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ABSTRACT 
 
This paper presents the development of a Direct Torque 
Control (DTC) as the controller in Attitude Determination and 
Control System (ADCS) of Satellite. The attitude 
determination is a process of determining the offset angle 
between the orbit reference angle and body angle. The 
Attitude control is a process to reorient the satellite in the 
desired attitude by producing additional torque to the body of 
the satellite. The controller is constructed using 
Proportional-Integrator-Derivatives (PID) and followed by a 
DTC on the actuator. The demand torque to the actuator is 
computed by PID from the error between the desired attitude 
and estimated attitude. The DTC estimates the error between 
the torque demand and actual torque generated by the 
actuator, and then the correct torque is generated by the 
actuator. The simulation is verified through closed-loop 
simulation as presented in the result. The simulation shows 
attitude control of a satellite shows a promising result by using 
a DTC. 
 
Key words : Attitude determination, Attitude control, Triad 
Algorithm, PID, Direct Torque Control  
 
1. INTRODUCTION 
 
The Attitude Determination and Control System (ADCS) is a 
crucial subsystem of a spacecraft. It provides the pointing 
accuracy and stabilization, and reorientation of the satellite in 
a given direction which allows a spacecraft to successfully 
perform its mission objectives. To support the satellite 
mission, the ADCS is required to provide the in-orbit attitude 
control and determination functions, which are the Attitude 
Control System (ACS) and Attitude Determination System 
(ADS). After the separation of the satellite from the launcher, 
the ADCS will also operate and record the pertinent data. The 
attitude determination function is to facilitate the estimated 
attitude information, while the attitude control function 
includes the stabilization and detumbling control of the 
satellite to the prerequisite value. The ADS utilizes the data 
from various sensors such as gyroscope, accelerometer, sun 
sensor and magnetometer [3,7,8,12,13] to obtain the attitude 

of the satellite-based on the instantaneous method (such as 
TRIAD or QUEST) or recursive method (such as RE-QUEST 
or Kalman Filter). As for the ACS, there are few actuators 
such as reaction wheel, momentum wheels, magnetic torquer, 
thruster and others that can produce torque to change the 
orientation of the satellite. In order to produce the correct 
amount of torque, a closed-loop system is employed [19] and 
certain control laws, from as simple as a PID controller to a 
complex method is used to obtain the desired roll, pitch, and 
yaw. A reaction wheel consists of a Permanent Magnet Direct 
Current (PM-DC) with some angular mass constructed as an 
actuator and PID as the control law [18] are widely been used 
in the ACS.  

However, this technique has a significant amount of 
inaccuracies in the attitude due to variation in the torque 
generated by actuators. Direct Torque Control (DTC) can be 
considered to be implemented for better control of the torque. 
Direct Torque Control is one of the two types of instantaneous 
electromagnetic torque-controlled AC drives used in the 
high-performance applications [11] due to stator flux control 
in the stator fixed reference frame using direct control of the 
inverter switching. Due to the absence of coordinate 
transformation between a stationary frame and synchronous 
frame and PI regulators, the DTC algorithm is much simpler. 
The implementation of the DTC has been established about 
many years ago and proven to be one of the effective ways to 
control the induction machine, but the usage of DTC in the 
ADCS is still not yet explored.  

This paper presents the development of a Direct Torque 
Control (DTC) as the controller in the Attitude Determination 
and Control System (ADCS) of Satellite. The results have 
shown that the possibility of implementing DTC to control the 
speed of a reaction wheel.  

 
2. METHODOLOGY  
 
This ADCS system was developed using 4 main components 
which are the environmental model, satellite model, Attitude 
determination and Attitude control mode. Each of these 
mathematical models works collectively in computing the 
satellite’s attitude and controlling it. 
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2.1  Environmental model 
 

The environmental model serves as the environment in which 
the satellite operates. This model consists of the sun, basic 
orbit propagator, and Earth magnetic field model. The orbit 
propagator generates the satellite’s orbit based on the time 
increment and the initial orbital elements and computes the 
position and velocity vector of the satellite. Sun model 
generates the sun reference vector relative to the earth and 
earth magnetic field model calculates the magnetic field 
vector from the position and velocity of the satellite. 
 
