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 The parabolic dish antenna systems are directional antennas with large gains at high 

frequencies and are used for many applications. Operations of the antenna system are 
usually disrupted by disturbances such as wind, backlash, friction, saturation, errors due 

to measurements by sensors, the effect of gravity and movement in some applications. 

These antennas have to be always aligned at line of sight for effective and continuous 
operations and suitable controllers are used to achieve this aim. This article tries to look 

at the various control strategies used in such systems in order to achieve position 

control in the presence of both internal and external disturbances as well as to improve 
the system performance. The techniques surveyed were classified into: the linear, 

adaptive, predictive, computer, meta-heuristic, artificial neural networks and fuzzy 

logic methods. The task of developing new controllers with improved system 
performance for parabolic dish antennas is important because systems using such 

antennas are critical to technological development and their sizes, frequencies of 

operation depending where employed and applications keeps changing, and so also the 
pointing precision which is a function of the area of application. 
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INTRODUCTION 

 

 Antennas are transducers that convert electrical signals to electromagnetic waves and can also do the 

opposite. Parabolic dish antennas are types of reflector antennas and such antennas can be used to achieve high 

gain when used for applications using frequencies in the range of microwave. Hence, this property made such 

categories of antennas suitable for applications in satellite links, radio relay links, and in radar systems (Balanis, 

2005). Fig.1 is an illustration of an antenna operation. As seen the transmitter/receiver block is where the signal 

to be transmitted or received is conditioned to suitable format and passed through the transmission line block 

which is provides link to and from the antenna system. The antenna block radiates the signal to free space or it 

receives from free space. The medium block is where signals in form of electromagnetic waves propagate.   

  

  

 

 

 

 

Fig. 1: Schematic Diagram of an Antenna Operation. 

 

 Satellite communication is superior to other long distance communication systems due to the fact that the 

satellite itself becomes an interconnecting point for any two or several communication points or stations on 

earth. Making it the centre where signals from all points on the globe are received or transmitted or re-

transmitted. Thus, making services such as telephony, data network creation, video transporting and distribution, 

television and radio broadcasting directly to subscribers easier. Research has shown that there is a tremendous 
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reduction in cost of channels due to the remarkable improvement in the life span and decline in the maintenance 

of satellites (Maral, et al., 2009; Lab-Volt, 2011).  

 The evolution of satellite communication can be traced to as far back as 1965 and it had brought remarkable 

achievements in the communications systems which were achieved via the use of satellites positioned far above 

the earth surface. These satellite systems may be in the geostationary orbit called the geostationary earth orbit 

(GEO) satellites or in the low earth orbit called the low earth orbit (LEO) satellites. The GEO satellites have an 

advantage feature of being stationary but have the disadvantages of high signal loss as a result of its very high 

altitude from the earth and also has low elevation angle. The LEO satellites on the contrary are not stationary 

but are at lower altitudes usually lower altitudes between 500-1500km above the earth hence making the loss in 

signals lower and they have higher elevations (Freeman, 2002). The sizes of the parabolic dish antenna used for 

communication may have diameter between 0.7 to 30m depending on application. For antennas with sizes above 

14m in diameters, positioning arrangement may be a requirement for maintaining the antennas aligned with the 

satellites (Pelton and Howkins, 1987).  

 Radio telescopes are also evolving, these days their operation frequencies and sizes are increasing due to 

the quest for high data rates, sensitivity and high surveying speed and these necessitates a higher precision in 

pointing the antenna system (Gawronski, 2004; Nan, et al., 2013). There are strong indications that future 

telescopes might be of larger sizes. For example, as in 2004; the NASA Deep Space Network employ three dish 

antenna of sizes either 34m and 70m located at different locations, the Large Millimeter Telescope (LMT) 

project which was expected to have an antenna of diameter 50m  after completion in 2005 and it belongs to The 

University of Massachusetts, Amherst and National Institute for  Astrophysics, Optics and Electronics 

(INAOE), Mexico, the 12m APEX (Atacama Pathfinder Experiment) telescope of The Max Plank Institute for 

Radio astronomy located at the Chilean Atacama desert, the 35m European Space Agency (ESA) Deep Space 

Antennas for deep space applications, the first was at Australia and the second in Spain (Gawronski, 2004).  

