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A B S T R A C T  

 

In this research, Generalized Predictive control (GPC) is proposed for the control of a stabilizing loop from 
a two axis gimbal seeker. In fact, there are some views about using GPC type controller which are two  

folds. First, it  drives the stabilization loops that are made by a DC motor, Rate Gyro, inertia and cross 
coupling unit in between two channels using the predictive model type controller. Second, the theory is 
to excavate the results of flight simulation on the efficiency of two-axis gimbal seeker. The simulations, 
based on different scenarios, are valuated for the proficiency of the designed system considering the 

dynamic mass imbalance and the cross-coupling in between two channels and the flight simulation. The 
flight simulation results are explained the accuracy of the designed system with predictive control in 
opposite of conventional PI controller. For example, the simulation results in altitude of 2km show the 

suggested system in comparison with conventional PI controller improves miss-distance and flight time 
11.98% and 1.5%  respectively. Moreover, the suggested system in maximum control signal is 72.61%, 
minimum control signal is 1.55% and final time is 80.43% (control effort parameter), which is better 
than PI type controller. 

doi: 10.5829/ije.2019.32.04a.13 
 

 

NOMENCLATURE 

, ,X Y ZF F F  Aerodynamic forces , ,a e r    Angle of effective control-surface deflection 

, ,X Y ZC C C  Aerodynamic forces coefficients 
TETET  Total External Torque in Elevation channel 

refS  Reference area 
EDT  Elevation channel Disturbances 

refI  Reference length of body 
ECCT  Elevation Cross-Coupling 

0q  Dynamic pressure ,  ,  i j k  Missile body frame axes 

V  Air speed ,  ,  r e d  Pitch frame axes 

  Density of the atmosphere ,  ,  n e k  Yaw frame axes 

,  ,  p q r  Angular velocity about the body (x,y,z) axes , ,Bn Be Bk    Yaw gimbal angular velocity in relation to 
inertial space about n, e, k 

, ,X Y ZM M M  Aerodynamic moments , ,Ar Ae Ad    
Pitch gimbal angular velocity in relation to 

inertial space about r, e, d 

, ,l m nC C C  Aerodynamic moment coefficients   

 
1. INTRODUCTION1 
 

One of the first steps in evaluating the function of a flying 

object is to investigate the flight mechanics and identify 

                                                                 
*Corresponding Author Email: meisam.pirzadeh67@gmail.com (M. 
Pirzadeh) 

the forces involved. These are the forces that determine 

their direction, speed and acceleration; ultimately  

determine the performance of the subsystems. 

Meanwhile, one of the most important subsystems in a 
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missile is seeker which plays a very important role in 

identifying and tracking the target. Therefore, for a 

precise consideration, it is the best to evaluate first the 

performance of the seeker stabilization loop system 

under the software simulation in the loop. 

Regarding the today’s wide application of the 

predictive control systems to control industrial and 

complex systems due to its robustness, optimality and 

ability to face uncertainty. The use of this method in 

controlling and reinstating the stabilizing loop of a two 

axis seeker is proposed. Now We shall examine this 

proposed seeker model a missile along with motion and 

flight dynamics equations. Such a consideration, a two 

axis seeker model with this control method has not been 

introduced in any article or publication up to now. We 

shall continue to provide some research in this field . 

