
END;
"4 : BEGIN
PROGRAMNAME := ’GAUSSIDL.EXE’;
CMBLINE := ’EXE’; :
END:
END;
SWAPVECTORS:
EXEC(PROGRAMNAME, CMDL1INED ;
SWAPVECTORS:
END;
ROOTANALYSIS : BEGIN
WRITELNC’ 1)SECANT METHQOD BE
WRITELNC’ 2JLAGUERRE METHQOD ")y
- WRITELNC’ 3)NEWION-HORNER METHED’):
‘ WRITELN:
WRITEC('SELECT A NUMBERCL1-32"13:
REPEAT
CH := READKEY:
UNTIL CH IN £°17'..737]:
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LEASTSQUAREFIT

WRITELN:
CasE CH OF
"1’ : BEGIN
PROGRAMNAME := ’SECANT.EXE’:
CMDLINE := TEXE’:
SWAPVECTORS;
EXEC(PROGRAMNAME , CHDLINED :
SWAPVECTORS
END;
‘e’ : BEGIN :
PROGRAMNAME := ’LAGUERRE.EXE’:
CMDLINE := ’EXE’; -
SWAPVECTORS: v
EXEC(PROGRANNAHE CMDLINED ;
SWAPVECTORS:;
END:
'3’ . BEGIN
PROGRAMNAME := ’NEWTDEFL.EXE’:
CMDLINE := *EXE’;
SWAPVECTORS;
EXEC(PROGRAMNAME , CMDLINED ;
SWAPVECTORS;
END;
END:
END;

: -BEGIN

REPEAT
WRITELNC(’1) INTERPOLATION/LAGRANGES’ ):

WRITELNC’2) INTERPOLATION/DIVIDE AND DIFFEZENCE’D:

WRITELNC'3) LNTERPOLATION/CUBIC SPLINE’J:
WRITELNC’4) INTERPOLATION/CLAMPED SPLINE’J:

WRITELN:
GOTOXY (20, 100
WRITELNC’SELECT ANY NUMBER(1. DN
CH := READKEY;
UNTIL CH IN C’1°..74%713;
WRITELN;
CASE CH OF
1’ : BEGIN
PROGRAIMNAIME := 'LAGRANGES.EXE’:
CMDLINE := ’EXE’;:
SWAPVECTORS;
EXEC(PROGRAMNAME , CMOLINED ;
SWAPVECTORS;
END;
2’ : BEGIN
PROGRAMNAME := *DIVDIF.EXE’:
CMDLINE := 'EXE';
SWAPVECTORS:
EXECCPROGRAMNAME , CMDLINED ;
SWAPVECTORS:
END:
'3’ . BEGIN
PROGRAMNAME := 'CUBE FRE.EXE"

CMDLINE := ’EXE’;
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TRANSFERFSINULA

YSTEMIDENTIFICATION

SWAPVECLTORS;
EXELLPRD&RHHNAHE CMOLINE)
SWAPVECTORS:
END:
%’ : BEGIN
PROGRAMNAME := ’CUBE CLA EXE’
CMDLINE := ’EXE’;
SWAPVECTORS:; o
EXEC(PROGRAMNAIME LHDLINL’
S SWAPVECTURS
END:
END: :
BEGIN

WRITELNC’ 1) TRANSFER FUNC. TQ S.SPACE’)
WRITELNC® 2) DISCRETE TF SIMULATION ")
WRITELNC’ 3> CONTINGOUS TF SIMULATION BF
WRITELNC’ 41 INVERSE LAPLACE ¥
WRITELN;

WRITEC *SELECT A NUMBERC1-4%)");

REPEAT

CH := READKEY:
UNTIL CH IN [’1°..°4°];
WRITELN;
CASE CH OF
'l : BEGIN
PROGRAIMNAME := *AJAY1B.EXE’ :
CMDLINE := 'EXE';
SWAPVECTORS:;
EXEC(PROGRAIMNANME , CMDLINE) :
SWAPVECTORS;
END;
2’ : BEGIN
PROGRAMNAME := *AJAY1S5.EXE’ -
CMDLINE := EXE’;
SWAPVECTORS::
EXECCPROGRAMNANME , CMDLINE) ;
SWAPVECTORS:
END;
3" : BEGIN
PROGRAMNAME := "VIJAY .EXE’:
CMOLINE := ’EXE’;
SWAPVECTORS:;
EXEC(PROGRAMNAME , CMDLINE) :
SWAPVECTQORS;
END;
e BN BEGIN
PROGRAMNAME := 'VIJAY.EXE® .
CMDLINE := ’EXE’;
SWAPVECTORS:
EXEC(PROGRAMNAME , CNDLINEJ
SWAPVELTORS;
END;
END-;
END;
BEGIN

Page 5
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WRITELNC' 1JLSE METHOD (GSINGH3™ )
WRITELNC® PJFLR METHOD (VPANDE) " >:
WRITELNC® 3)NEW FMETHOD C(VPANDE)’ D:
WRITELN:
WRITEC(’SELECT A NUMBERC1-3)7);
REPEAT
CH := READKEY:
UNTIL CH IN C’17,.°373;
WRITELN:
CMBDLINE := "EXE’:
CASE CH OF
*1’ : BEGIN
PROGRANMNAME
END;
2’ : BEGIN
PROGRAMNAME
END:
*37 » BEGIN
PROGRAMNAME
END;

il

'AJAYL10.EXE’

*AJAY30 . EXE

'WiJdAYe7 EXE’:

ENU;
SWAPVECTORS:;
EXEC(PROGRANMNAME . CMDL INED ;
END;
BLOCKDIAGSIMULA : BEGIN
REPEAT
GOTOXY(5,57: :
WRITELNC'THIS METHOD FINDS
WRITELNC'STATE SPACE EQUIVALENT
WRITELNC’AT ANY POINT IN A
WRITELNC’BLOCK DIAGRAM FOR A
WRITELNC’GIVEN INPUT AND OUTPUT
WRITELN;
WRITELN:
WRITELN(’PRESS ANY KEY'J:
UNTIL KEYPRESSED:;
PROGRAMNAME := ’VIJAYS.EXE’:
CMDLINE := ’EXE’:
SWAPVECTORS:
EXEC(PROGRAMNAME . CMDLINE) :
SWAPVECTORS:
END:
LOOPANALYSIS : BEGIN
PROGRAMNAME = 'AJAYB.EXE’:
CMDLINE = 'EXE’:
SWAPVECTURS:;
EXEC(PROGRAMNAME ., CMDLINEJ;
SWAPVECTORS;
- END;
PROCESSIMULA : BEGIN
PROGRAMNAME := ’START.BAT':
CMDLINE := ’'BAT’":
SWAPVECTORS:
EXEC(PROGRAMNAME , CMBLINE?D ;
SWAPVECTORS:

N N
aw ave sew

o e e e

NS
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MATLABWORKSPACE

FFTAPPLICATIONS

LEAVEGRAPHIC:
END.

END:
BEGIN
PROGRAFMNAME := ’IMATLAB’ :
CMDLINE := "EXE’;
SWAPVECTORS:
EXEC(PROGRAMNAME , CMDLINE) ;
SWAPVECTORS:
END;
BEGIN
GOTOXY(5,57; .
WRITELNC 13 . SHANNON RECONSTRUCTION’DJ: .
WRITELNC’2). FFT APPLICATIONS’®J; -
REPEAT
CH := READKEY;
UNTIL CH IN C’1°,.°2°1:
WRITELN:
CASE CH OF
>1’ : BEGIN
PROGRAMNAME := *VIJAYDEMG.EXE’:
CMDLINE := "EXE’;
SWAPVECTORS:;
EXECC(PROGRAMNANME , CMDLINE)
~ SWAPVECTORS;
END:
'2' « BEGIN
PROGRAIMNANME := "VIJAYPROGS.EXE' :
CMDLINE := "EXE’;
SWAPVECTUORS:
EXECCPROGRAFMNAME . CHMDOLINED ¢
SWAPVECTORS;
END:
END;
END;:
END:
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PROGRAIT TRANSFER_TO_SStinput, output);

USES
' dos,Ccrt,common;

type
INvector = arrayil..20] of real;
TNmatrix = arrauyll..20] of TWNvector;
VAR B

mord,p,q,r,s,t,u,v : integer;
num,den : tnvectar; -
Aamat, Bmat,Cmat,Dmat : INmatrix;

procedure GetDatal(var mord : integer;

var num,den : TNvector);
{---—————————— oo 2
{- Output: mord, num,den -3
{- -2
{- This procedure sets the value of order,denomi.,numer:’
{-of TF from either keuboard input or file input =)
e b
var
Ch : char;
procedure GetDataFromKeyboard(var mord : integer;
var num,den : TNvectory;
{-----—-—-——-——————————————————— 3
{- Qutput: order,num,den -3
{- -3
{- This procedure sets the value of -7
{- b and u from keuboard input - 2
- 2
var
i : integer;
begin
Writeln;
repeat
write! 'ORDER OF TRANSFER FUNCTION "IMORD": '),
READLNUmordy ;
[Ocheck;
until not I0err;
writeln;

writein(’VALUES OF COIFFIECENT OF NUM AND DEN IN DECENDING POWER OF S7)

writeln;
for i := 1 to mord+l do
repeat ‘
write( NUMERATORL ', i-1,’1*5°C',i-1,")» : '),

readln(numCilJ;
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i0check;

until not I0err;

writeln;

for i := 1 to mord+l do

repeat
writet 'DENOMINATORL ", 1-L1, "3*S (7,11, ")
readln(denCily;
10check;

. until not I0err;
end; { procedure GetDataFromkeuboard 32

procedure GetDataFromFile({var mord : 1nteger;

var num,den : TNvectorJ;
it e b
{~ Qutput : b , U -2
- -2
{- This procedure sets the value of -1
{- Dimen and Data from file input -3
ettt e 3
var
FileName : stringl255];
InFile : text;
i : integer;
begin
Writeln;
repeat
writeln;
reneat
Write(’'File name? °J;
Readln(FileNamg);

Assign(InFile, FileNameJ;
Reset(InFileJ;
10Check;
until not I0err;
Readln(InFile,mordJ;

for 1 := mord+l to 1 do
pegin
readlnlinfile,numliil.denlilJ;
end;
I0Check;

until not l0err;
end; ¢ orocedure GetlatafFromrile 7

begin { Drocedure GetData 2
case 1noutChannelL Input Data From’ J of
KT GetDataFromkeuboardkmord num,denJ;
'F?’ . GetDataFromfiletmord, num, den),
end;
GBtDUtDUtFllBLUUtFllEJ
end; { procedure GetData I

'PROCEDURE tftoss(num,den : ﬁnvector;mord : integer;

Page

e
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var Amat,Bmat,Cmat,Dmat:Tnmatrix;

var p,a,r,s,tc,u,v :integery;
PSS e
{PROCEDURE to change TF to State space transformation
{Method is based on the on algorithim of J.N.Little
{num = array of numerator;den = array of denominator
{nord,mord = order of numerator and denominator resp.
{Amat,Bmat,Cmat,Dmat : state space matrix

{p,g = matrix dimension of Amat
{r.s = matrix dimension of Bmat
{t,u = matrix dimension of Cmat
{v = dimension of Dmat

{LIMITATION Applicable only for S150 sustems

i,s1 : integer;
dden : TNvector;

BEGIN
if mord = 0O then
begin :
amatl{1l,1] := O;
Bmatl1,11 := O;
CmatLl1l,1] := O; ‘
DmatCL1l,11 := numCll/denll];
p = 1l
g := 1
r := 1;
S 1;
T 1;
u 1;
v = 1;
end
else
begin -
for i := 1 to mord do
begin
ddenCil] := denlil/denimord+1l];:
end;
for i := 1 to mord do
begin '
for i := 1 to mord do
if i = mord
then Amatli,j] := —ddenlj] else
if 1 = i+l
then Amatli, ] := 1
else
AamatlCi, j1 := O;
end;
for i := 1 to mord do
begin
if i = mord then
Bmatfi,11 := 1

else
Bmatl{i,1l] := O;
end:
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for 1 := 2 to mord+l do
begin
Cmatll,i-11 := numCi—-1J-numimord+1l*ddenli-11;
end;
DmatlCi,1] := numlCmord+ld;
:= mord;

<Cctwn.QO
o

a
1
= 1;
D
: 1
end;
end; {end of procedure:z

{ e e e e e e e e e s e

—-=2
vrocedure Results(var p,q,r,s,t,u,v : integer;
var Amat,bmat,cmat,Dmat :tnmatrixJ;

i,1 : integer;

begin

WritelntOutfiles;
Writeln(QutFile); .
Wwriteln(OutFile, °’ORDER OF A — TIATRIX : °.P, X', J;
writeln;
writelntouttfile, ‘A - {MATRLX :’J;
WRITELN;
for 1 := 1 to p do
begin

for 1 := 1 to g do

write(outfile,Amatli, i1 : 18:8);

Writeln(OutFilei:
end;
writelnwouttfile, 'ORDER OF B - MATRIX : ",R,'X’,5 J;
writelntoutfiley;
writelnioutfile,’B - IMATRLIX; ' J;
writeln(outfile);
for i := 1 to r do

begin

writeloutfile,Bmatli,slJ;
writeln(outfilel;

end;
writeln(outfile, 'C - MATRIX :’J;
writelnCoutfilel;
writeln(outfile, ’ORDER OF C - MATRIX : *.T,'X",UJ;
writelnCoutfiley; .
for i := 1 to u do
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begin _
writekoutfile,Cmat[t,i]);
end; :
writelntoutfilel;
writeln(outfile,’D - MATRIX’ J;
writeln(outfile,’ORDER OF D - IATRIX : LV
writeln(outfile,Dmat[l,1]);
writeln(outfilel;
znd ;
C*-—--——--———--—-——-~--—---———-—-*~———-——~*~———*————————————f ——————————————
-} - o
pegin {mainl w
'getdata(mord,num,den); :
tftoss(num,den,mord,Amat,Bmat,Cmat,Dmat,p,q,t,s,t,u,v);
results(p,q,r,s,t,u,v,Amat,Bmat,Cmat,DmatJ;
close(outfilel;
end.
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PROGRAM D1SC_SIMU_FOR_CONT_SYS:
USES
105 . CRT, COMMON, GDR1VER,, GKERNEL , GWINDQW, GSHELL , PRINTER;