 Currently under construction is the 500m aperture spherical radio telescope (FAST) sited at Dawodang 

depression of the Guizhou province, southwest China. The project was expected to be completed in 2016 and 

the largest parabolic radio telescope on earth (Nan, et al., 2013). Another large radio telescope is the Indian 

Giant Metre-wave Radio Telescope of the National Centre for Radio Astrophysics of the Tata Institute of 

Fundamental Research (NCRA-TIFR) located at Khodad; which is made up of 30, 45m diameter dish antennas 

spanning over land area of 30,000 square meters (Swarup,1990). The 25m diameter radio telescope of the 

Shanghai Astronomical Observatory (SHAO) of the Chinese Academy of Sciences at Sheshan station in China 

which commenced operation in 2010 and the 65 m diameter radio telescope project at same station which was 

expected to commence operation in 2015 (Chen, et al., 2011; Shen, 2012). 

 The availability of very high capacity and data rates coupled with low operation costs compared to the 

services rendered by Iridium satellite phones and maritime satellites made the parabolic dish antenna; that is the 

Very Small Aperture Terminal (VSAT) popular for mobile vehicle communication. Services were provided by 

Fixed-Satellite Service (FSS) satellites and the VSATs have to be at line of sight with accuracies between one to 

two degrees or better. There are also the mobile direct broadcast services via the Direct Broadcast Service 

(DBS) satellites providing digital television services. These services find applications in automobiles, business 

aircraft, small patrol boats, pleasure boats and recreational vehicles.  Hence, there is the need for a very good 

and sound position control system for these applications in order to ensure smooth operation (Debriun, 2008; 

Soltani, 2011). 

 Increase in operating frequencies makes pointing accuracy requirement more stringent. It is affected by 

both hardware and control algorithm and also the physical state of the antenna structure. Hence, thermal 

deformations, distortions due to gravity, encoder errors apart from wind and gust all serve as disturbances to the 

pointing precision and some these disturbances are uncontrollable but can be minimized (Gawronski, 2001; 

Cortes-Medellin and Smith, 1995; Sheth and Gonsai, 2013). 

 Development had made the sizes of the dish antennas kept increasing and also high operating frequencies 

while smaller sizes are used for mobile applications. These antennas have to be aligned at line-of-sight for their 

successful operation with wind gust, backlash and friction being the major disturbances. Technology kept 

evolving, therefore control strategies have to be developed to counteract these challenges. The problem 

therefore is to develop a robust control mechanism that should keep the antenna system at a desired position and 

or return it to the desired position even under the influence of disturbances. 

 A controller is an additional sub-system that is connected to an existing system in order to improve its 

performance. Therefore, control system is an interconnection of systems with the aim of achieving desired 

response. Control systems are divided into two: the open loop and closed control systems. In the open loop 

system the control action does not depend on feedback from the system output while closed loop has provision 

for that (Nise, 2000). Fig. 2 is an illustration of the simplest form of a closed loop control system.  

 Stability, steady state and transient responses, cost and robustness are considered in the design and analysis 

of control systems (Nise, 2000). The aims of using of the controller for system operation are therefore to lessen 

the magnitude of the system response and the settling time, to improve the bandwidth, to make steady state error 
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zero and improved phase and gain margins (Gawronski, 2001). The yard sticks just stated are also applicable to 

the antenna position control system since the goal is to come up with a robust and precise control strategy as a 

contribution. 

 

 
 

Fig. 2: Illustration of a Closed Loop Control System. 

 

 The aim of this study is to review the various methods used by the researchers in the field of control 

systems to solve for antenna positioning and tracking problems. In order to make understanding and referencing 

easier, the techniques used were categorized into eight groups i.e. the linear control approach, adaptive control 

approach, predictive control approach,, heuristic approach, artificial neural networks approach, fuzzy logic 

control approach and computer control approach. 

