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This paper presents the confirmation and validation of satellite flight
software using environments of MATLAB. The satellite becomes a valuable
informative tool in educational field and the programs of engineering. The
aerospace company investing resource to improve and developing the
validation and verifications methodology depend on large scale aerospace
mission which tend to focus resource on spacelab developing. This work
looks at two kind of methodology in an attempt to develop the reliability of
satellite include utilizing system of software model and creation of software
requirement. This woke dose permit for basics software required to produce
the resulting specifications. Additionally, resulting graph produce for
specific satellite were high level did not find any issue, while Monterey
phoenix is efficient tools to produces study of model-based system engineer
concept.
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1. INTRODUCTION

The space industries have developed efficient techniques for validation and confirmation software in large
communications satellite over last 60 years with large requirement improvement budget and too expensive [1-5].
Hence, with large satellite cost, large budget is available for all type of satellite. The validation and verification
software cost are large also and this will easily dominate the small satellite budget which does not receive the same
levels of software assurance as their large counterpart [6-10]. Particularly, the software assurance of small satellite
software has received slight attentions due to cheap and quick development and elaborate small satellite software
validations and verifications program cannot be followed [11-15]. Furthermore, when the small satellite is producing
cheap and quick, the assignment failure cause by software problem could be tolerated [16]. The sequential launches
or simulations of small satellite is sometime planned assume that software failure might happen [17-20]. Whatsoever
information is lost from small satellite because of software problem might easily be recover from another satellites,
while the hardware normally fails because to damage or wear and the software failure is resulting of defective
software design or error of programs [21-25]. In existing time, the number of small satellites located in the orbit has
grown expressively [26]. The government organization, industry, and academics are lunched small satellite at an
aggregate speed approaches more than dozen each month [27]. Figure 1 illustrate the general small satellites grounds
design the use NASA near earths networking for normal earth pass for little latency message [28-34]. This
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construction give separated database produced from MOC of telemetry and housework information that is available
to stakeholder.
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Figure 1: ground systems architectures for a smallest satellites under NASA's

2. MATERIAL AND METHOD

The aerospace block set in MATLAB has been used to perform the steps of satellite flight software design
and verifications. The software portion is used to control the attitude and managing the actuators failure which is
typically a part of large multi organize to build the satellite. To achieve this duty, all system should be modeled and
attach the requirement to the model. The systems outline use SIMULINK model blocks for model reference to
enable multiple teams by define subsystems interfacing in order to permit for independent works as illustrated in
Figure 2. Hence, one could directly connect the requirement to this model via interface environment of requirement
management of SIMULINK validations and verifications.
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Figure 2: satellite model outlines-based requirement

In circular orbits, the satellite travel with zero-degree disposition at 1500 km taken into account the effect of earth
oblateness gravity models. The dynamic model of satellite rigid body has been modeled by 2-body/six degree/of
freedom system as showing in Figure 3.
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Figure 3: the dynamics model of satellite rigid body

The test harness model is designed in order to verifying the satellite dynamic model which contains the models of
satellite dynamic. To make sure that the stable orbit has been selected and the satellite rotate with outside force only,
the assertion blocks is used to performs the test also were applied correctly as shown in Figure 4. The harness model
is also consisting of visualization block which is used to enable the designer to watch the earth orbit of satellite as
illustrated in Figure 5.
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Figure 4: satellite dynamics test harness model
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Figure 5: Visualize sub-system for satellites dynamic test harnesses

The main pieces of satellite flight software are including the attitude controlling, navigations, and failure detections
which is work together in this model. To examine these parameters, the flight software model is used with
subsystems of aerospace block as shown in Figure 6.
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Figure 6: the model of satellite flight software
The detection of failure situation is determined by detection block if the thrust sensors and actuator has failed. The

failure detection model shown in Figure 7 is simplified serves as working placeholder to give indication signal that
no failures is occurred.
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Figure 7: failures management and thrusters controlling model

The satellite courses of satellite management with respect to three degree of freedom is navigated by the model
illustrated in Figure 8 which is designed inside the attitude control subsystem. This navigator system is simplified
model which serve as work place holder to gives pointing command until the full navigations model is supply. The
wanted orientation of satellites with there rotation degree of freedoms is managed by attitude control model. The
attitude is the more important task that used to ensure the satellite instrument and antennas which will be able to
correctly functioning by pointing the wanted position.
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Figure 8: Navigators and attitude control models

