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 

Abstract: The paper presents the self – tuning Fuzzy 

PID control algorithm for the Electro – Optical tracking 

system.  The proposed controller has been designed and 

compared with the PID controller that was designed 

before. The simulation results show the efficiency and 

the application ability of the proposed controller. 

Index Terms: Electro Optical Tracking System, 

Tracking, The Self Tuning Fuzzy PID Control, 

Fuzzy Control, Inertial Stabilization Platform. 

Symbols: 
Symbols Unit Definition 

,A BJ J  
 The inertia matrices of the pitch and 

yaw gimbal 

,p yT T   
N.m The total external torque about the 

pitch and yaw axis 

,Dp DyT T   
N.m The torque disturbance of the pitch 

and yaw gimbal 

et '

et  
kg/m2 

Moment of motor (up, down) 

H
 
 

Kg.m2/s The angular momentum 

I. SYSTEM OVERVIEW 

The Electro-Optical Tracking System attempts to 

align its detector axis combined of the pitch and yaw 

gimbal with a LOS joining the tracker and the target. 

The tracker contains two loops: outer track loop, and 

inner stabilization loop as shown in Figure 1. 

 
Figure 1: The functional block diagram of 

stabilization/tracking system for one axis gimbal 

The important requirement of the EOTSs is that the 

optical sensor axis must be accurately pointed to a 

fixed or moving target. Therefore, the sensor’s line of 

sight (LOS) must be strictly controlled. To 

maintaining sensor orientation toward a target is a 

serious challenge. An Inertial Stabilization Platform 

(ISP) is an appropriate way that can solve this 

 
 

challenge [1]. Besides the mathematic model of the 

system obtained and cross coupling also gave in this 

section. The term “cross coupling” which describes 

the impact of the pitch gimbal to the yaw gimbal and 

inversely, is based on the relations of the torques 

affected on them. The cross coupling expresses the 

properties of the system dynamics. As a result, that is 

also defined as the effect on one axis by the rotation 

of another [2, 3]. A two-axis rate gyro is usually 

placed on the pitch gimbal, measuring the rotational 

rates in the two directions of interest. These gyro 

signals are utilized as feedback to torque motors 

acting on the gimbal.  

To maintaining, the sensor’s LOS is very 

challenging because of the system design’s quality, 

the environment’s noise, the impact between the yaw 

axis and the pitch axis when rotating and so on. Some 

of the recent papers that research on this academic 

background can be found. The papers [4, 5] used the 

conventional PID controller, the modified PID 

controller, and cascade PI controller for solving the 

above challenge. The papers [3, 6] designed two 

different structures of the Fuzzy PID controller to 

implement to system. Moreover, the papers [8, 9] 

shows the design steps and simulation results for the 

back-stepping/sliding mode control when use it for 

the tracking system. The last, the paper [9] used the 

LQG/LTR controller and H
¥

controller for maintaining 

the sensor’s LOS. The general target of all the above 

research has just solved the stability of the 

stabilization loop or the control input is the angular 

velocity. Besides, the track loop or the input is the 

angular is not mentioned.  

The paper proposes to use the adaptive PID 

controller based on fuzzy logic inference Zhao, 

Tomizuka and Isaka [12] that can guarantee 

stabilization and the performance of tracking loop. 

Besides, the self – tuning Fuzzy PID controller adapts 

with the change in motor’s parameters, the weight of 

Gimbal and the reduction of fuzzy rule that not only 

speed up calculation and reducing the usage of 

microcontroller’s memory in embedded algorithm but 

also guarantee the tracking performance of the 

system. 
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This paper based on the following assumptions [3]: 

 The gimbals are rigid bodies. 

 The gimbals have no static mass unbalance, which 

means that the gimbal mass centre is supposed to 

be in the common centre of rotation 

 The gimbals have dynamic mass unbalance, which 

mean that the gimbal mass distribution is not 

symmetrical with respect to the gimbal frame axes. 

 The paper is composed of six sections; after this 

introduction, in the second section, the equation of the 

gimbal motion is presented.  The third section 

presents the construction of the stabilization loop. The 

fourth presents the steps to design the proposed 

controller. The simulation results present in the fifth 

section and the last section contains the concluding 

remarks. 