TYPE ‘
COMPLEX = RECORD
RE.IM : REAL
. END;
TNvector = ARRAYCLO..501 OF REAL;
CARRAY = ARRAYL1..20] OF COMPLEX;:
FLOAT = REAL; -
TNINTVECTOR = ARRAYLO..301 OF INTEGER: -
CONST e
TNNEARLYZERO = 1E-04:
VAR
1,11, N, DEGREE , NUMROOTS, P : LNTEGER;
NUM,DEN,POLY,RDDT,IHAG:VALUE,DERIV : TNvector;
BBA,AA,U,UU, YOUTPUT : TNVECTOR;
POLES,RESID : CARRAY;
A,B : PLOTARRAY;
ITER : TNINTVECTOR;
ERROR : BYTE;
RANGEOFTIME : REAL;
CH.H : CHAR;
FALSE : BOOLEAN;
{-—————- et 3
PROCEDURE add(x,y:complex;VAR z:complex);
BEGIN
2.Te := X.rety.re;
z.im := X.im+y.im
END;
e 3
PROCEDURE sub(x,y:complex;VAR z:complex);
BEGIN
 z.re := X.re-y.re;
z.im := X.im-y.im
END
sttt s 2

PROCEDURE mul(x,y:complex;VAR z:complex);
VAR q:complex; )
BEGIN
g.re:= X.re*y.re - xX.im*y.im;
g.im:= x.re*y.im + x.im*y.re;

PROCEDURE dvd(x,y:complex;VAR z:complex);
VAR g:complex;
d:real;

BEGIN
d:=sagr(y.re)+sqrly.imJ;
g.re:=(x.ce*y.re+x.im*y.im)/d ;
q.im:=(x.im*y.re-x.re*y.im)/d ;
z := Q
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, END;
e e b
FUNCTION mag(x:complex):real;
BEGIN
mag := sqrtisagri(x.rel+sqrix.imjJ;
END;
{m— TS T T e 3
PROCEDURE valpoly(n:integer;var a:INvector;s:complex;var val:complexJ;
(e e ST T 3
{Procedure fFor finding the complex value of polynomial of the typel
{given below Yy -0
{ n = Degree of polunomial S
{ a = Array of coefficients of polynomial 3
{ s = complex value of argument of polynomial 2
{ val = value of polynomial 3
{ The polynomial is of the type 3
{ a(O)+a(li)*s+al(@i*s "2+ _ _ _ _ _ _ . o o alnl)*s™n 2
(S 3
VAR
i integer;
z complex;
BEGIN
z.im := 0.0;
val.re := alnl;
val.im := 0,0; B
i = n;
if n > O then
repeat
begin
i = i-1;
z.re := atil;
mul(val,s,valJ;
add(val,z,vall;
end
) until i = O
end; -
et e 3

Procedure for differentiating the polunomial

n
a
m
b
a(0

i
begin
m
for

= n—1l;

- Degree of plaoynomial
- Array of coefficients

- Degree of differentated polynomial

~ Array of corfficients of differentiated polynomisa
J+a(l)*s+a(2i*s " g+—————~——-

integer:

i 1 to n do

f—

[ R A S N )
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PROCEDURE parfracexp(m : integer; var a

var b : TNvector;var

m - Degree of numerator a(s)

8 — Array of coefficients of a(s)
n — Degree of denominator b(s)

b - Array of coefficients b(s)

p - Complex arrau of poles of F(s)
r - Complex arrauy of residuss

i,k : integer;
w,z : complex;

c : TNvector;
begin
for i := 1 to n do
~ begin

valpoly(m,a,plil,w);
difpolyl(n,b,k,c);
valpoly(k,c,plil,z);
dvd(uw, z, r[l])

INvector;n : integer;

p,rC : carrayl;

end;

end;
{ ——————————————————————————————————————————————————————————————————————————
-2
PROCEDURE expc( x:complex;VAR z complex)
o e e e 3
{ POCEDURE for COMPLEX EXPONENTIAL FUNCTION 2
= 3
var r : real:
BEGIN
= explx.re);

‘z.re := r*cos(x.im);

z.im := r*sin(x.im);
END;
{ __________________________________________________________________________
-=3
PROCEDURE INVLAPLACE(nt:integer; tr:real; n: integer;

' var p,r:carray;var a plotarray; VAR BBA, AA: TNVECTOR ) ;
{ ________________________________________________________________
{ PROCEDURE Ffor Finding inverse laplace of rational function

.

m~

Lot TN ot BF gun |

nt - Number of time increments in the
“tr - Range of value of time

'n- - degree of denominator polgnomlal
P~ complex array of poles locations

r ~— complex array of residues

plot

of F(s)

L L= N I WU W0 [y W)
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8@ =~ plotting array
i
2 dt, f ¢ real;
v J : integer;
t,ex complex;
GIN
t = 0.0;
dt .= tr/nt;
For i := 0 to nt do
begin
£ :=0.0;
for 1 := 1 to n do
begin
if pL3d.im > -1.0E-5 then
if abs(plJl.im) < 1.0E-5
then T
f .= f+r[JJ.re*exp(pEjJ.re*tJ
else
begin
nt.re := BLil.re*t.
pt.im := PLJII im*t,
exXpc(pt,ex’;
mul(ex,rEJ],exJ;
- F = f+8.0*ex.re;
end;
end;
ali 1] := t;
BBACI]1 := t;
ali,e2] .= £;
AACTI] = £;
t := t+dt;

end;

edure Newt_Horn*Defl(InitDegree

InitPoly
Guess
Tol
MaxIlter

var Degree

. var NumRoots

var Poly

var Root

var Imag

var Value

var Deriv

var Iter

var Error

integer;

;. INvector;

FLOAT;
FLOAT;
integer;
integer;
integer;
INvector;
INvector;
INvector;
INvector;
INvector;

INlntVector;

bute);



"

regin :
Denominator := .2 * Aj;
ReRootl := —-B / Denominator;
ReRoote := ReRootl;
Discrim := B* B -1 *» A * [
if Discrim < O then
begin
ImRootl := —Sart(~-Discrim) / Denominator;
- ImRoote2 := Sgrt(-DiscrimJj / Denominator;
end
else
begin
if B < 0 then { Choose ReRootl to have the greatest absolute. value I
ReRootl := ReRootl + Sqrt(Discrim) / Denominator ‘
else - :
ReRootl := ReRootl - Sart(Discriml / Dencminator;
ReRoot2 := C / (A * ReRootl); { The product of the € roots is C/a 2
ImRootl := O;
ImRoot2 := O;-
end;
end; { procedure QuadraticFormula 3

JAYL1B.PAS

Denominator, Discrim : Float;

procedure TestData(InitDegree : integer;

InitPolu : TNvector;
Tol : Float;
Maxlter : integer;
var Degree : 1lnteger;
var Paly : " TNvector;
var NumRoots : integer;
var Roots : TNvector;
var yRoots : TNvector;
var Iter : INIntVector;
var Error : byted;
et 3
{- Input: InitDegres, InitPoly, Tol, Maxlter ' -3
{- Output: Degree, Poly, NumRoots, Roots, yRoots, : -2
{- Iter, Error ' -2
(- T -2
{- This procedure sets the initial value of the above -2
(- variables. This procedure also tests the tolerance -2
{- (Tol), maximum number of iterations (MaxlIter), and -3
{- Degree for errors and returns the appropriate error -3
{- code. Finally, it examines the coefficients of Poly. -2
{- If the constant term is zero, then zero is one of the -3
{- roots and the polynomial is deflated accordingly. Also -2
(- if the leading coefficient is zero, then Degree is -3
{- reduced until the leading coefficient is non-zero. -2
{(mm e S S——S TS T Tm T mm T 3
var .
Term : integer;

Central Libram Oniversity of Banrzey

M OSRIIRT

R

Page B
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begin

Error := Q;

NumRoots := 0;

Degree := InitDegree:

Poly := InitPoly;

if Tol <= 0 then
Error := Y4;

1f MaxIter < O then
Error :=5;

{ Reduce Degree until leading coefficient <> zero } i
while (Degree > 0) and (ABS(PolylDegreel) < INNearlyZero) do

{ Reduce Degree until leading coefficient <> zero 3

Degree := Pred(Degree);
it Degree <= 0 then
Error := 3;

{ Deflate polynomial until the constant tecm <>
while (ABS(PolylL0]) < INNearlyZero) and (Degree

begin
NumRoots := Succ(NumRoots);
Roots[NumRoots] := 0;
yRoots[NumRoots] := O;
IterCNumRoots] := O;
Degree := Pred(Degree);
for Term := 0 to Degree do
PolylTerml := PolyCTerm + 13;
end;
nd; { procedure TestData 3

rocedure FindValueAndDeriv(Degree
Poly
o X
var Value
var Deriv

- Output: Value, Deriv

integer;
INvector;
Float;
Float;
Float);

Zero

> 0)

Y

Pugs 7

- This procedure applies the technigue of synthetic division to -3
- determine both the Value and derivative of the poiynomial, Poly, -3

- at X. The Oth element of the First synthetic division is t

he ~2

- value of the polunomial at X, and the 1st element of the second -2

- sunthetic division is the derivative of the polynomial at X,

- :
Polyl, Poly2 : TNvector;

igin

SynDiv(Degree, Poly, X, Polyljy;
Value := PolylLO03;
SynDiv(Degree, Polyl, X, Polye);
Deriv := Polyel1];

'd; { procedure FindValueAndleriv )

‘ocedure FindOneRoot(Degree integer;



Vi

va

pr

be

en

pr

Found : bbolsan;~
0ldxX, 0ldY, OldDeriv,
NewX, NewY, NewbDeriv : Float;

ocedure CheckSlope(Slope : Float;
var Error : bytel;
__________________________________________________ }
Input: Slope -2
Uutput: Error -3
-3
This procedure checks the slope to see if it is -3
zero. I'he Newton Raphson algorithm may not be -3
applied at a point where the slope is zero. -3
_________________________________________________ }
gin
if ABS(Slope) <= TINNearlyZero then
Error := 2; ‘
d; { procedure CheckSlope 2
ocedure Initial(Degree : integer;
Poluy : INvector;
Guess : Float;
var 0ldX- — : Float;
var 01dY : Float;
var OldDeriv : Float;
var Found : boolean;
var Iter : integer;
var Error : bytey;
_____________________________________________________________ }

JAY1B .PAS

Poly : TNvector;
Guess : Float;
Tol : Float;
Maxlter : integer;

var Root ¢ Float;

var Value : Float;

var Deriv : Float;

var lIter : integer;

var Error : bytel;

T T T e e )
Input: Degree, Poly, Guess, Tol, Maxlter o -}
Output: Root, Value, Deriv, Iter, Error S T3

-2
A single root of the polynomial Poly. The root must be Rt
approximated within MaxIter iterations to a tolerance of Tol. -1
The root, value of the polynomial at the root (Value), and the -3
value of the derivative of the poluynomial at the root (Deriviy, =12
and the number of iterations (lter) are returned. I[f no raot =2
is found, the appropriate error code (Error) is returned. -1
__________________________________________________________________ }
r
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{- Input: Degree, Poly, Guess -3
{- Output: 01dX, 0ldyY, OldDeriv, Found, lter, Error -2
¢~ -3
{- This procedure sets the initial values of the above -7
(- variables. If 0ldY is zero, then a root has been -3
{- found and Found = TRUE. -2}
{(—————mmmm e e )
begin
Found := false; :
Iter := 0O;
Error := O; N
0ldX := Guess; ~
FindValueAndDeriv(Degree, Poly, 0ldX, 01dY, 0OldDeriv);
if ABS(01dY) <= TNNearludero then
Found := true
glse
CheckSlope(0ldDeriv, ErrorJ;
end; { procedure Initial 2
function TestForRoot(X, 0ldX, Y, Tol Float) boolean;
t-----—"""""——"——— e it by
{ These are the stopping criteria. Four different ones are -2
{ provided. If you wish to change the active criteria, simply -2
{ comment off the current criteria (including the preceding OR) -2
{ and remove the comment brackets from the criteria (including -3
{ the following OR) you wish to bhe active. -2
- b
begin
TestForRoot := (- 3
(ABS(Y) <= TNNearluZero) {- Y=0 =2
{- =3
or {- -2
: - - {- -2
(ABS(X — 01dXJ> < ABS(OldX*Tol)) {—- Relative change in X -2
{- -2
(* or *) (- -2}
(* . : 4 *3 (- -3
(* (AB5(01dX - XJ < Tol) *) {- Absolute change in X -2
(* . *) {- -2
(* or *) (- -2
(* -ox) (- -¥
(* (ABSCY) <= Tolv *) {- Absoclute change in Y -2
(- 2
(mmmm S 2
{- The first criteria simply checks to see if the value of the -2
{- function is zero. You should probably always keep this criteria -2
{~- active. -3
- _ -2
{- The second criteria checks the relative error in X. This criteria -2
(- evaluates the fractional change in X between interations. Note -2
{- -2

that X has been multiplied through the inequality to avoid divide
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© by zero errors. -3

. -}

The third criteria checks the absolute difference in X betuesen -3

iterations. ~3

-3

The fourth criteria checks the absolute difference between : -2
the value of the function and zero.

id; { procedure TestForRoot 3

gin { procedure FindOneRoot 32

Initial(Degree, Poly, Guess, 01dX, 0l1dY, OldDeriv, Found,

while not(Found) and (Error = 0J and (ltar<iaxlter) do
begin
[ter Succ(lter);
NewX := 0ldX - 0ldY / OldDeriv;
FindValueAndDeriv(Degree, Poly, NewX, NewY, NewDerivJ;
Found := TestForRoot(NewX, 0l1dX, NewY, Tol);
. 0ldX := NeuwX;
0lay NewY; ~
OldDeriv := NewDeriv;
if not(Found) then
CheckSlope(0ldDeriv, Error);
end;
Root := 0ldX;
Value := 01ldY;
Deriv := 0OldDeriv;

if not(Found) and (Error = 0) and (lter >= MaxIter) then

Error := 1;
if Found then
-Error := 0;
d; { procedure FindOneRoot 2

ocedure ReducePolynomial(var Degree : integer;

var Poly : TNvector;
Root : Float);
_____________________________________________________ }
Input: Degree, Poly, Root -2
Qutput: Degree, Poly- -2
-2

