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Abstract—The paper deals with the methodology of 
designing a complete fuzzy model of a DC drive based on a 
suitable database of measured input–output values. This 
methodology covers the entire range of possible drive inputs, 
without requiring any information about the drive structure 
and parameters. The presented modelling method is verified 
by simulation by means of the MATLAB programming 
package. 
 

Index Terms—database of measured values, DC drive, 
fuzzy model. 

I. INTRODUCTION 
HETODS of applying fuzzy sets in various 
applications in the field of electrical drives have 

recently become a  frequently appearing issue in 
specialized literature. One of the tasks involved is the 
development of corresponding models of the particular 
drives. The solution of this task can be based on analytical 
knowledge of the given drive type, however this approach 
does not introduce any advantages against conventional 
analytical models, neither does it exploit fuzzy system 
properties. The other option is to attempt setting up a 
model of the drive based only on the knowledge of the 
relevant drive inputs and outputs, without prior knowledge 
of the drive structure or parameters. This paper deals with 
the latter approach; it provides a description of a DC drive 
fuzzy model design procedure that is based on a suitable 
database of measured data, without anticipation of any 
further information about the given drive. The proposed 
algorithm is verified by a DC motor drive simulation 

II. PROBLEM DESCRIPTION 
An electrical drive presents a dynamic system that can be 

generally described in state space by the following 
equations [1], [2]: 

u ) t , x (B    x ) t ,  (A  +=
•

xx  (1) 

x C =y  (2) 

Suppose that the system concerned is a SISO system. In 
AC drives, the input is the stator frequency, while it is 
assumed that other inputs (e.g. stator voltage or current) 
have been suitably adjusted in a static inverter. The aim of 
the investigation is to set up a fuzzy model of the drive on 
basis of the measured database of inputs and their 
corresponding output values (see [3]-[5]).  The model is to 
have the common form of a set of rules of the type [6]-[8]: 
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Fig. 1  Proposed electrical drive fuzzy model structure. 
 

IF  EVENT  X...  THEN  ACTION  Y (3) 
A fuzzy system (3) (further referred to as FS) can 

substitute with sufficient accuracy any indiscrete static 
nonlinear function by the application of a finite number of 
rules. In order to enable modelling of the drive in 
accordance with (1) and (2), it is necessary to complement 
the FS by a dynamic part (DP), as common with these 
tasks. A complete fuzzy model of the drive may then look 
as shown in Fig. 1. 

Of course, the dynamic parts of fuzzy models can also 
have a structure different to the one shown in the above 
figure [9].  

The principal requirements that must be observed when 
designing a fuzzy model of a drive in accordance with 
Fig. 1 are as follows [6]: 

1. For the measured input points of the database (and 
hence also input vectors if  for the FS), the iy  outputs 
must be equally accurate. 

2. There must be full coverage of the entire scope of 
possible drive inputs by rules according to (3). Otherwise it 
is possible that with an uncovered input state if , the FS 
output would present a non-defined or incorrect value. 

3. Consistency of the measured values database, or of 
the progression of vectors if , corresponding to the 
measured values, must be ensured. With an inconsistent 
database, there would be various outputs iy  corresponding 
to “approximate” vectors if . As vectors if  are in fact 
inputs into the FS, this would result in inconsistent rules in 
(3) and hence in the principal non-feasibility of the FS.  

The quality of meeting the above requirements depends 
mainly upon: 
• proper selection of the structure of the dynamic part 

(DP) of the electrical drive model  
• properly selected measurements regarding the drive 

input signal u  
• proper forms of membership functions at the 

fuzzification of the FS inputs. 

III. PROCEDURE OF DESIGNING AN ELECTRICAL DRIVE 
FUZZY MODEL 

Suppose that: 
At step transition from one input signal value iu  to another 
value 1+iu , the drive output response value )(1 tui+  is 
unambiguous and it is stabilized in a finite period of time 

maxT . 
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(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 2.  (a) The block scheme for creating a database of values for a single trajectory of a drive fuzzy model. Meaning of the name title and parameters for 
the simulation are as follows: AK  – armature gain, AT  – armature time constant, φc  - motor constant, J  – moment of inertia, 1T  – time constant of first 
order inertia system, M  – motor torque, zM  – load torque, ω  - angular speed, u  – system input, y  – system output. 55.4=AK  Ω-1, 2.01 =T  s, 

05.0=AT  s, 333.0=φc  Vs, 382.0=J  kgm2. (b) The time response of both and with step change of input u , (c) Selected pairs of points describing the 
static part of the FS.  
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For a constant input signal value iU , the drive output 
always stabilizes at the same value iY  during a period of 
time shorter than maxT . For example, at a specific voltage 
of the DC rotor the angular speed always stabilizes at the 
same value; at a specific asynchronous motor stator 
frequency the angular speed always stabilizes at the same 
value, etc. 