II. THE EQUATIONS OF THE GIMBAL MOTION 

Two axes and three reference frames of the two-

axis gimbal system are assigned in Figure 2. Frame P 

fixed to the body with axes (i, j, k), frame B fixed to 

the yaw channel with axes (n, e, k), and frame A fixed 

to the pitch channel with axes (d, r, e). The r-axis 

coincides with the original optical sensor axis. The 

center of rotation is at the frame origin. 

 
 
Figure 2: Assign reference frames to the gimbal system 

The rotation matrix or the transformation matrix 

from the frame P to frame B and the transformation 

matrix from the frame B to frame A  

 

cos sin 0 cos 0 sin

sin cos 0 ; 0 1 0

0 0 1 sin 0 cos

B A

P BT T

a a q q

a a

q q

é ù é ù-
ê ú ê ú
ê ú ê ú= - =
ê ú ê ú
ê ú ê ú
ë û ë û

(1) 

 Hence, 
B

PT is the transformation from frame P to 

frame B, and 
A

BT is the transformation from frame B 

to frame A 

 The inertial angular velocity vectors of frames P, 

B, and A respectively are 

 / B/ A/; ;

Pi Bn Ar
P B A

P I Pj I Be I Ae

Pk Bk Ad

w w w

w w w w w w

w w w

é ù é ù é ù
ê ú ê ú ê ú
ê ú ê ú ê ú= = =
ê ú ê ú ê ú
ê ú ê ú ê ú
ë û ë û ë û

  (2) 

 Where are the body angular velocities of frame P 

in relation to inertial space about i, j, and k axes 

respectively; are the angular velocities in relation to 

inertial space about n, e, and k axes respectively; are 

the angular velocities in relation to inertial space 

about r, e, and d axes respectively. 

 For the pitch gimbal and the yaw gimbal 

respectively, the inertia sensor are 

 ;

r re rd n ne nk

A B

re e de ne e ke

rd de d nk ke k

A A A B B B

J A A A J B B B

A A A B B B

é ù é ù
ê ú ê ú
ê ú ê ú= =
ê ú ê ú
ê ú ê ú
ë û ë û

 (3) 

 Where rA , eA , dA  are moments of inertia about r, 

e, and d axes; reA , rdA , deA  are moments products of 

inertia. nB , eB , kB  are moments of inertia about n, e, 

and k axes; neB , nkB , keB  are moments products of 

inertia. Furthermore, in Figure 2, 
pT  is total external 

torque about the pitch e-axis, and yT  is total external 

torque about the pitch k-axis. 

 The orientation of two reference frames relative 

each other can be given by Euler angles, by three 

consecutive rotations , ,a q f  about the z, y, x axes 

respectively. The order is essential: a rotation a about 

the z-axis is followed by a rotation q about the y axis 

and finally by a rotation f  about the x axis. For two 

frames F and G, the inertial angular velocity relation 

can be derived as [11] 

 

sin

cos cos sin

cos cos sin

G F

G

f a q

w w q f a q f

a q f q f

é ù
ê ú-
ê ú
ê ú
ê ú- = +
ê ú
ê ú
ê ú-
ê úë û

g g

g g

g g

 (4) 

Where, 
F

w , 
G

w are the inertial angular velocity 

vectors of frame F and frame G, respectively, and 

frame F is carried into frame G by the Euler angles 

, ,a q f
. The difference between by the right-hand 

side, where the components are expresses in frame G.  

Between our body-fixed frame P and yaw gimbal 

frame B we have only a rotation a  about the z-axis. 

With F as P, and G as B, then 
0q f= =

 and a a=  

in (Equation 4). Using the angular velocities 

(Equation 2) we get 

 

0

0

Bn Pi

B

Be P Pj

Bk Pk

T

w w

w w

w w a

é ù é ù é ù
ê ú ê ú ê ú
ê ú ê ú ê ú- =
ê ú ê ú ê ú
ê ú ê ú ê ú

ë ûë û ë û

 (5) 

The vectors are expressed in system B. Inserting the 

transformation matrix (1) gives 

 

cos sin

sin cos

Bn Pi Pj

Be Pi Pj

Bk Pk

w w a w a

w w a w a

w w a

= +

= - +

= +
g

 (6)  