The failures managing and thrusters controlling systems consists of logics to turn axis torque command into
individual thruster's command to hydrazine the actuator. The aerospace blocks are used to build the thruster actuator
model which highlight the subsystem as shown in Figure 9. To convert the axis torque command into individual
thruster's command, two steps were achieved includes thruster actuations and failure detections. The failures
detections are firstly completed and the model checks the thruster pack for failure. Hence, in case of no failure is
happens, the model executes the torque command for simultaneous axis. In addition, in case of fail thrusters pack,
only one axis at times could be actuated. Through failures, the axis executes one determination by trust controlling
system to have axis with the large torques commands.
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Figure 9: the model of hydrazine thruster actuators

After the failure detection is completed, the model determines which thruster to fire for specifics torque commands.
Four packs are included in the satellite model with three thrusters for each one which is totally equal to 12 thrusters.
In order to creates the suitable moment, two thrusters should be fired by using the axis, command sign, and failure
existence to determine which thruster will fired. The state flow of failures managing and controlling logic in

thrusters' actuators is modeled as illustrated in Figure 10.

function

L]
¥_torque_cmd{mode cmd)

{bad_thruster=0;}

function en:

y_torque_cmd{mode cmd)

nominal

¥_torgue_cmd(1 torque_cmd[0]});
y_torque_cmd(1,torque_cmd[1]};
z torque_cmd(1,torque_cmd[2]);

.[|:f:|'}
function
z_torque_cmd{mode,cmd)
{fi++} . 2
function thCmd=zero i
fi<d]

{thCmd.packl = 0;
thCmd.pacl2 = 0;
thCmd.pack3 = 0; .
thCmd.packd = 0} 1

failure

[sensor_fail[i]l==1]
{bad_thruster=i+1;}

Figure 10: state flow model of thruster controlling system and failure logic manage
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The test harness model is designed to verify the thruster actuator includes hydrazine thrust actuators, signal creation,

and assertion blocks to store the test case and performs check of these situations respectively. Figure 11 shows the
hydrazine thrusts actuators test harness models.
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Figure 11: the model of hydrazine thrusts actuators test harnesses model

3. RESULTS AND DISCUSSION

After the designing and run the suggested model in MATLAB, the optimize test of the tuned parameters such
as threshold values that should set the torque command to reach before the thruster actuated firing. The model
should calculate the torque threshold values to conserve the fuel and indicate when the thruster must be going on.
Due to thruster is off or on, firing the thruster as soon as the torque command is not zeroing because this will cause
the thruster is always firing that will waste limited supply of the fuels. The attitude errors are another factor of
determine the torque threshold values which should be small as possible. Hence, the torque threshold values should
select prudently. The system test results has been used to plot the optimal values of hydrazine per cycles and the
attitude errors cross is determined also. This cross is found of about 0.05 from torque threshold as illustrated in
Figure 12.
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Figure 12: the results of partial test cases

4. CONCLUSION

This paper introduces the development and confirmation of satellite flight software technology using
MATLAB with the faults tolerant software techniques that could be used to implement the run times monitoring
under software verification after or before launching the satellite. Faults tolerant software designs could be
combined with run time monitoring for effective deal with the errors of software that escapes the verifications
processing that exposed after launch or prior the launch to generate the effects of ionizing radiations. This work has
attempted to provides a calculation of software assurance techniques used in existing time in validation and
verifications. The model base design tools usage a graphical technique, state flow, and other construct to specifies
the software architectures and create the detailed software modeling so that the designer not needs allocated
memories, declares variable, and iterations loop. The error should be found in all software correcting by change the
model and then automatically generate the codes. The advantages of the model-based design involve reduction the
verification time and high ability. After modified the core performances model, the results was specified as software
requirements and developed after some trials.

ACKNOWLEDGEMENTS
Author thanks Dijlah Unversity for support this project.

REFERENCES

[1] Bocchino Jr. RL, Canham TK, Watney GJ, Reder LJ, Levison JW (2018) F Prime: an open-source framework for small-scale flight software
systems. Presented at: 32nd Annual AIAA/USU Conference on Small Satellites; Logan, USA. CCSDS (2016) CAST flight software as a
CCSDS OnBoard reference architecture. Washington: CCSDS, 2018

[2] Coelho C, Koudelka O, Merri M (2016). NanoSat MO framework: achieving on-board software portability. Presented at: SpaceOps 2016

[3] Conto A, Mattei AP, Saquis-Sannes P, Carvalho H, Miranda D, Balbino F (2018) Use of SysML and model-based system engineering in the
development of the Brazilian satellite VCUB1. Presented at: 10th European Cubesat Symposium; Toulouse, France. Core Flight System
(2017) About the technology and why cFS. Core Flight System, 2017

[4] Eickhoff J (2012) Onboard computers, onboard software and satellite operations: an introduction. Berlin: Springer, 2012

