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X-CubeSat is a nanosatellite designed by student of École Polytechnique, developed between 2011 and 2016, and 

launched on May the 17th 2017 from the ISS. As a part of the QB50 project, which aims to facilitate the study of the 

thermosphere with a network of student satellites. We would like to present our post mission analysis and our 

experience feedback Thanks to more than one and a half year worth of housekeeping data collected by our ground 

station and the collection of two-line elements across the satellite lifespan, we may put the physical measurements of 

the CubeSat, such as solar panels temperature, voltage and current, battery charge and temperature other subsystems 

states, regarding the satellite position at the time of their emission. This analysis will provide validation or refinement 

for the models developed by the students during the development of the CubeSat, for use in our future projects. 

Searching for correlation in sun exposure and solar panels energy production will also allow to get to the satellite 

altitude to assert the effectiveness of the ADCS. The power system performances and aging may also be studied 

through battery temperature and the collection of current measurements. This feedback will be used for the next 

student CubeSat mission. 
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1. Introduction 

X-CubeSat was the École polytechnique’s take on the 

QB50 program led by the Von Karman Institute. This 

program aim was to use a constellation of CubeSat to 

provide new measurements in the thermosphere, a 

region of the atmosphere seldom explored due to the 

quick orbit decay induced by the atmospheric drag. 

Thus, CubeSats were a cost-effective solution for 

short measurement missions at those altitudes. Then 

QB50 was also an opportunity for universities to start 

experimenting with nanosatellites and to involve 

students in space projects. X-CubeSat and its twin, 

SpaceCube were 2U CubeSat fitted with FIPEX 

probes to quantify the amount of atomic oxygen in the 

low thermosphere (bellow 400km). 

The satellite is designed as a stack of homemade 

boards, with a power unit with two batteries and 

connected to four solar panels, on board computer 

based on an ARM M4 chip, VHF and UHF boards 

using omnidirectional antennas, a three coil ADCS 

and an interface for the payload (see Fig. 1). The 

satellite was supposed to carry a GPS receiver that 

was discarded before launch due to its high 

consumption. The satellite was operated from a radio 

amateur ground segment in the École polytechnique 

school campus (Palaiseau, France) where a schedule 

for measurement phases was sent and telemetry was 

received. During a measurement phase, the ADCS 

would align the probe with the prograde vector and 

turn it on. The data was stored on board until it was 

requested from the ground segment. The ADCS was 

turned off if the payload was not active, as with solar 

panels on four faces, no control was required to 

provide energy. Moreover, the satellite was constantly 

sending housekeeping frames every 15 seconds aimed 

at the radio amateur community.  

 

Fig. 1. The overview of the board stack. 

X-CubeSat left the ground on March 22, 2017 aboard 

the CRS OA-6 resupply mission and was launched 

from the ISS on May 17 at 405 km. The first telemetry 

was received a few hours later, however the 

telecommands for measurement startup could not be 

acknowledged by the satellite, and it remained in 

basic, housekeeping sending mode for the full extent 

of the mission. While the mission was supposed to last 

six months, X-CubeSat deorbited on February 4, 2019, 

at 200 km after having sent 627 days of housekeeping 

data.  

The obtained physical parameters of the satellite can 

be used for the next CubeSat missions. This article 
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aims to show what conclusions were reached by 

analyzing these telemetries, in order to refine the 

development process of our next CubeSat missions. 

2. Data 

As told before, in its idle mode, X-CubeSat sends 

every 15 seconds a set of internal measurements, 

including temperature tension and current in each four 

solar panels, temperature and tension of the batteries, 

temperature of the OBC, and current in ADCS and 

RX/TX. The frames are modulated with the public 

AX 25 protocol at 1200 bauds 

With the ground segment, we were able to receive 

13278 over the mission length. However, the 

regularity of the communication with the spacecraft 

was not maintained through the mission, due to 

technical issues and moving of the segment, a few 

periods are devoid of data.  Fortunately, the radio 

amateur network helped us retrieve many frames 

thanks to the SatNOGS network that provided 12369 

additional housekeeping messages. Additionally, the 

whole set of Two-Line Elements (TLE) of the 

spacecraft (1721 elements) was retrieved from the 

celestrak database. 

