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INTRODUCTION
 
 The engineers do tremendous work to design a 
control system and expecting all conditions of 
system operation, its ambient environment and its 
changes; and they calculate the parameters of the 
controller according to that information. 
controller has several important functions, it 
provides feedback, has the ability to eliminate steady 
state offsets through integral action, and it can 
anticipate the future through derivative action. PID 
controllers are the largest number of controllers 
found in industries sufficient for solving many 
control problems. Unfortunately, when the control 
system is realized and introduced to the real 
operation it fails due to some unpredictable changes 
may affect its performance or even drives it to 
instability. To overcome this problem adaptive 
control system is used which has the property of 
adjusting the controller parameters automatically to 
maintain the performance of the control system 
within acceptable bounds. One of the most 
frequently used adaptive control technique i
Reference Adaptive Control systems (MRAC).
 This control system (Hans Butler; S. Vichai; 
Chandkishor; Missula Jagath) 
considerable attention, and many new approaches 
has been applied to practical process. MRAC is 
popular in the area of self-tuning control. In the 
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A B S T R A C T  
In this work, design and implementation of ANFIS based Model Reference Adaptive 
PID Controller for a speed control of DC Motor is proposed. The dynamic second 
order transfer function model of the DC motor system is derived and the model 
parameters are identified. Based on the model parameters, the conventional PID 
controller parameters are computed by Zeigler-Nichols tuning method. The ANFIS 
based Model Reference Adaptive PID Control structure is developed and simulations 
runs are carried out with these control strategy. The Fuzzy MRAC based PID 
controller, MRAC based PID controller and conventional PID controller are taken for 
comparative studies. The performance measures of the above said controllers are 
analyzed. The simulation results confirm the supremacy of ANFIS based Model 
Reference Adaptive PID controller.  
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INTRODUCTION  

The engineers do tremendous work to design a 
control system and expecting all conditions of 
system operation, its ambient environment and its 
changes; and they calculate the parameters of the 
controller according to that information. The PID 

several important functions, it 
provides feedback, has the ability to eliminate steady 
state offsets through integral action, and it can 
anticipate the future through derivative action. PID 
controllers are the largest number of controllers 

ries sufficient for solving many 
Unfortunately, when the control 

system is realized and introduced to the real 
operation it fails due to some unpredictable changes 
may affect its performance or even drives it to 

his problem adaptive 
control system is used which has the property of 
adjusting the controller parameters automatically to 
maintain the performance of the control system 
within acceptable bounds. One of the most 
frequently used adaptive control technique is Model 
Reference Adaptive Control systems (MRAC). 

(Hans Butler; S. Vichai; 
Chandkishor; Missula Jagath) has received 
considerable attention, and many new approaches 
has been applied to practical process. MRAC is 

tuning control. In the 

MRAC the error between the reference model output 
and the plant output is used to adjust its parameters 
in order to control the plant to follow the desired 
output from the reference model.
 There are various methods for the tun
PID controller, for example, Zeigler 
method (Ziegler and N. B. Nichols)
parameters of the control system are changed, the 
parameters of the PID controller must be retuned to 
achieve the desired response. Instead of the method 
of, calculation and re-calculation, Model Reference 
Adaptive Control (MRAC) system is introduced 
using gradient method. Adaptive control use to 
change the control algorithm coefficients in real time 
to compensate for variations in environment or in the 
system itself. This paper deals with the ANFIS based 
model reference adaptive control approach 
Premkumar, B.V. Manikandan
Pramonohadi, S.). In which the output response is 
forced to track the response of a reference model 
irrespective of plant parameter variations. 
 In this paper, precise implementation of the 
ANFIS based Model Reference Adaptive PID 
Control strategy for a DC motor system and analyzes 
the tracking performance. In section 2 and 3 the 
mathematical model and controller parameter o
Motor system are summarized. The structure of 
MRAC, Fuzzy MRAC based PID controller
 ANFIS – MRAC based PID controller are 
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MRAC the error between the reference model output 
and the plant output is used to adjust its parameters 
in order to control the plant to follow the desired 
output from the reference model. 

There are various methods for the tuning of the 
PID controller, for example, Zeigler –Nichols 

Ziegler and N. B. Nichols). As the 
parameters of the control system are changed, the 
parameters of the PID controller must be retuned to 
achieve the desired response. Instead of the method 

calculation, Model Reference 
Adaptive Control (MRAC) system is introduced 

Adaptive control use to 
change the control algorithm coefficients in real time 
to compensate for variations in environment or in the 

m itself. This paper deals with the ANFIS based 
model reference adaptive control approach (K. 