This procedure deflates the polunomial Poly by -2
factoring out the Root. Degree is reduced by one. -3
_____________________________________________________ }
VewPolyu : [Nvector;
ferm : integer;
in :
synbDiv(Degree, Poly, Root, NewPoly);
Jegree := Pred(Degree);
Tor Term := O to Degree do

PolylTerml := NewPolylTerm+11];

i; { procedure ReducePaolynomial 3

lter, Erﬁ@p);
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begin { procedure Newt Horn_Defl
TestData(InitDegree, InitPoly, Tol, Maxlter,
Degree, Poly, NumRoots, Root, Value, lter, ErrorJ;
while (Error=0) and (Degree>2) do
begin
FindOneRoot(Degree, Poly, Guess, Tol, Maxlter, Rootl[NumRoots+11,
valuelNumRoots+11, Deriv[NumRoots+1]1, lterCNumRoots+1], Err
orJ; : : ' -
if Error = O then
begin
NumRoots := Succ(NumRoots);

(- The next statement refines the approximate root by -
{- plugging it into the original polynomial. This -3
{- eliminates a lot of the round-off error _ -3
{- accumulated through many iterations -2

if NumRoots > 1 then
begin
Iterl := O;
FindOneRoot(InitDegree, InitPoly, RootfNumRootsl,
Tol, MaxIter, Root[NumRootsl, ValuelNumRootsl],
DerivCNumRootsl, I[terl, ErrorJ;
Iter(NumRootsl := Iter{NumRootsl + Iterl;
end;
ReducePolunomial (Degree, Poly, RootlNumRootsl);
GBuess := Root[NumRootsl;
end;
end;
- case [egree of
1 : begin { Solve this linear 2
Degree := 0O;
NumRoots := Succ(NumRoots);
Root[NumRoots] := —-Polyl{OJ / Polull3;
FindOneRoot(InitDegree, InitPoly, RootlNumRootsl, Tol,
MaxIter, Root[NumRoots], ValuelNumRootsl], -
DerivCNumRootsl, [terCNumRootsl, Error);
end;

2 : begin { Solve this guadratic 2
Degree := O;
NumRoots := Succ(Succ(NumRoots));
QuadraticFormula(Polytel, Polylll, PolylOlJ,
RootCNumRoots - 11, ImaglNumRoots - 113,
Root[NumRootsl, ImagCNumRootsl);
if ABS(Imag[NumRoots]) < TNNearlydero then

{ if the roots are real, they can be b
{ made more accurate using Newton-Horner J
begin -

FindOneRoot(InitDegree, InitPoly, Rootl[NumRoots-11, Tol,
Maxlter, Root[NumRoots-11, ValuelNumRoots-11,
DerivOCNumRoots-1], lterl{NumRoots-1], ErrorJ;

FindOneRoot(1lnitDegree, InitPoly, Root{NumRootsl, Tol,
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Maxlter, RootLNumRootsl, ValuelNumRootsl,
DerivCNumRootsl, Iter(NumRootsl, Errorj;

end
else

{ If the roots are complex, then assign 3

{ the value to be zerc (which 1s true, 3

{ except for some roundoff error) and the J

{ derivative to be zero (which is usually

{ FALSE: the derivative is usuallu complex 2

begin '
vValuelNumRoots—11 0; value(NumRootsl := 0; -
DeriviNumRoots—-11 := O; Deriv{NumRootsl := O; “ -
[ter{NumRoots-11 := O; [ter[NumRootsl := O; .

end;
end;
end; { case 2
end: { procedure Newt_ Horn_Defl 3

( e e o e e e e S m T M e e e e
procedure GetDatal( p : integer;
var u : TNvector);
{mmm e s — s e e 2
{- Output: Dimen, Data -3
{- -3
{- This procedure sets the value of Dimen and Data -3
{- from either kesuboard input or file input -2
(== e bs
vaf- _
- Ch : char;
procedure GetDataFromKeyhoard( p : integer;
var u : INvectorl;
e 2
{- Output: p , u -3
{- -2
{- This procedure sets the value of -2
{- p and u from keyboard input - 3
{—rm——— e e 3
var
i integer
begin
Writeln;
for i := 0 to p do
repeat
Write(’ UE',i, J 77
ReadlnCulil);
1OCHECK;

until not l0err;
end; { procedure GetDatakromKegboard 2
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rocedure GetDataFromFilec B : integer;

var u : TNvectorJ;
______________________________________ }
- Output : o, u -3
- , -2
- This procedure sets the value of -3
- Dimen and Data from file input -2
______________________________________ -}
ir A -
FileName : stringless]; -
InFile : text; o
1 : integer; '
gin |
Writeln;
repeat
Writeln:
repeat
Write('File name? Py
Readln(FileName);

Assign(Infile, FileNameJ;
Reset(InFiley;
I0Check;
until not IQerr;
for i := 0 to p do
begin .
'Read(InFile,u[i]);
I0Check;
end;
iocheck;
imtil not ICerc;
l; { procedure GetDataFromFile 3

1in { procedure GetData )
‘ase InputChannel(’Input Data From') of

Ko GetDataFromKegboard(p,u);
“F GetDataFromFile(p,u);
nd;

{ procedure GetData 3
_______________________________________________________________________ }
cedure CONVOLUTIONCDb,U tnvector;m,q : integer;var y : tnvector);
T T T T T T T T e e e e e =] }

PROCEDURE for filter implementation (generalised)y
8.b - arrau of coefficients of numerator and 3
denominatorl}

1.m - order of numerator and denominator
ALk]- discret input array to be read

iCk]- discret Output array

1(z) = b(0)+b(l)*z“—l+b(8)*z“~8+—-—-b(m)*z“—m

1 + all)*z -1+a(@2)%*z2" —2+————g(n)*z"—n

Il LV O N WV G )

.AUTION : Transfer function should of above
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{ Type 2
e 2
4R

k,i : integer;
L : tnvector;
Jegin,
for kK := 0 to a do
begin
rlkl := 0.0;
for i := 0 to m do
begin
Tk = k] + b[i]*u[k-i+q];
end;
ylkl := rCk3l;

end;

ocedure SPLINE_INTB(A,C:PLDTARRAY;N INTEGER);
- i

X, Temp - Float;

1, Dx, Dy, I, J, Lines, Scale - integer:
X1, Y1, x2; ve - integer;

3 : PlotArray;

7in
ZlearScreen
:etColorwhlte
:otoXY(SO ESJ;
Ix 1= -8;

gy = 7;

1 o= 3,

1 = 5;

g := 25; .

e := 10;
ines = 0y
cale := Q.

eflnewlndch1 0O, O, XMAXGLB ;s YMAXGLB) ;
nflnewlndow(E 0,0 XNAXGLB YNAXGLB)
EFINEWORLDC1 0 0 1000 1000)

=flneHeader(E ’ INPUT OUTPUT TIME RESPONSE )
_THeaderDN

1= BY4;

slineca, N, ale2, 13, aLN - 1, 17, B, M);
-ndWorldc2, B, M, 1, 1,08);
alectwindow(EJ;

‘awBorder; -
ITLINESTYLE(I);

awAxis(Dx, Du, X1, Yl, Xxe,
awPolguonLA d N -1, 7, 2, OJ
TLINESTYLELO)

AWAXISCO,0, X1 , Y1,X2,Y2,0,0 y FALSE ) ;
ANPDLYBDNLB 1,-m,0, O OJ
TLINESTYLE(I)

AWAXIS(DX, DY Xl Y1, X2,Y2,0,0 , FALSE ) ;
quDLYGDN(C E N- 1 7 2, O)

Y2, Lines, Scale, false);

Page 14
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SELECTWORLD(1);

SELECTWINDOWC1);

DrawTextW(730, 50, 2, TIME’);
DRAWIEXTW(750,100,2, *RESPONSE”’ J;
DRAWTEXTW(730,200,1, *THE SCALE I5°);
DrawTextW(730, 250,11, 'X-AXIS IS TIME AXIS?’ ),
DRAWTEXTW(730,300,1, 'Y-AXIS IS MAGNITUDE’J;
DRAWTEXTW(730,450,2,"'...1S INPUT’J; '
DRAWTEXTW(730,550,2, '——1I5 OUTPUT’J; '
DRAWTEXTW(730,800, 1, 'PRESS ANY KEY OR’J;
DRAWTEXTW(730,900,1, '"PRESS H FOR HARDCOPY’);

procedure SPLINE INT1(A:PLOTARRAY:N:INTEGERJ;
var

X, Temp : Float;

M, Dx, Dy, 1, J, Linesy Scale : integer;
X1, Y1, X2, Y2 : integer;

B : PlotArray;

begin

ClearScreen;
SetColorwWhite;
GotoXY (50, 25);
Dx := -8B;

Dy := 7;

X1 := 3;

'Yl' := 5,

Xe := &5;

Ye := 10;
Lines := O;
Scale := 0;

DefineWindow(l, O, O, XMAXGLB, YMAXGLB);
DefineWindoW(2, 0,0,XMAXGLB, YMAXGLBJ;
DEFINEWORLD(1,0,0,1000, 10007 ;
DefineHeader(2, ’ INVERSE LAPLACE’J;
SETHeaderON;

M .= BY;

Spline(A, N, AL2, 11, ALN - 1, 11, B, MnJ;
FindWorld(e, B, M, 1, 1.08J;
SelectWindow(a);

DrawBorder;

SETLINESTYLEC1);

OrawAxis(Dx, Dy, X1, Y1, X2, Y2, Lines, Scale, false);
DrawPoluygon(A, 2, N - 1, 7, 2, 0J;
SETLINESTYLECO);
DRAWAX1S(0,0,X1,Y1,X2,Y2,0,0,FALSE);
DRAWPOLYGONCB,1,-M,0,0,0);

SELECTWORLDC(1);

SELECTWINDOWC1);

DrawTextW(730, 100, 2,’'TIME’);
DRAWTEXTW(740,200,2, 'RESPONSE’ J;
DRAWTEXTW(730,260,1, 'THE SCALE IS’J;
DrawTextW(730, 300,1,’X-AXIS IS TIME AXIS’);
DRAWTEXTW(730,400,1, ’Y-AXIS 1S MAGNITUDE’J;
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DRAWTEXTW(730,500,1, " ..THE INVERSE LAPLACE’)J;
DrawTextW(730, 600, 1, 'THE TIME FOR OUTPUT SIMULATION’)J;
DrawTextW(730,700,1, IS THE RANGE OF TIME’)J;
DRAWTEXTW(730,800, 1, 'PRESS ANY KEY EXCEPT ENTER KEY’);
DRAWTEXTW(730,800,1, '"PRESS H FOR HARD COPY 'J;

END;

BEGIN {MAIN2 :
INITGRAPHIC; _ ‘ - e T
DEFINEWINDOWC1,0,0, XMAXGLB, YMAXGLBJ; ' S o=
DEFINEWORLDC(C1,0,0,1000, 10007 ; o ‘

SELECTWORLDC1);

SELECTWINDOWC(1J;

DRAWBORDER;

DRAWTEXTW(200,100,4,* TRANSFER FUNCTION' J;
DRAWTEXTW(250,200,4, "’ SIMULATICON’ J;

DRAWTEXTW(100, 300,4, 'FOR ARBITRARY INPUT "),
DRAWTEXTW(200,400,2, 'BY’);
DRAWTEXTW(S500,500,2, 'VIJAY PANDE’):
DRAWTEXTWC(200,600,2, 'GUIDE’);

DRAWTEXTW(S00, 700, 2, 'PROF M.K.VASANTHA');
DRAWTEXTW(200,800,2, ’E.E.DEPT, UGCR, dt: 1%/1/1980 ); :
DRAWTEXTW(200,800, 1, 'PRESS ANY KEY TO CONTINUE ( EXCEPT ENTER KEY)' )
REPEAT UNTIL KEYPRESSEU

LEAVEGRAPHIC:

CLRSCR;

WRITELN;

WRITEC’RANGE OF TIME FOR WHICH SIMULATION TO BE CARRIED '),
READLN(RANGEOFTIME) ;

-WRITELNC’NUMBER OF DISCRETE POINTS YOU WANT TO EVALUATE : ');

WRITEC® SHOULD BE INRANGE OF 10 'TO 30 SEDY
READLNCP)

WRITEC’ORDER OF NUMERATOR m? :7’);

READLNCM) ;

FOR I := M DOWNTIO O DO

BEGIN

WRITEC’COEFFICIENT OF NUMERATOR S°’,1,° IS: ’);
READLNCNUMCID); ‘
END;
WRITELN:
WRITEC’ORDER OF DENOMINATOR n 7 DR
READLNCND ;
FOR I := N DOWNIO O DO
BEGIN
WRITEC’COEFFICIENT OF S°’,I,’ OF DENOMINATOR IS 7?:7);
READLN(DENLI]);
END:
NEWT_HORN_DEFL(N,DEN, O, 1E-03, 80, DEGREE , NUMROOTS, POLY, ROOT, IMAG, VALUE,
DERIV, ITER, ERROR);
WRITELNC ' #%*#+THE POLES ARE*#%%%' ).