36



Dijlah Journal of Engineering Science (DJES) Vol. 2, No. 1, March, 2025, pp. 29-38
ISSN: Printed: 3078-9656, Online: 3078-9664, paper ID: 26

[5] Lapeyrere V, Lacour S, David L, Nowak M, Crouzier A, Schworer G, Perrot P, Rayane S (2017) PicSat: a Cubesat mission for exoplanetary
transit detection in 2017. Presented at: 31st Annual AIAA/USU Conference on Small Satellites; Logan, USA, 2017

[6] Mavridou A, Stachtiari E, Bliudze S, Ivanov A, Katsaros P, Sifakis J (2016) Architecture-based design: a satellite on-board software case
study. In: Kouchnarenko O, Khosravi R, editors. Formal Aspects of Component Software. FACS 2016.

[7] Plasson P, Cuomo C, Gabriel G, Gauthier N; Gueguen L, Malac-Allain L (2016) GERICOS: A Generic Framework for the development of
on-board software. Presented at: DASIA 2016. Data Systems in Aerospace; Tallin, Estonia. P&P Software (2018) CORDET C2
Implementation Download. P&P Software; [accessed 2018

[8] Rexroat JT (2014) Proposed Middleware Solution for Resource-Constrained Distributed Embedded Networks (Master’s Dissertation).
Lexington: University of Kentucky. SAVOIR (2018) SAVOIR Outputs. SAVOIR; [accessed 2018

[9] Wilmot J, Fesq L, Dvorak D, Quality attributes for mission flight software: a reference for architects. Presented at: IEEE Aerospace
Conference; Big Sky, USA. 2016

[10] E. Baumgarten, V. Faune, A. Saunders, C. Taylor, J. Weaver, N. Weitz, and O. Woolsoncroft. Tesseract cubesat bus with deployable solar
panels, 2015.

[11] L. A. Davis and L. Filip. How long does it take to develop and launch government satellite systems?, Mar 2015.

[12] L. E. Hart. Introduction to model-based system engineering (mbse) and sysml. In Delaware Valley INCOSE Chapter Meeting, Ramblewood
Country Club, Mount Laurel, New Jersey, 2015.

[13] S. Higginbotham. CubeSat Launch Initiative Overview and CubeSat 101, Sept. 2017.

[14] B. Lal, E. J. Sylak-Glassman, M. C. Minerio, N. Gupta, L. M. Pratt, and A. R. Azari. Global trends in space volume 2: Trends by subsector
and factors that could disrupt them. IDA Paper, 2, Jun 2015.

[15] M. P. Rodriguez. Miniaturized lon and Neutral Mass Spectrometer for CubeSat Atmospheric Measurements, Aug. 2016.

[16] Pedro A Capo-Lugo, John Rakoczy, and Devon Sanders. The b-dot earth average magnetic field. Acta Astronautica, 95:92-100, 2014.

[17] Junquan Li, Mark Post, Thomas Wright, and Regina Lee. Design of attitude control systems for cubesat-class nanosatellite. Journal of
Control Science and Engineering, 2013, 2013.

[18] Warsaw University of Technology Students’ Space Association. ”What is PW-Sat2”, PW-Sat2 Project Website, (accessed July 30,

[19]mMathWorks Aerospace Products Team. Aerospace Blockset CubeSat Simulation Library MathWorks File Exchange Webpage, (accessed
July 30, 2020). https://www.mathworks.com/matlabcentral/fileexchange/ 70030-aerospace-blockset-cubesat-simulation-library.

[20] G Wiedermann, W Gockel, S Winkler, JM Rieberm, B Kraft, and D Reggio. The sentinel-2 satellite attitude control system—challanges and
solutions. In presented at 9th International ESA Conference on Guidance, Navigation & Control Systems, 2014.

[21] Air Force Space Command. 2004. Space-Track.org. [Online]. Available from https://www.space-track.org [accessed 26 Sept. 2019]

[22] Analytical Graphics, Inc. 2019. Systems Tool Kit (STK). Analytical Graphics, Inc., Exton, Pa., USA. [Online]. Available
from http://agi.com/products/satellite-design-and-operations [accessed 25 Sept. 2019].

[23] Auret, J. 2012. Design of an aerodynamic attitude control system for a CubeSat. M.Sc. thesis, Electrical and Electronic Engineering,
University of Stellenbosch, Matieland, South Africa.