Manikandan; Hidayat,  
. In which the output response is 

forced to track the response of a reference model 
parameter variations.  

In this paper, precise implementation of the 
ANFIS based Model Reference Adaptive PID 
Control strategy for a DC motor system and analyzes 
the tracking performance. In section 2 and 3 the 
mathematical model and controller parameter of DC 
Motor system are summarized. The structure of 

Fuzzy MRAC based PID controller and  
MRAC based PID controller are 
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presented in section 4 to 6. Simulation results are 
analyzed in section 7 to exemplify the better 
performance of the ANFIS based MRAC-PID in 
closed loop. Finally, section 8 concludes the paper. 
 
Mathematical Model of DC Motor:  

 The DC motor is an electro mechanical system, 
consists of the armature and the field circuit.  For 
analysis only the armature circuit is considered since 
the field is excited by a constant voltage. The 
mechanical load is connected to the shaft of the 
motor. The DC motor speed control system is shown 
in Figure 1  

 

La Ra J,B

Rf

Lf

if

Vf Va

ø

Load
M

ia

 
 
Fig. 1: Schematic representation of DC motor. 
 
Ra  =  Armature (Electric) resistance in  Ω  
La  =  Armature (Electric)  inductance in H 
ia    =   Armature current in A 
Va  =  Armature voltage (V) 
eb   =   Back emf  (V) 
Tq   =   Torque developed by motor (kg.cm) 
ω   =    Angular displacement (rad / sec) 
J    =    Moment of inertia of motor ( kg.m2 ) 
B   =   Frictional coefficient of motor and load (Nm.s) 
Kb  =   Back emf constant 
Kt  =  Torque constant 

Ra La

e b
Va

ia

ia Ra

 
 
Fig. 2: Equivalent circuit of armature. 
 
 Figure 2 shows the equivalent circuit of 
armature. Applying Kirchoff Voltage Law to the 
equivalent circuit of armature 

ia Ra+ 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 ) Tq α  
ia. 
Therefore  Tq = Kt ia                         (2) 

 

J

Bø T  
 
Fig. 3: Mechanical system of DC motor. 
 
 Figure 3. shows the mechanical system of DC 
motor The differential equation governing the 
mechanical system is given by  

J �θ
�� +  B �θ

��   = Tq                           (3) 

 The back emf of DC motor is proportional to 
speed of shaft 

b α 
�θ
�� 

b = Kb  �θ��                         (4) 

 From equations (1) and (4)  

ia Ra + La
���
�� + Kb �θ�� =Va              (5) 

 From equations (2) and (3) we get 
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J �θ
�� +  B �θ

��   = Kt ia          (6) 

 The equations (5) and (6) are the differential 
equations governing the armature controlled DC 
motor. 
Assuming Kb = Kt = K   
 Taking Laplace transform for equations (5) and 
(6) , we obtain L�si�(s) + R�i�(s) =  V�(s) −  Ksθ(s)         (7) Js�θ(s) +  Bsθ(s) = Ki�(s)         (8) 
 From equation (7), ia (s) can be expressed as 

i�(s) =  !�(")# $"θ(")
%�& '�"                                       (9)  

 Substituting equation (9) in equation (8) 
becomes 

Js�θ(s) +  Bsθ(s) = K !�(")# $"θ(")
%�& '�"                      (10) 

 Finally, since ω = 
�θ
��, the transfer function from 

input field voltage to the resulting speed change is 

  G(s) = ω(")
!(") = $

*(%&'�")(+"&,)&$-            (11) 

 The transfer function model of a DC motor 
system is represented in Figure 4. 

K
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Fig. 4: Block diagram representation - Transfer function model of DC motor. 
 
 Equation (11) shows the mathematical model of 
the DC motor and the model parameters are 
identified using specification of the DC motor given 
in Table 1. The identified second order transfer 

function model of the DC motor [M.Vijayakarthick; 
S.Sathishbabu ] is given as 

G(.) =  /.1/
1.11/123.2&/.456.&/                                 (12) 

 
Table 1: DC Motor specifications. 

