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ABSTRACT 

Identification of systems is very essential in order to be able to provide 
necessary corrective measures to improve the overall system performance. A 
simple technique of approximating a given system from its step response is furnished 
in this paper. The method employed in this technique is based on some of the •/is- 
anguishing features which could be noted in the step responses. 
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INTRODUCTION 

Identification of a system is necessary in order to plan corrective mea- 
sures for making the overall system perform in a desirable manner. In 
general, identification of a system involves the determination of the para- 
meters of the approximating model of the system. This may be done by 
exciting the system with a suitable input and studying the output of the 
system. 

Some of the methods of identification [1-4] for linear systems are : 	clas- 
sical methods, (ii) gradient techniques, (iii) stochastic approximation, etc. 
The transient response method, the sinusoidal response method, corre- 
lation techniques and learning models fall under the category of classical 
methods. 

In the transient response technique, the system is excited by a step or 
impulse input and the output of the system is used [5] to estimate the para- 
meters of the transfer function governing the system. In the frequency 
response method, a constant amplitude variable frequency input signal is 
used [6] in order to get the gain and phase characteristics of the system using 
which the system transfer function is obtained by asymptotic approximation. 
The correlation technique employs white noise test signal of amplitude 
small enough not to disturb the system, but applied for time long enough to 
give sufficient data to identify the system parameters. The learning Model 
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technique involves proper adjustment of the parameters of a simulated model 
depending on the difference in the outputs of this model and the actual 
system, when both are excited by the same input. 

Since a step function can be easily generated and applied to the system, 
it would be convenient to approximate the system from its step response. 
A simple technique, based on some of the basic distinguishing features in 
the step responses, is discussed in this paper. 

STEP RESPONSE 

The step response of any system may be broadly described by the follow- 
ing features: 

(i) Starting value k' 

(ii) Starting slope 'iii ' 

(iii) Time to first peak 	' 

(iv) Magnitude at first peak (1 -I- CO 

(v) Times to and Magnitudes at other stationary points. 

Many of the possible responses, based on different values of the above, are 
sketched in Fig. 1 (a)-(d). A method is suggested in this paper by which 
it may be possible to build an initial model by observing the step response 
of the given system. This may be sufficient in most cases. Refinements 
may however be done on this model wherever necessary. 

APPROXIMATING TRANSFER FUNCTIONS 

The transfer functions chosen for approximating the system, knowing 
its step response, are: 

(0 Second order all-pole transfer function G2 (s) 

(ii) Second order transfer function with a pair of complex poles and 
a real zero Gai  (s) 

(iii) Third order all-pole transfer function 

(iv) Second order all-pass transfer function 

(v) Biquadratic transfer function G28 (s) 

where 

Wit 2 

G2 CO = se ± LoWnS wyt 2  

G3 (s) 

G2A(40 
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Among the types of step responses sketched in Fig. 1 the step response 
of the type in Fig. 1 (a) is very common in the case of many systems. The 
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transfer functions useful for approximation in this case and the methods of 
evaluating the parameters of these transfer functions are discussed in detail. 
For other types of responses,the suitable transfer functions are suggested along 
with a broad outline of getting the parameter values by trial and error in 
some cases. 

The transfer functions G CO, G 21(0 and G3 (s) may be considered for 
approximating the type of response sketched in Fig. I (a). It may be worth- 
while noting some of the basic features distinguishing the step responses of 
these transfer functions as given in table below. 

Transfer 	 Features 
function 

02 (S) 	 = T2 	= T3 = • • • = 77/Wrs  Ai I 	8 2  

021 (s) 	 T1 <T2 

T2 = T3 = • • • = 7r1W A VFL-8-2  

03 (5) 	 p > T2 

T2 < T3 

T4 < Ts 

Hence depending on the relationship between T1  and T2 in the actual res- 
ponse of the system, one of the above transfer functions may first be chosen 
for approximation. The parameter values may then be evaluated as under : 

IDENTIFICATION 

G2(40.—Measuring C1  and T1  from the response, the following expres- 
sions may be used to obtain 8 and W. 

= exp (— 

and 

G21  (s).—Three measurements are needed in this case to evaluate the 
three parameters 8, wn  and a. However, since a would affect the time scale 
only, this can be evaluated at the end. From the values of G1  and C21  it 

I. Sc.-3 
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is possible to evaluate 8 and z (= we/a) after many trial and error calcu- 
lations. These may however be easily evaluated by referring to C 1  and C2 
charts (provided in Fig. 2.1 and Fig. 2.2 respectively). These two plots 
(on transparent sheets) are superimposed one over the other such that the 
horizontal lines in the respective plots representing the measured values of 
C1  and C2 coincide. The value of 8 may be evaluated as pertaining to those 
contours in Figs. 2.1 and 2.2 having the same value of 8 and which cross on 
this horizontal line. The abscissa at this cross over point gives the value of z. 