 

Linear Control Approach: 

 In this approach, the linear control theorems were used for control system analysis and design.  Utilizing the 

linear control approaches (Gawronski, 2001; Agee, 1992; Mohan, 2005; Gawronski, et al., 1994; Gawronski and 

Souccar, 2005; Gawronski, 1996; Soltani, et al., 2011), different control methods were used for the 

position/tracking control of the parabolic dish antenna system in other to improve the precision and system 

response to both internal and external disturbances.  

 Agee (1992) in his study used the Kalman filter estimation approach and developed a position controller for 

parabolic dish antenna in windy environment. Based on his findings the system may be unstable in the presence 

of the wind disturbance but with the observer controller it was stabilized and the settling time and the system 

overshoot were improved. Mohan (2005) solved the problem of backlash in position control systems. Backlash 

is a nonlinearity associated with adjacent movable parts of a system; such as gears, which may lead to creating a 

dead band or gap between the parts. The consequence of it is the creation of steady state errors in the operation 

of a system. The issue was eliminated by using additional slow feedback loop from the motor and load 

positions. The block diagram as shown in Fig. 3 was used to realize the proposed control scheme. Garwonski, et 

al. (1994) presented controllers for tracking control of DSS-13 antenna using proportional-integral controller 

and linear quadratic Gaussian approaches. The abnormal behavior of the system with the proportional-integral 

controller due to nonlinearities was corrected by a preprocessor block. It shows better performance with the feed 

forward loop in terms of reduced tracking errors but still poor with regards to disturbance rejection. The linear 

quadratic Gaussian controller shows a good performance in terms of both reduced tracking errors and 

disturbance rejection which were improved when the feed forward loop was added. Gawronski (2001) in his 

study, proposed proportional-integral, linear-quadratic-Gaussian and H-infinity controllers for the NASA Deep 

Space Network (DSN) antennas which are designed to operate at 32GHz with a tracking precision of 2 arc/sec 

with antennas of diameters of 34 and 70 meters.   

 
 

Fig. 3: Block Diagram of the Proposed Control System.  

 

 The proportional-integral controller developed had good performance but has some shortcomings; the 

linear-quadratic-Gaussian controller shows better performance while the H-infinity controller shows the best 
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performance but its implementation requires hardware with improved speed of operation.  The performances 

compared the steady state error, speed of operation and wind disturbance rejection. Fig. 4 and Fig.5 are the 

block diagrams used to realize the proportional-integral and the linear-quadratic-Gaussian controllers 

respectively.  

 

 
 

Fig. 4: Block Diagram of the Proportional-Integral Controller (Source: Garwonski, et al., 1994). 

 

 
 

Fig. 5: Block Diagram of the Linear-Quadratic-Gaussian Controller (Source: Garwonski, et al., 1994). 

 

 In another study Gawronski and Souccar (2005) presented four different control schemes for the Large 

Millimeter Telescope (LMT) the first controller configuration employed was proportional-integral (PI) 

controllers for both the rate and position loops. The second was a proportional-integral (PI) controller in the rate 

loop and a linear-quadratic-Gaussian (LQG) controller in the position loop. In the third the LQG and 

proportional-integral-derivative (PID) controllers were used for the rate and position loops respectively. Finally, 

the last was made of up linear-quadratic-Gaussian (LQG) controllers in both rate and position loops. The 

performance of the control system showed that the fourth had outperformed the others in terms of disturbance 

rejection and positioning accuracy, followed by the third, second and first. An H-infinity controller was 

proposed by Gawronski (1996) for tracking operation of the DSS-13 antenna with the aim of reducing 

disturbances due to wind. Its performance was compared with cases where the proportional-integral (PI) and 

linear-quadratic-Gaussian (LQG) controllers were employed for the system. The H-infinity controller shows 

superior performance in terms of wind disturbance rejection and stability, followed by the linear-quadratic-

Gaussian (LQG) controller and then the proportional-integral (PI) controller (Gawronski, 1996). According to 

the work of Soltani, et al. (2011) on ships, parabolic dish antenna systems alignments are disrupted due to the 

dynamics of the ship while moving, as results of blockage by some physical entities on the sea and the effect of 

atmosphere.  