Moment of Inertia of the rotor     J = 0.03 kgm2 
Damping (friction) of the mechanical system   b = 0.019 Nm 
Electromotive Force Constant  (Back EMF)   K = 0.1331 Nm/A 
Electric Resistance     R = 6Ω 
Electric Inductance      L = 4.5 mH 
Speed                                                                                                  N = 1500 rpm 
Voltage                                                                                               V = 24 Volt 
Torque                                                                                                Tq=  1Kg-cm 
Current                                                                                                I = 1 Ampere 

 
Design of PID Controller Parameters:  
 The model parameters as given in equation (12) 
are considered as a base to design the proposed 
ANFIS based Model Reference adaptive PID for 
speed control of DC motor system.   
 In order to analyze the performance of the 
proposed ANFIS based MRAC, a comparative study 
is also made with the conventional MRAC and 
widespread industrially accepted conventional 
Proportional-Integral-Derivative (PID) control 
system. 
 The armature based speed control of DC motor 
system is given by its transfer function 

G(s) = ω(s)
V(s)

= K
*(R + L�s)(Js + B) + K�-                                (13) 

 In equation (12) the mechanical time constant of 
DC motor is too higher than the electrical time 
constant, hence the transfer function of the DC motor 
system is approximated as  

G(s) =  1.01
1.367s + 1                                                (14) 

 By using the relay tuning method [10] the PID 
controller settings in DC motor system are identified 
and reported in Table 2. 

 
Table 2: Controller Design Parameters Based on Ziegler-Nichols Tuning Rules. 

 
Controller 

Controller Settings 
Kc Ki  KD 

PI – ZNTR 1.431 0.72 2 

 
 Model Reference Adaptive PID Control: 
 When the plant parameters and the disturbance 
are varying slowly or slower than the dynamic 
behavior of the plant, then a MRAC control can be 
used. The model reference adaptive control scheme 

is shown in Figure 5. The adjustment mechanism 
uses the adjustable parameter known as control 
parameter θ to adjust the controller parameters. The 
tracking error and the adaptation law for the 
controller parameters were determined by MIT rule. 
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Fig. 5: Structure of Model Reference Adaptive Controller. 
 
 MIT (Massachusetts Institute of Technology) 
Rule is that the time rate of change of θ is 
proportional to negative gradient of the cost function 
(J), that is: 89
8: = −; <=

<9
= −;> <>

<9                                                                    (15) 

 The adaptation error ? = @A(B) − @C(B). The 

components of 
�∈
�E are the sensitivity derivatives of 

the error with respect to the adjustable parameter 
vector θ. The parameter γ is known as the adaptation 
gain. The MIT rule is a gradient scheme that aims to 
minimize the squared model error ∈� from cost 
function. F(G)
= 1

2 ?�(B)                                                                     (16) 

 Model reference Adaptive Control: The goal of 
this section is to develop parameter adaptation laws 
for a PID control algorithm using MIT rule. 
 The reference model for the MRAC generates 
the desired trajectory @C, which the DC motor speed @A has to follow. Standard second order differential 
equation was chosen as the reference model given by HC(I)
= JCI� + KCL + KCM                                                    (17) 

 Consider also the adaptive law of MRAC 
structure taken as the following form 
N(B) = OPA�(B) + PQ R �(B)SB − P��∗ (B)@AU   (18) 
 Where; �(B) = NV − 1, PA is proportional gain, 
PQ is integral gain, P� is derivative gain and NV is a 
unit step input. In the laplace domain, equation (18) 
can be transformed to 

W = XPAY + Z[
\ Y − IP�@A]                                (19) 

 It is possible to show that applying this control 
law to the system gives the following closed loop 
transfer function: 

Â = _A `aPA + PQI b ONV − @AU
− IP�@Ac                                  (20) 

 Apply MIT gradient rules for determining the 
value of PID controller parameters 
OPA,   ∗ PQ∗ KeS P�∗U. The tracking error equation 
satisfies: 

∈= O_APA + _APQUWV
OIO1 + _APAU + _APQ + I�_AP�U

− Ĉ                                             (21) 
 The exact formulas that are derived using the 
MIT rule cannot be used. Instead some 
approximations are required. An approximation 
made which valid when parameters are closed to 
ideal value is as follows: 
 Denominator of plant, Denominator model 
reference then, from gradient method. SP
SB = −f gF

gPQ
= −f agF

ghb agh
g^b ag^

gPb                                          (22) 

Where:       gF
gh = h, gh

gP = 1 

 Then the approximate parameter adaptation laws 
are as follows PA∗
= X−fAI ] h a I

KMI� + KCLI + KC�b �                       (23) 

PQ∗ = X−fQI ] h a 1
KMI� + KCLI + KC�b �                 (24) 

P�∗ = X−f�I ] h ` I�
KMI� + KCLI + KC�c �               (25) 

 Above equations show the change in PID 
controller parameters with respect to time. By 
assuming the reference model has 10% maximum 
overshoot, settling time of 3 seconds and rise time of 
about 0.45 seconds, the second order transfer 
function of the Model Reference as follows  

