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Abstract— In our paper, it shows how the design of a stance 

control of an antenna system has to be done. The antenna is 

used to detect and receive a signal from the satellite and as it 

travels across space it senses the accurate position of the 

satellite. Our purpose is to design a PID (proportional integral 

derivative) controller to match the given performance 

specifications. The outcome of the controller design shows 

that all the performance criteria were satisfied as per the 

stipulated conditions defined further in the report. 
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I. INTRODUCTION 

Control System is a conceptual framework for designing 

systems with capabilities of regulation and/or tracking to give 

the desired performance. For this, there must be a set of 

signals measurable to know the performance, another set of 

signals measurable to influence the evolution of the system in 

time and a third set which is not measurable but disturb the 

evolution. A controller is a control system that manages the 

behavior of another device or system. A Compensator is a 

control system that regulates another system, usually by 

conditioning the input or the output to that system. 

Compensators are typically employed to correct a single 

design flaw, with the intention of affecting other aspects of 

the design in a minimal manner. The aim is to design a 

continuous (PID) controller with the following specifications. 

The detailed layout below shows the transfer function of 

motor & load and power amplifier. Steady-state error < 1% 

criteria for a ramp input, Maximum overshoot(%) to step 

input < 6% , Settling time (2% criterion) should be less than 

2 seconds and the natural frequency wn > 2.5 rad/s, The 

damping ratio Z > 0.5. 

 
Fig. 1: The Layout of Stance Control System for Antenna 

 
Fig. 2: Large Dish Antenna 

 The above figure shown of the large antenna, is 

generally used to detect and receive signals from the satellite 

and as it travels across the space it senses the accurate 

position of the satellite. Generally, we use an armature 

controlled motor in control systems and the combined 

transfer function of antenna and motor is as given below: 

 

G(S) =
20.83

S(S + 100)(S + 1.71)
 

II. ANALYSIS OF THE SYSTEM BEFORE COMPENSATION 

According to the above-given performance criteria the 

velocity error constant >= 100. The velocity error constant of 

the system (G c(s) = 1) is given below: 

Kv = lim
s→0

s. Gp(s)1 =
3

25
 

 So to achieve the above specification of steady- state 

error gain of 820.53 should be added to the system. As the 

gain is coming very large, so the control system with a gain 

of 820.53 is considered to be unstable. Proportional 

derivative controller (PD) cannot sustain this gain. Thus, for 

satisfying satisfy steady-state error specification and with the 

low value of gain we will convert our system from type 1 to 

type 2. When we do like this, with the help of a (PI) controller 

then the gain has no effect on steady-state error, and for a 

stable system with a unit ramp input approaches zero. The 

root locus of the control system is as shown below. From the 

below root locus plot we can see the variation in natural 

frequency and damping factor with    gain, natural frequency 

(wn) is small and the Z value is large, and for large values of 

gain, the natural frequency values is large and Z value is 

small. For example, for K = 8.04e4, the value of Z is 1 and 

wn = 163 rad/s, and for K = 6.15e5 the value of    wn = 273 

rad/s. The PI controller is responsible for shifting the root 

locus more towards the right direction. Alone PI controller is 

incapable of compensating the error hence we should 

combine a PD controller with a PI controller and it adds 

damping to the system. Hence this by using a PID 

(proportional integral derivative) controller we can make the 

best use of features of the PD and PI controller. The general 

expression of a transfer function (T.F.) of a PID controller is 

written as 

G c(s) =   Kp + Kd. s +
Ki

s
        (1) 

 The PID controller in above equation 1 consists of a 

combination of a PI portion and PD portion and can also be 

written as in equation 2 

 



Stance Control of an Antenna System 

 (IJSRD/Vol. 6/Issue 05/2018/171) 

 

 All rights reserved by www.ijsrd.com 754 

 
Fig. 3: Root locus of the system before compensation 

G c(s) = (1+Kd2.s) (Kp2+KI2/s)  (2) 

Where 

                              K p= Kp2+Kd1.KI2 

                                K d= Kd1.Kp2    

KI= KI2                 (3) 

 The proportional constant of the PD portion is set to 

unity, as we need only three parameters in the PID controller. 