FOR T := 1 TO N DO

BEGIN -
POLESCI].RE := ROOTCIJ:
POLESCIJ.IM = IMAGLCID;
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wRITELPDLES[IJ RE, ’+J’,PDLES[IJ.IM);

WRITELN:
END; . ’
‘PHRFRALEXPLH . NUM, N, DEN, POLES . ,RESI1D);
WRITELN;
lelELNL'******THE RESIDUES ARE**%wa# ).
FOR I := 1 TO N DO
BEGIN
NRITE(RESIDEI].RE.'+J’,RESID[1].INJ;
WRITELN;
END; - ”
INVLAPLACELP RANGEUFTINE,N,POLES,RESID,A,BBA,AA); -
INITGRAPHIC; -

SPLINE INTLLA P);
REPEAT UNTIL KEYPRESSED
CH := READKEY:
IF (CH = M) THEN HARDCOPY (FALSE, 4 ;
LEAVEGRAPHIC .
CLRSCR; -
GDTDXYLS S);
WRITELNC ®NOW YOU HAVE TO ENTER INPUT DATA uct) o,
GETDATACP,U); .
FOR I := 0 10 2%P D0
. BEGIN
IF I <= P THEN
UULIl := 0.0

ELSE
UULI1l := UCI-PJ1;

END;

CLRSCR;

CONVDLUTIONLAA UU,P, P, YOUTPUT) ;

FOR I := 0 To P Do

BEGIN
ACL+1.2] .= YOUTPUTC 3],
BCI+1,11 .= BBALI3J;
BCI+1,2] .= UCIJ/DENCQ];

END;

INITGRAPHIC;,

SPLINE INTE(A B,P);

REPEAT UNTIL KEYPRESSED

CH := READKEY ;

IF (CH = H» THEN HARDCOPY(FALSE. 4) ;

LEHVEGRHPHIC
FOR I := ¢ TU P DO
BEGIN
-URITELN(AE1+1,1],' "yALI+Ll, 23, ", BLI+1,21);
END;

:ND.
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PROGRAII filter(input,outngJ;

uses '
dos,crt,common;

TUpEe
‘"TNvector = arraytl..50] of reai;
var
b.n,m : integer; o ‘ )
u,a,b,y : tnvector; e

)rocedure GetDatalvar p,n,m : integer; : B

var u,a,b : TNvectory;
St b
.~ Output: Dimen, Data -2
— ~3
- This procedure sets the value of Dimen and Data -2
- from either keyboard input or file input -2
___________________________________________________ }

ar
Ch._: char;

rocedure GetDataFromKegDoard(var byn,m : integer;

var u,a,b : TNvectory;

______________________________________ }
- Output: p u -2
- 4 -3
- This procedure sets the value of =2
- b and u from keyboard input - 3
______________________________________ }
iC
i integer;
gin
Writeln;
repeat

Write(’input number of Sampies p ‘),

Readln(py;
writeln(’'order of numerator (mJ’J;
write('m = "
readlnimy;
writeln(’'coefficients of numerator’;
fFor 1 := 1 to m+1 do
begin
write(’b[’,i*l,’3=’J;
readln(blfi]y;
end;
writein(’ order of‘denominator(nj:‘l;
writet’'n=’j;
readlniny;
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writeln('coefficients of denominator’’;
for 1 := | to n do
begin
writev'al ' ,1,’J="J;
readln(alilJ;
end;

10Check;
until (not I[0erry;
Writelin;
for i := 1 to p+l0 do
" repeat
Writec’'UL ., 1,3 7 J;
Readlnueulil);
I0Check;
until not I0err;
nd; { procedure GetDatafromkeuboard 3

rocedure GetDataFromFile(var p,n,m : integer;

- var u,a,b : TiNvectorJ;
______________________________________ }
- Output o) u ~2
- A -2
- This procedure sets the value of -2
- Dimen and Data trom file input Bl
______________________________________ 3.

ir
FileName : string(2551;. _
InFile : text;

i : integer;

gin
Writeln;
repeat
Writeln;
repeat
Write('File name? 'J;
Readln(FileName);
AssignuinfFile, FileNameJ;
Reset(inFileJ;
[0Check;
until not ICerr;
Read(InFile,nJ;
read(infile,mJ;

for i ;= 1 to m+l do
begin
readin(infile,bliJy;
end;
readtinfile,nJ;
for i := 1 to n do
begin -

readlntinfile.,alily;
end;
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I10Check;
while (not iCerrs and 'n>mJs do
begin
for i := 1 to p+lO do
begin
ReadutinFile,ulil);
10Check;
end;
end;
until not I0err;
end; { procedure GetDataFromFile 2

begin { procedure GetData J
. case InputChannel(’Input Data From’) of
Ko betDataFromheuboaraLo m,n,b,a,ul;
o BetDataFromFllELo m,n,b,a, U)
end;
GetOutputFile(OutFile);
end; { procedure GetData 3

{ __________________________________________________________________________
Droceaure Results. g : integer:
var U,y 3 INvector);
(e 2
{- This procedure outputs the results to the device Outfiie -3
o B¢
var :
Row : integer;
begin
Writeln{OutFiley;
Writeln(OutFileJ; : .
. Writeln(QutFile, THE INPUT AND QUTPUT ),
- for Row := 10 to g+10 DO
begin
. WritecOutFile,UCRowl ,YCROW] :18:81;
Writeln({OutFiley;
end;
end;
. 2
procedure ' dfilter(a,b : tnvector; gq,n,m : integer;var u,y : tnvector):
(e LTI 2
{ PROCEDURE for filter implementation (generalised)?}
{ a,b - array of coefficients of numerator and 3
{ denominator)
{ n,m - order of numerator and denominator 3
{ ulkJ- discret input arrau to be read 2
{ uCkJ- discret output array 3
{ H(z) = b(0J+b(1)*%z" ~1+b(2)%z2 ~E+-——=—bimJ*z -m >
t  me——— 3
C 1 + a(li*z"-1l+a(@)i*z —-2+————alni*z -n 2
{ 2
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{_CAUIIUN : lransfer function should of above

€ Type.
{ ____________________________________________________
VAR
K.1 : integer;
b.r : tnvector;
begin
ror k := 10 to a+10 do
begin :
pLtkl := 0,0;
for i := 1 to n do
begin
plkl := PLkI~alil*ylk-i3;
end;
rlkl := 0.0;
for i = 1 to m+l do
begin
rlkl := rifki + bLil*ulk-i+1],
end;
Utkl := rik) +plki;
end;
end;

begin {main}
getdata(p,m,n,b,a,u;;
dfilter(a,b,p,n,m,u,gl;
Results(p,u,g);
close(outfile);

end.
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program identild(input,output’:

{ Programm for identification of parameter using LSE approximation 3
{ The inout is Read from a file 2
{ The inputs are 3
(O 1. Number of samples N 3
{ c. Input to the sustem UCky 2
{ 3. Output of the sustam YC(k 2
{ No error handling is done, So be careful while inputing 2
e T B
const
INNearlyzero = 1E-Q7;
type

INvector = arrayll..30] of real;

TNmatrix = arrayll..30] of TNvector;
Float = real;
var
‘m,N,D.C : integer;
u,u, gm upor : TNvector;
1,1,k integer;

hmat pmat, zmat, Ymat : TNmatrix;
zmata,zmatb,zmatchzzmat :TNmatrix;

Filename : stringless];
infile : text; -
error : bute;
{ __________________________________________________________________________
——=3
procedure Inverselemen : integer;
. Data : TNmatrix;
var Inv : TNmatrix:
var Error : byte’:
nrocedure Initial(Dimen. : integer;
var Data : TNmatrix;
var Inv : TNmatrix;
var Error : byteJ;
{mrmmr———— e B
{- Input: Dimen, Data ' -2
{- Output: Inv, Error -2
- . - o
{=: This procedure test for errors in the value of Dimen -}
- 3
var

Row : integer::

begin
Error := 0;
if Dimen < 1 then
Error := 1
else
begin

{ First make the inverse-to- ‘be the i1dentity matrix J
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FillCharuInv. SizeOf (invy. 0J;
for Row := 1 to Dimen do

INnviRow. Raow] := 1:

if Dimen = 1 then
iF,HBS(Data[l, 135 < INNearlyZero then

end;

Error := 2 { Singular matrix 3
else '
InvCl. 11 .= 1 / Datali, 13;

€nd: { procedure Initial 2

procedure EROdiv(Divisgr Float;
Dimen ¢ integer;
var Rouw : TNvectaor),
e 2
(- Input: Divisor, Dimen. Row -3
{~ =2
{- elementary row operation - dividing by a constant -3
T TZTITTY D8 8 comstant - 3
var
ierm integer; o
bsgin
for Term := | tg Dimen do
‘Rowl Term] := RowlTerml / Divisor;

2nd; { procedure ERQdiv 2

rocedure EROswitch(var Rowl

var Rowc TNVECtorJ;
_________________________________________________ )
~. Input: Rowl, Rowp -3
- Outpourt: Rowl, Row? =2
- =2
~ Elementaru rouw gperation - Switching two rows -3
T T T T e DI CTD TTWE T 3
ar
BummuRouw : INvector;
2gin
DummyRow .= Rowl ;
Rowl := Rowe;
Rowe := DummyRow;
1d; { procedure EROswitch 3
‘ocedure ERUmultAdd(Hultiplier : Float;
Oimen : integer;
var ReferencefRouw - I'Nvecror;
var ChangingRow Ihvectory;
Input Multiplier, Dimen, ReferenceRow, LhangingRow

TNvéctor;

- Fage
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{- COutput: ChangingRow. -2
- =3
{- Row operation - adding a multipie of one row to anotner -3
e T T T 3
var
Term : integer:
begin
for Term := 1 to Dimen do A
ChangingRow( Termi := ChangingRowlTerml + Hultiplier*ReferenceRow[Tequ;

end; ( procedure EROmultAdd 3

orocedure invertDimen - integer;
var Data : TNmatrix;
var inv : TNmatrix:
var Error : bytey;

o 2
— Input: Dimen, Data ~2
— Output: Inv, Error . -2

-2
~ This procedure combutes the inverse of the matrix Data -3
- and stores it in the matrix Inv, If the matrix Data -2
-~ 1s singular. then Error = 2 is returned. =3

Tl ey e

__________________________________________________________ }
'ar
Divisor, fiultiplier : Float;
Row, ReferenceRow : integer;
Irocedure Pivot(Dimen : iInteger;
‘ ReferenceRow : integer;
var [Data : INmatrix;
var Inv : TNmatrix;
var Error : butel;
_____________________________________________________________ }
- Inout: Oimen, ReferenceRow, Data, Inv -2
= Output: Data, Inv, Error -2
- -3
- This procedure searches the ReferenceRow column of -2
-~ the Data matrix for the first non-zerc eliement below -3
- the diagonal. If it finds one. then the bprocedure ~J
- switches rows so that the NON—-2ZEro element is on the -3
- diagonali. This same operation is applied to the inv -2
" matrix. if no non-zero element exists in a column, the -3

" matrix is singular and no inverse exists. -

ir
NewRow : integer;

gin
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Error := 2; { No inverse exists 2
NewRow := Referencerow:
while (Error » 0OJ and (NewRow < [imen) do
{ Try to find a b
{ row with a non-zeroc 2
{ diagonai element 2
begin . - —
NewRow := Succi(hNewRowy;
if ABS(DataliNewRow, ReferenceRowl’ > TiNNearluZero then
pegin )
EROswitch(DatalNewRowl, DatalReferenceRowl’; -
{ Switch these two rows 2 . ot
EROswitchtInviNewRowl, InviReferenceRowlJl;
Error := 0;
end;
end; { while 2
end; { procedure Pivot

begin { procedure inver 1
{ I'lake Data matrix upper triangular I

ReferenceRow := O;
while (Error = 0J) and (ReferenceRow < DimenJ da
begin ' ,

ReferenceRow := Succ(ReferenceRowl;

{ Check to see if the diagonal element is zero 2
if ABS(DatatReferenceRow, ReferencelRowl) < TiNearlyZerc then
Pivot(Dimen, ReferenceRow, Data, Inv, ErrorJ:
if Error = O then
oegin -
‘Divisor := DatalReferenceRow, ReferenceRowl;
EROdiv(Divisor, Dimen, DatalReferenceRowl’;
EROdiviDivisor, DOimen, Inv[ReferenceRowl);
for Row := 1. to Dimen do
{ Ilake the ReferenceRow element of this row zero 2
if (Row <> ReferenceRow’) and
vABStDatalRow, ReferenceRowl’ > INNearluZero) then
bpegin
flultiplier := -DatalRow, ReferenceRowl /

' DatalReferenceRow, ReferenceRowil;
EROmultAadd(Multiplier, Dimen, DatalReferenceRow], DatalRow]l;
EROmultAdd(riultiplier, Dimen, InvLReferenceRowl, InvIRowlJ:

end;
end;
end;
end; { orocedure Inver 2
pegin { procedure Inverse 7
Initialidimen, Data, [nv, ErrorJ;
if Dimen > 1 then
inver(Dimen, Data, Inv, ErrorJ;
end; { procedure Inverse 7

procedure multildril,decl,dre,dce: integer;
vijl:TNmatrix;vijie:ThNmatrix;var vii3:TNmatrixj;
var :
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Input :di=number of Row of v1jl:dr=number of coliumn of viae
uutnuc Matrix vi)3 or di row and dr co¢umn

Lthis procedure evalutes the multipiication of two matrix

e carerui - error deaiing is not their

J = 0.0;
1l to dece do
for K := 1 to dre do
J 1= vij30i, 33+vijlii,kl*vijelk

(S
)

n {main program pegins nouw?

teln(’input number of samples using - N'J;
telny’order of zeros you want to have - m’y;
telnd’ order of sustem you want to have - n'u;

readlniN,m,.nJ;

wri
wri
wri
rea
ass
res

teln(’ = ’.D.’m= .m,n= L nD;
teint’'Read Sampled data from file’ )
teln(’'fiiename? )
dinifilename);
igndinfile,filename’;

et (infileJ;

for r := 1 to p do

be

. en
ci
for
be

gin
readintinfilie,ypird,upriciy;
d; - :
ose (infiley;
r := 1 to 2%p do
gin '
if r <= p then
begin
ulrld := 0.0;
uitrld = 0.0;
end
eise
begin
Ulrd := ypir-pj;
ulrl := uprir-pi;
end; -

i :=1 to'p DO

ror 1 := 1 to vntmri) 0O

[P

[P RN
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pegin ‘
if ) <= n then
pegin
nmatli, yJ := —ytp~-)1+1id;
pmatli,1J := hmatii, ) d;
end
ELSE
BEGINN
hmat(i,jl := uli-j)+l+p—nji;
pmatl 3,1l := hmatii, 33;
END;
end; R
end;
for 1 := 1 to p DO
begin
Ymatli,1d := yti+l+k];
end;

“multiin+m+i,p,p,n+m+l, pmat, hmat,zmata’:
multiin+m+l,p,D,1,pmat,Ymat,zmatb);
inverseum+n+l,zmata,zmatC,error.;

multiin+m+i,n+m+1,n+m+1,1,zmatc,zmatb,zzmat;

wrictelnt’'coefficients = ’'J;
for 1 := 1 to n+m+l do
BEGIN

writeinvzzmatii,ll:i8:32;
IF 1 <= N THEN
WRITELNC AL . I-1, 7]
ELSE
WK

‘,zzmatli.13J

TTELNCBL L I-N, 1 = °,zzmatli,11);
END;

gna.
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PROGRAIM IDENT1 _VI1JAY_COMBINEDCINPUT,OUTPUTJ;