Similarly, we have 

 

cos sin

sin cos

Ar Bn Bk

Ad Bn Bk

Ae Be

w w q w q

w w q w q

w w q

= -

= +

= +
g

 (7)  
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The kinetic energy of a rotating body is given by the 

scalar product [11, 4]: 

 . ; .
2

H
T H Jw w= =  (8) 

Where H is the angular momentum, w  is the inertial 

angular velocity of the body, and J  is the inertia 

matrix of the body. Thus the total kinetic energy of 

the system is given by the sum of kinetic energy of 

yaw and pitch 

 

( )2 2 2

2 2 2

1

2

1
( )

2

p y

r Ar e Ae d Ad

n Bn e Be k Bk

ne Bn Be nk Bn Bk ke Be Bk

re Ar Ae rd Ar Ad de Ae Ad

T T T

A A A

B B B

B B B

A A A

w w w

w w w

w w w w w w

w w w w w w

= +

= + +

+ + +

+ + +

+ + +

 (9) 

 Analyze the pitch channel 

Use the Lagrange equation to obtain the equation of 

motion for the pitch gimbal. So, the Lagrange 

equation for q [10]: 

 p

d T T
T

dt q
q

æ ö÷¶ ¶ç ÷ç - =÷ç ÷ç ÷ ¶÷çè ø¶
g

 (10) 

The kinetic energy for the pitch gimbal 

 /
2

A
A

p A I

H
T w= ´  (11) 

So, we obtained the pitch gimbal motion as a 

differential equation for Aew   as: 

 

2 2( ) ( )

( ) ( )

e Ae p d r Ar Ad rd Ar Ad

de Ad Ae Ar re Ar Ae Ad

A T A A A

A A

w w w w w

w w w w w w

= + - + -

- - - +

g g

g g
(12) 

pT  represents the sum of the motor torque and 

external imperfection disturbance torques. From the 

control point of view, it is suitable to let pT  represent 

only the motor torque. External disturbance torques 

can be included in DpT  [4, 5] 

 

2 2( ) ( )

( ) ( )

Dp d r Ar Ad rd Ar Ad

de Ad Ae Ar re Ar Ae Ad

T A A A

A A

w w w w

w w w w w w

= - + -

- - - +

g

g g
 (13) 

When the base is nonrotating 0Pi Pj Pkw w w= = = , 

the pitch cross coupling term is 

 

( )

sin cos )

1
sin(2 ) 2A cos(2 )

2

Dp re de Bk

d r rd Bk

T A A

A A

q q w

q q w

= -

é ù- - +ê úë û

g

g
 (14) 

 Analyze the yaw channel [12] 

The equation of motion for the yaw channel can be 

obtained by using the moment equation for the motion  

 /

B
B B

B I

d H
T H

dt
w= + ´  (15) 

It is the z – component of the above equation. So, we 

obtained the pitch gimbal motion as a differential 

equation for Bkw   as 

 1 2 3eq Bk y d d dJ T T T Tw = + + +
g

 (16) 

Where, 1 2 3d d d dT T T T= + +  represents different yaw 

inertia disturbances, 
eqJ  is the instantaneous moment 

of inertia about the k-axis 

With, 

 2 2sin cos sin(2 )eq k r d rdJ B A A Aq q q= + + -  (17) 

 
( )

2 2

1

cos sin

sin(2 )

n r d

d Bn Be

rd e e

B A A
T

A B A

q q
w w

q

é ù+ +ê ú= ê ú
+ - +ê úë û

 (18) 

 ( )

( )( )

2

2 2

cos(2 )

( )sin cos

cos sin

cos sin

nk rd

d Be Bk Bn

d r

ke de re Be Bn Bk

ne re de Bn Be

B A
T

A A

B A A

B A A

q
w w w

q q

q q w w w

q q w w

é ù+æ ö÷ç ê ú= - ÷ç ÷ê úçè ø + -ë û

æ ö÷ç- + - + ÷ç ÷çè ø

- + + -

g

g

(19) 

 
( )( )

( )

( )( )

3 ( sin cos )

cos(2 ) sin(2 )

