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RINGKASAN: Tujuan artike/ ini adalah untuk mengujidan mengesahkan operasi 

pe/antar kemudahan simulasi sate/if (SSF) Universiti Putra Malaysia (UPM). 

Ker/a ini merangkumi pengujian dan kelayakan sate/it. Pelantar sate/fl untuk 

penentuan dan kawa/an atitud (ADCS) ini mengandungi peralatan sah-terbang 

dari Kanada, Jerman dan Amerika Syarikat. Pemeriksaan peralatan sate/if ini 

harus dtjalankan untuk kelayakan operasi SSF. 0/eh tlu, prosedur pengujian 

yang khusus harus diimplimentasi untuk menguji serta mengesahkan mod 

kawalan sate/fl iaflu mod tenang, mod putar, mod penunjuk kasar dan mod 

penunjuk jtlu. Hasil pengujian telah dikaji untuk mengesahkan kemampuan 

operasi sate/it serta peralatan ADCS SSF UPM dapat beroperasi dengan baik 

dalam semua pengujian yang telah dija/ankan. 0/eh itu, operasi SSF berjaya 

disahkan. 

ABSTRACT: The purpose of this paper is to test and validate the UPM Satellite 

Simulator Facility (SSF) platform. The work relates to satellite testing and 

qualification experiments. The satellite Attitude Determination and Control System 

(ADCS) consist of flight-proven equipment from Canada, Germany and America. 

The flight hardware check has to be performed for the SSF qualification. 

Therefore, dedicated test procedures in order to test and verify the satellite control 

mode (i.e., Idle mode, Detumble mode, Coarse Pointing mode and Fine Pointing 

mode) has to be implemented. The results of these experiments are discussed 

to qualify the health of the satellite itself and the ADCS equipment. The UPM 

SSF responded very well to all the conducted tests and therefore, its 

performances are validated. 
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INTRODUCTION 

Space technological advances in many areas have been achieved. Perhaps the most 

remarkable developments in this period would be in the electronic computer and software. 

They have revolutionised the flexibility of spacecraft and enable more accurate attitude 

determination by introducing control law mechanisms. 

The development of a satellite requires a successful and efficient design, integration and 

verification of a highly complex system comprising any internal interactions on various levels. 

When one looks at the existing satellite, one can always find the mechanism that is used to 

control the attitude of the satellite or spacecraft. It is often referred to as Attitude Determination 

and Control System (ADCS) or Attitude Control System (ACS). Conventionally, ADCS testings 

were subjected to numerical simulations. Experimental testings were limited due to the difficulty 

of creating the space environment. Knowledge of attitude dynamics is necessary for attitude 

prediction, interpolation, stabilisation, and control. 

In recent years, the satellite simulators have been developed in order to test the in-orbit satellite 

performances. Several satellite simulators have been tested and validated. One research 

carried out is related to accomplishing both numerical and experimental studies on the Bifocal 

Relay Mirror spacecraft (Romano and Agrawal, 2003). The main tasks of the experiments 

were to validate the attitude stabilisation control together with the target acquisition-tracking

pointing and to verify the effectiveness of the test-bed itself. 

Another satellite simulator available is the EyasSat satellite. It is a set of circuit boards that 

form a complete lab satellite. It is capable of demonstrating the working satellite systems in a 

laboratory environment. The new development is a fully functional nanosatellite that is built 

up, tested, and experimentally "flown" in the laboratory. 

Although there are lots of successive ADCS on board most of the satellites giving accurate 

attitude determination, the development of these advance technologies were costly and often 

time-consuming. As mentioned earlier, the testing and validation of an ADCS were previously 

conducted numerically to analyze its performance and reliability. Control laws are usually 

analytically derived and numerically tested by using a numerical code which simulates the 

satellite orbital and attitude dynamics and control. These experiments often result in a bulk of 

data that required justification from professional space engineer. 