(- THIS 15 MY OWN METHOD FOR 1DENTIFING THE SYSTEM IN -2
(- DISCRETE DOMAIN., IT UTILISES BOTH THE CLASSICAL AND -2

{—- DECONVOLUTION TECHNIQUE FOR THE NOISE FREE SYSTEMS -2
{- AND FOR NORMALLY DISTRIBUTED NOISE IT USES BOTH -2
{- AUTOCORRELATION AND CROSSCORELATION TECHNIQUE AND -3
{- DECONVOLUTION 1S PERFORMED AND AFTER THAT CLASSICAL -2
{~ TECHNIQUE 1S APPLIED -2 : o
{- FOR MORE DETAIL REFER DISSERTATION REPORT OF -2 -
{- v1JAY PANDE EE DEPT. U.0.R ROORKEE -2 - )
e 2
USES
DOS, CRT, COMMON;;
TYPE

“TNVECTOR = ARRAYLO..501 OF REAL;

TNVECTOR1 = ARRAYLO..201 OF REAL;

TNMATRIX = ARRAY(O..201 OF TNVECTOR1;

TNVECTORZ = ARRAY[1..201 OF REAL;

TNMATRIX1 = ARRAY(1..20] OF TNVECTOGORZ:

FLOAT = REAL:

CONST

TNNEARLYZERO = 1E-04%;
VAR

P.ORDER, PP, I,K, N, XYZ INTEGER;

RANGEDFTINE VALUE XVALUE, QQ, YY REAL;

WELEMENT : TNVECTOR;

BROWVECT : TNVECTORL;

BMATRIX, WARRAY,AVECTOR : TNMATRIX;

WVECTOR, BARRAY, DVALUE ,HVALUE : TNVECTORZ;

HANKELMAT : TNMATRIX1;

ERROR1,ERRORZ2 : BYTE;

QUTFILE : TEXT;
(e 2
PROCEDURE DECONVOLUTIONCBROW, AROW: TNVECTOR:N,M: INTEGER; VAR GROW: INVECTOR);
(- 2
{ PROCEDURE FOR DECONVOLUTION OF TwO ROW VECTOR -2
{-b(0J,b(1),b(E2), —————- , 1s first row vector -2
{- of N coefficients - -2
{-a(0),a(l),a(2),-——=-- 1s second row vector -2
{- of M coefficients -2
{mm—m e e b
VAR

I.J : INTEGER;

GGROW : TNVECTOR;
PP . REAL;
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BEGIN
FOR [ := 0O IO N+M DO
BEGIN
IF [ <= N THEN
BROWLIJ := BROWCIJ/AROWLO]
ELSE
BROWCIJ := 0.,0;
END;
FOR I := O TO0 M+N DO :
BEGIN

IF I <= M THEN" ‘ -~
ARCWLI] := ARCWCI1J/AR0OWCLO] .

ELSE
AROWLIJ := 0.0;
END;
GROWCO] := BROWLOJ;
FOR I := 1 TO N DO
BEGIN
PP := 0.0;
FOR J := 1 TO I DO
BEGIN ‘ L - :
GGROWLJJ := AROWLJI*GROWL I-J1+PP;
’ PP := GGROWCJI; '
END;
GROWLI] := BROWCIJ-PP
END;
END;
-
-~}

PROCEDURE HANKELHATRIX(DRDER:INTEGER;GRDwiTNVECTDR;VAR HMAT: INMATRIX1 ;
VAR WMAT: TNVECTORR2) ;

VAR
©I,K,J  : INTEGER;

BEGIN
FOR I := 1 TO ORDER DO
BEGIN '
K := 0;
FOR J := 1 TO ORDER DO
BEGIN
HMATLI,J] := GROWCI+KJ;
K := K+1
END;
END;
FOR I := 1 TO ORDER DO
BEGIN
WMATL 1] := -GROWLORDER+1;
END;
END;
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PROCEDURE  NUMARRAYMAT (ORDER: INTEGER; BROWVECYT : TNVECTORL ; GROW: TNVECTUR
VAR BNATRIX,NVECTDRNATRIX TNHATRIX)

(- >
{- THIS PRDCEDURE FURNS BMATRIX AND W VECTOR -2
(mmmmmr e 3
VAR ,
I.,J : INTEGER; : -

- BEGIN " - -
FOR [ := 0 TO ORDER DO L
BEGIN

FOR J := 0O I0 QRDER DO
BMATRIXCI,J] :=0.0;
END;
FOR J := O TO ORDER DO
BEGIN ‘
FOR I := O TO ORDER DO
BEGIN »
IF I-J < O THEN
BMATRIXCI,J] := 0.0
ELSE A
BMATRIXCI,J1 := BROWVECTILI-JJ;
END; -
END:
FOR I := 0 IO ORDER Bo
BEGIN . L
wVECTURNATRIX[I .01 := GROWCIJ; '
END;
END;
(e 3

procedure multi(dri,dcl,dr2,dc2: integer;
v111 leatrlx svije: TNmatrlx var vij3: TNmatrlx)
var
i, 1,k : integer;

A 3
{-Input :di= number of Row of vijl:dr=number of column of v118 3
{-Output:Matrix viji3 of di row and dr column 3
{ 2
{ This procedure evalutes the multlnllcatlon of two matrlx 2
{ 3
{ Be careful - error dealing is not their B
(e 2
begin

for i := 0 to drl do
‘begin :
vii3Ci, 31 := 0.0;
for 3 := 0 to dc2 do
begin

for k := 0 to dré do
vit30i, 11 := vij30i, 33+vijlli,kI*vijelk R
end; A
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end
end
{—m— e T ST e e 3
procedure Ueterminant(Dimen : integer;
. Data : TNmatrixl;
var Det : Float;
var Error : bute);

procedure Initial(Dimen : integer;

var Data : TNmatrixl;
var Det : Float; o
var Error : bute); - -
(e >
{- This procedure tests for errors in the value of Dimen -2
{—— e e e e 3
begin
Error := 0O;
if Dimen < 1 then
Error := 1 -
else

if Dimen = 1 then
Det := Datall, 13;
end; { procedure Initial 2

procedure EROswitch(var Rowl : TNvectore;
var Rowe : TINvectore)l:

(- 3
{— Elementary row operation - switching two rows -2
(= e b
var

DummuRow : TNvectorg;

begin

DummuRow := Rowl;
. Rowl := Roue;
" Row2 := DummuRouw;

end; { procedure EROswitch 2

procedure EROmultAdd(Multiplier : Float;
Dimen : integer;

var ReferenceRow : TNvectorc:

var ChangingRow : TNvectorz);
(- Bt
{- Row operation - adding a multiple of one row to another -3
{-——— e e 3
var

Term : integer;

begin
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for Term := 1 to Dimen do
ChangingRowlTerml := ChangingRowlTerm] + Multiplier * ReferenceRowlTerm -
], . .
end: { procedure EROmultAdd ? i
Function Deter(Dimen : integer;
var Data : TNmatrixl) : Float:
(e e e 3
{- Input: Dimen. Data -2 T -
{- Output: Deter _ =2 e
{- -3 e
{- Functicn returns the determinant of the Data matrix -2 S -
{—m o >
var

PartlalDater Multiplier : Float;
Row, ReferenceRow : integer;
DetEgualsZero : boolean;

procedure Pivot(Dimen : integer;
ReferenceRow : integer;
var Data : TNmatrixil;
var Partialleter. : Float:

var DetEqualsZero : boolean):

e e s e 3
{- Input: Dimen, ReferenceRow, Data, PartialDeter -2
{- Output: Data, PartialDeter, DetEqualsZero -2
{- -2
{- This vrocedure searches the ReferenceRow column of the -2
{- matrix Data for the first non-zero element below the -2
{- diagonal. If it finds one, then the procedure switches -2
{- rows so that the non-zero element is on the diagonal. -2
{- Switching rows changes the determinant by a factor of -2
{- -1; this change is returned in Partialleter. -2
{- If it doesn’t find one, the matrix is singular and the -3
{- Determinant is zero (DetEgualsZerc = true is returned). -1
it e o 3
var
‘NewRow : integer;
begin
DetEgualsZero := true;
NewRow := ReEerenceRow :
while DetEgualsZero and LNewRow < Dimen) do { Try to find a row 3
{ with a non-zero 3
{ element in this 3
{ column ' b
begin
NewRow := Succ(NewRow);
if ABS(DatalNewRow. ReferenceRowl) > TNNearludero then
begin

EROswitch(DatalNewRowl. DatalReferenceRowl);
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{ Switch these two rows 2

DetEgqualsZero := false;
PartialDeter := -PartialDeter; ({ Switching rows changes 32
{ the determinant by  a 3
{ factor of -1 : 3
end:
end;
end; ( procedure Pivot 2
begin ( function Deter 2 - . oL
DetEgualsdero := false; R .
PartialDeter := 1; .
ReferenceRow := O; : o
{ Make the matrix upper triangular 2
while not(DetEgualsZero) and (ReferenceRow < Dimen - 1) do
begin
ReferenceRow := Succ(ReferenceRow);

{ If diagonal element is zero then switch rows 2
if ABS(DatalReferenceRow, ReferenceRowl]) < TNNearluZero then
Pivot(Dimen, ReferenceRow, Data, Partialleter, DetEqualsZero);
if not(DetEgqualsZerol then
for Row := ReferenceRow + 1 to Dimen do
{ Make the ReferenceRow element of this row zero 7
if ABS(DatalRow, ReferenceRowl) > TNNearluZero then
begin
Multiplier := —DatalRow, ReferenceRowl /
DatalReferenceRow, ReferenceRow]; :
EROmultAdd(multloller Dimen, Data[ReferenceRow], DatalRowl);

end;

{ Nultiplg the diagonal Term into PartialBbeter 2

PartialDeter := PartialDeter * DatalReferenceRow, ReferenceRow];
end;
if DetEgualsZero then

Deter := 0 '
else

Deter := PartialDeter * DatalDimen. Dimenl;

end; { fFunction Deter 2

bégin C procedure Oeterminant 2
Initial(Dimen, Data, Det, Error);
if Dimen > 1 then

Det := Deter(Dimen, DataJ;
end: { procedure Determinant 2
{ _________________________________________________________________________
procedure Gaussian_Elimination(Dimen : integer;
Coefficients : TNmatrixi;
Constants : TNvectore;
var Solution : TNvectorz;
var Error : buytey;
procedure Inltlal(Dlmen : integer;
var Coefficients : TNmatrixl;
var Constants : TNvectore;
var Solution : TNvectore;

var Error : bute);
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(=== 3

{- Input: Dimen, Coefficients. Constants -2

{- Output: Solution, Error -2

{- : -3

{— This procedure test for errors in the value of Dimen. -2

{- This procedure also finds the solution for the -3

{- trivial case DOimen = 1, =2

e e e e e e e 2

begin . T
Error := O; N
if Dimen < 1 then

Error := 1

else

if Dimen = 1 then
if ABS(CoefficientslCl. 11J) < TNNearlyZero then

Error := 2
else
Soiutionl1]l := ConstantsLll / Coefficients(l, 11;

end; ( procedure Initial 2

procedure ERUswitch(var Rowl : TNvectore:
var Rowe : TNvector2);

{ ___________________________________________________ }
{- Input: Rowl. Rowc -2
{= Output: Rowl, Rouwg -3
- ’ -2
{—- elementaru row gperation - switching two rows -2
(== e b
var

Dumngdw : INvectore:

begin
DummyRow := Rowl;
Rowl := Rowe;
Rowg := UummyRow;

- end; { procedure EROswitch 2

procedure EROmultAdd(Multiplier : Float;
Dimen : integer;

var ReferenceRow : TNvectoreg;

var ChangingRow : TNvector2);
(= e e e 3
{- Input: rMultiplier, Dimen, ReferenceRow, ChangingRow -3
{- Output: ChangingRow =)
{- _ -2
{- row overation - adding a multiple of one row to ancther -}
{-------—-" - " T e e 3
var

Term : integer;
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begin
for Term := 1 to Uimen do _
‘ChangingRowl Term) := ChangingRow(Terml + Hultiplier*ReferenceRow[Ierm];.

end; { procedure EROmultAdd 3

procedure UpperIriangular(Dimen : integer;
: var Coefficients : TNmatrixl;
var Constants : TNvectorz;
var Error : bytel; -
t ———————————————————————————————————————————————————————————————— --.} - ‘—‘
{+ Input: Dimen, Coefficients, Constants e S
{= Output: Coefficients, Constants, Error -2
{- ; =3
{- This procedure makes the coefficient matrix upper triangular. -2
{- The operations which perform this are also performed on the -2

{- Constants vector. -3 0
{- If one of the main diagonal elements of the upper triangular -2 BN
(- matrix is zero, then the Coefficients matrix is singular and -}

{- no solution exists (Error = 2 1s returned). -2
t—- T T e 3
var

Multiolier : Float;

Row, ReferenceRow : integer;

procedure Pivot(Dimen : integer;
ReferenceRow : integer;
var toefficients : TNmatrixi;

var Constants : TINvectore;

var Error : bytel;
e 3
{~ Input: Dimen, ReferenceRow, Coefficients -2
{- Output: Coefficients, Constants, Error -2
{- -3
{- This procedure searches the ReferenceRow column of the ~2
(- Coefficients matrix for the first non-zero element below -2
{- the diagonal. If it finds one, then the procedure switches -»
{- rows so that the non-zero element is on the diagonal. -2
{- It also switches the corresponding elements in the -2
{- Constants vector. If it doesn’t Find one, the matrix is -2
{- singular and no solution exists (Error = 2 is returned). -2
m——— e >

var
NewRow : integer;
Dummy : Float;

begin
Error := 2; { No solution exists 3
NewRow := ReferenceRouw;
while (Error > 0) and (NewRow < Dimen) do { Try to find a 3

{ row with & non-zero 3
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{ diagonal elesment

begin
NewRow := Succ(NewRow);
if ABS(CoefficientsiNewRow. ReferenceRowl) > TRNearluZero then
begin )

ERUswitch(Coefficients(NewRowl. Coefficients[ReferenceRowl’;
{ Switch these two rows 2

Dummy := ConstantsCNewRowl;

Constants{NewRowl := Constants[ReferenceRowl;
Constants[ReferenceRow] := Dummy; _

Error := O; { Solution mauy exist 2 : -

end; “
end;

end; { procedure Pivot 2

be

en

pr

gin { procedure UpperIriangular 2
ReferenceRow := 0; :
while (Errfor = 0) and (ReferenceRow < Dimen - 1) do
begin o
ReferenceRow := Succ(ReferenceRow);