2 sin(2 ) cos(2 )

sin cos

d re de

r d Bn Bk

re Bn Bk

de re Ae Be e Bn

T A A

A A

A

A A A

q q q

q w q w q

q w q w q

q q q w w w

= -

é ù+ - -ê úë û

é ù+ +ê úë û

é ù+ + + -ê úë û

gg

g

g

g

(20) 

The disturbances affected on yaw are denoted by 

 '

1 2 3( )cosDy d d d dT T T T Tq= + + +  (21) 

When the base is nonrotating 0Pi Pj Pkw w w= = = , 

the yaw cross coupling term is 

 

( )

( )

( )

2

sin cos

cos sin

sin(2 ) 2 cos(2 )

Dy re de Ae

re de Ae

d r rd Ae Bk

T A A

A A

A A A

q q w

q q w

q q w w

= -

+ -

é ù+ - +ê úë û

g

 (22) 

III. THE STABILIZATION LOOP CONSTRUCTION 

 The stabilization loop contained the servo motor 

which is a brushless DC torque motor. Because, it has 

many advantages, such as high efficiencies, high 

torque to inertia ratio, greater speed capabilities, low 

audible capacities and lower EMI characteristic. The 

dynamic model for servo motor is shown below 

 
Figure 3: Schematic diagram for the servo motor 

The voltage equation below are referred to general 

reference frame [11] 
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2

2

m m e m

m m m D

m T

di dq
R i L K u

dt dt

d q dq
J D Kq T T

dtdt

T K i

íïï + + =ïïïïïïï + + = -ì
ïïïï =ïïïïïî

 (23) 

 
Figure 4: Block diagram of the modified DC servo motor 

From Figure 4, 
*

m m LJ J J= +  represents the total 

moment of inertia seen from the motor side, 
*

m m La a a= +  is the total viscous friction constant 

seen from the motor side. We obtain the transfer 

function of the modified DC servo motor 

 
* *

( )
( )( )

T
m

m m e T

K
G s

Ls R J s a K K
=

+ + +
 (24) 

Body A’s moment of inertia, where it’s mass is Am   

= 1 kg, the length Ab =  0.2 m and the height Aa   = 

0.1 m 

 
2 2

2( )
0.0041( . )

12

A A A
L

m a b
J Kg m

+
= =  (25) 

The modified DC’s transfer function can be obtained 

as: 

 
2

48850.5
( )

1500 41523
mG s

s s
=

+ +
 (26) 

The gyroscope’s transfer function [12] 

 
2

2500

70 2500
gyroG

s s
=

+ +
 (27) 

IV. DESIGN OF THE PROPOSED CONTROLLER 

This type of controller called as self-tuning PID 

controller which means that three parameters 

, ,p i dK K K  of PID controller are tuned by using fuzzy 

tuner [12]. Figure 5 shown the structure of the self-

tuning fuzzy PID controller. 

 
Figure 5: Structure of self-tuning Fuzzy PID controller 

The inputs to the controller are the error e(t) which is 

the error between desired position set point and the 

output; and the rate of change of error de/dt which is 

the derivation of error while the outputs are controller 

gain pK , iK , and dK . The structure of the self-tuning 

Fuzzy PID controller is a two input- three output 

structure as shown in Figure 6. 

 
Figure 6: Fuzzy inference block 

A. Design the self – tuning Fuzzy PID controller 

There are two inputs to fuzzy inference: error e(t) 

and derivative of error de/dt, and three outputs for 

each PID controller parameters 

respectively '

pK ,
'

iK and
'

dK . The task of fuzzy logic 

control is to obtain the best value for , ,p i dK K K  by 

applying some modification. 