Fuzzy control is used to control the two axis stabilizer 

loop, and the performance of the proposed system is 

compared to the fixed and hypothetical line of sight rate 

conditions with proportional control [1]. Moreover, in 

this paper, various flight and engagement scenarios were 

accurately examined by the proposed model without 

simulation and flight dynamics to be performed. The 

predictive control method was used in the tracking loop 

and the guidance system. But the torque disturbances and 

cross coupling between two channels of unmodelled 

seekers and system performance under flight conditions 

have not been taken into consideration [2]. Gimbal 

motion equations and the modelled system performance 

were taken without regard to the dynamics of missile 

flight and dynamic mass instability [3-5]. For more 

simplicity, the equations of products of inertia were 

neglected, meaning gimbals mass distribution is taken 

symmetrically [5]. A cascade control in order to control 

the system of the stabilization loop of a two axis Seeker 

was used [6]. However, in studying the performance of 

the modelled system, the flight dynamics are not 

considered, and only simulation for the fixed and 

hypothetical values along with torque dis turbances is 

considered. Fuzzy PID controller was used to control the 

stabilization loop of the dual axis-gimbal system [7]. But, 

in this research, the conditions were applied offline and 

simulation was performed regardless of the flight 

dynamics and the consideration of the subsystems of a 

missile. Also, during the online simulation of this system, 

the Fuzzy PID controller was not able to control the entire 

flight path due to the complexity of applying the online 

conditions, and after a limited distance, the system was 

diverted and is not directed to the target [7]. A dynamical 

model of the gimballed system regarding the cross 

coupling unit, the angular motion platform and the input 

of torque disturbances for both the azimuth and elevation 

channel was submitted and the designer by using 

feedback Linearization has stabilized stability and 

attenuate the chaos [8]. In this paper, the dynamics of 

flight and simulation was not studied during various 

flight and engagement scenarios. State Dependent 

Riccati Equation (SDRE) was first introduced, then the 

Finite-Horizon tracking technique with SDRE was 

investigated [9]. In this paper, the system is modelled  

nonlinearly, but torque disturbances, cross -coupling and 

non-linear flight dynamics are not considered. The two 

degree of freedom, Internal Model Controller (2-DOF 

IMC) was used which is a kind of resisting controller 

[10]. In this paper, Dynamic Tracking loop Model is the 

first order and the dynamics of the flying object and 

simulation were ignored during the flight path. Also, 

angular rate inputs are fixed values that are applied to the 

system. In addition, as reported in literature [11-13], 

resistant control methods, variable structure control 

(VSC) and H∞ control methods were used for stabilizing  

and controlling the system of stabilizer loops, 

respectively. 

In this study, by simulating a double-axis gimbal 

seeker along with mass imbalance of the gimbals and 

cross-coupling between the azimuth and elevation 

channels and placing it within a missile, the effects of 6 

degrees of freedom equations, flight conditions on a 

missile along with an introduced seeker was considered. 

Therefore, by using the generalized predictive control 

method, the stabilizer loop or servo-mechanism was 

stable. Finally, the performance of the modeled double 

axis seeker system with predictive control was compared 

to conventional PI control. 

 

 

2. METHODOLOGY  

 

In order to appraise the efficiency of the gimbal control 

system, conducting analysis at the flight path is very 

necessary. Therefore, nonlinear flight dynamic model is 

used in this study, including dynamics, aerodynamics and 

control unit. 

 

2. 1. Aerodynamics Models          The 6DOF model 

needs information about the position and magnitude of 

all forces acting on a body as well as the magnitude of all 

moments on the body. Aerodynamic forces and moments 

are forces and moments that act on a Rocket due to their 

motion among the atmosphere. Therefore, they can be 

described on the body coordinate system. Aerodynamic 

coefficient can be derived from the shape (using MD). In 

this research, we are supposed that the missile is 

symmetrical. 
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(1) 

Note that for the assumed symmetric missile,  𝐶𝑍𝛼
= 𝐶𝑌𝛽

, 

𝐶𝑍𝑞
= 𝐶𝑌𝑟

, 𝐶𝑚𝛼
= 𝐶𝑛𝛽

, 𝐶𝑚𝑞
= 𝐶𝑛𝑟

, 𝐼𝑟𝑒𝑓𝑥
= 𝐼𝑟𝑒𝑓𝑦

 , 𝑀 =

𝐼𝑟𝑒𝑓𝑦
2𝑉⁄  and 𝑁 = 𝐼𝑟𝑒𝑓𝑥

2𝑉⁄  The entire of the aerodynamic 
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moment is measured on the body coordinate system as 

follows: 
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3. EQUATIONS OF A TWO-AXIS GIMBAL MOTION  
 

The dual-axis gimbal system is shown in Figure 1. 