Nowadays, with the existence of the satellite simulator test facilities, we can actually greatly 

reduce this effort (Hirai et al., 1980). Moreover, a lot of experiments can be done by using this 

simulator which replicates the actual satellite attitude dynamics and control. It enables more 

exact prelaunch anticipation and postlaunch analysis to be carried out to prevent malfunction 

36 



Commissioning the UPM Satellite Simulator Facility Platform 

of the system which in turn degrade the performance, or mission failure. As for our Malaysian 

space mission testings, a flight-grade satellite simulator test facility is desirable. Previous 

work carried out at the Department of Aerospace Engineering (UPM) in the field of ADCS was 

mainly validated by software simulation before the availability of the SSF platform. Currently, 

it is possible to conduct the simulations using flight-grade hardware for testing the satellite's 

in-orbit and ADCS algorithms (Sidi, 1997). Therefore, this is a maiden work towards making 

such facility amenable for Malaysian space researchers. 

EXPERIMENTAL SET-UP 
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Figure 1. SSF Platform 

The satellite simulator is one of the products developed by Dynacon Inc. in Canada. The UPM 

Satellite Simulator Facility (SSF) consists of 4 main components : 

i. Command Centre, 

ii. Sun Simulator, 

iii. Air Bearing and Leveling base, 

iv. Flight grade satellite hardware. 

Figure 1 shows the satellite hardware on its platform. The "Battery Box" holds 12 Ni-Cad "D" 

cells that power the hardware. The Onboard Computer communicates with the Command 

Centre (e.g. computer facility) and controls the hardware. The satellite hardwares that can be 

found on the platform are Coarse and Fine Sun Sensors, Reaction Wheel, Magnetorquers, 

and Magnetometer. 
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The Coarse and Fine Sun Sensors are mounted on the Pillar, in the middle of the platform. 

The sun sensors are therefore at the center of the platform rotation, which ensures that they 

will stay in the Sun Simulator (light beam) and have a clear field of view (FOV) without being 

shadowed. The Reaction Wheel is an actuator that accelerates a spinning rotor to create 

equal and opposite torques on the platform. The Magnetorquers are electro-magnets that are 

used as actuators as well, by creating a magnetic field that pushes against the magnetic field 

of Earth (Wertz, 1978). Lastly, the Magnetometer is mounted at the top of the Pillar so that it is 

the maximum distance away from the Magnetorquers, which distort the magnetic field of the 

Earth and corrupts the Magnetometer's attitude measurements. 

Satellite Operation Modes 

The SSF platform gives the user the possibility to simulate the most common modes of operation 

of a satellite (Schwartz & Hall 2003a). These modes correspond to different state that the 

satellite acquires during its mission, where it has specific functions to fulfill . There are four 

main operation modes available in the SSF : 

i) The Idle mode is used when the operator wants to disable any of the active control modes 

but still would like the sensor feedbacks. In a real space mission, this mode is activated to 

obtain measurement from the sensors without any torque command. It normally triggers 

when the satellite is in acquisition phase. 

ii) The Detumble mode is used to slow down a satellite with high rate of rotation so that the 

Reaction Wheel has enough momentum storage to establish satellite attitude control. It 

helps to despin the satellite. 

iii) The Coarse Pointing mode is used to point the satellite in a fixed direction using a closed

loop control algorithm. The Magnetometer is used to sense the satellite direction. The 

Reaction Wheel receives command from the operator to produce the required torque by 

changing its angular momentum, while the Magnetorquer is used to desaturate the Reaction 

Wheel from exceeding the saturation limits. 

iv) The Fine Pointing mode is the same as the Coarse Pointing mode except that the Fine 

Sun Sensor is used to determine a precise satellite direction, unlike the Magnetometer. 
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INTERFACE AND SOFTWARE 

Wireless Communication Link 

The command centre communicates with the onboard computer by using a continuous two

way communication link. A Hardware Protocol Converter is used in the communication link 

because the command centre and the onboard computer use two different communication 

protocols, respectively. The command centre employs RS-232 Serial Port, while the onboard 

computer uses RS-485 serial protocol (Figure 2). 