We design the PID controller such that the PI portion 

compensates the settling time and PD portion compensates 

the damping of the system. We design the PD portion by 

eliminating one of the poles (which compensate the settling 

time), and then a PI portion is designed to take care of effect 

of damping. We design the PD portion by eliminating one of 

the poles. 

III. DESIGN OF PID CONTROLLERS 

In this paper, we have considered first the PD portion only. 

To select a proper value of Kd1 we will eliminate the pole at 

S = -1.71. By doing this the root locus shifts to the left and it 

increases the natural frequency of the system. And, then we 

have designed the PI portion by selecting the suitable values 

of KP2 and KI to meet our given overshoot specification. 

A. Design of PD Part of the Controller 

The PD part of the PID controller’s transfer function is given 

by 

G c(s) = (1+kd1. s)                              (4) 

The PD controller’s forward-path transfer function is given 

by: 

G c(s) =
20.83(1+kd1.s)

s(s+100)(s+1.71)
   (5) 

 This method of eliminating the pole is adapted for 

designing the PD part of the controller.  So by eliminating the 

pole at s = -1.71 we get      KD1 = 0.58 this shifts the root locus 

plot to the left-hand side of s-plane and the natural frequency 

of the system increases as shown below. So the system's 

transfer function having KD1 = 0.58 is given by: 

Gc(s) =
12

s(s+10)
    (6) 

 It is distinctly presented in Figure 4 that for a gain of 

208, the natural frequency was 50 rad/s and the damping ratio 

was 1. 

 
Fig. 4: Root Locus of the Closed-Loop System after 

Compensation with a PD Controller 

B. Design of the Pi Part of the Controller 

The PI part of the PID controller's transfer function is given: 

Gc2(s) =
12Kp2(s+

KI2

Kp2
)

s^2(s+100)
      (8) 

Now consider a smaller value of KI2/KP2= 0.02. The root 

locus of the system with the zero at     S=-0.01 and by 

changing the value of KP2 is shown in Figure 5. We can see 

from the root locus plot below that KP2 = 208 satisfies our 

overshoot and settling time criteria. 

 

 
Fig. 5: Root Locus of the Closed-Loop System after 

Compensation with a PI Controller 

 
Fig. 6: Layout of the Position Control System for a Large 

Antenna after Adding PID Controller 

The transfer function of the proportional-integral-derivative 

controller is: 

Gc(s) =
208(1 + 0.58s)(s + 0.020)

s
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Where, K p=210.413, K d=120.64 and K1=KI2=4.16 

IV. RESULT 

The final closed-loop transfer function of the system after 

compensation by PID controller as designed above is given 

as: 
Y(s)

R(s)
=

2512.93s + 50.27

s3 + 100s2 + 2512.93s + 50.27
 

 
The unit step response plot of the closed-loop system is 

shown in figure 7. From the figure below we can conclude 

that all the performance criteria's were satisfied. The Bode 

plot of the system after compensation is shown in Figure 8 

shows that the G.M. is 9812 and the P.M. is infinite. 

 
Fig. 7: Unit Step Response of the Closed-Loop System after 

Compensation 

 
Fig. 8: Bode Plot of the System after Compensation 

V. CONCLUSIONS 

Here we have controlled the azimuth stance of the satellite 

antenna by designing in MATLAB. The main aim is to design 

a proportional-integral-derivative controller to satisfy 

required performance criteria. The construction of the 

controller is done by first designing a PD controller which 

compensate the settling time and then PI controller is 

designed which compensate the overshoot. The results show 

that the error (steady state) after compensation of system to 

ramp input was less than 2%, the settling time was 0.155s and 

the closed-loop system possesses no overshoot. Hence, all the 

criteria's were satisfied. There are many controllers which can 

be used for getting the better response to any system under 

observation. 

VI. FUTURE APPLICATIONS 

The control systems are widely used in various applications. 

The modern era is surrounded by control systems.  Some of 

the applications are robotics, automatic lifts, the rocket 

launch, truck's hydraulic pistons, the space shuttle, truck's 

hydraulic pistons, advanced refrigeration, microwave and air 

conditioning etc. Some of the natural control systems such as 

heart which pumps blood throughout the body and pancreas 

which modulates blood sugar. 
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