Generally, the stabilizer loop in the dual-axis seeker 

system on the two channels with the least differences are 

similar to each other. The control and stabilization of 

each channel is dependent on the cross -coupling between 

two dynamical mass instability channels, generated by 

the asymmetric mass distribution, external and internal 

factors which is affecting the system that subsequently 

influences its operation. It should be noted that if mass 

distribution is considered as symmetrically in relation to 

the frame or body axis, then there is no longer 

asymmetric mass distribution and the inertial matrix will 

be in a diagonal way. In this research, a dynamic 

imbalance and cross-coupling between the two channels 

were considered. 

Thus, the total external torque in the elevation 

channel is given by following expression [1]: 

 TETE ED ECCT T T  (3) 

Furthermore, the total external torque in azimuth channel 

is given by following expression [1]: 

 TETA AD ACCT T T  (4) 

 
 

4. PROPOSED CONTROLLER DESIGN FOR GIMBAL 
SEEKER 
 

We used a predictive control in order to choose the best 

control action by optimizing a cost function for the 

dynamical model of the modelled system. In the other 

control methods, feedback was used to calculate the 

system's previous error, and then to the system's current 

error. 

 

 

 
Figure 1. Two-axis gimbal system 

This led to a decrease in the system's functionality rate 

and in some cases the system's instability. Since the two-

axis seeker system has a very complex dynamic, which is 

a multi-variable, unstable, and noisy process; a 

generalized predictive control model based on a state-

space is used. In this research, we used the predictive 

control model based on the state-space in order to control 

the two-axis seeker stabilizing loop and to evaluate its 

performance in flight simulation by taking into account 

the flight dynamics of a flying object stated as follows 

[14-15]: 
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(5) 

And the following cost function, where P is the predictive 

horizon rate and H is the control horizon rate [14-15]: 
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(6) 

With reference to Figure 2, it can be seen that how the 

proposed controller is applied to each channel of the 

stabilizer loop system: The general block diagram for the 

closed loop flight simulation is shown in Figure 3. 
 

 

5. SIMULATION AND RESULTS 
 
The initial values are summarized in Table 1. In order to 

accurately evaluate the performance of the model system, 

we    simulate   and    evaluate    once   for    unchanged 

 

 
Figure 2. Two-axis gimbal seeker with GPC controller 

 

 

 
Figure 3. Missile Flight Simulation 
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inputs and fixed angular rate commands and also for 

different heights. In the next scenario, the modelled  

system was simulated under flight conditions regarding 

the introduced seeker into a simulated missile which all 

the commands were online and during the engagement 

for the target of maneuverability. The target without 

maneuverability taken into account for different heights 

and 15 km approached target. Finally, we compared the 

performance of each mode with each other. The 

following Table 2 shows the conditions for each of the 

scenarios applied: 

Figures 4 and 5 show the first scenario assuming the 

offline mode, without cross-coupling and the input rate 

command is equal to 30º/s for the elevation and azimuth  

channels (S.A-T.1).  

Also, Figures 6 and 7 show the first scenario 

assuming the offline mode, with cross -coupling and the 

input rate command is equal to 30º/s for two channels 

(S.A-T.2). 
 
 

TABLE 1. Initial Data used for Simulations 

Parameter Initial Value  

Missile velocity(𝑉𝑚) 50 m/s 

Target velocity(𝑉𝑡) 50-100 m/s 

𝑃𝐸𝑙𝑒𝑣𝑎𝑡 𝑖𝑜 𝑛  63 

𝑃𝐴𝑧𝑖𝑚𝑢𝑡ℎ 45 

𝐻𝐸𝑙𝑒𝑣 𝑎𝑡𝑖𝑜𝑛 ,   𝐴𝑧𝑖𝑚𝑢𝑡ℎ 1 

 
 