A complete fuzzy model of the drive can be obtained by 
integration of all the transition trajectories that originate 
from all the transitions between all possible drive input 
values. If we divide the range of the input variable u  into 
n  number of levels, we will need to measure and then 
model )1( −nn  trajectories. 

A. Modeling an Individual Trajectory  
The trajectory that denotes the transition from one steady 

state to another steady state at step change of input u  
represents a set of successive output y  values in time. In 
order to explicitly distinguish the time intervals and to 
avoid measurement of absolute time, input u  will be 
transformed through a first order block of inertia with unit 
amplification to function 1f . The database will then be 
made up of points >< ii zf ,1&  measured in it  time intervals. 
In order to reduce the number of fuzzy rules necessary for 
the FS, only several central points (centres) will be selected 
from the database. This can be done either on basis of the 
graphical time response of the trajectory, or on basis of 
application of one of several known mathematical methods 
(e.g. clustering [10]). The mentioned points will represent 
the centres of individual membership functions, which will 
be applied in the fuzzification of the input 1f  function for 
the FS. The width of a particular membership function 
must not extend further than the immediate neighbour 
(centre) on either side of the relevant centre. Otherwise the 
output value y  in the given centre would not necessarily 
be identical with the value measured in the centre, which is 
in conflict with requirement No. 1 quoted in the preceding 
Section. Membership functions for neighbouring centres 
must overlap, as otherwise they would not cover the entire 

1f  range, and this would be in conflict with requirement 
No. 2 quoted in the preceding Section. 

Example 1: Consider a model of a separately excited DC 
motor with step change of input from value 01 =u  to value 

5.02 =u . The database will be created by measurements of 
values 1f  s and y  at constant time intervals s1.01 =T , as 
per Fig. 2(a). The value of 1T  will be selected according to 
the transient function of the drive in such a way that the 
dynamics of 1f  would approximately correspond with the 
dynamics of the transient function. The time response of 
both 1f  and y  is shown in Fig. 2(b). Selected pairs of 
points ],[ 1 yf  describing the static part of the FS model are  

shown in Fig. 2(c) [11]. 
The fuzzy model of the presented drive is shown in 

Fig. 3(a). Its dynamic part is represented by first order 
inertia. The FS static part is created according to Fig. 3(b), 
which presents the graphical representation of rules and 
membership functions for considered FS, and as evident, it 
meets requirement No. 2. Fig. 3(c) shows the comparison 
of the real trajectory with its modelled fuzzy substitute: the 
two are identical in those points, from which the FS part of 
the fuzzy model was built. 

 
(a) 

 

 
(b) 

 

 
Fig. 3.  (a) The fuzzy model structure, (b) graphical representation of rules 
and membership functions, (c) comparison of the real and modelled 
trajectory of a DC drive output. 
 

Of course, it is possible to select a different 1f  function: 
first order inertia system is, however, very simple and 
easily implemented. For the fuzzification of any 1f , all of 
the above requirements must be met. Furthermore, it is 
clear that the more precise fuzzy approximation of the y  
trajectory is requested, the more fuzzification centres over 

1f  have to be selected, which, however, results in a larger 
number of rules within the FS (one centre = one rule).  

B. Modelling of the Entire Drive Input Space Range 
Suppose that the entire range of drive input u  is 

distributed into n  levels. There then exist )1( −nn  
different transitions between the individual input u  levels, 
and an explicitly defined trajectory is assigned to each of 
them. 

Example 2: Let us investigate the fuzzy model of the 
drive from Example 1 for the entire range of u . For the 
sake of simplicity, suppose that the input u  may adopt 3 
different states, i.e. 01 =u , 3.02 =u , and 6.03 =u . To 
design the model, six different trajectories 1T  to 6T  have to 
be measured, as shown in Figs. 4(a) and 4(b). 
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Fig. 4(c) clearly shows that for the selected value of 1f , 
the measured values of y  vary according to which 
respective trajectory the measurement relates to This 
implies that this database is inconsistent in view of the 
given task and, in principle, it is not possible to derive from 
it a FS that would meet the requirements outlined in 
Section II. It has to be noted that such simple proof of the 
inconsistence of a database, based on graphical 
interpretation of trajectories, is not always possible (e.g. for 
multidimensional vector 1f ). However, the degree of 
inconsistence can also be determined mathematically. The 
issue is treated in another paper of the authors. 

In order to remove inconsistence from a database (which 
represents relations between the corresponding drive inputs 
and the drive output) it is necessary to adjust the DP of the 
fuzzy model. Basically, we can either use different input 
functions 1f , or extend their number, or combine both 
mentioned approaches. For the multi-input FSs it applies 
that their output value in a given point will definitely be 
equal to the database value (requirement No. 1) when the 
point presents the centre of one membership function for 
each input function if , and provided that only one rule 
applies to these input values, the rule having been 
formulated specifically for the output of this point in 
accordance with the database. This practically means that 
no overlapping of the membership function from 
neighbouring points may be present for any input if  at this 
particular centre. In general, however, the distribution of 
individual inputs if  is irregular, and hence width limitation 
of the membership function results in incomplete coverage 
of the entire possible range of inputs f  (which infringes 
requirement No. 2). 

