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Abstract 
 

The Permanent Magnet DC Motors are widely used for high performance 
speed control applications. Conventional Proportional-Derivative (PD) 
controller provides satisfactory performance for set-point tracking. However 
with the presence of uncertainties in the drive system, linear PD controller is 
not sufficient to provide satisfactory time-varying tracking control. In order to 
improve the tracking performance for periodic time-varying trajectory, 
suggested a Iterative Learning Controller. In this work, an Iterative Learning 
Controller (ILC) with parallel structure is applied in to a DC motor system. 
The second order DC motor model has been identified and approximated in to 
a First Order model using step testing technique. The key filter’s in ILC such 
as learning filter L(s) and robustness filter Q(s) are designed by Zero Phase 
Error Tracking Control (ZPETC) technique and frequency method 
respectively. Simulation runs of the DC motor system is carried out for the 
periodic reference (sine wave) tracking with ILC based PD mode control loop. 
The results expose the efficiency of this ILC with parallel structure. An 
evidence of robustness of the ILC with parallel structure is also tested. 
Tracking error with respect to number of trails and time clearly indicate that 
the ILC is capable of learning the required trajectory in very little iteration 
with minimum tracking errors. 
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Introduction 
Iterative Learning Controller (ILC) is normally concerned with periodic reference 
tracking which are of a repeating or cyclic nature. Motivated by human learning, ILC 
uses data obtained during previous iterations to generate a new input which aims to 
reduce the tracking error at the next iteration. The principle of ILCS is that, during the 
execution of control algorithm in the i th iteration, some data as errors are recorded. 
These errors can be recorded and it can be used to adapt the control signal that will be 
applied to the process during the next run in order to reduce the error. Finally after a 
number of repeated trials, the system should obtain an appropriate control input, so 
that this input produces the desired output. Theoretically, ILC can reduce the tracking 
error to zero as the number of iterations tends to infinity.  
 The ILCS includes many practical industrial systems in manufacturing, robotics, 
and chemical processing, where mass production on an assembly line entails 
repetition. ILC has been successfully applied to industrial robots [1], computer 
numerical control (CNC) machine tools [2], wafer stage motion systems [3], 
injection-molding machines [4], induction motors [5], and semi batch chemical 
reactors [6].  
 The main contributions of the work presented in this paper are precisely 
implementation of the Iterative Learning Controller with parallel structure in a DC 
motor system and analyzes the tracking performance. In section 2 the mathematical 
model of DC Motor system is summarized. The design and structure of Iterative 
Learning Control Strategy is detailed in section 3. Simulation results are analyzed in 
section 4 to exemplify the better performance of the ILC in closed loop. Finally, 
section 5 concludes the paper. 
 
 
DC Motor model 
The DC motor system is an electro mechanical system. The electrical system consists 
of the armature and the field circuit but for analysis purpose only the armature circuit 
is considered because the field is excited by a constant voltage. The mechanical 
system consists of the rotating part of the motor and load connected to the shaft of the 
motor. The armature constructed DC motor speed control system is shown in Fig. 1.  
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Figure 1: Schematic representation of DC motor. 
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Ra = Armature resistance in Ω 
La = Armature inductance in H 
ia = Armature current in A 
Va = Armature voltage in V 
eb = back emf  
T = Torque developed by motor kg.cm 
ω = Angular displacement rad / sec 
J = moment of inertia of motor kg m2 / rad 
B = frictional coefficient of motor and load N-M rad /sec 

b = back emf constant 
Kt = torque constant. 
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Figure 2: Equivalent circuit of armature. 
 
 
 The above Fig. 2 shows the Equivalent circuit of armature  
 Apply KVL to the Equivalent circuit of armature 
  ia + La b =Va   (1) 
 
 Torque of DC motor is proportional to the product of flux and current. Since flux 
is constant in this system, the torque is proportional to ia (i.e ) T α ia. 
  Therefore T = Kt ia   (2) 
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Figure 3: Mechanical system of DC motor. 
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 The differential equation governing the mechanical system of motor is given by  

   B  = T   (3) 
 
 The back emf of DC motor is proportional to speed of shaft 
  b α  

  b = b    (4) 
 
 From equation (1) and (4)  
  ia + La b  =Va   (5) 
 
 From equation (2) and (3) we get 

   B  = Kt ia   (6) 
 
 The equations (5) and (6) are the differential equations governing the aramature 
controlled DC motor.Combining equations (5) and (6) gives the transfer function of 
DC motor 
  G s   (7) 
 
 
Identification of Model parameters and Controller settings 
Initially the speed of DC motor is kept at 50% of the total speed ( i.e ) 750rpm. A step 
size of 5% is given to DC motor system. The variation of speed in percentage is 
recorded against time until a new steady state is attained. From the simulation data the 
model parameters such as process gain (Kp), and time constant (τp,) of the DC motor 
system are computed. The identified transfer function model for the DC Motor system 
is given as  
   .