 Soltani, et al. (2011) proposed a robust tracking controller by using fault tolerant control system using the 

H-infinity and the nonlinear internal model control. It was tested by simulation and results showed that the 

controller was capable of reducing tracking errors and rejecting external disturbances. He, et al. (2009) 

developed a combined linear quadratic Gaussian and proportional-integral controller in attempt to solve the 

problem of position control accuracy and wind gust rejection for the 34m diameter cassegrain antenna operating 

in the S, X and Ka-Bands. The state estimation and optimal control techniques were used for implementation of 

the controller. The performance of the controller was compared with that of a proportional-integral controller. 
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Simulation results showed that the combine control scheme was able to satisfy the pointing precision of up to 

the Ka-Frequency band with good disturbance rejection while the proportional-integral controller only satisfied 

for up to the X-Band with system disturbance velocity up to 10m/s. H-infinity controller was developed by 

Chan-Ho, et al.  (2003) for position and tracking control of a parabolic dish antenna mounted on a moving 

vehicle used for satellite television reception. The step tracking algorithm was used in order to locate the 

positions of maximum field strength at every moment which gives the antenna the reference position for the 

purpose of the tracking. It shows superior performance when the results obtained were compared with that of the 

conventional proportional-integral-derivative controller. Figs. 6 and 7 are the block diagrams used to develop 

the conventional proportional-integral-derivative controller and H-infinity controller respectively. 

 

 
 

Fig. 6: Block Diagram of the Proportional-Integral-Derivative Control System (Chan-Ho, et al., 2003).  

 

 
 

Fig. 7: Block Diagram of the H-infinity Control System (Chan-Ho, et al., 2003). 

 

Adaptive Control Approach: 

 The adaptive control strategy originated seven decades ago and it has been applied to so many control 

systems. It is an online control parameter estimation method which is based on certain system measured 

parameters. The control method was applied to systems with constant or varying uncertain parameters such as 

ship and aircraft steering, robots and processes control. An adaptive controller may be designed using either 

model reference method or the self tuning method (Slotine and Li, 1991).  

 Ahn, et al. (2010) proposed an adaptive controller for tracking control of a dish antenna system in order to 

establish reliable communication with a low orbit satellite. Unknown disturbances were compensated and the 

satellite tracking profile was used to evaluate controller performance. Simulation results showed that the control 

system was stable and has done well in eliminating disturbances. Jia, et al. (2009) developed satellite antenna 

position controller using adaptive variable structure with the aim of getting rid of the problem of model 

uncertainties which was achieved using the feed-forward compensation technique. Tests were conducted using 

the satellite antenna pointing compound full-physical simulation system and results showed that the controller 

had improved the pointing accuracy of the system. An adaptive controller was proposed by Xin-long, et al. 

(2008) for the purpose of tracking satellite antenna to facilitate undisrupted data acquisition in the tracking 

process. The method used was an effort to solve the problems of time-variability, accuracy and issues of 

nonlinearities. Lyapunov theory was also used to ascertain the system stability. Simulation results showed that 

the controller proposed was robust, accurate and resistant to disturbances. Efforts were made by Kum, et al. 

(2009) to eliminate the problem of imprecise positioning of inter satellite link antennas caused by uncertainties 

of un-modeled dynamics, unbounded disturbance and the control input constraints. They developed a robust 

adaptive controller based on the Lyapnov stability theory. Simulation results showed that the controller has a 

very high precision with good disturbance rejection.  