G(s) =  5.085
s� + 2.665s + 5.085 

where a0 =1, am1 = 2.665 and am2 =5.085 
 
Fuzzy based MRAC PID Controller: 
 Fuzzy based model reference adaptive control is 
detailed here. The major components of the system 
are the reference model with a primary or direct 
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fuzzy logic controller (FLC), and an adaptation 
mechanism [11].  The reference model represents the 
desired performance characteristics of the overall 
system. The direct fuzzy logic controller is adapted 
by examining the behavior of PID controller. To 
keep the plant output yp converges to the reference 
model output ym it is synthesized to control input u 
given by u = um + uf here is uf fuzzy logic controller 
output.  
 The error and change of error measured between 
the output of model and the output of a reference 
model are applied to a fuzzy logic controller. The 
latter will force the system to behave like the model 
by modifying the knowledge base of the fuzzy 

controller or by adding an adaptation signal to the 
fuzzy controller output. 
 
ANFIS Model Reference AdaptivePID Control: 
 ANFIS stands for Adaptive Neural Fuzzy 
Inference System. Using a given input/output data 
set,  ANFIS  constructs  a  Fuzzy Inference System 
(FIS) whose membership function parameters are 
adjusted using back propagation algorithm in 
combination with a least squares  technique.  This 
allows fuzzy system to learn from the data. The 
Takagi-Sugino ANFIS architecture is shown in 
Figure 6. The circular nodes represent nodes that are 
fixed whereas the square nodes are nodes that have 
parameters to be learnt. 

 
 

Fig. 6: ANFIS Architecture for Takagi-s2ugeno system. 
 
ANFIS has rules of the form: 
If x is A1 and y is B1 THEN f1 = p1x + q1y + r1  

If x is A2 and y is B2 THEN f2 = p2x + q2y + r2 

 FIS is trained using combination of least 
squares and back propagation. The entire sugeno 

system consists of five layers and the relationship 
between the i/o of each layer is summarized in 
(Swati Mohore and Shailja Shukla). ANFIS based 
MRAC PID control of DC motor is shown in    
Figure 7. 

 

Reference
Model

ANFIS based Parameter
Adjustment
Mechanism

Controller DC MOTOR

uc

Ym

Ypum

 
 
 

Fig. 7: ANFIS based MRAC PID control of DC motor. 
 

RESULTS AND DISCUSSION 
 
 Simulation run of speed control of DC motor 
system is carried out with ANFIS based MRAC-PID 
values. Initially the speed of DC motor is maintained 
at 25 % of operating speed. After that, a step size of 
+25% of speed is applied to control loop. Similar test 
runs of Fuzzy MRAC based PID, MRAC -PID and 
ZN based PID are carried out and the responses of 
all the three cases are recorded in Figure 8. From the 
results, the performances of each control scheme are 

analyzed in terms of ISE and IAE and the 
performance indices are tabulated in Table 3. The 
results prove that ANFIS based MRAC-PID 
controller gives better performance than the others  
 To test the robustness of the ANFIS based 
MRAC-PID controller, simulation runs are carried 
out at different operating speeds of 50% and 75%. 
The responses are presented in the same figure 
(Figure 16) and their performance indices are 
tabulated in the same Table. (Table 3). From the 
table, it is observed that ANFIS based MRAC-PID 
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gives superior performance than the other control strategies. 
 

 
 
Fig. 8: Tracking responses of all control strategies in DC motor. 
 
Table 3: Performance Indices of all Control Strategies. 

Operating Speed (%) 
Conventional PID MRAC PID Fuzzy MRAC PID ANFIS MRAC PID 
ISE IAE ISE IAE ISE IAE ISE IAE 

25 1461 86.57 1398 84.32 1303 72.65 1245 70.5 
50 1326 83.02 1218 78.81 1155 58.88 1044 54.3 
75 1246 79.96 1174 70.17 1066 57.09 987 52.4 

 
Conclusion: 
 In this paper, a new method is developed and 
implemented for the design of the PID controller 
based on ANFIS - MRAC approach. This control 
structure is more appropriate to the non-linear 
system. The DC motor model is developed and the 
ANFIS based MRAC-PID is implemented in a speed 
control of DC motor system. A comparison of this 
structure with other control strategies such as Fuzzy 
MRAC-PID and MRAC-PID and ZN based PID is 
also made in this work. Simulations results are 
furnished to illustrate the efficiency of the proposed 
method.  
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