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Abstract: In this work the simulation results of a 2 degree of 
freedom plant driven by model are shown. Here Model following 
control (MFC) system is applied to operate the plant in a better 
way. Initially a model is constructed, whose states are ideal with 
respect to the control parameters. The plant and the model 
essentially have same physical parameters. An input is given to 
the model and the plant is run by the errors, computed by 
comparing the states of the plant and model. In this way the plant 
is forced to follow the ideal states of the model. The results show 
that the plant is able to follow the model very accurately. The 
robust control observed in the scheme can be easily implemented 
for better performance of industrial robots. 
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I. INTRODUCTION 

 Various advanced types of controllers are used for precision 
control of robot. Model following control (MFC) is one of 
them. The model can either be a mathematical model or a 
physical model or an analog model made of electronic 
circuits [1], [2]. The actual system is then forced to follow 
the ideal response provided by the model so as to perform its 
given task in the best possible way [3]. Here a cylindrical 
robot manipulator is considered whose shoulder joint is 
driven by a motor through a belt pulley system. It is a 
simple, flexible, lightweight, low cost power transmission 
system. However, the nonlinear friction, vibration and belt 
flexibility present a set of negative factors for precision 
control which may limit its reliability [4]-[7]. The smaller 
pulley is connected to the motor which drives the bigger 
pulley through a belt. The bigger pulley is fixed to the 
robotic arm whose positioning is to be controlled [8]. 

II. NOMENCLATURE 

Jm1 , Jm2          = moment of Inertia of smaller and bigger 
pulley (model), kg-m2 

rm1  , rm2         =  radius of smaller pulley and bigger  
pulley (model), m 
θm1 , θm2        = system co-ordinates (model), rad 
θ m1 , θ m2     = velocity co-ordinates (model), rad 
Km     = belt stiffness (model), N-s/m 
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Cm            = damping coefficient of the belt (model),  
N-s/m 
Cm1 , Cm2    = damping coefficient of the damper attached to 
smaller pulley and bigger pulley  (model), N-m-s/rad      
Tm              = input torque (model) 
im                     = armature current (model) 
μ       = motor torque constant  
R                = step input (model) 
A                = Amplifier gain (model) 
e                 = (R – θm2) = Feedback error (model) 
Jp1  , Jp2           = moment of Inertia of smaller pulley and bigger 
pulley (plant), kg-m2 
rp1  , rp2         = radius of smaller pulley and bigger pulley, 
(plant), m 
θp1  , θp2         = system co-ordinates (plant), rad 
θ p1 , θ p2       = velocity co-ordinates (plant), rad 
Kp             = belt stiffness (plant), N-s/m 
Cp                 = Damping coefficient of the belt (plant),               
N-s/m 
Cp1              = damping constant (plant), N-m-s/rad 
Tp                = input torque (plant) 
ip                 = armature current (plant)  
Ap1 , Ap2        = position error feedback gains (plant) 
Ad1, Ad2      = velocity error feedback gains  (plant) 
e1 = (θm1 – θp1) = position error of smaller pulley  
e2 = (θm2 – θp2) = position error of bigger pulley   
ė1 = (θ m1 – θ p1) = velocity error of smaller pulley  
ė2 = (θ m2 – θ p2) = velocity error of bigger pulley  

III. THE MODEL FOLLOWING CONTROL 
SCHEME 

The model following control scheme envisages a model 
whose response is ideal in terms of the control parameters 
and the states of the plant are made to follow  the ideal states 
of the model. Accordingly an ideal model is constructed, 
whose states are ideal during its response [9]. A reference 
input is given to the model and the plant is run by the errors, 
computed from the states of the model and the plant. The 
errors are fed to the system after providing suitable error 
feedback gains. These errors in turn run the plant whose 
states are constraint to follow the ideal states of the model 
[8], [10]. The model following control scheme is shown in 
fig. 1. 
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Fig. 1. The model following control scheme

IV. MATHEMATICAL MODEL 

The mathematical formulation of the model and plant are 
given as follows. 

 (A) The Ideal Model 

The model considered here is a theoretical one having the 
same physical parameters as the actual system [11], [12]. It 
has two inertias connected by a flexible belt. Larger inertia 
represents the robot manipulator. It is constructed in such a 
way that its response is ideal, which is done by adjusting the 
amplifier gain [4]. Fig. 2 [8] shows the schematic diagram 
of the ideal model. 

 

Fig. 2. The ideal model 

The equations of the ideal model are given by 

Jm1θ m1 + Cm1θ m1 + Cmrm1 (rm1θ m1 – rm2θ m2)  +    Kmrm1 (rm1θm1 
– rm2θm2) = Tm = µim    .....……..(1)  

Where,  im = A (R – θm2) = Ae 

Jm2θ m2 + Cm2θ m2  + Cmrm2 (rm2θ m2 – rm1θ m1)  +   Kmrm2  (rm2θm2 
– rm1θm1) = 0                .……….(2) 

 (B) The Actual System (Plant) 

Here the actual system is a cylindrical robot manipulator 
where the bigger pulley represents the shoulder joint of the 
robot arm. The positioning of the arm is controlled by 
controlling this joint. The movement of the shoulder joint is 
controlled by forcing the states of the system to follow the 
ideal states of the model. The errors are given by: 
e1 = (θm1 – θp1),    e2 = (θm2 – θp2),     ė1 = (θ m1 –  θ p1),     ė2 = 
(θ m2 –  θ p2) 
These errors are not sufficient to follow the response of the 
model. So, suitable gains are adopted i.e. AP1, AP2, Ad1, Ad2 
with the errors to get better response from the plant [13]. 
Now four suitable error gains are selected in such a way that 
the plant response should follow the response of the model. 
The suitable gains are obtained by varying one gain at a time 
keeping other three constant at some lower values [14]. The 
schematic diagram of the plant is represented in  fig. 3. 