Base on the obtained parameters of PID controller 

before and supposing the variable ranges of the 

parameters pK , iK , and dK
 

of PID controller are 

respectively min max,p pK Ké ù
ê úë û

, [ ]i min i max,K K , and 

[ ]d min d max,K K . Then, the range of each parameter was 

determined to obtain a feasible rule bases with high 

inference efficiency. Therefore, they can be calibrated 

as follows [12]: 

 

min'

max min

p p

p

p p

K K
K

K K

-
=

-
;

' i min

i max i min

i
i

K K
K

K K

-
=

-
 

 
' d min

d max d min

d
d

K K
K

K K

-
=

-
 (28) 

For the Pitch channel: 

min max,p pK Ké ù
ê úë û

= [50, 80]; [ ]i min i max,K K = [3, 6]; 

[ ]d min d max,K K = [3.5, 6.5]  

So,  

 ' ' '30 50; 3 3; 3 3.5p p i i d dK K K K K K= + = + = + (29) 

For the Yaw channel: 

min max,p pK Ké ù
ê úë û

= [15, 45]; [ ]i min i max,K K = [5, 7]; 

[ ]d min d max,K K = [5.5, 7.5] 

So, 

 ' ' '30 15; 2 5; 2 5.5p p i i d dK K K K K K= + = + = + (30) 

Linguistic variables and membership functions 

Linguistic variables for e(t), de(t), pK , iK , and 

dK are NB, NM, NS, ZE, PS, PM, PB denoted 

Negative Big, Negative Medium, Negative Small, 

Zero, Positive Small, Positive Medium and Positive 

Big respectively. 

 
Figure 7: The e(t) – de(t) membership function for both 

channels on Matlab 
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Figure 8: The 

p i dK K K- -   membership function 

Fuzzy rules 

If-Then rule statements in Table 1 [12].  

, ,
p i d

K K K  
de(t) 

NB NS ZE PS PB 

  PB PB PS PS ZE 

 

 
 

 

 
 

 

 
 

e(t) 

NB NB 

NB 

NB 

NB 

NS 

NS 

NS 

NS 

ZE 

ZE 

 

NS 

PB 

NB 

NB 

PS 

NS 

NS 

PS 

NS 

NS 

ZE 

ZE 

ZE 

NS 

PS 

PS 

 
ZE 

PS 
NS 

NS 

PS 
NS 

NS 

ZE 
ZE 

ZE 

NS 
PS 

PS 

NS 
PS 

PS 

 
PS 

PS 
NS 

NS 

ZE 
ZE 

ZE 

NS 
PS 

PS 

NS 
PS 

PS 

NB 
PB 

PB 

 

PB 

ZE 

ZE 
ZE 

NS 

PS 
PS 

NS 

PS 
PS 

NB 

PB 
PB 

NB 

PB 
PB 

Table 1: The Fuzzy rules 

B. The proposed control architecture 

 
 

Figure 9: The proposed control architecture 

V. SIMULATION RESULTS 

The simulation will test for several below cases: 

(Note: Red line: FPID, blue line: PID) 
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Figure 12: The response of the pitch channel, and the yaw 

channel in case of 0.5rq =  degrees and 0.5ra =  degrees 
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Figure 13: The response of the pitch channel and the yaw 

channel in case of 0.5rq =  degrees and 1ra =  degrees 
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Figure 14: The response of the pitch channel and the yaw 

channel in case of 0.5rq =  degrees and 2ra =  degrees 
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Figure 15: The response of the yaw channel in case of 

0rq =  degrees and 3ra =  degrees 
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Figure 16: The response of the pitch channel  and the yaw 

channel (b) in case of 1rq =  degrees and 3ra =  degrees 
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Figure 17: The response of the pitch channel and the yaw 

channel in case of 3rq =  degrees and 3ra =  degrees 
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To evaluate the performance the self – tuning Fuzzy PID controller, we have designed a PID controller for this system to 

compare its performance with the self – tuning Fuzzy PID controller. We divide all above cases to 2 test cases. 

Test 1: The pitch channel was controlled at rq  = 0, 0.5, 1, and 3 degrees, the yaw channel was controlled constantly at ra  = 

3 degrees 

 Rise time (sec) Overshoot (%) Settling time (sec) Steady-state error (%) 

Angle 

(deg) 