V 	 1 	 2 	 3 	 4 
i 

FIG. 2.1 
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FIG. 2.2 

Knowing 8 and z and measuring T2 from the response, a may be 
obtained using the following expression 

IT 
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G3  (s).—As in the earlier case, three measurements, say C 1, C2 and Ti , 
would be required to evaluate 8, wn  and a. Using the measured values of 
Cl  and C2, the charts in Figs. 3.1 and 3.2 may be used as in the earlier case 
to obtain 8 and y (= w 2/a2). Since there is no simple expression for T1  
in the case of G3 (s), the time ari  plot provided in Fig. 3.3 may be used. 
Knowing 8 and y from the earlier step, ari  may be directly read from 
Fig. 3.3. Measuring T1  from the response, a may be easily evaluated. 
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FIG. 2.2 

Knowing 8 and z and measuring T2 from the response, a may be 
obtained using the following expression 

271\ 1 	bth • 

G3 (49 As in the earlier case, three measurements, say C 1, C2 and 
would be required to evaluate 8, w n  and a. Using the measured values of 
C1  and C22  the charts in Figs. 3.1 and 3.2 may be used as in the earlier case 
to obtain 8 and y (= wn 2/422). Since there is no simple expression for 7 .1 
in the case of G3 (s), the time aTi  plot provided in Fig. 3.3 may be used. 
Knowing 8 and y from the earlier step, art, may be directly read from 
Fig. 3.3. Measuring Tt  from the response, a may be easily evaluated. 
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FIG. 3.3 

Example.—Consider the step response shown (solid line) in Fig. 4. 

The values of C1, C2 and T1  in this response are C1  =0-165, C2 "-= 0.08 
and T1 	5-5 seconds. Using Figs. 3.1 and 3.2, as explained earlier, the 
values of 8 and y may be obtained as a =0.3, y =2.2. The value of aT, 
as interpolated from Fig. 3.3 for these values of 8 and y is 3.2. Hence the 
value of a is 

a --= —
3.2 

=0.582. 5•5 
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Fin. 4 

The approximating transfer function may thus he obtained as 

0-4336 
F3 (s) = 

(LS + 0-582)(40 + 0-5179s + 0:7451) • 

The step response of this transfer function is shown (by dotted line) 
in Fig. 4 for comparison. 
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If the given response has a very slow rise initially, then this portion of 
the response can be approximated by a pure time delay; the rest of the res. 
ponse (after shifting the origin by an amount equal to the time delay) being 
approximated by a suitable transfer function as described earlier. This 
procedure can be expected to result in a better approximation. In the 
example considered above (Fig. 4), the approximation could be improved 
in a similar way if necessary. 

OTHER TYPES OF RESPONSES AND IDENTIFICATION 

Some systems give rise to step responses of the types sketched in Fig. 
1 (b), (c) or (d). A brief procedure suggesting the method to be adopted 
in these cases is furnished below. 

Type 1 (by. In the step response of G3 (S), for values of y beyond a 
particular y12  (for a given 8), the second peak becomes the absolute maxi- 
mum of the response [7], [8]. Similarly the absolute maximum of the response 
shifts to the third, fourth peaks and so on as y lies in the range y 12  <v < 
Y23' y23  < y <p34  and so on. For yv121 , v23 - r v34  n 	and so on, the response ,  
has two equal peaks (indicated by the suffix numbers). The (8 y) plane 
and the s-plane decomposition based on the types of response along with 
the maximum overshoot contours [9] in the s-plane may be used to evaluate 
8 and y by trial and error. Referring to Fig. 3.3 for a Ti  charts and measur- 
ing T1  from the response, a may be evaluated as before. 

Type 1 (c). 	Measure C, and T, from the response. 	The following 
expressions for C, and T1  in the case of Gm  (s) may be used 

C]. 	rr- 48 exp [ 	(8 cos-4  8)/VI — 8 2] : 8 is evaluated 

wn T„ = (I/AC--- 8 2) (cosel 8) 	: Bin, is obtained. 

Type I (d). Since G28 (s) exhibits similar responses, this may be chosen 
as the approximating transfer function. From the values of k and in, as 
measured from the given response, the following may be evaluated 

0) P2  = (wridn'n2) 2  -= lik 

(ii) 8, = (8 2  — in A/1 — 8 21)83 - 

However, to evaluate 8 2, the following expressions may be used. 
e-(431 /NA-6.1) r m  r 

r- -  	 2 
An =822 - • [sin &m  + 99 — fl2 (2 -- m VI - 8 29 

1 x sin Tom ift  sin (rm — 0)j 



where 
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2'n (l 	82 2) drm 	tan-1  [ . 	- - - --n-- --) 03 2  — I :11: 282m 	8 2-2 ] ' 

and 

=-- co s- ' (8 2). 

Considerable effort may be required to solve the above by trial and error 
to evaluate 82. This process may be simplified if C1  charts similar to that 
in the earlier case can be prepared. Knowing 8 2, , in and fl 2, (wn2T1) may 
be evaluated. Comparing this with the time in the actual response, w n2  
may be obtained. 

CONCLUSION 

The identification technique suggested above will be very useful for 
quickly obtaining an approximate model of the system based on which any 
necessary compensating system may be planned. , 
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