We may compare the on-board time of the satellite 

with UTC thanks to the timestamp applied on 

messages when received. If we remove the anomalous 

values caused by radio amateur stations not on time, 

we may observe a nearly constant drift of the on-

board time, resulting in a six minutes offset at the end 

of the mission (see Fig.2). 

 

Fig.2. The on board time offset. 

This data allowed to correct the timestamp on all our 

recorded messages, by interpolating the reception time 

of a message with the two closest ground-dated 

frames. This stem was necessary to compute 

accurately the satellite position when the frames were 

sent from the TLE set.  

We obtained the next physical parameters of 

spacecraft subsystems : the solar panels temperature, 

the battery temperature, the on board computer 

temperature, the electric tension, the electric current, 

the battery charge, the satellite position at the time of 

their emission. 

3.1 Temperatures analysis  

We performed temperature analysis of each spacecraft 

system. The solar panels temperature, the battery 

temperature and the on board computer temperature of 

the X-CubeSat were obtained by Ecole polytechnique 

ground station. The solar panels temperature change 

between -32 and +60°C. . Figure 3 shows the 

temperature changing for each panel. 

 

Fig.3. The evolution of the solar panels temperature 

during the mission. 

Figure 4 shows the average temperature changing for 

the one solar panel of X-CubeSat spacecraft. The 

same result was obtained for each solar panel. We 

observe the absence of the data during the several 

period when our ground station did not work. To 

complete our data we used the SatNOGS database of 

the radio amateur community. 

 

Fig.4 The average temperature evolution of the solar 

panel 3 obtained by our ground station. 

The battery temperature change between -8 and 

+25°C. Figure 5 shows the battery temperature 

evolution. We obtained a similar result of the 

temperature variation by our simulation during the 

mission development (Fig. 6). 
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Fig.5. The measurement of the battery temperature 

during the mission.  

 

Fig.6. The simulation of the batteries temperature 

evolution obtained during the X-CubeSat 

development. 

The on board computer temperature change between -

0 and +33°C. Figure 7 shows the on board computer 

temperature changing and the sun exposure per orbit. 

Our on board computer worked during all mission 

without the problems, we did not the reset of the on 

board computer.  

 

Fig.7. The evolution of the on-board computer 

temperature and the sun exposure per orbit. 

3.2 Variation analysis 

All the temperatures of the spacecraft subsystems 

experience a variety of periodic changes, ranging from 

a few minutes period induced by the craft rotation, 

variation caused by the eclipses, and longer scale 

variation with a 70-day period. Due to the uneven 

time distribution of our data, we chose to study the 

later variation, as it influences the extrema in 

temperature experienced by the spacecraft. The 

amplitude of this variation is less prevalent on the 

internal subsystems but is still enough in the case of 

the batteries approach the limits of the nominal range. 

The most convincing explanation is the change of the 

beta angle of the orbit caused by the nodal precession 

of the orbit. The TLE set provides the right ascension 

of the ascending node whitch, accordingly to the 

nodal precession calculations shows a drift of one full 

rotation in 70 days (see Fig. 8). 

 

Fig.8. The right ascension of the ascending node of X-

CubeSat observation. 

This drift directly shows in the beta angle  

 

where both this drift and the seasons may clearly be 

distinguished (see Fig. 9) 

 

Fig.9. The calculation of the variation with the beta 

angle. 

Then the length of the eclipses can be computed and 

the results overlaps with the temperature measurments. 