2.2  Satellite model 

 
This model describes the satellite’s body, kinetic and 
kinematics of the satellite about its center mass. For the 
satellite’s rigid model, a principal moment of inertia is 
evaluated to ensure the stability of the dynamic system. To 
achieve a stable dynamic system, the principal moment of 
inertia , ,x y zI I I must satisfy the following conditions: 

     
,   ,     y z y xx z

x y z
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The dynamic equations of the satellite are as follows: 
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0 0x y z x z zI I I I I I                               (5) 

0yI                                                 (6) 

   2
0 0z y x x z zI I I I I I                               (7) 

The dynamic equations after the addition of the gravity 
gradient torque [3] 
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The complete linearized dynamic motion of satellite with 
input torque 

   2
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2.1  Attitude Determination 
 

Attitude determination of this ADCS system uses a 
deterministic method using the TRIAD algorithm. The 
solution is based on two vector observations given in two 
different coordinate systems. TRIAD only accommodates two 
vector observations at a one-time instance. The simplicity of 

the solution makes the TRIAD method interesting for onboard 
implementations [7]. Considering this assumption, body 
vectors are assumed b1,,b2 and inertial frame are assumed to be 
i1, i2. Based on this vector measurements, the attitude matrix is 
constructed using the TRIAD algorithm as following: 

1 1
1 1

1 1
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             (14) 
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   1 2 3 1 2 3triad b b b i i iA t t t t t t                            (17) 
 
This attitude matrix gives the estimated attitude of the satellite 
in terms of the rotation matrix. Then the Euler angles 
describing attitude can be extracted out from the rotation 
matrix. In this system, the body vector measurements are 
computed using the attitude matrix rather than the sun sensor 
and magnetometer actual readings. 
 
2.3  Attitude control 

 
Attitude control in this system is used to reorient the satellite 
based on the desired attitude. The attitude control of the 
ADCS system can be achieved by using two methods active 
and passive control. Initially, the satellite experiences the 
detumbling mode during which the roll, pitch, and yaw angle 
increase exponentially collectively known as Euler’s angle. 
At this phase, the passive control using gravity gradient torque 
is introduced to the system to achieve the stabilization mode. 
The gravity gradient torque for this system is fixed by 
assuming the orbit is circular with small-angle approximation. 
The gravity gradient torque equals to: 
 
  2

03x z yI I                                                 (18) 

  2
03y z xI I                                                     (19) 

  0z                                                                    (20) 
 
Once the stabilization mode has been reached, active control 
is implemented using a PID controller and Direct Torque 
Control. The error between the desired and estimated attitude 
raised to compute the required input torque: 

        1
P D

I

de t
u t K e t dt e t dt TT dt

        (21) 

where, 
   t u t                                                                   (22) 

This is the input torque required to reorient the satellite. This 
input torque is feed into the Direct Torque Control to generate 
torque to move the satellite. The Direct Torque Control is 
used in this system to correct the conventional active attitude 
control devices such as magnetic actuators and reaction 
wheel. This is performed since the Direct Torque Control has 
a much better inner loop design and corrects the torque 
generated by the actuators based on stator flux control. 
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2.4    Actuator Model 
 
The actuator used in this ADCS system is Magnetic Torquer. 
The torque generated by the Magnetic Torquer is given by: 
 

em B                                                                   (23) 
 
Where is the torque generated, m is the magnetic dipole 
moment and eB is the earth magnetic field. The magnetic 
dipole moment determined by using: 
 
 m NIA                          (24) 
 
Where N is the number of coils, I current flowing through the 
coil and A is area span of coil. 
 
 
3.  RESULTS AND DISCUSSION 
 
The overall ADCS system is built using the Simulink model in 
the Matlab. The Environmental and Attitude determination 
model were built using the Matlab function. The 
environmental model and attitude determination model 
compute the estimated attitude based on the input data which 
are time increment, initial orbital elements, sun vectors, and 
magnetic field vectors both in the body and inertial system. 
The satellite used is a typical nanosatellite with the 
Ix=0.1430 kgm-3, Iy=0.1020 kgm-3, and Iz=0.0031 kgm-3.  
Attitude control is achieved by using a closed-loop feedback 
system using PID and Direct torque control. The two attitude 
control modes which are detumbling and stabilization mode 
are simulated.  