{ Check to see if the main diagonal element is zero 7

if ABS(CoefficientslReferenceRow, ReferenceRowl]) < TNNearlyZero

Pivot(Dimen, ReferenceRow, Coefficients, Constants, Error);
if Error = 0 then .
for Row := ReferenceRow + 1 to Dimen do
{ Make the ReferenceRow element of this row zero I

if ABS(Coefficients[Row, ReferenceRowl) > TNNearluZero then

begin . :
Multiplier := -Coefficients({Row, ReferenceRowl /
Coefficients[ReferenceRow, ReferenceRow];
"EROmultAdd(Multiplier, Dimen,

Coefficients[ReferenceRowl, CoefficientslRowl);

ConstantsCRowl := Constants[Rowl +
Multiplier * Constants{ReferenceRowl;
end;
end; { while 3 . )
if ABS(CoefficientsCDimen, Dimenl) < INNearluZero then
Error := 2; { No solution 32 '
d; { procedure UpperIriangular 32

ocedure BackwardsSubChimen : integer;
var Coefficients : TNmatrixl;
var Constants : TNvectore;
var Solution : TNvectore);
______________________________________________________ ' ——_-______}
Input: Dimen, Coefficients, Lonstants -2
Output: Soclution ‘ -3
e
This procedure applies backwards substitution to the upper -2
triangular Coefficients matrix and Constants vector. The -2
resulting vector is the solution to the set of eguations and -2
is returned in the vector Solution. -2
_______________________________________________________________ }

Page 3

then
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var
Term, Row : integer;
Sum’ : Float;

bhegin

Term := Dimen;

while Term >= 1 do

begin :
Sum := 0O;
fFor Row := Term + 1 to Dimen do i -

Sum := Sum + CoefficientslTerm, Row] * SolutionfRowl; T

SolutionLTerml := (Constants{TIerml - Sum) / CgefficientsETerm;-Terh];
Term := Pred(Term); ’ L

end;

end: { oprocedure BackwardsSub 7

begin { procedure Gaussian_Elimination 2
Initial(Dimen, Coefficients, Constants, Solution, Error);
if Dimen > 1 then o
begin ' . .
UpperIriangular(Dimen, Coefficients, Constants, Error);
if Error = 0 then
BackwardsSub(Dimen, Coefficiants, Constants, Solution);

end;
end; { procedure Gaussian Elimination 2
(e
H .
procedure GetData(var p : integer;VAR T : REAL:

: var Y : TNvectorl;
= ——— e b
{- Output: Dimen, Data -2
- . -3
-{- This procedure sets the value of Dimen and Data -2
{— from either keuboard input or file input -3
‘{.'_ __________________________________________________ 3
var

Ch : char;
‘procedure GetDataFromKeuboard(var p : integer; VAR T':'REAL;

var Y : TNvector);

{-——— bt b B¢
{- Output: o , u -2
- i -2
{- This procedure sets the value of -2
{- p and u from keyboard input - P
(= —————— 3
var

i : integer:
begin

Writeln:;
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repeat
Wwrite(’'Input number of samples p : ')
Readln(p);
- write(’RANGE OF TIME FROM t = O secs 10
readln(T);
[0Check:
until (not I10err);
Writeln;
for i := 0 to p do
repeat
Write(’AT TIME = ', T*I/P, * YL'.1,’'3

Readln(YCil);
~ 10Check;
until not I0err;
end; { procedure GetDataFromKeuboard 3}

)‘);

procedure GetDataFromFile(var p : integer;VAR T

var Y : TNvector);
{--——————""———— == 2
{— Qutput : b , u -3
{- -2
{- This vprocedure sets the value of -2
{- Dimen-and Data from file input -2
(- }

var
FileName : stringl(e255];
InFile : text;
i : integer;

begin
Writeln;
repeat
Writeln;
repeat
Write(’'File name? ’J;
Readln(FileName);
pssignCInFile, FileName);
Reset(InFile);
[0Check;
until not I0err;
Read(InfFile,pJ;
read(infile,T);
10Check;
while (not 10err) do
begin o
for i := O to p do
begin
Read(InfFile,Y[ilJ;
10Check; ‘
end;
end;
until not 10err;:
end; { praocedure GetDatafFromFile 2

. REAL;

Page 11
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yegin { oprocedure GetData 2
case InputChannelf’'Input Data From’) of

Page 12

'K’ : GetDataFromKeyboard(p,T,Y);
'F* : BetDatafromFile(p,T,Y);
end;
ind;: ( procedure GetData }
S e T T 3
rocedure Results( g : integer; :
var A : TNMATRIX;VAR B : TNVECTOR1); )
_____________________________________________________________ }
- This procedure outputs the results to the device OutFile -3
____________________________________________________________ }
)ar
Row : integer;
egin
Writeln(OutFile):
Writeln(OutFile);
WritelnCoutfile, 'THE CRDER OF SYSTEM 1S7,HJ;
Writeln(OutFile, .’ "THE NUMERATOR COEFF. AND THE DENOMINATOR COEFF.’J;
for Row := 0 to o BO
begin ’
WritelNCQutfFile,’2"’,R0OW,’ ' AtRow,0]1,’ ' ,BCROW] J;
Writeln(OutfFile);
end; -
and; \
1 e e e o e e o e e e e e e o o o o . T o  — m ——  — ——— —— e = e = e e — —— — }

CLRSCR:
GOTOXY(5,3);

WRITELNC ’*THIS METHOD IS FOR THE SYSTEMS EXCITED BY UNIT STEP INPUT *);

GETDATAC(P, RANGEQFTIME, WELEMENT ) ;

CLRSCR:

ORDER := 1;

K = 1;

DVALUEC1]1 := WELEMENTCL11:

REPEAT
ORDER := ORDER+1 '
HANKELMATRIXCORDER, WELEMENT , HANKELMAT , WWECTORD ;

_ DETERMINANT(ORDER, HANKELMAT, VALUE , ERROR1) ;

DVALUECORDER] := VALUE:
IF (ORDER > 2) AND (VALUE > 0.0) THEN
BEGIN
HVALUELK] := DVALUELORDER-13/DVALUELGORDERI:
END;
K = K+1;

UNTIL (VALUE <= Q) AND (DRDER <= INTC(C(P+1)/2)) AND (ORDER <= 20):
XVALUE := HVALUECL11];
FOR 1 := 2 TO K-1 DO
BEGIN
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(2

‘IF HVALUEC1J > XVALUE THEN

BEGIN
XVALUE := HVALUECIL];
MN = 1

END;

END:
IF ORDER = 20 THEN
WRITELNC’ NU CONVERGENCE 1S FOUND,S0 CHECK THE INPUTS MADE’ D
ELSE : :
BEGIN
ORDER := IMN ;
HANKELMATRIX(ORDER, WELEMENT . HANKELIMAT , WWECTOR J ;
BAUSSIAN ELININAIIONCURDER HANKELNAT UVECTDR BARRAY ERRDRE)
BROWVECTLO] := 1.0;
FOR I := 1 TO ORDER DO
BEGIN
BROWVECTCI] := BARRAYLORDER+1-11J;
END;
NUMARRAYMAT CORDER, BROWVECT , WELEMENT, BMATRIX, WARRAY) ;
MULTICORDER, ORDER, ORDER, O, BMATRIX, WARRAY ., AVECTOR) ;
GETOUTPUTFILECQUTFILE);
RESULTS(ORDER, AVECTOR, BRUwVECIJ
CLDSELUUTFILE)
END;

END.
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PROGRAM BLOCK_DIAGRAM_SIMULATION:

USES :
DOS.CRT.GRAPH.COMMON. GKERNEL . GWINDOW, GORIVER, GSHELL ;
const
[NNearlyzero = LE-07:
type

INvector = arrayll..101 of real:
INmatrix = arrayll..10] of TNvector;

Float = real;
var ' - .
PP,P,S5,VV,1,J,AXY,NBLOCKS,MORD : INTEGER; -
o,R,5,T,U,V : INTEGER; e
INPUTNUMBER, QUTPUTNUMBER : INTEGER;
NUM, DEN ' . : TNVECTOR;
KMAT , AMAT, BNAT,CMAT, DMAT , EMAT : TNMATRIX;
FMAT,GMAT , HMAT , TMAT . TTMAT : TNMATRIX;
AAMAT , BBMAT, CCMAT, DDMAT : INMATRIX;
BTMAT,BITMAT, BIMAT i TNMATRIX;
ERROR . BYTE;

PROCEDURE tftoss(num,den : tnvector;mord, pp,ss,vv : integer;
var Amat,Bmat,Cmat,Dmat: Tnmatrix;
var p,qg,r,s,t,u,v :integer);

{PROCEDURE to change TF to State space transformation 2
{Method is based on the on algorithim of J.N.Little
~{num = array of numerator;den = array of denominator
{nord,mord = order of numerator and denominator resp.
{Amat,Bmat,Cmat,Dmat : state space matrix

{p,q = matrix dimension of Amat

e Al AV R SR SO>I L W I WS

{r.,s = matrix dimension of Bmat
{t.u = matrix dimension of Cmat
{v = dimension of Dmat
{LIMITATION Applicable onlu For SIS0 sustems
( _____________________________________________________
VAR :
i,1 : integer;
dden : INvector; o
BEGIN
if mord = 0 then
begin
Amatl l+po, Ll+ppld := O:
. Bmatll+pp,l+ss] := O;
Cmatll+ss, l+pp] := 0
Dmatll+vv,1+vvl := numCll/denll];
D := 1+pp;
a := 1+pp;
r = 1l+pp;
s = l+ss;
t := l+ss;
U := l+pp;
v = l+yy;

end
else
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begin
for 1 := 1 to mord do
begin
ddenlil := denlCil/denlimord+1];
end;
for i := 1 to mord do
begin
for J := 1 to mord do
if 1 = mord
then Amatli+pp, j+ppl ~ddenl j] else - -
L 3 = i+1 | D
then Amatli+pp, J+ppl := 1 - h
else
Amatli+pop, j+ppl := 0;
end;
for i := 1 to mord do
begin
if 1 = mord then
Bmatli+pp, l+ss] := 1
else
Bmatli+pp,l+ss]l := O;
end; : o
for i := 2 to mord+l do .-
begin
Cmatll+ss,i-1+ppl := numli-1]-numCmord+1J1*ddenl{i-11;
end; ‘
Dmatll+vy,1+vv] := numlmord+1i];
:= mord+pp;
SR N
A
:= l+ss;
:= l+ss;
= D0y
RN AVAVE
d;
end; {end of procedure?

J< Cctwn .00

@

PROCEDURE CONNECTIONMATC(NBLOCKS: INTEGER; VAR KMAT: TNMATRIX;
VAR INPUTNUMBER, OUTPUTNUMBER: INTEGER) ;

(e ———————— o 3
{procedure for formation of connection matrix 2
{K is connection matrix 3
{This matrix consist of 1.,-1 or O b4
{If their are 10 blocks then it is a 10X1l0 matrlx b
{0OF 1,-1.,0 2
{ APPLICABLE ONLY FOR SIS0 SYSTEMS 3
------------—-—-——————_—— B
VAR

1,J : INTEGER;

BEGIN
CLRSCR;
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GOTOXY (4,37 ;
WRITEC’> THE ENIRY SHOULD BE 1.-1 OR Q');

GOTOXY (15,137

WRITEC’IF PATH 1S FORWARD THEN ENTRY SHOULD BE : 1');
‘BOTOXY(16,13);

WRITEC'IF PATH 1S NEGATIVE THEN ENTRY IS : -1');
GOTOXY(17,13):

WRITEC'IF NO DIRECT CONNECTION EXIST THEN IT IS : 0’);

CLRSCR; :
FOR 1 := 1 TO NBLOCKS DO
BEGIN '
FOR J := 1 TO NBLOCKS DO
BEGIN

GOTOXY(3,3); ,
WRITEC’BLOCK NO: ’,I,’ IS GETTING INPUT FROM BLOCK NO:
0) '), .
"READLNCKMATCI, JI);
CLRSCR; :
END;
END;
CLRSCR;
. BOTOXY(8B,8);
WRITEC’GIVE THE INPUTNUMBER Yy
READLNCINPUTNUMBER) ;
WRITELN;
C WRITEC’GIVE THE OUTPUTNUMBER ’J;
READLNCOUTPUTNUMBER ;
IND;

arocedure multiddrl,dcl,dr2,dce: integer;

var
1,3,k : integer;

{-Input :di=number of Row of vijl;dr=number of column of vijie

{-Outout:Matrix vii3 of di row and dr column
{ ' ' ' .
{ This procedure evalutes the multiplication of two matrix

{
{ Be careful - error dealing is not their
{.__.___- _______________ T e
begin
for i := 1 to drl do
begin
vii3Ci, 31 := 0.0;
for § := 1 to dc? do
begin
for k := 1 to dr?2 do
vij3Li, jl1 := vij3Ci, $3+vijili, kI*vijelk, 13;
end;
end;
end;

', J, "ISCL/-1/

vijliTNmatrixgvijE:TNmatrix;var vii3:TNmatrix);
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PROCEDURE SUBTRACT(ABC: INTEGER:MATL,MATE: TNMATRIX; VAR MAT3: TNMATRIX);

(o b
{ PROCEDURE FOR SUBSTRACTION UOF TO MATRIX >
(e 3
VAR
1.J : INTEGER:
BEGIN
FOR 1 := 1 IO ABC DO
BEGIN

FOR J := 1 TU ABC DO
MAT3CI,J] := MAT1C1,J1-MAT2CI,J]y
END; . -

VAR
1,J : INTEGER:
BEGIN
FOR I := 1 TO ABC DO
BEGIN _
FOrR J := 1 TO ABC DO
MAT3CI,J] := MAT1CI,JdI+MAT2CL,JdT;
‘END;

PROCEDURE EYE(ND : INTEGER;VAR IDMAT : TNMATRIX);

VAR
I.,J : INTEGER:
BEGIN
FOR I := 1 TO ND DO
BEGIN
FOR J
BEGIN
IF I = J THEN -
IDMATCI . J] = 1
ELSE
IDMATLCI, J] ;
END; - —
END;
END;

1 TO ND DO

il
C

procedure Results(var pp,vv, INPUTNUMBER, OUTPUTNUMBER : integer;
var AAMAT, BBMAT, CCMAT, DBMAT :tnmatrix);
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{- This vprocedure outputs the results to the device OutfFile -}