TABLE 2. Parameter Data Used for Analysis Scenarios 

 S.A S.B 

T .1 T .2 T .3 T .4 

A
n

g
u

la
r 

R
at

e 
 0.61

0

0.25

Pj

Pi

Pk













 

0.61

0

0.25

Pj
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With Cross-
Coupling 

Online 

Without 
Cross-

Coupling 

Online  

With Cross-
Coupling 

 
 

 
Figure 4. S.A-T.1 for the elevation channel 

 
Figure 5. S.A-T.1 for the azimuth channel 

 

 
Figure 6. S.A-T.2 for the elevation channel 

 

 
Figure 7. S.A-T.2 for the azimuth channel 

 
 

Figures 8 and 9 show the scenario "B" assuming the 

online mode, without cross-coupling in 0.5 seconds from 

simulation for azimuth and elevation channels (S.B- T.3). 

Figures 10 and 11 shows the scenario "B" assuming the 

online mode, with cross-coupling in 0.5 seconds from 

simulation for azimuth and elevation channels (S.B-T.4).  

Figures 12 and 13 also represent respectively how the 

missile and target are involved when the target is 

accelerated and non-accelerated. 

In Table 3-5, respectively, the transient mode analysis 

of the modelled system, the effective altitude and range 

of the modelled seeker and its control effort is expressed. 

You can figure out according to Table 3, the modelled  

system can reach to the stable and desirable conditions 

faster with less overshoot. 



M. Pirzadeh and A. R. Toloei / IJE TRANSACTIONS A: Basics  Vol. 32, No. 04, (April 2019)   555-561                           559 

 

 
Figure 8. S.B-T.3 in 0.5sec for the elevation channel 

 

 
Figure 9. S.B-T.3 in 0.5sec for the azimuth channel 

 

 

 
Figure 10. S.B-T.4 in 0.5sec for the elevation channel 

 
Figure 11. S.B-T.4 in 0.5sec for the azimuth channel 

 

 
Figure 12. Missile and target trajectories when the target is 

non-accelerated 

 

 
Figure 13. Missile and target trajectories when the target is 

accelerated 

 

 
 

TABLE 3. Transient response analysis results 

T
e
st

 N
u

m
b

e
r
 

Elevation Channel  Azimuth Channel  

Convertional PI controller GPC type controller Convertional PI controller GPC type controller 

O v 
(%) 

ts 
(sec) 

td 
(sec) 

tr (sec) 
O v 
(%) 

ts 
(sec) 

td 
(sec) 

tr 
(sec) 

O v 
(%) 

ts 
(sec) 

td 
(sec) 

tr 
(sec) 

O v 
(%) 

ts 
(sec) 

td 
(sec) 

tr 
(sec) 

1 7.63 0.46 0.04 0.1 3.88 0.3 0.03 0.081 - 0.5 0.02 0.35 3.81 0.34 0.01 0.04 

2 8.67 0.44 0.04 0.096 3.88 0.29 0.03 0.081 6.47 0.47 0.04 0.10 1.62 0.25 0.01 0.06 
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TABLE 4. Effective range with cross coupling 

Altitude (km) 
Convertional PI Controller GPC Type Controller 

Flight Time (s) Intercept point(m) Miss Distance(m) Flight Time (s) Intercept point(m) Miss Distance(m) 

1 14.61 8408.6 14.62 14.53 8448.9 14.33 

2 14.82 8319.2 13.29 14.6 8416.1 14.88 

3 14.94 8262.7 14.53 14.92 8273.3 14.69 

4 15.25 8123.7 14.81 15.21 8141.9 14.13 

5 15.75 7900 14.08 15.65 7941.3 14.94 

6 16.4 7608 13.36 16.19 7700 14.38 

 

 
TABLE 5. Control Effort 

Test Case 
PI Controller GPC Type Controller 

max min TF(ms) max min TF(ms) 

Without Cross-Coupling 7.5768 -1.7416 368 2.0751 1.7145 72 

With Cross-Coupling 24.5452 7.5398 374 2.0751 1.7158 72 

 

 

6. CONCLUSION 
 

In this research, we took into account the equations of 

motion of the two axis gimbal seeker in order to better 

understand the concepts and complexities of the two-axis 

seeker stabilizer loop and its control. Then, the predictive 

control theory is expressed and utilize it for controlling a 

two-axis seeker compared to the traditional PI control 

method. We also tested it under flight conditions and six-

degree freedom equations to check out the uncertainties, 

conditions and precise examination of the operation of 

the gimballed system. 