 

Predictive Control Approach: 

 Model predictive control approach existed for over five decades and it is a procedure for achieving control 

system by employing existing control methods. The plant or process model to be controlled is used to obtain the 

future control signals minimizing an objective function. There are variants of the model predictive control 
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scheme but the major differences between them are the plant, noise and cost function models used. Some of the 

advantages of the approach include its simplicity, applicability to wide range of systems, provision for 

compensation of dead times, measurable disturbance rejection using feed forward loops, easy handling of 

constraints, allowance for future expansions and suitable for systems with known future references (Camacho 

and Bordons, 2004). Its disadvantages are complex derivation, higher computational requirement when 

constraints are considered and the availability of suitable plant model to be used (Camacho and Bordons, 2004).  

 The predictive control strategy was used for control of an earth station antenna with a non-minimum phase 

motor. The Generalized Predictive Control algorithm was employed in order to solve the problem of backlash in 

the system and results showed that the method was effective even without a prior knowledge of the upper and 

lower limits of the effect (Muhammadzaman, et al., 2006). Same control method was used again to solve for the 

problem of friction for an earth station antenna system. Friction is another nonlinear term associated with motors 

and was represented by a dead zone block in the article. Simulation results confirmed the effectiveness of the 

controller (Muhammadzaman, et al., 2006). According to their presentations Fig. 8 was the schematic diagram 

used to implement the position controller while Fig. 9 for the tracking controller. 

 

 
 

Fig. 8: Block Diagram of the Position Control Strategy (Source: Muhammadzaman, et al., 2006).   

 

 
 

Fig. 9: Block Diagram of the Tracking Control Strategy (Source: Muhammadzaman, et al., 2006).   

 

 In another article by Ghahramani, et al. (2011) three controllers were presented for tracking control of low 

orbit earth satellite antennas using the proportional-integral control method, the Model Predictive Control 

method and the Generalized Predictive Control method. The performances of the controllers were compared and 

results indicated that the proportional-integral has limited control signal range and higher tracking errors. 

According to the article of Ghahramani, et al. (2011) the predictive controllers have higher accuracies, good 

noise elimination capacities and acceptable performance against uncertainties. Predictive controllers were 

developed by Ghahramani, et al. (2011) using the Generalized Incremental Predictive Control and Generalized 

Predictive Control algorithms for antenna position and tracking control of low  earth orbit satellite antennas. The 

Generalized Incremental Predictive Controller had lesser tracking errors and faster response when the two 

controllers were compared. 

 

Meta-heuristic Approach: 

 Meta-heuristic methods are procedures used for solving optimization problems which are not deterministic 

techniques. They  have been used by researchers to achieve good results and have done well in solving 
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combinatorial problems most especially when well understood and applied appropriately (Crainic, et al., 2012; 

Ólafsson, 2006). There are variants of meta-heuristic algorithms such as: simulated annealing, tabu search and 

variable neighborhood search, these are categorized as improvement of local search algorithms.  They can be 

population based such as: genetic algorithm and particle swarm optimization algorithm. The swarm intelligence 

is also another category, examples of which include the ant colony optimization algorithm, particle swarm 

optimization algorithm and artificial bee algorithm. The hybrid also exist which is achieved by combining of 

two or more of the algorithms in order to solve a problem (Ólafsson, 2006). The parallel programming is 

another category where two or more of the meta-heuristic algorithms are run simultaneously with the aim of 

solving a problem (Crainic, et al., 2012).  

 Noordin, et al. (2008) proposed a position controller for a dish antenna mounted on a vehicle for tracking 

signals from a geostatic satellite antenna. Three motors where used for the purpose; one under the motor and 

two for the azimuth and elevation movements. A processor unit was used to provide the controller with the set 

points and speed of the elevation and azimuth in the tracking process. A PID controller was implemented for the 

system using fast genetic algorithm because of its ability to take care of errors at the set reference angles due to 

nonlinearities and uncertainties that may occur. The fast genetic algorithm was selected because of its ability to 

avoid the occurrence of local optimum. Gupta (2011) considered using piezoelectric actuators in order to 

determine the position of the antenna that will give maximum radiation by deforming it; that is changing the 

antenna shape such that it appears pointing in the direction of highest radiation. In the formulation of the 

problem the field radiation was determined using geometric optics. Optimal position, length and field were 

obtained using genetic algorithm (GA) and the shape or way the piezoelectric devices reshape the antenna was 

using the shell finite element method. Ahmed (2013) proposed a proportional-integral-derivative (PID) 

controller for position control of a DC servomotor actuated parabolic dish antenna system using ant colony 

optimization (ACO) algorithm. The results obtained were compared with those obtained using the Ziegler-

Nichols method and without controller. Controller designed using the ACO algorithm showed the best 

performance in terms of settling, peak and rise times. 