Channel PID Fuzzy -

PID 

PID Fuzzy-

PID 

PID Fuzzy -

PID 

PID Fuzzy -

PID 

0

3

r

r

q

a

=

=
  

Pitch 0 0 0 0 0 0 0 0 

Yaw 0.020 0.065 16.75 0 0.30 0.120 0 0 

0.5

3

r

r

q

a

=

=
 

Pitch 0.017 0.014 14 0 0.19 0.050 0 0 

Yaw 0.018 0.060 18 0 0.29 0.125 1 0 

1

3

r

r

q

a

=

=
 

Pitch 0.016 0.015 15 0 0.15 0.045 0 0 

Yaw 0.015 0.068 60 0 0.27 0.125 1 0 

3

3

r

r

q

a

=

=
 

Pitch 0.015 0.020 15 0 0.18 0.065 0 0 

Yaw 0.050 0.030 36.5 18 0.49 0.115 1 0 

Table 2: The simulation results of test 1 

Test 2: The pitch channel was controlled constantly at rq  = 0.5 degrees, the yaw channel was controlled at ra  = 0.5, 1, 2, 3 

degrees 

 Rise time (sec) Overshoot (%) Settling time (sec) Steady-state error (%) 

Angle 

(deg) 

Channel PID Fuzzy -

PID 

PID Fuzzy -

PID 

PID Fuzzy -

PID 

PID Fuzzy -

PID 

0.5

0.5

r

r

q

a

=

=
  

Pitch 0.017 0.017 14 0 0.190 0.050 0 0 

Yaw 0.350 0.080 20 0 0.185 0.110 0 0 

0.5

1

r

r

q

a

=

=
 

Pitch 0.017 0.017 14 0 0.190 0.050 0 0 

Yaw 0.280 0.065 22 0 0.183 0.112 0 0 

0.5

2

r

r

q

a

=

=
 

Pitch 0.017 0.017 14 0 0.190 0.050 0 0 

Yaw 0.200 0.068 20 0 0.290 0.110 1 0 

0.5

3

r

r

q

a

=

=
 

Pitch 0.017 0.017 14 0 0.190 0.050 0 0 

Yaw 0.180 0.060 18 0 0.290 0.125 1 0 

Table 3: The simulation results of test 2 

The simulation results of test 1 show that the rise time is 

increased as the angle command of the pitch and yaw 

channel’s increasing. Furthermore, that result also occurs on 

settling time for both controllers. The steady – state error 

and overshoot are equal 0 (except for fourth case) for the 

self – tuning Fuzzy PID controller; while, the PID controller 

has large overshoot in range of 14% - 60%, and has existed 

the steady – state error at about 1%. 

From table 3, when the pitch channel was controlled 

constantly at a fixed angle command and the yaw channel 

was controlled variably, the rise time and settling time in the 

pitch channel is not change for both controllers. In addition, 

the rise time in yaw channel decreases and the settling time 

increases as the angle of the yaw increase. The overshoot 

and steady – state error equal 0 for the self – tuning Fuzzy 

PID controller. By contrast, the PID controller has overshoot 

in range of 14% - 22%, and the steady – state error is at 1%.  

It clearly concludes that the performance of the self – 

tuning Fuzzy PID controller is better than the performance 

of the PID controller in term of rise time, overshoot, settling 

time, and steady – state error. 

VI. RUN TEST 

The architecture of the tracking system contains two main 

parts [13, 14]: 

 PC: Firstly, the image is received from the camera 

sensor. Secondly, it will be processed and transformed from 

the image coordinate to the real world coordinate by image 

processing algorithm. All feedback signals contained angle 

and angular velocity are also received. Finally, PC will 

determine the set value base on the result of the first step 

and the feedback signals. The set value is sent to the main 

control board.  

          Microcontroller: This part is the main control board 

using Atmega, PIC, ARM microcontroller that contains the 

controller’s algorithm, controls DC servo motor, receives 

the sensors’ signal, and sends data to PC. The input of this 

part is the reference angle that is received from PC, the 
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sensors’ signal, and the output signal is to control the DC 

servo motor to keep the tracking objects in the camera 

sensor’s field of view. 