Based on the above considerations, let us choose the DP 
of the model in such a way that it would contain the 
following functions: 
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Function 3f  in fact represents linearly decreasing values 
of a relative time axis which is started off at the start of an 
individual trajectory. 

Equation (4) defines the starting point of an individual 
trajectory, while (5) represents its ending point. The 
individual trajectories are explicitly distinguished from one 
another by their starting and ending points, represented by 
the respective pair of function 1f  and 2f  values. 

Projections of individual trajectories into 21 ff − , 
31 ff − , and 32 ff −  planes will be represented by parallel 

lines, which will enable fuzzification of their points with 
the membership function widths up to the immediate 
neighbours along the given axis. This will cover the entire 
range of input values and, at the same time, the requirement 
for congruence of the FS output with the database values in 
selected points will be satisfied. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Fig. 4.  (a) Six different transitions 1T  to 6T  between three different input 
states, (b) the course of the function 1f  and output y  for the entire range 
of u , (c) properties of the drive fuzzy model for the entire range of u . 
 

Example 3: Let us verify a drive fuzzy model designed 
in accordance with the above considerations for the input 
values from Example 2. Fig. 5(a) shows the structure for 
creating a suitable database, Fig. 5(b) illustrates the 
corresponding fuzzy model of the drive. 

Fig. 6(a) shows the course of functions 1f , 2f , and 3f  
which will provide the database of values used for 
designing the fuzzy model of the drive. It is advisable to 
complement the database by trajectories corresponding to 
the non-zero steady states. 

Figs. 6(b) to 6(d) document that during fuzzification we 
can select the width of membership function up to the most 
immediate neighbour along the particular axis. 
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 (a)                           (b) 

Fig. 5.  (a) The structure for creating the database, (b) the structure for the fuzzy model of the drive. 
 

            
 (a)                         (b) 

   
 (c)                         (d) 

Fig. 6.  (a) The course of functions 1f , 2f , and 3f  for creating the database of values, (b) graphical representation of distribution of input points into 
functions 1f  and 2f , (c) graphical representation of distribution of input points into functions 1f  and 3f , (d) graphical representations of distribution of 
input points into functions 2f  and 3f . 
 

 
Fig. 7(a) illustrates the proposed membership functions 

for the first 15 points of the database, which are used for 
designing the FS. Fig. 7(b) compares the forms of the drive 
output with its model for situations of measurements 
according to Fig. 6(a). As can be seen, the fuzzy model 
output is practically identical with that of the modelled 
drive. The comparison for other, randomly selected input 
values u  is shown in Figs. 7(c) and 7(d); here more 
significant deviations between the model and the drive in 
steady states are present, resulting from the coarse 
distribution of u  applied in this example. 

IV. CONCLUSIONS 
The drive fuzzy model design algorithm presented in this 

paper can be summarized into the following steps: 
1. Measurement of the drive database values. The 

procedure involves dividing the drive input u  into n  states 
and generating )1( −nn transient trajectories between them. 
Values of functions 1f , 2f , and 3f , which make up the 
dynamic part DP of the fuzzy model, are taken down, see 
e.g. Fig. 6(a). It is advisable to complement the database by 
trajectories corresponding to the non-zero steady states. 

2. Reduction of excess items in the database of values. 

www.SID.ir
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3. Generation of the fuzzy model FS static part. This is 
achieved by fuzzification of the function functions 1f , 2f , 
and 3f ’s ranges, which, when they are selected according 
to (4)-(6), is trivial. The FS is then set up as a set of fuzzy 
rules that will correspond with all the individual items of 
the reduced database. 

The principal properties of a fuzzy model designed in the 
described manner are as follows: 

• It covers the entire state space of the drive. 
• Depending on the required degree of precision, the 

density of dividing u  into individual states can be selected.  
• For a number of selected input levels n , the number 

of FS rules will always be 2pn , where p  is the number of 
points selected for an individual trajectory (at 
complemented trajectories for steady states). 

• The dynamic part of the model will be identical for 
each drive, and it will be compiled on basis of (4)-(6). 

• The fuzzification of the nonlinear static part of the FS 
model is very simple and it ensures coverage of the entire 
state space of the drive. 

• Principal consistence of the measured database values 
is ensured. 

• No knowledge of the drive type, structure or 
parameters is required. 
With regard to the properties outlined above it can be 
assumed that the presented manner of modelling can be 
applied to any type of drive. 
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Fig. 7.  Graphical representation of membership functions for the first 15 
points of the database, (b) comparison of fuzzy model and DC drive 
outputs for inputs from identification, (c) comparison of fuzzy model and 
DC drive outputs for randomly selected input values u, (d) comparison of 
fuzzy model and DC drive outputs for another randomly selected input 
values u. 
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