 

Fig. 3. The actual system 

The equations of the actual system are given by  

Jp1θ p1  +  Cp1θ p1   +  Cprp1  (rp1θ p1    –    rp2θ p2)     + 
 Kprp1 (rp1θp1 – rp2θp2) = TP = µip       
..…......... (3) 
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 Where, 
 iP = Ap1(θm1 – θp1) + Ap2(θm2 – θp2) + Ad1(θ m1 –  θ p1) + 
Ad2(θ m2 –  θ p2) = Ap1e1 + Ap2e2 + Ad1ė1 + Ad2ė2 
Jp2θ p2 + Cp2θ p2 + Cprp2 (rp2θ p2 – rp1θ p1) +               Kprp2 (rp2θp2 
– rp1θp1) = 0                  ..........…... (4) 

V. EXAMPLE 

A practical example is considered here to illustrate the 
effectiveness of the proposed MFC scheme. 
Parameters of the plant and the model are: 
rp1 = 9.55 mm;            rm1 = 9.55 mm; 

rp2 = 38.2 mm;       rm2 = 38.2 mm; 

Jp1 = 0.0018 kg m
2
;      Jm1 = 0.0018 kg m

2
; 

Jp2 = 0.071 kg m
2
;                     Jm2 = 0.071 kg m

2
; 

Cp = 2500 N s/m;        Cm = 2500 N s/m; 

Cp1 = 0.05 N ms/rad;      Cm1 = 0.5 N ms/rad; 

Kp = 5×10
5 

N/m;                     Cm2 = 3 N ms/rad; 

µ = 1.25 N m/A;                       Km = 5×10
5 

N/m; 

AP1=9; AP2=1;                     µ = 1.25 N m/A; 

Ad1=1.28 ; Ad2=1.28;                A = 70; 

                                                    R = 1; 

VI. SIMULATION RESULTS  

The simulation results of the system are obtained by solving 
the model and plant equations in a  digital computer [15]. 
Fig. 4 shows the ideal response of the model found by 
adjusting the amplifier gain A. The response is very fast 
(about 0.07 sec) and has no overshoot. Therefore the states 
of the model can be considered ideal at any point of time. 

 
               

Fig. 4. Model response    

   

 

Fig. 5. Model and plant response (AP1=1, AP2=1,   Ad1=1, 
Ad2=1)  

 

Fig. 6. Model and plant responses (AP1=100, AP2= 1, 
Ad1=1, Ad2=1)                        

 

Fig. 7. Model and plant responses (AP1=1, AP2=1,                 
Ad1=0.01, Ad2=0.1)   
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Fig. 8. Model and plant responses (AP1=9, AP2=1, 
Ad1=1.28, Ad2=1.28)               

Responses of the model and plant are found for different 
error feedback gains having large ranges of variations. All 
the gains are varied one by one to find the effect of the gains 
individually on the response of the system. Fig. 5 to fig. 8 
show some of the responses for different gain values.  
Fig. 5 represents the responses of the model and the plant 
for gains AP1=1, AP2=1, Ad1=1, Ad2=1. It is seen that the 
plant response is initially fast but steady error remains for a 
large period of time and it reaches the desired point after a 
considerably high time period. 
Responses of the model and plant are shown in   fig. 6 for 
gains AP1=100, AP2= 1, Ad1=1, Ad2=1. Though there is very 
little difference between the plant and model responses, the 
plant response is faster than the model and it has a title 
overshoot which settles down around 0.12 sec.   
Fig. 7 shows the responses of the model and plant for gains 
AP1=1, AP2=1, Ad1= 0.01, Ad2=0.1. The plant response is 
seen to be much slower, has large overshoot and settling 
time is quite high (around 0.9 sec).   
The best response of the plant following the ideal response 
of the model is shown in fig. 8. There is practically no 
difference between the model and plant responses and the 
plant is perfectly following the ideal states of the model. The 
gain values for the best response are AP1=9, AP2=1, 
Ad1=1.28, Ad2=1.28. 

VII. CONCLUSION 

The MFC scheme depicts that the plant follows the ideal 
response of the model very accurately and precisely. Here 
the plant is run only through the errors, generated from the 
differences of the states of model and plant. It is practically 
impossible to differentiate the model and plant responses 
when proper combination gains are provided as shown in 
fig. 8. The proposed control scheme is simple without any 
adaptive algorithm and can be easily implemented. The 
robust control found in this simple and cost effective scheme 
may be easily adopted for wider use in industrial robots.  
` 
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