{-————— s B
var
i.J : 1integer;
begin
Writeln(OutfFile);
Writeln(OQutFile);
Writeln(QutFile, 'ORDER OF A - MAIRIX : ',PP,’X’,PPJ; B
writeln; : -
writelnCoutfile, 'A — MATRIX :’); “ it
WRITELN; , s
for i := 1 to PP do '
begin
for 3+ := 1 to PP do
, writeCoutfile,AAMATLL, 1] : 18B:8J;
“Writeln(OutFile);
end;
writelntoutfile, 'ORDER OF B - MATRIX : ’,PP,’ X 1’ J;
writeln(outfile); :
writeln(outfile, 'B- - MATRIX:'J;
writeln(outfilel;
for i := 1 to PP do
begin
write(outfile, BBMATL1, INPUTNUMBERI);
writeln(outfile); :
end;

writelnCoutfile,’C — MATRIX :'J;
writeln(outfilel; :
writeln(outfile,’ORDER OF C - MATRIX : 1 X ’,PPJ;

writeln(outfile); - _
for i := 1 to PP do
begin -
‘ write(outfile, CCMATLOUTPUTNUMBER, 11);
end;
writeln(outfile); ,
writeln(outfile,’D — MATRIX’J;
writeln(outfile, 'ORDER OF D — MATRIX : ’,V);
writeln(outfile, DOMATLOUTPUTNUMBER, INPUTNUMBER] ) ;
writeln(outfilel;
end
C __________________________________________________________________________
-2
procedure Inverse(limen : integer;
Data : TNmatrix;
var Inv : INmatrix;
var Error : bute);

procedure Initial(Dimen .: integer;
- var Data : TNmatrix;
var Inv : TNmatrix;

var Error : bute);
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T T T T T T T e 2
— Inout: Uimen. Uata -3
- Qutoput: Inv, kError -1
- -2
-~ This procedure test for errors in .the value of Dimen -3
_________________________________________________________ _}
‘ar

Row : integer:

egin
Error := O;
if Dimen < 1 then
Error := 1
else
begin
{ First make the inverse-to-be the identitu matrix 2
FillChar(lnyv, SizeOfCInvJy, "0J;
for Row := 1 to Dimen do
InvlRow, Rowl := 1;
if Dimen = 1 then
if ABS(Datall, 112 < TNNearluZero then
Error := 2 { Singular matrix 2
else
InvCl. 1] := 1 / Datalfl. 11;
end;

nd; ( orocedure lnitial 32

rocedure EROdiv(Divisor : Float;

Oimen : integer;
var Rouw : TNvector);
T T T T T T T T T T T T T T T T T T T T T e b
— Input: Divisor. Dimen, Row -2
_ _ , -3
- elementary row operation - dividing by a constant -2
_____________________________________________________ }
ar
Term : integer;
egin
fFor Term := 1 to Dimen do
RowlTerm] := RowlTerml / Divisor:

nd; { procedure EROdiv 2

rocedure EROswitch(var Rowl : TNvector:
‘ var Rowe2 : TNvector):

_________________________________________________ _}
- Inout: Rowl. Row? -3
- Output: Rowl, Rowc. -3
- -3

— Elementary row ocperation - switching two rows -3
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ar

DummyuRow : INvector:
2gin

DummyRow := Rowl:
Rowl := Rowe;

RowZ := DummuRouw;

nd; { procedure EROswitch 2

rocedure EROmultAdd(lultiplier ; float: .
Dimen : integer; - .
~var ReferenceRow : INvector; -
var ChangingRow : TNvector);
___________________________________________________________ }
- Input: Multiplier, Dimen, ReferenceRow, ChangingRow ~%
- Qutoput: ChangingRow ' -2
- -3
- Row operation - adding a multiple of one row to another -}
___________________________________________________________ }
ar
Term : integer;
2gin
for Term := 1 to Dimen do
ChangingRowlTerml := ChangingRowlTerm] + Multiplier*ReferenceRowlTerml;

nd; { procedure EROmultAdd 2
rocedure Inver(Dimen : integer;

var DJata : TNmatrix;

var Inv : TNmatrix;

var Error : bute);
oo Y
= Input: Dimen, Data -2
- Qutput: Inv, Error ' -2
- - -2
- This procedure computes the inverse of the matrix Data -3
- and stores it in the matrix Inv. If the matrix Data -2
— is singular, then Error = 2 is returned. -2
__________________________________________________________ }

ar _
Divisor, rMultiolier : Float;
Row, ReferenceRow : integer;

rocedure Pivot(Dimen - — : integer;
ReferenceRow : integer;
var Data : INmatrix:

var Inv : TNmatrix;

var Error : bute);
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{- Input: Dimen, ReferenceRow, Data, Inv -3
{- Qutput: Data, Inv, Error -2
{- : -2
{- This procedure searches the ReferenceRow column of -2
{- the Data matrix for the first non-zero element below -3
{- the diagonal. If it finds one, then the procedure -3
{- switches rows so that the hon-zero element is on the -3
{- diagonal. This same operation is applied to the Inv =X
{- matrix. If no non-zero element exists in a column, the -2
{~ matrix is singular and no inverse exists. -3
(e 3
var
NewRow : integer;
begin
Error := 2;: { No inverse exists i
NewRow := ReferenceRow;
while (Error > 0J) and (NewRow < Uimen) do
{ Try to find a 3
{ row with a non-zero ?
{ diagonal element 3
begin
NewRow := Succ(NewRow);
if ABS(DatalNewRow, ReferenceRowl) > TNNearluZero then
begin

EROswitch(DatalNewRowl, DatalReferenceRowl);
{ Switch these two rows 2
EROswitch(InviNewRowl, Inv[ReferenceRowl);
Error := 0;
end:
end; { while 2 .
end; { procedure Pivot 2}

begin ( procedure Inver 2
{ Make Data matrix upper triangular 3
"ReferenceRow := 0;
. while (Error = 0J and (ReferenceRow < Dimen) do
begin :
ReferenceRow := Succ(ReferenceRow):
{ Check to see if the diagonal element is zero 2 .
if ABS(DatalReferenceRow. ReferenceRowl) < TNNearluyderc then
Pivot(Dimen, ReferenceRow, Data, Inv, Errorj;
it Error = 0 then
.begin
Divisor := UatalReferenceRow, ReterenceRowl;
EROdiv(Divisor, Dimen, DatalReferenceRowl);
"EROdiv(Divisor, Dimen, InvL{ReferenceRowl);
for Row := 1 to Dimen do
{ Make the ReferenceRow element of this row zero 32
if (Row <> ReferenceRow) and
(ABS(DatalRow, ReterenceRowl) > TNNearlulZero) then
begin .
Multiplier := —-DatalRow. ReferenceRowl] /
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UatatReterenceRow. KeferenceRowl;
ERUmultAadditultinlier, Dimen. DatalReferenceRowl, DatalRowl);
ERUMuLtAddirultiolier. Uimen, inv({ReferenceRow], InviRowl);
end; i
end;
end;
end: { procedure lnver J

begin { procedure Inverse
fnitialwlimen, BData, lnv, ErrorJ;
if Dimen > 1 then .
Invert(Dimen, Data, Inv, Errorj; -~
gnd; { procedure lnverse 32 S

BEGIN {main
INITGRAPHIC;
DEFINEWINDOWC1,0,0, XMAXGLE, YMAXGLE ;
DEFINEWORLD(1,0,0,1000,10007;
SELECTWORLDC1); ‘
SELECTWINDOW(1);
DRAWBORDER: -
DRAWTEXTW(100, 100,4, 'BLOCKDIAGRAM SIMULATION');
DRAWTEXTW(200, 400, 2, 'BY’J;
DRAWTEXTW(500,500,2, *VIJAY PANDE’J;
DRAWTEXTW(200,600,2, GUIDE’ J;
DRAWTEXTW(500, 700, 2, *PROF M.K.VASANTHA'J;
DRAWTEXTW(200,B00,2, 'E.E.DEPT, UOR, dt:10/1/1880°');
DRAWTEXTW(400,300, 1, 'PRESS ANY KEY 1O CONTINUE® 3;
REPEAT UNTIL KEYPRESSED;

LEAVEGRAPHIC;
CLRSCR; '
FOR 1 := 1 TO 10 DU
BEGIN '
"FOR J := 1 T0O 10 DO
BEGIN
AMATCI . JJ := O;
BMATC1,J] := O;
CMATCI.JI :="0;
DMATLIL,J] := O;
END:
END;
FP := 0:
55 = 0
W = 0;
CLRSCR;

GOTOXY(2,2); ‘
" WRITEC’NUMBER OF BLOCKS: ')

READLNCNBLOCKS) ; - -

FOR AXY := 1 TO NBLOCKS DO

BEGIN _
WRITEC *ORDER OF TRANSFER FUNCTION OF BLOCKNO: ’,AXY,’® IS : '),
" READLN(MORD) ; ' '
GOTOXY(3.57; _
WRITEC’THE BLOCK NUMBER 1S ' ,AXY);
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WRITELN:

CLRSCR:

GOTOXY(3,5); ‘

WRITELNC’ENTER THE VALUES OF COEFF. OF NUM,DEN OF BLOCK NO: ' ,AXY3J;

FOR 1 := 1 TO MORD+1 DO
BEGIN
CLRSCR; o
GOTOXY(5,2); :
WRITEC’NUMERATOR (. [~-1.’1 X 57", [-1," : ’'J;
READLNCNUMCI 1) . - g
WRITELN; . .
CLRSCR; . - -
GOTOXY(B.2J; T
WRITEC’DENOMINATOR C°,[-1,"3 X S I-1," « 7}, ’
READLNCDENC 11
WRITELN;
CLRSCR;
END; R
TFTOSS(NUM, BEN, MORD, PP, 5SS, VV, AMAT, BMAT, CMAT, DMAT,P,G,K,S5,T,U,V);
PP := P;
S5 = Gy
VW =V,
END;
CLRSCR;
CONNECT IONMATCNBLUOCKS , KMAT, INPUTNUMBER , OUTPUTNUMBER ) ;
CLRSCR; :

GETOUTPUTF [LECOUTFILED;

EYE(W,GMAT) ;
MULT1CNBLOCKS,NBLOCKS, VV, VW, KMAT . DMAT, BTMAT ) ;
SUBTRACT (VV, GMAT, BTMAT, BIMAT ) ;

INVERSE (VW, BIMAT, BITMAT, ERRORY ;

MULTICPP, VW, VY, UV, BMAT, BITMAT, BBMAT) ;
MULTICNBLOCKS,NBLOCKS, VV, PP, KMAT, CMAT, EMAT) ;
MULTICPP,VV,VV,PP,BBMAT,EMAT, FMAT) ;
ADDMATCPP, ANAT, FMAT, AANAT) ;
MULT1C(VV,VV,NBLOCKS, NBLOCKS, DMAT , KMAT , HMAT ) ;
SUBTRACT (VW , GMAT, HMAT , TMAT ) ;
INVERSE(VV, TMAT, TTMAT, ERROR ) ;

MULTLCVV, VWV, VW, PP, TIMAT,CMAT, CCMAT) ;
MULTICVV,VV, VW, W, TTMAT, DMAT, DOMAT ) ;

RESULTS (PP, VV, INPUTNUMBER, OUTPUTNUMBER , AAMAT , BBMAT , CCMAT , DDMAT ) ;
CLOSECOUTFILED;

END.
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PROGRAM FFITPROGRAIMS:

-2
(S Puroose: lN1sS procegurs nroviaes /U routines far using the
_} N
- rast fFourier transtform. caonvolution and correlation
-2 , .
- routines. L
...} - .
{_ s
._} - .
{- unit . vii.... TPU procedure MakeSinCosTable
-2
(- : Bitinvert
{- FFT
-2
- . procedure RealFFT
__} .
- : procedure RealConvolution
_}-
{- procedure Reallorrelation
._} )
{- procedure ComplexFFT
-2
{- procedure ComplexConvolution
-2
{- : procedure CaomplexCorrelation
-2
{_
-1
{ __________________________________________________________________________
_.'_} )
{$[-1 { Disable 1/0 error trapping J
uses

FFTB2. Dos. Crt. Common:

tupe
"Analuyses = (RF. RN. RC. Ra. CF. CN. CC, ChAJ;

var

WhichAnaluysis : Analyses: Indicates which application 32
will be run o2
Number of points 32
One set of complex data points 2
Another set of complex data points 2

False ==> forward Fourier transform

NumPoints : integer;

XReal, XImag : INvectorPtr:
HReal, HImag : INvectorPtr;
Inverse : boolean:

NN N

{ True ===> inverse fourier transform
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Auto : boolean: { False ==> crosscorrelation
{ True ===> autocorrelation 3
Error : bute; : » { Flags if something went wrong 32

procedure Initialize(var NumPoints : integer;

var XReal ;. TNvectorPtr;
var Xlmag : INvectorPtr:
var HReal : TNvectorPtr;
var Hlmag : INvectorPtr;
var Error : butel; 3
{(—————— s oo b .
{- Dutput: NumPoints, XReal, XImag, HReal, Hlmag, Error -2 ~.
{- - — -2
{- This procedure initializes the above variables to zeroc -2
{———— T 3
begin
NumPoints := O:
New(XReal);
New(X1lmagi;
New(HReal);

New(HImagJ;
FillChar(XReal . SizeOf(XReal J. 0)J:
FillChar(XImag", SizeOf(XImag J, O0J:
FillChar(HReal”, SizeOf(HReal ). 0J;
FillChar(HImag”, SizeOf(HImag ), 0);
Error := O;

end; { procedure Initialize 2

orocedure GetData(var NumPoints : integer;
var WhichAnalusis : Analyses;
var Auto : boolean;
var XReal : TNvectorPtr;:
var XImag : INvectorPtr:
var HReal : [NvectaorPtr;
var Hlmag : TNvectorPtri;
{—— e e b
{- Output: NumPoints, WhichAnaluysis, Auto, XReal, Xlmag, -2
{- HReal. Hlmag =2
{- ' -3
{- This procedure reads in data from either the keuboard -2
{- or a data file. -3
(== o >
var
Ch : char:
NumPointsl : integer:

NumPointse : integer:

fFunction lestForPowersOfTwo(NumPoints : integer) : boolean:

{- Input: NumPoints -1
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{- Outout: lestlForPowersOflwo -3
(- -3
{- Ihis procedure checks if NumPoints 1is a power of two. —2
{- it returns True if it is. False If 1t isn’'t. -2
{=m—m e e e R e SRt i 3
tyoe
ShortArray = arraulLl..l3] of integer;

const

PowersOftwo : ShortArray = (2, 4, 8, 16, 32, B4, 128, 256,
5lc, 1024, 2048, 1036, B8192);

var
Term : integer;
Test : boolean;

begin
Test := false; { Assume NumPoints not a power of two 2
Term = 1;
while (Term <= 13J) and (not Ilest) do
begin
if NumPoints = PowersOflTwolTerm] then
Test := true; { NumPoints is a power of twa
~ Term := Succ(Term);
end;
TestForPowersOfTwo := Test;

end; { function TestForPowersOfTwo 2

procedure GetRealVectorfrombFile(var NumPoints : integer;
‘ -var XReal : TNvectorPtr);

t---———""""¥""¥———— 2

{- QOutput: NumPoints. X =2

{- ' -2

{- This procedure reads in a real vector of -2

{— data points from a data file. -3

(e e e e e e e e e 2

var

FileName : stringl2s57];
InFile : text; -

begin
'writeln;
repeat
write(’'File name? ’J:
Readln(FileNameJ;
AssigniinFile, FileNameJ;
Reset(InFile);

{0Check:
until not I10err o
NumPoints := O: ‘

while not EOF(InFile) do
begin

Paga 3-
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Readln(lnFile. XReal CNumPointslJ;
NumPoints := Succ(NumPointsJ:
10Check;
end:
Close(inFilel;
end: { procedure GetRealVectorfromfile 2

procedure GetComplexVectorFromFile(var NumPaoints
var XReal
var Xlmag

e st et b
{- Qutput: NumPoints, XReal. Xlmag -2
(__ _}
{- This procedure reads in a complex vector -2
{- of data points from a data file. -2
{~——m e mm e b
var

FileName : stringl2553;
InFile : text;

begin

Writeln;

repeat
Write(’File name? ’7J;
Readln(FileName);
AssignCInFile. FileName);
Reset(InFilel;
10Check;

until not I0err;

NumPoints := O;

while not EOF(InFilel do

begin

integer;
TNvectorPtr;-
TNvectorPtri:

Readln(InFile, XReal "(NumPointsl, XImag“"CNumPointslJ:

NumPoints := Succ(NumPoints);
I0Check;
end;
Closet(InFile);
end:; { procedure GetComplexVectorfromfile b

procedure GetkealVectorFromKegboard(var NumPoints
var XReal

(———m——m e — s e 2
{- Outout: NumPoints, X -2
(- -2
{- This procédure reads in a real vector of -3
{- data points from the keuboard. -2
(——mmmm— e — e — oo 3
var
Term : integer;:

begin

integer;

INvectorPtr);

Page 't
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NumPoints := O;

Writeln:
repeat
writel’ Number ot points (a power of two between 2-’
T U

Readln(NumPoints);

10Check;

[gerr := not TestForPowersOfTwotNumPointsJ; -
until (NumPoints >= 2) and (NumPoints <= TNArraySize + 1) and not IGerr,
Writeln; e
Writeln(’'Tupe in the X values:’J;:
for Term := O to NumPoints - 1 do
renest

wWwrite(’Real(XL’, Term, ’'1): ’J;
Readln(XReal "[Terml);
I0Check;
until not I0err; _
end; ( procedure GetRealVectorfFromkeuboard b

procedure GetComplexVectorFromKeyboardivar NumPoints

var XReal
var XImag

it s b
{- Qutput: NumPoints, XReal, XImag -3
{- -2
{- Inis procedure reads in a complex vector of -2
.{- data points from the keuboard. -2
(——————— s oo — o e J
var

Term : integer:

begin -
NumPoints := O;
repeat
Write(’Number of points ta power of two between 2-’
AP .
Readln(NumPointsJ;
10Check:
I0err := not TestfForPowersOfTwo(NumPoints);
until (NumPoints >= 2J and (NumPoints <= TNArrauySize + 1. and not I0err;
Writeln; ‘
Writeln(’Tupe in the X values: ')
for Term := 0 to NumPoints - 1 do
bedgin
repeat

Write(’Real(XL’', Term, ’JJ: 'J;
Readln(XReal "[Terml);
10Check;;

until not 10err;

repeat
writey’ Imaginary(xXL’, Term, ’'1u: ’J;
Readln(XImag " (Terml);
[0Check;

TNArrauSize + 1

integer;
TNvectorPtr;
TNvectaorPtr);

TNArraySize + 1,

)

.
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until not I0err;
end: .
gnd: { procedure GetComplexVectortromkeyboard 2

procedure Getlnverselvar lnverse : poolean):
var
Ch : char:
begin ) N
Writeln; K
Write('(FJorward or (IJnverse transform? ’)J; o T
repeat : ‘ -
Ch := UpCase(ReadKeu);
until Ch in C'F’, ’1°J;
writeln(Chi;
if Ch = 'F’ then
Inverse := false { Forward transform 3
else

Inverse := true; { lnverse transform 32
end; { procedure Getlnverse 3 '

begin { procedure GetData 3

WritelnC’ 1) Real Fast Fourier Iransform’J;
Writelnt’ 2J) Real Convolution’):
Writelnl('’ 3) Real Autocorrelation’y;
Wwritelnt'’ 4) Real Crosscorrelation’’:
Writeln(’ 5) Complex Fast Fourier Transform’);
writelnd’ 6) Complex Convolution’J;
Writeln(C’ 7) Complex Autocorrelation’J;
Writeln(’ B8) Complex Crosscorrelation’’;
Writeln;
WriteC’ Select a number (1-8J: ’J:
repeat

Ch := ReadKeu;

until Ch in C’17..°8"1J;

Writeln;
case Ch of
1’ : begin
Writelny ' ##*#*#%%+ Rpal fast Fourier transform ##*srxas’ ).
GetiInversel(lnverse);
WhichAnalusis := RF;
end;
‘2’ : begin
Writeln( ' ##*#***++x* Real Convolution *##x¥x&skk’ ).
WhichAnalysis := RN;
end;
'3’ : begin
Writelny *#+%++x»+ Real Autocorrelation #kxsssssr? ;.
~Auto := true: { autocorrelation 3
‘WhichaAanalusis := RA:

end;

o
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H begin

Writeln( ' =****x**% Real Crosscorrelation A AN K T )

Auto :=
whichAnaluysis :=
end;

false: {
RC:

begin
Writeln(’ xx+#sxnidk (omplex
GetInverse(Inverse):
WhichAnalusis := CF:

end;

B’ begin
Writeln(’ #*#***4x*4 (Complex
WhichAnalusis := CN;

end;

7’ begin
Writeln( ’ ***x#xxkk**x Complex
AUto := True; ¢
WhichAnalysis := CA;

end;

begin
Writeln( ' =#x**xxx** Complex
Auto := false: {
WwhichAnalysis := CC;
end;
end; { case J
Writeln; .
Ch :=
if-Ch = 'K’ then
repeat { Until NumPointsl :=
NumPointsl := NumPointsc:
case WhichAnalysis of
RF. RA
RN,

RC begin

Writeln;

Crosscorrelation 2

Fast Fourier transform #assskxksk’).

Convolution #k#sorkex’ ],

putocorrelatlion #sfkkdxks’ ],
autocorrelation 2

Crosscorrelation ##sksissss’ ),
Crosscorrelation 2

InputChannel(’ [nput Data From'J:

NumPointse 37

GetRealVectorFromKeyboard(NumPoints, XRealy;

Writeln(’The first function:’J:
GetRealVectorFromKeuboard(NumPointsl, XReal);

WUriteln:

Writeln(’The 2nd function:’)J;

GetRealVectorFromKeyboard(NumPointse,
NumPointse then

1f NumPointsl <>
begin
writeln;
Write(’The number

end;
NumPoints
end;

HReal);

of points in these two files’);

Writeln(® are different.’);

.= NumPointsl;
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CF. CA : GetComplexVectorFromKeuboard(NumPoints, XReal., XImag);

LN, LU & begin
Writeln;
Writeln(’The first tfunction:’J;
GetComplexVectorFromKeyboard(NumPointsl, XReal, XImag);
Writeln; ;
WritelnC(’'The 2nd function:’J:
GetComplexVectorFromKeyboard (NumPoints2, HReal, Hlmag);
if NumPointsl <> NumPointsZ2 then o ,
begin -

-~ PR

Writeln; ' .
Write(’The number of points in these two files’);
Writeln(’' are different.’J; ’
end;
NumPoints := NumPointsl;
end: :
end { case }

until NumPointsl = NumPointse

eglse { Ch = 'F’ 3}
repeat
NumPointse := NumPolintsl:

case WhichAnalusis of
RF. RA : GetRealVectorfromFile(NumPoints. XReali;

RN, RC : begin
Writelin;
Writeln('The first function:’J:
GetRealVectorfromfFile(NumFointsl, XRealy:
writeln:
Wwriteln('The énd function:'J:
GetRealVectorFromFile(NumPoints2, HReall;
if NumPointsl <> NumPointse then
begin
Writeln;
writel’The number of points in these two files’):
writeln(’ are diffterent.’ J:
enag: i
NumPoints := NumPointsl;
end;

CF, CA : GetComplexVectorfromFile(NumPoints, XReal, XImag);_

CN, CC : begin
‘Writeln;
Wwriteln(’The fFirst function:’'J;
GetComplexVectorFromFile(NumPointsl, XReal, XImagJ;
-Writeln;
Writeln(’The 2nd function:’);
GetComplexVectorFromFile(NumPointse, HReal, Hlmag);
if NumPointsl <> NumPointse then
begin
writeln;:
‘Write(’'The number of points in these two files’);
Writeln¢(’ are different.’);
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end;
NumPoints := NumPointsl;
end;
end: { case J
until NumPointsl = NumPointse:

GetOutputFile(OutFiler;—
end; { procedure GetData 2

nrocedure Results(NumPoints : 1integer;
WhichAnalusis : Analuses;
var XReal : TNvectorPtr:
var Xlmag : INvectorPtr;
Error : butey):

{ ___________________________________________________________
{—- This procedure outouts the results to the device (OutFile
-

var
Index : integer;
begin
Writeln(OutfFile);
Writeln(OutFileys:
if Error >= 1 then

‘DisplauError;

case Error of
0O : begin
case WhichAnalusis of

Page 9

RF : Writeln(OutFile., ’Results of real Fourier transform:’);

RN : Writeln(COutFile, ’'Results of real convolution:’):

RC : Writein(QutFile. ’'Results of real. crosscorrelation: ’J;
RA : Writeln(OutFile. ’Results of real autocorrelation:’);
CF : UWriteln(QOutFile. ’'Results of complex Fourier transform:’J;

CN : Writeln(OutFile. ’'Results of complex convolution:’);

CC : Writeln(OutfFile, 'Results of complex crosscorrelation:’);
CA : Writeln(OutFile, ’'Results of complex autocorrelation:’J;

end: { case 2

for Index := 0 to NumPoints - 1 do o
WritelntOutFile. XReal " [Index]. '’ ", XImag [Index]J;
writeln: '
end:
1 : begin
WritelntOutFile. ’'The number of data points: ', NumPointsJ:

Writeln(OutFile, ’'There are too few data points.’J;

end:

€ : begin

writeln(Outfile. ‘The number of data points: ', NumPDints);

Writeln(OutFile,

‘The number of data points must be a power of two for a’)
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wrltelnkOutFlle
'radix-¢2 transform or a power of four for a radix—4% uransform

end;
end: { case 2
end: { procedure Results 2

oo 3
PROCEDURE 1NTROD;

[ = e o m o ————o——s 3

¢ PROCEDURE FOR INTRODUCTION OF THE SOFTWARE PACKAGE )
O } -
BEGIN o

INITGRAPHIC:
DEFINEWINDOWC L, 0,0, XMNAXGLE, YMAXGLBJ ;
DEFINEWORLDC1,0,0, 1000,10007:

SELECTWORLDCL ) :

SELECTWINDOW(1) ;.

DRAWBURDER;

DRAWTEXTWC 100,100, 3, ' THIS MODULE OF PROGRANM USES ')
DRAWTEXTW(450,200,3, FFT TECHNIQUE FOR SF
DRAWTEXTWC100,300, 3, 'EVALUATING FUNCTIONS LIKE AUTO,CROSS’ “):
DRAWTEXTW(2S0,400, 3, 'CORRELATION, AND 1TS LNVERSE ST

DRAWTEXTWLR00, 50078, "BY’ J;

DRAWTEXTWUS00, 600, 8, 'VIJAY PANDE ')

DRAWTEXTW(R00,700,2, 'GUILE’ J;

DRAWTEXTW(S00,800,2, 'PROF IM.K.VASANTHA J;

DRAWIEXTW(200.800,2, 'E.E.DEPT, UOR, dt:16/2/1930');

DRAWTEXTW(200, S50, 1, *PRESS ANY KEY TO CONTINUE ¢ EXCEPT ENTER KEY)');
REPEAT UNTIL KEYPRESSED:

LEAVEGRAPHIC;

CLRSCR:

begin { program FfIPrograms 3
introd; :
ClrScr;
Initialize(NumPoints. XReal. XImag, HReal, Hlmag; ErrorJ;
GetData(NumPoints, Whichanalusis, Auto, XReal, Ximag. HReal, Himag);

case WhichAnalusis of
RF : RealFFI(NumPoints. Inverse. XReal, XImag, ErrorJ;
RN : RealConvolution(NumPoints, XReal, XImag, HReal. Error):
RC . RealCorrelation(NumPoints. Auto, XReal, Ximag, HReal, ErrorJ;
RA : RealCorrelatign(NumPoints, Auto, XReal, Xlmag, XReal, Errory;
CF : ComplexFFT(NumPoints, lnverse, XReal, XImag, Error);
CN : ComplexConvolution(NumPoints, XReal, Xlmag, HReal, HImag, Errory;
CU : ComplexCorrelationtNumPoints, Auto, XReal, XlImag,
HReal. Hlmag. Error);
CA : ComplexCorrelationt(NumPoints. AUtO, XReal, Xlmag,
XReal, XImag, ErrorJ;
end; { case 2 )

Results(NumPoints, WhichAnalysis, XReal, Xlmag, Errorj;
Close(0OutFile); :
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