In this research, Generalized Predictive Control 

(GPC) performance on the state of space was successful 

in order to stabilize the system, and the results are: the 

predictive control compared to the conventional method 

is more efficient and fast, optimization of The traveled 

trajectory by the missile toward the target during flight 

conditions, improving the Miss Distance at the moment  

of collision with the target, resistant to the uncertainty of 

the parameter and torque disturbances, mass imbalance  

and cross-couplings. For example, the simulation results 

in altitude=2km show the suggested system in 

comparison with conventional PI controller improves 

miss-distance and flight time by 11.98 and 1.5%, 

respectively. Moreover, the suggested system in 

maximum control signal=72.61%, minimum control 

signal=1.55% and final time=80.43% (control effort 

parameters), were much better than PI type controller. 

 

 

7. REFERENCES 
 
1. Abdo, M., Vali, A. R., Toloei, A. R. and Arvan, M. R., 

“Stabilization loop of a two axes gimbal system using self-tuning 

PID type fuzzy controller”, ISA Transactions, Vol. 53,  (2014), 
591-602. 

2. Anderson, D., McGookin, M., “Fast Model Predictive Control of 
the Nadir Singularity in Electro-Optic Systems”, Journal of 

Guidance Control and Dynamics, Vol. 32, (2009), 626-632. 

3. Özgür, H., Aydan, E., İsmet , E., “Proxy-based sliding mode 
stabilization of a twoaxis gimballed platform”, Proceedings of  

 the world congress on engineering and computer science, San 

Francisco, USA (WCECS), Vol. I, (2011). 

4. Abdo, M., Vali, A. R., Toloei, A. R. and Arvan, M. R., “Research 
on the Cross-Coupling of a two axis gimbal system with dynamic 

unbalance”, International Journal of Advanced Robotic 
Systems, Vol. 10, (2013). https://doi.org/10.5772/56963 

5. Khodadadi, H., “Robust control and modeling a 2-DOF inertial 
stabilized platform”, International conference on electrical, 

control and computer engineering, Pahang, Malaysia, (2011) 
223–228. 

6. Abdo, M., Vali, A. R., Toloei, A. R. and Arvan, M. R., 
“Improving two axes gimbal seeker performance using cascade 

control approach”, Proceedings IMeche Part G: Journal of 
Aerospace Engineering, (2014), 1-18. 

7. Abdo, M., Vali, A. R., Toloei, A. R. and Arvan, M. R., “Modeling 
Control and simulation of two axes gimbal seeker using fuzzy PID 

controller”, 22nd Iranian Conference on Electrical Engineering 
(ICEE), (2014), 1342-1347. 

8. Zhan, S. T ., Yan, W. X., Fu, Z., Pan, G and Zhao, Y. Z., “Robust 

control of a yaw-pitch gimbaled seeker”, Aircraft Engineering 
and Aerospace Technology, Vol. 87, (2015), 83-91. 

9. Khamis, A., Kamel, A. M and Naidu, D. S., “Nonlinear Optimal 
Tracking For Missile Gimbaled Seeker Using Finite-Horizon 

State Dependent Riccati Equation”, The 14th Annual IEEE 
International Conference on Cyber Technology in Automation, 
Control and Intelligent Systems, (2014), 88-93. 

10. Mondal, S., Sadhu, S and Banerjee, A., “Platform Motion 

Disturbances Attenuation in a Missile Seeker Subsystem Using 
Internal Model Control”, International Conference on Control, 
Automation, Robotics and Embedded Systems (CARE), (2013), 
1-4. 