Especially with the maximum temperature occurring 

during eclipse, free orbits (see Fig 10). Figure 10 

shows the calculation of the eclipses duration as a 

fraction of the orbit. This study highlight the need to 

expect extreme thermal environment in low earth orbit, 

as the average light flux may greatly increase when 

the orbit normal vector is facing the sun. For X-

CubeSat this has caused high temperature peaks in the 

thermal sensitive battery unit (see Fig.7) 
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Fig.10. The calculation of the eclipses duration as a 

fraction of the orbit. 

3.4 Spacecraft attitude analysis 

Without feedback from the ADCS subsystem, turned 

off as the payload couldn’t be activated.  We had to 

rely on the solar panels to act as solar sensor in order 

appraise the rotation of the spacecraft. With four faces, 

each with its own current sensor, we have an image of 

the sun exposures of four sides of the spacecraft. 

Unfortunately, long passes of the spacecraft over a 

ground station are needed to have a meaningful 

variation of the current in the solar arrays. 

Unfortunately, the observation window rarely 

exceeded 10 minutes, for 40 measurements. Also, a 

spectrum analysis of these signal over long periods 

could not converge to precise frequencies. Thus, we 

could observe the singular events to evaluate the 

rotation of the spacecraft (see Fig.11).  

 

Fig.11. A sample of the solar panels current 

This kind of set show the sun exposure transiting from 

one side of the spacecraft to the next over a 10 

minutes window. From these events we may only 

deduce that the rotation of the spacecraft is slower 

than a fourth of a rotation 10 minutes, or 0.15°/s.  As 

the kinetic energy dissipation are weak, especially a 

few months before re-entry, it is safe to assume that 

this angular velocity is close to that of the satellite just 

after it was deployed from the ISS. This is a valuable 

feedback as in CubeSat projects and the detumbling 

phase is scaled for much higher initial speeds. 

3.5 Power analysis of the solar panels 

With the current and the voltage from the solar array 

measured over the mission, it is possible to evaluate 

the aging of the solar cells over the mission. Scatter 

plot shows as expected the characteristic curve of the 

solar cells (see Fig. 12). The smear over the 20-month 

long mission shows the aging of the cells. 

 

Fig.12. The characteristic curve of the solar panel 1. 

4. Conclusion 

X-CubeSat satellite designed by students from the 

French École Polytechnique was in the orbit for 1 year 

8 months. 70 students of Ecole Polytechnique were 

formed during the X-CubeSat development, 

participated in mission operation and data analysis. 

We obtained the telemetry of the satellite physical 

parameters during all mission. We completed our data 

with radio amateur operators’ data.  We performed the 

temperature analysis, the variation analysis and power 

analysis. We observed the 70s days variation for the 

temperature parameters. Our on bord computer was 

working during all mission. The solar panels did not 

have the degradation during X-CubeSat mission. This 

spacecraft state analysis can use for the next CubeSat 

mission. X-CubeSat result proved that our CubeSat 

design works in space that is why we would like to 

use X-CubeSat spare model for the next CubeSat 

mission in collaboration with ONERA. 

Acknowledgements  

We would like to thank Gerard Auvray (X-CubeSat 

development project manager), Olivier Piras, Jean 

Guerard , 70 students of École polytechnique and  also 

for the support École polytechnique, program QB50, 

program JANUS (CNES) and AMSAT-F. 

References 

1) Lapeyrere, V.,  Lacour S., David, L. ,Nowak, M., Crouzier, 

A, Schworer, G. Perrot, P., Rayane, S. , SSC17-III-09 , 

PicSat: a CubeSat mission for exoplanetary transit detection 

in 2017 

2) Florian Marmuse, QB50 Critical Design Review Data 

Package Document 1 CubeSat Design Overview Report 

3) Matéo-Vélez, J.-C. Guérard , J. ASEC 2019, ESD Cubesat 

Payload Definition and Mission Analysis. 



 

Proceedings of iCubeSat 2019, the 8th Interplanetary CubeSat Workshop, Milan, Italy  5 

 