Initially, the satellite is simulated from the time it is ejected 
and experiencing tumbling for several seconds prior to the 
activation of detumbling mode. Most of the micro, nano and 
pico-satellites are using B-dot algorithm [21]. As expected, 
during the detumbling mode satellite’s Euler angles increases 
exponentially due to the absence of any control torque to 
inhibit their motion. The overall attitude control mode is 
simulated for the desired angle at ideal, normal and DTC and 
the simulation results are given in Figure 2, 3, and 4.  
During the stabilization mode, roll angle and yaw angle still 
experiences the increment slowly but not exponentially. The 
gravity gradient torque did successfully reduce the motion of 
the satellite. The pitch angle is completely stabilized since its 
motion independent of roll and yaw pitch angular rate. The 
slight increase in roll and yaw angle is due to the influence of 
their angular rate on each other based on the dynamic 
equations of motion (11), (12) and (13).  

Finally, the overall ADCS system is simulated using a PID 
controller to compute the input torque demand from the 
attitude error and actuator responsible to generate the actual 
torque based on the demand torque. The simulation of the 
overall attitude control mode with the ideal condition is 
shown in Figure 4. In an ideal condition, we assumed that the 
actuator exactly produces the demand torque for the desired 
Euler angle of 1.5 radians about the roll, pitch, and yaw angle. 
Using the Matlab auto-tuning for the PID controller, the best 
response for the closed-loop system is achieved. The pitch 

angle shows the fastest response followed by the roll and yaw. 
The pitch angle is fast because of the complete stabilization 
during the stabilization mode and due to the fact that its 
motion is independent of roll and yaw motion. The roll and 
yaw reach are the desired angle next since its response 
depends on each other. The yaw angular rate negatively 
influences the roll angle based on dynamic equations of the 
satellite. Yaw angular rate generates a high amount of positive 
torque to counter the motion about the roll. 

 
 

 
Figure 1.1: Roll angle during stabilization mode 

 

 
Figure 1.2: Pitch angle during stabilization mode 

 

 
Figure 1.3: Yaw angle during stabilization mode 
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Figure 2: Overall attitude control for the desired angle (1.5, 1.5, 1.5) 
radians at ideal conditions. 
 
 
Hence, the roll angle achieves its desired response faster than 
yaw while yaw is slower due to the positive influence of the 
roll angular rate on the motion of the yaw angle. The roll 
angular rate generates a high amount of negative torque that 
supports the motion about the yaw angle. Thus, attitude 
control about yaw angle requires a high amount of torque 
from the Direct Torque Control. This causes the generation of 
the desired response as shown in Figure.3.  
 
 

 
Figure 3: Overall attitude control for the desired angle (1.5, 
1.5, 1.5) radians in normal conditions. 
 
 
 Then overall ADCS is simulated using a closed-loop 
feedback system again with actuator under normal conditions. 
The torque generated not exactly equal to the demand. The 
simulation is shown in Figure.4. The overall system is 
successfully showing some error in the torque generated by 
the actuator which causes the inaccuracies in the satellite’s 
attitude. 

At last overall ADCS system is simulated again with the 
implementation of Direct Torque Control on the actuator. The 
results are shown in Figure.6. The ADCS system with Direct 
Torque Control on the actuator successfully corrects the 
actual torque generated by the actuator. The implementation 
of Direct Torque Control on the actuator effectively control 
the stator flux using switching table and inverter of the 
actuator and can be one of the efficient ways to achieve a good 
attitude control on a satellite.  

 
Figure 4: Overall attitude control for the desired angle (1.5, 1.5, 1.5) 
radians at normal conditions with DTC. 
 
 
4.  CONCLUSION 
 
The goal of this paper is developed an ADCS system of a 
satellite using Direct Torque Control. The Direct Torque 
Control is used as a component to effectively control the 
torque generated by the actuator to produce the demand 
torque accurately. Based on the results, it is proven that DTC 
can be one of the efficient ways to control the attitude of the 
satellite in space due to the ability of DTC to control the 
correct the torque generated. 
 

Future developments involve the advancement of the 
current ADCS model. Currently, the ADCS environmental 
model is run with simple orbit propagator. Thus, in the future, 
the system will be updated with Simplified Perturbation 
Model, SGP4 using Two Line Element set and time since 
epoch for the orbital model. Attitude determination mode will 
be improved with the Extended Kalman filter and hardware 
development for the real satellite will be carried out to check 
for complete effectiveness of the system in a real 
environment. 
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