[24] Braafladt, A.C., Artusio-Glimpse, A.B., and Heaton, A.F. 2014. Validation of solar sail simulations for the NASA Solar Sail Demonstration
project. Proc. AIAA SPACE 2014 Conference and Exposition, San Diego, Calif., USA, 4-7 Aug. 2014. AIAA 2014-4207, 2014

[25] Curtis, H.D. 2014. Orbital mechanics for engineering students. 3rd ed. Butterworth-Heinemann, Oxford, UK., 2014

[26] de Ruiter, A.H., Damaren, C., and Forbes, J.R. 2013. Spacecraft dynamics and control: an introduction. John Wiley & Sons, Chichester,
West Sussex, UK., 2013

[27] Folkner, W. 2014. JPL planetary and lunar ephemerides, 2014

[28] Foster, C., Hallam, H., and Mason, J. 2015. Orbit determination and differential-drag control of planet labs cubesat constellations. Proc.
AAS/AIAA Astrodynamics Specialist Conference, Vail, Colo., USA, 9-13 Aug. 2015. AAS 15-524, 2015

[29] Ghisi, C.E., Steiger, C., Romanazzo, M., and Emanuelli, P.P. 2014. Drag-free attitude and orbit control system performance of ESA’s GOCE
mission during low orbit operations and de-orbiting. Proc. SpaceOps 2014 Conference, Pasadena, Calif., USA, 5-9 May 2014. AIAA
2014-1906, 2014

[30] Japan Aerospace Exploration Agency. 2016. SLATS: super low altitude test satellite. Japan Aerospace Exploration Agency Public Affairs
Department, Ochanomizu Sola City, Tokyo, Japan, 2016

[31] National Aeronautics and Space Administration. 2017. CubeSat 101: basic concepts and processes for first-time CubeSat Developers.
CubeSat Systems Engineer Lab, California Polytechnic State University, San Luis Obispo, Calif., USA, 2017

[32] Pastorelli M., Bevilacqua R., and Pastorelli S. 2015. Differential-drag-based roto-translational control for propellant-less spacecraft. Acta
Astronaut. 114: 6-21, 2015

[33] Roberts, P.C.E., Crisp, N.H., Edmondson, S., Haigh, S.J., Lyons, R.E., Oiko, V.T.A., et al. 2017. DISCOVERER — radical redesign of earth
observation satellites for sustained operation at significantly lower altitudes. Proc. 68th International Astronautical Congress (IAC),
Adelaide, Australia, 25-29 Sept. 2017

[34] Virgili-Llop, J., Polat, H.C., and Romano, M. 2016. Using shifting masses to reject aerodynamic perturbations and to maintain a stable
attitude in very low earth orbit. Proc. 26th AAS/AIAA Space Flight Mechanics Meeting, Napa, Calif., USA, 14-18 Feb. 2016. AAS 16-
354, 2016

BIOGRAPHIES OF AUTHORS

37


http://space-track.org/
https://www.space-track.org/
http://agi.com/products/satellite-design-and-operations

Dijlah Journal of Engineering Science (DJES) Vol. 2, No. 1, March, 2025, pp. 29-38

ISSN: Printed: 3078-9656, Online: 3078-9664, paper I1D: 26

Lect. Ali M. Kadhim, Received His Higher Diploma degree in the
computing scince from University of East Anglia / England — UK in 1990
and MSc in computer scince from University of Technology —Baghdad
Irag -1992. He has been a full-time lecturer and head of computer scince
and engineering technique departments in the Al_Salam College, Baghdad,
Irag,for 10 years since Nov. 2003. Currently, he is a full-time lecturer in
computer engineering techniques Department/ Dijlah University College/
Baghdad/ Iraq since 2013, ongoing He can be contacted at email:
ali.alsalihy@duc.edu.iq.

Asst. Lect. Mohammed W Hussein, He obtained a bachelor s degree in
electrical and electronic engineering from the University of Sarajevo —
Yugoslavia in 1985. He obtained a master s degree in electrical and
electronic engineering from the University Belgrade — Yugoslavia in 1987.
He is lecturer at Dijlah University College, Computer Technology
Engineering Department, from 2010 and continues until now.He can be
contacted via e- mail: mohammed.alameen@duc.edu.ig.

B.Sc. and MSc. in electrical engineering from University of Basrah - Iraq in
1983 and 1986 respectively.

From 1988 to 2012 he worked as Lecturer at Department of Electrical
Engineering - college of engineering - University of Basrah/lrag. Since
2013, he was joined the Al-Iragia University - Department electrical
engineering. He has authored/ co-authored many scientific papers in various
fields of electrical engineering and his technical interests include
instrumentation, communication systems, digital signal processing, and
digital filters. He can be contacted via e- mail:fawzi.mohammed@duc.edu.ig.

38