 

 

Main Processor 

(ARM Cortex M3, Atmega 128, PIC 

IO, control, algorithm 

embedded…) 

Driver 4 

Button, Joystic 

Driver 3 

Encorder, 

goniometer 

Power Supply 

Gyro, accelerator, 

GPS Sensor; 

Other Parameter 

Touchscreen HMI 

(KIT ARM Friendly TINY6: 

S3C6410 processor, Windows 

Embedded CE, Image Processing 

embedded…vv) 

Driver 2 

Driver 1 

Laptop PC:  

Human Machine Interface 

 (Image Processing, communication 

Control …., ) 

 

Figure 18: Architecture of  Electro Optical Tracking System 

 

Dislay Screen: Image, Video Camera  

Joystic 

LED Power 

Supply 

Switch Power 

Supply 

Switch: 

Auto/Manual 

Touchscreen 

HMI: LCD 7’ 

 

Figure 19: Hardware  of Electro Optical Tracking System 

The hardware of the electro-optical tracking system was 

designed and tested include: 

1/ The gimbal includes: 

 02 DC servo motors are paired with gearbox for the yaw 

and pitch angle. The motor’s parameter: DC servo, 24V, 

Encoder 1000ppr. 

 The joints of gimbal can eliminate noise and cancel 

error. 

2/ Camera and sensor include: 

 01 colour camera Bosch 1/3’’, daytime view 

 01 thermal camera SR-50, FLIR System, nighttime view 

 01 laser sensor  

3/ control vali includes: 

 01 main control module used ARM, Atmega 

microcontroller (containing the Fuzzy PID algorithm). 

 01 control button module, 01 joystick in manual mode. 

 01 driver module for controlling DC servo motor and 

other actuates. 

 01 supplied power module. 

 01 tough screen 7’’ to use FriendlyARM Tiny6410 

 01 PC contains HMI software.  

Testing results: 

The system was tested using the self – tuning Fuzzy 

PID algorithm. It can track the moving objects (about 1.8 

meters x 0.8 meters) in the range of under 100 meters in the 

daytime. The image processing speed in the auto tracking 

mode is about 15 fps. The angular velocity, the accuracy, the 

pitch and yaw angle parameter, the position of object are 

updated, displayed and saved exactly. With the above test 

results, it proved that using the self – tuning Fuzzy PID 

controller is a good choice for the Electro – Optical 

Tracking System. 

VII. CONCLUSION 

The article has suggested an algorithm of tracking control 

for the Electro – Optical-tracking system that not only 

guaranteed the tracking of moving objects quickly, exactly 

but also the gimbal’s movement was smooth. The main 

characteristic of the proposed controller gives acceptable 

performance for systems with the nonlinear plant with 

unpredictable parameter variation, uncertain dynamics, time 

delays and non-linearity. The analysis and simulation results 

show that the performance of the proposed controller is 

better than the conventional PID controller. 

Simulations have shown exactness of theory’s analysis 

and efficiency of the method. 

REFERENCES 

[1] J. Hilkert, "Inertially Stabilized Platform Technology," 

IEEE Control Systems Magazine, pp. 26-46, 2008. 

[2] B. Ekstrand, "Equations of Motion for a Two- Axes 

Gimbal System," IEEE, April 10, 2001. 

[3] Maher Abdo, Ali Reza Toloei, Ahmad Reza Vali and 

Mohammad Reza Arvan, "Cascade Control System for 

Two Axes Gimbal System with Mass Unbalance," 

International Journal of Scientific & Engineering 

Research, vol. 4, no. 9, pp. 903-913, 2013. 

[4] M. Abdo, A. R. Toloei, A. R. Vali and M. R. Arvan, 

"Modeling, Control and Simulation of Cascade 

Control Servo System for One Axis Gimbal 

Mechanism," IJE Transactions A, vol. 27, no. 1, pp. 

157-170, 2014. 

[5] Maher Abdo, Ahmad Reza Vali, Ali Reza Toloei and 

Mohammad Reza Arvan, "Modeling Control and 

Simulation of Two Axes Gimbal Seeker Using Fuzzy 

PID," The 22nd Iranian Conference on Electrical 

Engineering (ICEE 2014), pp. 1342-1347, 2014. 

[6] Maher Abdo, Ahmad Reza Vali, Ali Reza Toloei and 

Mohammad Reza Arvan, "Modeling Control and 

Simulation of Two Axes Gimbal Seeker Using Fuzzy 

PID," The 22nd Iranian Conference on Electrical 

Engineering (ICEE 2014), pp. 1342-1347, 2014. 