.
 

 
 Based on these model parameters, PD mode controller setting (Kc = 1.84) and (KD 
=0.4029) is intended by considering Cohen-Coon tuning rules (CCTR). 
 
 
Iterative Learning Controller (ILC) 
Iterative learning controller is proposed to improve tracking accuracy. The Fig. 4 
shows the general structure of ILCS. The salient features of this control scheme 
namely design of ‘L’ filter and ‘Q’ filter and generation of periodic signal are reported 
here. 
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Figure 4: General Structure of ILC with parallel structure. 
 
 
Design procedure and guidelines 
Learning filter design  
The Learning filter (L) is nothing but the inverse of process-sensitivity (T) =  i.e 
L = T -1. Due to the unstability and non-proper characterisitics of inverse 
complementary sensitivity, L can not be act as a filter. This problem is overcome by 
adapting Zero Phase Error Tracking Controller (ZPETC) algorithm [8]. 
 
Low pass filter design 
In practice, there may be a slight deviation of the developed process model from the 
actual process. This deviation leads the L filter to cause some disturbances in stability 
condition of the control loop for high frequencies. To overcome this problem the low 
pass filter is included in the control loop. A first order continuous time low pass filter 
is considered here. i.e  

  Q(s) =  
 
 ωc is the cut-off frequency in rad /sec. The cut-off frequency is obtained from the 
Bode plot of the DC motor system (refer Fig. 5). In this study, it is found to be 0.606 
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Figure 5: Bode plot of the DC motor system. 
 
 
Simulation Results 
Fig. 4 shows the ILC with parallel structure for a DC motor system. The design 
parameters of ILCS as detailed in section 3.2 are identified as  

  L s  . .  Q(s) = .
.

.  
 
 The DC motor system runs at an operating speed of 40% (rpm) with ILCS based 
PD mode is disturbed by the input reference sine wave signal with known period (T = 
62) and Peak to Peak (Vpp = 5)as shown in fig 6. The tracking response is recorded in 
Fig. 7. From the tracking response, the tracking error is analyzed with respect to 
number of trials and time and results are reported in Fig.s 8 and 9. From the results, it 
is observed that ILC with PD mode is efficient in tracking dynamic periodic reference 
trajectories. In order to examine uncertainties in terms of robustness of ILC in DC 
motor system, a simulation runs of the DC motor system for a sinusoidal input signal 
with different known period (T = 62), peak to peak value (Vpp = 6) and (T=45), (Vpp 
= 5) are carried out. The results are recorded in Fig.s 10 to15. The T and Vpp 
variations in control loop are evidently demonstrated the merits of the Iterative 
Learning Control Structure. 

 

-25

-20

-15

-10

-5

0

5

M
ag

ni
tu

de
 (

dB
)

10
-3

10
-2

10
-1

10
0

10
1

-90

-45

0

P
ha

se
 (

de
g)

Bode Diagram

Frequency  (rad/sec)



Speed Control of DC Motor using Iterative Learning Controller 89 
 

 

 
 

Figure 6: Reference signal that the DC motor has to track with known period T = 62 
amplitude Vpp = 5. 

 

 
 

Figure 7: Tracking of periodic reference trajectories [Op- 40, (T)=62, (Vpp)=5] with 
ILC based PD mode Op=40 t=62 Vpp=5 

 

 
 

Figure 8: Tracking error with ILC based PD mode [Op-40 (T)=62,(Vpp)=5]. 
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Figure 9: Tracking error with ILC based PD mode [Op-40 (T)=62,(Vpp)=5] 
 

 
 

Figure 10: Tracking of periodic reference trajectories with ILC based PD mode 
[Op=40 T=62 Vpp=6] 

 

 
 

Figure 11: Tracking error with ILC based PD mode [Op-40 (T)=62,(Vpp)=6] 
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Figure 12: Tracking error with ILC based PD mode [Op-40 (T)=62,(Vpp)=6] 
 

 
 

Figure 13: Tracking of periodic reference trajectories with ILC based PD mode 
Op=40 T=45 Vpp=5 

 

 
 

Figure 14: Tracking error with ILC based PD mode [Op-40 (T)=45,(Vpp)=5] 
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Figure 15: Tracking error with ILC based PD mode [Op-40 (T)=45,(Vpp)=5] 
 
 
Conclusion 
In this paper a simulation run of ILC in DC Motor system has been made. The second 
order DC motor model has been identified and approximated to first order model 
using step testing method. The ILC with parallel structure is designed and 
implemented in a control loop. Simulation runs are carried out and the results of ILC 
based PD mode gives satisfying performance. Robustness of the ILC control loop is 
also analyzed. The simulation results show that the controller of the ILC method has a 
good adaptability and strong robustness when the system is disturbed. 
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