RS-232 and RS-485 are the serial communication methods for computer and devices. RS 

485 is a widely used communication interface in data acquisition and control application. It 

can be used to communicate with remote devices at distance up to 4000 ft. RS 232 is the best 

known interface and is commonly used in computer serial ports nowadays. In 

telecommunications, RS-232 is a standard for serial binary data signals connecting between 

a Data Terminal Equipment (DTE) and a Data Circuit-terminating Equipment (DCE). 

Air Bearing 

RS-485 

Co1u\ectiou 

RS-232 
+-----+I m li11k 
Co1mectiou 

Figure 2. Wireless Communication Layout 

An air bearing offers a nearly torque-free environment, perhaps as close as possible to that of 

space, and for this reason it is the preferred technology for ground-based research in spacecraft 

dynamics and control (Schwartz et al., 2003b). On the SSF platform, the Air Bearing and 

Leveling base provide a frictionless rotational axis for the platform. In order to minimize the 

pendulous disturbance torques caused by gravity, the Air Bearing and the platform need to be 

leveled. Four Inertia Weights are attached below the platform to perform the leveling. 
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TEST CAMPAIGN 

Reaction Wheel Control 

For testing and validation, the health of the Reaction Wheel (RW) can be verified by using the 

Hardware Check-out Procedure. This procedure is performed to ensure that all the sensors 

and actuators onboard the satellite simulator are working correctly (Nise, 2003). However, it is 

unable to test the Satellite Control Mode such as the Idle, Detumble, Coarse Pointing and 

Fine Pointing mode. It uses a customized terminal program called Electric Ground Support 

Controller (EGSC) to communicate with the satellite simulator computer and wheel. 

Four different wheel speeds will be commanded to the RW; i.e., 300 rad/s, 600 rad/s, 900 rad/s, 

and 1200 rad/s. The response of the wheel speed will be shown in the Telemetry window. 

Detumble Mode 

The Detumble mode reduces the rotational rate of a satellite platform. Only the Magnetometer 

and Magnetorquers are being activated in this mode. Thereafter, the RW can be employed to 

establish a fine attitude correction. Three different platform rotational speeds are selected for 

the purpose of testing and validating of this Satellite Control Mode, i.e., 15 deg/s, 30 deg/s 

and 45 deg/s. 

Coarse Pointing Mode 

The Coarse Pointing mode is another satellite pointing mode to establish a fixed pointing 

direction using a closed-loop control algorithm. In this mode the Magnetometer is used to 

sense the satellite direction, the Reaction Wheel is used to induce onboard torques and the 

Magnetorquers are used to desaturate the Reaction Wheel. To test and validate this satellite 

operation mode, four different slew angles are chosen, e.g., 80 deg, 160 deg, 270 deg and 

320 deg. 

Fine Pointing Mode 

Fine Pointing mode is the same as the Coarse Pointing mode except that the Fine Sun sensor 

is used to determine a more precise satellite direction. Four different slew angles are selected 

for the purpose of testing and qualifying the Fine Pointing Mode, i.e., 10 deg, 20 deg, 30 deg 

and 40 deg. The reason for selecting these slew angles is to ensure the Fine Sun Sensor is 

still within the sun simulator FOV. 
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RESULTS AND DISCUSSION 

Reaction Wheel Control 

Wheel Telemetry · ·- ':1-r,,"l~ • ,~ 

Figure 3. Actual speed of the RW tor 1200 rad/s input value 

Figure 3 shows the typical Wheel Telemetry window. By changing it into the speed mode for a 

value of 300 rad/s, it takes approximately 5 s for the RW to attain the given wheel speed. The 

next value (600 rad/s) is entered into the Wheel Extended Command window. It took 

approximately 10 s for the RW to reach and maintain at 600 rad/s wheel speed. The same 

principle was applied for 900 rad/s. In term of the response, it took approximately 22 s for the 

RW to react and attain the given input value. The last input that is used to test and validate the 

RW is 1200 rad/s. However, the maximum speed of the RW is 1100 rad/s. It does not exceed 

this value any further. The RW took approximately 34-35 s to reach and maintain 1100 rad/s. 
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Detumble Mode 
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Figure 4. X-direction Magnetorquer output for rotational speed 45 deg/s 

The Magnetorquers work effectively in order to slow down the platform with rotational speed 

of 15 deg/s and 30 deg/s. As the platform rotate in high speed, the current command of the 

Magnetorquers will change in order to apply proper torque direction to slow down the platform. 