 

Artificial Neural Networks (ANN) Approach: 

 Artificial neural networks mimic how the central nervous system of the human body functions. It was 

applied in control systems as far back as 1964 and it has the following capabilities: ability to learn by 

experience, ability to generalize, they have very high speed of operation and in case failure occur the effect are 

not sudden and complete (Burns, 2001). 

 The artificial neural network was used by Palamar (2005) in his paper. An antenna tracking controller was 

implemented for remote sensing of the earth using the low earth orbit satellites. Adaptive proportional-integral-

derivative controller was proposed for tracking the movable satellite with the aim of developing a control 

mechanism with high disturbance rejection and maintaining positioning precision. Simulation study of the 

system portrayed that aims of the study were achieved. Razi and Menhaj (2009) highlighted that in nonlinear 

predictive control, obtaining the mathematical was always a challenge and tried to solve it using the artificial 

neural networks. The multi layer propagation neural networks and through model lemma of the artificial neural 

networks were utilized with aim of achieving a control strategy for the system that will cancel the effect of 

friction which is a nonlinear disturbance in the system. Results were obtained by representing the disturbance 

with a dead zone and the aim was achieved. Razi, et al. (2009) proposed the same method in order to find a 

solution for the effect of backlash in the system. Backlash model block was used to represent the disturbance in 

the system. Again the method was proved to be effective after series of simulation results were obtained. Fig. 13 

is the block diagram of how the artificial neural network was used for the training and Fig. 14 was how the 

model was used to tune the controller.  

 
Fig. 13: Configuration used for Determining the ANN Model (Source: Razi and Menhaj, 2009; Razi, et al., 

2009). 
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Fig. 14: Configuration used for the Control Scheme (Source: Razi and Menhaj, 2009; Razi, et al., 2009). 

 

Fuzzy Logic Approach: 

 Fuzzy logic is a very intelligent mathematical tool; it tries to mimic how humans make decisions (Okumus, 

et al., 2009). Professor Lotfi A. Zadeh of the University of California at Berkeley was first researcher to develop 

the Fuzzy logic in 1965 which he presented as a research paper; he further gave explanations in another paper he 

presented in 1973. There were many researches in the area; it was first applied in the manufacturing industry in 

1975 which is used in a cement kiln in Denmark. The Fuzzy logic controller has numerous advantages which 

make it suitable for many engineering applications, some of which are  it provides high level of automation, 

robust nonlinear control and it requires low development and maintenance time (Mandal, 2006). 

 A robust position controller was developed by Dimitrijević and Antić (1999) for the position control of 

parabolic dish antenna using the Variable Structure System (VSS) and fuzzy logic. The advantage of the VSS 

for removing internal and external disturbances within known boundaries was utilized. While its disadvantage 

which is the chattering effect was eliminated using the fuzzy logic technique. Two input fuzzy logic controller 

with triangular membership functions was implemented with the VSS as a block before the fuzzy logic 

controller in the control system. In his presentation he focused on solving the problem of external disturbances 

which were represented in the simulation by a quarter of the reference test signal imposed on the system while it 

reaches steady state. Simulation results showed that the result has no oscillations in the system response even in 

the presence of bounded disturbances. Fig. 15 is the block diagram used to achieve the control strategy. Where: 

 is the reference signal,  is the position of the antenna, e is the error signal, Conversion block is where the 

variable structure conversion takes place and it generates the input to the fuzzy logic controller labeled Fuzzy.   

 

 
 

Fig. 15:   Control Scheme Block Diagram (Source: Dimitrijević and Antić, 1999). 