[7] Zhiming Zhao and Xiaoyang Yuan, "Backstepping 

Designed Sliding Mode Control for a Two-Axis 

Tracking System," IEEE, pp. 1593-1598, 2010 

[8] Brian J. Smith, William J, Schrenk, William B. Gass 

and Yuri B.Shtesse, Sliding Mode Control in a Two 

Axis Gimbal System, 2004. 



The Third Vietnam Conference  on Control and Automation  VCCA-2015   

 

9 

 

[9] Ho-Pyeong Lee and Inn-Eark Yoo, "Robust Control 

Design for a Two-axis Gimbaled Stabilization 

System," IEEE, pp. 45-52, 2008. 

[10] Maher Abdo, Ahmad Reza Vali, Alireza Toloei and 

Mohammad Reza Arvan, "Research on the Cross-

Coupling of a Two Axes Gimbal System with Dynamic 

Unbalance," International Journal of Advanced 

Robotic Systems, vol. 10, pp. 80-86, 2013 

[11] E. DiBenedetto, Classical Mechanics: Theory and 

Mathematical Modeling, 2011: Birkhauser, New York. 

[12] Tien Ngo Manh, Khanh Pham Xuan,  Phuoc Nguyen 

Doan, Minh Phan Xuan,“Proposed improvements 

controller parameter adjustment to adaptive the PID, 

applications replacement of industrial controllers”, 

Journal of Science and Technology 05/2011 - Hanoi 

University of Industry, ISSN 1859 3585, Tr 25-

30,5/2011. 

[13]  Tien Ngo Manh, Minh Phan Xuan, Duyen Ha Thi 

Kim, Minh Pham Ngoc, “Some of new research 

results in the Deverlopment of Mobile Robot mounted 

Camera automatically Seaching and Tracking Moving 

Target”,  The Vietnam Conference on Mechatronics 

VCM6, ISBN 978-604-62-0753-5; 12/2012. 

[14] Tien Ngo Manh, “Research, design and integrating 

the electro-optical system to monitor the short range 

objects, applying for the islands”, report of project 

Vietnam Academy of Science and Technology 2013-

2014, 3/2015. 

Tien Ngo Manh: Graduated Engineering 

Degree major in Automatic Control at Hanoi 

University of Science and Technology 

(HUST) from 1996-2001. Defensed Dr. 

Degree in Electrical Engineering at HUST in 

2014. Now, works at Institute of Physic, 

Vietnam Academy of Science and 

Technology. The main researches: Process 

control, adaptive control, fuzzy logic and neural network 

control, automatic robot control, electro-optical system, 

image processing.  

 

 

 

Minh Xuan Phan: Received Dipl.Ing  

Degree (1975) and Dr.-Ing.  Degree (1989), 

major in Automatic Control at Ilmenau 

University of Technology, Ilmenau, 

Germany. Got Professor Degree and 

working at School of Electrical Department 

– Automatic Control at Hanoi University of 

Science and Technology. The main researches: Optimize 

control, adaptive control, fuzzy logic and neural network 

control, process control. 

 

Nhan Nguyen Duc: Graduated 

Engineering Degree major in Electrical – 

Automatic Control at Hanoi University of 

Science and Technology (HUST). Now, 

working at Automatic Control and 

Embedded System Department – Institute 

of Information Technology, Vietnam 

Academy of Science and Technology. The main researches: 

Optimize control, adaptive control, fuzzy logic and neural 

network control, process control. 

Duyen Ha Thi Kim Duyen: Graduated 

Engineering Degree major in Automatic 

Control at Hanoi University of Science 

and Technology (HUST) from 1996-

2001. Defensing the Doctor Degree at Le 

Quy Don Technical University in 2007. 

Now, works at School of Electronic - 

Hanoi University of Industry. The main researches: Process 

control, PLC controller and industrial comunication 

network, adaptive control, fuzzy logic and neural network 

control, image processing. 

Lien Truong Thi Bich: Graduated 

Engineering Degree major in 

Automation at Hanoi University of 

Science and Technology (HUST) from 

1996-2001. Defensing the Doctor 

Degree at Hanoi University of Science 

and Technology (HUST) in 2005. Now, 

works at School of Electronic - Hanoi University of 

Industry. The main researches: Process control, PLC 

controller and industrial comunication network. 

  

 
Figure 20: The images capture process test run 