However, the Magnetorquers did not work accordingly when the rotational speed of the platform 

is superior to 45 deg/s. At the beginning (rotational speed of 45 deg/s), the Magnetorquers did 

not work effectively in order to slow down the platform. The frequency of the output was very 

large to handle. After 500 s, the Magnetorquers start working appropriately by applying the 

correct torques for different orientation . Figure 4 shows the current command for the X

Magnetorquer at a rotational speed of 45 deg/s. 

Coarse Pointing Mode 
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Figure 5. Satellite angle output for 8(7' slew 
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When the Coarse Pointing mode is activated, the satellite acquires its zero direction at the 

beginning. As the slew angles (80 deg, 160 deg, 270 deg and 320 deg) are commanded, the 

satellite experiences transient response (the curve line) and reaches its steady-state response. 

The Reaction Wheel rotates in different direction with respect to the SSF platform. The wheel 

desaturation function is enabled at the beginning of the slew process. Both X and Y

Magnetorquers are working correctly in preventing the RW speed from saturating to the 

maximum rotational speed. 
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Figure 6. Current Command to Y-Magnetorquer at 160 deg slew angle 

The Magnetorquers are deactivated automatically for a very short period in every interval of 

10 s. The purpose is to dissipate the magnetic field created by the Magnetorquer before the 

Magnetometer begins its attitude determination by sensing the Earth's magnetic field. 

Fine Pointing Mode 
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Figure 7. Sate/Ille angle output for 30 deg slew 
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Figure 8. Current command to X-Magnetorquer at 30 deg slew angle 

After the satellite had acquired the zero condition, the slew angle (10 deg, 20 deg, 30 deg and 

40 deg) are commanded. The Wheel Desaturation function was activated at the same time 

when the satellite start slewing. The purpose is to prevent the RW's speed saturating to a high 

rotation speed that eventually might damage the RW itself. Although the X and Y Magnetorquers 

apply different sense of torques, they still worked correctly to monitor the RW's speed from 

reaching its maximum, (Figure 9). 
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Figure 9. Magnetometers' orientation onboard the SSF platform 

There is one significant difference between the Coarse and Fine Pointing modes, it is the 

Magnetorquers operation. The Magnetometer is used in the Coarse Pointing, while the Coarse 
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and Fine Sun Sensors are used in the Fine Pointing mode. In Coarse Pointing, time is needed 

to dissipate the magnetic field created by the Magnetorquers before the Magnetometer performs 

the attitude determination. In the Fine Pointing mode, the Sun Sensors can be employed even 

though the Magnetorquers are functioning. 

CONCLUSION 

The purpose of this paper is to test and validate the Attitude Determination and Control System 

(ADCS) onboard the Satellite Simulator Facility (SSF) platform. From the Electric Ground 

Support Control (EGSC), the reaction wheel is tested and validated. From the results, the 

reaction wheel (RW) is working correctly corresponding to the commands. With the help of the 

Wheel Telemetry window that collects the speed telemetry, it is sufficient to conclude that the 

RW is "healthy". 

The Detumble mode does not work effectively whenever the platform's rotational speed exceeds 

45 deg/s. This is because the Magnetorquers cannot rapidly desaturate the platform rotation 

at high speed. In a real satellite ADCS environment, the high rotational speed of the satellite 

can be desaturated by the thrusters before the Magnetorquers can be activated. 

As for the Coarse Pointing mode, the Magnetometer gives a reasonably pointing direction by 

sensing the Earth's magnetic field. While for the Fine Pointing Mode, the Fine Sun sensor is 

able to give an accurate attitude pointing. It can be concluded that the SSF platform is 

successfully tested and validated. Therefore, the SSF platform can be used to conduct space 

flight researches in Malaysia. 
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