11. Lin, CM., Hsu, CF and Mon. YJ., “Self-organizing fuzzy learning 
CLOS guidance law design”, IEEE Transactions, Vol. 39, 
(2003), 1144–1151. 

12. Tam, KK., Lee, TH., Mamum, A., Lee, MW and Khoh, CJ., 
“Composite control of a gyro mirror line of sight stabilization 
platform design and auto tuning”, ISA Transactions, Vol. 40, 
(2001), 155–171. 

13. Krishna Moorty, JAR., Marathe, R and Sule, VR., “H∞ control law 
for line-of sight stabilization for mobile land vehicles”, Optical 
Engineering, Vol. 41, (2002), 2935–2944. 

14. Salahshoor, K., Khaki-Sedigh, A., Sarhadi, P., “An indirect 

adaptive predictive control for the pitch channel autopilot of a 
flight system”, Aerospace Science and Technology, Vol. 45, 
(2015), 78-87. 

15. Clarke, D.W., Mohtadi, C.,“Properties of generalized predictive 

control”, Automatica, Vol. 25, (1989), 859-875.  

 

https://doi.org/10.5772%2F56963
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6971894
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6971894
http://www.sciencedirect.com/science/journal/12709638
http://www.sciencedirect.com/science/article/pii/0005109889900538
http://www.sciencedirect.com/science/article/pii/0005109889900538
http://www.sciencedirect.com/science/journal/00051098


M. Pirzadeh and A. R. Toloei / IJE TRANSACTIONS A: Basics  Vol. 32, No. 04, (April 2019)   555-561                         561 
 

 

Design of Generalized Predictive Control for the Stabilizing Loop from a two-axis 
Gimbal Seeker, Considering Cross-Coupling in Between two Channels  
 

M. Pirzadeha, A. R. Toloeib 
 
a Department of Electrical Engineering, Damavand Branch, Islamic Azad University, Damavand, Iran 
b Department of Aerospace, Shahid Beheshti University, Tehran, Iran 

 
 

P A P E R  I N F O   

 
 

Paper history: 
Received 06 October 2018 
Received in revised form 30 December 2018 
Accepted 03 Januray 2019 

 
 

Keywords:  
Generalized Predictive Control 
Gimbal Seeker 
Cross Coupling  
Control Effort 

 
 
 
 
 

 

 چکیده

 

 یقت. در حقگردد یارائه م یافته یمتعم بین یشکنترل کننده پ یکدومحوره  یمبالبه منظور کنترل جستجوگر گ یق،تحق یندر ا

 یرسیستمز ریجستجوگر بهمراه سا یدارسازپا ۀحلق یستماول، کنترل س ;نوع کنترلر وجود دارد ینمهم در استفاده از ا یکرددو رو

 یطراارائه شده تحت ش یستمعملکرد س یدوکانال و دوم، بررس یناتصال متقاطع ب فتنآن با درنظر گر ۀدهند یلتشک های

و  یجرم دارییمختلف و با درنظر گرفتن ناپا یوهایسنار یبه ازا سازیها یهشئ پرنده. شب ینامیکبا درنظرگرفتن د یپرواز

 یستمس دقت سازیها یهشب یج. نتادهند یقرار م یابیرد ارزارائه شده را مو یستمعملکرد س ی،پرواز یطاتصال متقاطع و شرا

 کیلومتری2در ارتفاع  سازی یهشب یجصورت که نتا ین. بددهد ینشان م PI را در برابر کنترلر GPC شده با کنترلر یطراح

 یگنالاست. بعالوه، س یافتهبهبود  %5/1و  98/11حدود  یببترت یو زمان پرواز Miss-distance یکه خطا دهد ینشان م

 .است یافتهنسبت به روش مرسوم بهبود  %43/80و  55/1 حدود یب( بترتیتالش کنترل ی)پارامترهایینها مانو ز یکنترل

doi: 10.5829/ije.2019.32.04a.13 
 
 