 

 Fuzzy logic approach was used by Okumus, et al. (2012) in their work. In the presentation a Fuzzy logic 

controller was realized for antenna azimuth position control by using different fuzzy rules and membership 

functions, out of which the triangular membership function with three rules emerges the best in terms of settling 

time, rise time, peak time and overshoot. The results were simulated in Simulink/Matlab environment and were 

compared with those obtained using the classical Proportional-Integral-Derivative (PID) approach. The fuzzy 

logic controller outperformed the PID controller based on settling time and maximum overshoots even though 

both controllers have improved those parameters of the system. Fig. 16 is the simulink model of the proposed 

fuzzy controller. 

 Park and Kim (2005) in their article basically proposed a position controller for a parabolic dish antenna 

mounted on moving vehicle for tracking signals from antenna positioned on a geostationary satellite. Vehicle 

dynamics become additional disturbance apart from the already known ones, such as wind, gust, bearing and 

http://en.wikipedia.org/wiki/Lotfi_A._Zadeh
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aerodynamic friction. The step tracking algorithm was used for the tracking control for obtaining future 

reference positions/signals for the controller. In their study they investigated the effect of the vehicle dynamics 

in maintaining the antenna position. As part of results shown to represent the effects of variations of the roll, 

pitch and yaw disturbances, 6 and 2Hz signals were used as noise signals for testing the system.  

 

 
 

Fig. 16: Simulink Model of the Fuzzy Controller Implemented (Source: Okumus, et al., 2012). 

 

 The classical proportional-integral-derivative and the fuzzy controller were applied to the system but the 

fuzzy controller showed superior performance with regards to the precision in the tracking. Kim, et al. (2005) 

developed a tracking controller in order to achieve communication through dish antennas mounted on an 

unmanned helicopter and the other on a moving vehicle. Brushless direct current motors and a digital signal 

processor were part of the hardware used to implement the controller. Reducing disturbances created due to the 

dynamics of the platforms where the antennas are located was the main focus of their study. Fuzzy logic and 

proportional-integral-derivative controllers were the methods used to achieve the objective of the study and 

results indicated that the fuzzy logic controller was the best for the system when the settling times and 

overshoots were compared. A fuzzy logic controller was proposed by Tseng and Teo (1998) in order to reduce 

the problem of positioning precision caused by sensor and ship dynamics. The dish antenna mounted on a ship 

was made to track the satellite antenna with the aid of global positioning system as well as a spiral signal search 

algorithm. Simulation and experiments were carried out in order to ascertain the effectiveness and robustness of 

the control system. The results showed that the fuzzy logic control system has the capability of reducing the 

problem with low tracking errors. 

 

Computer Control Approach: 

 The emergence of processors/computers had revolutionized control systems engineering. The computer has 

the capacity of conducting both the control and supervisory functions. Therefore, in this approach the computer 

takes over the actions of the controller. Noise immunity, control program flexibility and low cost are some of 

the advantages of computer control. The methods used in designing digital systems and the way they operate 

make them highly immune to noise than analog systems because signals are in discrete form always. Control 

algorithms can be changed and implemented easily by simply altering the software, there might be no need of 

changing any hardware (Nise, 2000). Recent progresses in the scale of integration technologies makes the cost 

of hardware continues to decline (Theraja and Theraja, 2005).     

 Divetar, et al. (2012) developed a control system for tracking solar radiation using a 4.5m Satellite 

communication dish antenna. Fig. 10 is a schematic diagram of the proposed control scheme. It was achieved by 

incorporating additional hardware to an existing antenna system and developing a MATLAB based controller 

together with graphic user interface (GUI). The program was designed in such a way that the reference 

coordinates were computed using that of dish antenna. Provision was made such that rate at which the antenna 

rotates can be changed using the GUI and also safety measures were as well incorporated in the program. It also 

displays the next five positions, and at the same time data corruption and port errors were eliminated. Tests 
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conducted on the system showed that it was working satisfactorily, but the system was never used beyond four 

hours. Fig. 10 is the block diagram of the proposed control strategy. 

 

 
 

Fig. 10: Illustration of the Control System (Source: Divetar, et al. 2012). 

 

 Wang, et al. (2011) proposed a position controller for a parabolic antenna using a Digital Signal Processor 

(DSP). A Permanent Magnet Synchronous Motor (PMSM) was used to explore its high performance. Variable 

structure PI controller was used in order to take care of disturbances that may occur when the system is in 

operation. The system was simulated, implemented and tested and results showed that it has a good performance 

and can be used in practical applications. Microcontroller based controller was developed by Lin, et al. (2011) 

for possible application in emergency and rescue operations in remote areas. BTS for communication was 

located on an aerial vehicle which has to link to those that are located on the ground with the aid of the parabolic 

antennas. In order to solve the problem, tracking controllers were designed and installed on both platforms. Both 

stations controllers use global position system (GPS) and attitude heading reference system (AHRS) signals as 

feedbacks. Fig. 11 is the flowchart of the control strategy developed. Based on the tests conducted, results 

showed a success in the positioning efficiency and precision of the system. 

 

 
 

Fig. 11: Control Flowchart (Source: Lin, et al., 2011). 

 

 As their contribution to solving antenna positioning problems Chang-an, et al. (2010) developed a computer 

based PID controller for maintaining communication between antennas located at the ground station and on a 

flying vehicle. In their study the ground station antenna was fixed. GPS, inertial measuring device, digital to 

analog converter and position sensors are some of the hardware used while conducting the research, which are 

connected to the computer system and the system software was compiled by Visual C++6.0. Fig. 12 is an 

illustration of the block diagram used to achieve the control strategy. Results showed that the system has a low 

settling time and is stable.  

 Rafael, et al. (2012) developed a computer based automated controller for positioning of satellite signals 

receiving dish antenna system in Brazil with the aim of solving the problem of time wasting when performing 

the task manually. They developed a guided user interface (GUI) that will enable the user to select the particular 
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satellite antenna to be tracked after which the system does the positioning task. The software was developed 

using java and part of the hardware used include global positioning system and a digital receiver for monitoring 

the signal level. Fuzzy logic based controller was also developed for fine tuning the antenna position. According 

to the results of the presentation the system had reduced the antenna positioning time by sixteen times. A 

controller was presented using sign-multilook cross correlation algorithm by Gao, et al. (2009) for position 

control of geosynchronous synthetic aperture radar antennas. The sign-multilook cross correlation is a modified 

multilook cross correlation and was based on Doppler centroid estimation algorithm. The sign-multilook cross 

correlation has lower memory usage than the ordinary multilook cross correlation algorithm because it lesser 

computational tasks to handle. 

 

 
 

Fig. 12: Block Diagram (Source: Chang-an, et al., 2010).  

 

Conclusion: 

 The study presented a review of the various ways utilized to achieve improved position control of dish 

antenna systems and the ability to curtail disturbances. Some of the methods applied for solving these problems 

are the proportional-integral-derivative and its variants, the linear-quadratic-Gaussian, H-infinity, robust control 

and combinations of some of the mentioned techniques which are grouped into the linear control, adaptive 

control, predictive control,  meta-heuristic approach, artificial neural networks, fuzzy logic methods and 

computer control. It can be seen from the review that some methods are better than others, some require 

improved system components for their implementation, some have complex design process and some are simple 

but of lower performance. So, choice can be made depending on the area of application and requirement. 

Disturbances affecting the dish antenna system are numerous and can be easily categorized into internal and 

external disturbances. The major ones include the effects of friction, backlash and sensor errors under internal 

and gusts under external disturbances. Others include errors due to the effects of gravity, deformation of the 

antenna structures and temperature. The pointing precision required depends upon application. Notwithstanding 

there is a need for more research in solving the parabolic dish antenna positioning problems because the  sizes, 

operating frequencies and applications keep changing with new developments in technology. Again the antenna 

systems are among the key equipment used in the present day modern technology.  
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