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ABSTRACT
STU-2, also known as TW-1, is a technology experiment mission, consisting of 3 Cube satellites, with three main
payloads being distributed among the three satellites. It was launched into orbit on Sept 25, 2015. An optimal
camera is carried on the STU-2A, a 3U CubeSat, for polar region observation of icing situation, to serve for science
exploration and North Polar marine route navigation. An AIS receiver is carried on the STU-2B, a 2U CubeSat, for
marine traffic services. An ADS-B receiver is carried on the STU-2C, a 2U CubeSat, for monitoring air traffic
information. Meanwhile, a few new technology IOD payloads are carried on-board including a cold-gas micropropulsion thrust module, a SoC dual band GPS/BD receiver, a test board for SDR based ad-hoc networking
communication, as well as a multi-axes inertial sensor module. This paper presents the satellite system design, the
in-orbit experiment results, and some lessons learned.

，

commission and operation, test results and some lessons
learned from this mission.

INTRODUCTION
The STU-2 mission, known also as the TW-1 mission,
is a small CubeSat constellation or network, being
launched into orbit in Sept 2015, as the first batch of
CubeSat in China[1]. It was designed to explore the
integrated services for Earth observation and marine/air
traffic information collection and monitoring, by using
the low-cost and off-the-shelf CubeSat technologies. It
consists of 3 CubeSats, one 3U CubeSat and two 2U
CubeSats, carrying different payloads and instruments,
being launched into an LEO SSO orbit, forming an
along-trace satellite network and/or constellation. The
main tasks and objectives of this mission are:


Earth observation for polar region icing situation,
with an on-board optical camera;



collection of global marine traffic information
with an on-board AIS receiver;



collection of global air traffic information with an
on-board ADS-B receiver;



demonstration of new technologies, components
and subsystems, including a SoC dual-band
GPS/BD receiver, a MEMS cold-gas micropropulsion module, and a multi-channel inertial
sensor, as well as an inter-satellite communication
test module - the Gamalink.

Table 1 Satellites design configuration
CubeSat

STU-2B

STU-2C

Satellite

3U CubeSat

2U CubeSat

2U CubeSat

Main
Payloads

Camera

AIS
Receiver

ADS-B
Receiver

New
Technology

GPS/BD,
Micro-Prop.
Gamalink

GPS/BD,
Gamalink

GPS/BD
Inertial
Sensor

The next section gives an overview of the three satellite
design and configuration, then followed by a section
dedicated to in-orbit test result discussion, for satellite
platforms, payloads, and those new technology
demonstration modules as well. Some lessons learned
are elaborated before concluding the paper.
SATELLITE DESIGN
STU-2A
STU-2A is a 3U CubeSat with body mounting solar
panel, passive thermal control except for battery where
a heater is applied to ensure certain temperature. 3-axis
attitude stabilization and control were designed based
on fine Sun sensor, Star tracker, reaction wheels, and a
micro-propulsion module. The satellite physical
outlooks are shown in Fig.1.

The configurations of the 3 satellite are given in Table 1.
The 3 CubeSats were launched into an SSO orbit at
481km, on Sept 25th 2015, in Jiuquan, China. This
paper will discuss the satellite design, in-orbit
Wu
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The main payload is an optical camera for polar region
observation for icing situation, with a ground resolution
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of 94.4m and a swath of 222km from an orbit of 481km.
It works in inconsecutive mode, and the two sequential
images should overlap a bit to have a continuous
observation of the polar region. It is an CMOS based
color camera for still imaging, being jointly developed
by in-house engineers and experts from Xian Institute
of Optics and Precision Mechanics, Chinese Academy
of Science

The GAMALINK is also a new and advanced
component developed at the Tekever Ltd in Putogeese,
being developed based on Software-defined Radio
(SDR) and Mobile wireless Ad hoc NETworks
(MANETs)[3].
The ADCS consists of magnetometer, magnetorquers, 5
coarse Sun sensors, a fine Sun sensor, a micro Star
tracker, and 3 reaction wheels, as well as the CubeProp
micro-propulsion module for technology demonstration.
For data transmission, an S-band transmitter is used,
working at a frequency around 2.42GHz, providing a
data rate of 125kbps.
For TM/TC, an UHF band transceiver is used at a
frequency around 435 MHz. The data rate is chosen to
at 4.8kbps to leave more communication budget margin.
The OBC is using a mature product, NanoMind A712D
from GOMSpace. It carries on-board a 3-axis
magnetometer to sense the Earth's magnetic field and
coil drivers that can be used to implement attitude
control based on magnetic sensing and actuation.

`
Fig.1 STU-2A Satellite

For EPS, a space-proven COTS product for CubeSat is
chosen. Maximum power point tracking (MPPT) of
panels is adopted for optimal power generation. The
number of the regulated power buses has two:
3.3V@5A and 5V@4A.

Other payloads for technology demonstration include a
dual band GPS/BD receiver, a micro-propulsion module,
and an integrated communication module (the
Gamalink module). The dual band GPS/BD receiver is
an in-house developed system on a chip (SOC), as
illustrated in Fig.2, with a size of 22.4mm,17mm,2.2
mm, a mass of 4g, a power consumption of 0.5W, and
an operation temperature range of [-40 85] . It can
achieve a position accuracy of 5m in horizontal and
10m in altitude, a velocity precision of below 1 m/s,
with a sensitivity of below -130dB. Its cold-start time is
within 1 minute and warm start time within 10s.

STU-2B
STU-2B, as illustrated in Fig.3, is a 2U CubeSat. To
enhance on-board power supply, body-mounting solar
cells and two deployable small solar panels are used, as
shown in Fig.3. The momentum-biased three-axis
stabilization and control is implemented via two
momentum wheels mounted on one axis (with onefailure redundancy) combined with the magnetic
control strategy. For OBC, EPS and TMTC subsystems,
the same products with STU-2A were chosen.

℃

Fig. 2 Dual band GPS/BD receiver

The micro-propulsion module, CubeProp, is a newly
developed cold-gas propulsion system based on MEMS
technology, which was contributed by NanoSpace from
Sweden[2,4].
Fig.3 STU-2B Satellite
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then UHF antennas were released with a delay of 20~25
minutes from the tip-off moment. The UHF transmitters
on-board all 3 satellites were set as silent also for a
period between 30 and 45 minutes after the tip-off, to
avoid signal interference among the three satellites. For
in-orbit commission, a temporary UHF ground station
was set up in the Shihezhi University, Xinjiang
Province, China, which could see the CubeSat on their
first orbit after the launch.

Its main payload is an AIS receiver, to receive marine
traffic information of the ground. It carries also two
new models of dual band GPS/BD receiver, which are
different version from that on-board STU-2A, mainly
for technology demonstration and new product
development/verification.
STU-2C
STU-2C, as shown in Fig.4, is a standard 2U CubeSat,
with body mounting solar panel, passive thermal
control. Pure magnetic control scheme is adopted.

The satellites were put into orbit on Sept 25th 2015,
9:52am Beijing time. In the first pass over the Shihezhi
ground station, at 11:12am, space-ground links were
successfully built up. The received TM data showed
that the satellites had already completed the rate
damping mode. For example, the residual angular rates
of STU-2A had been reduced to be within 0.3 deg/s,
and entered already into Sun pointing mode
automatically, which comply with the simulation
analysis results for de-tumbling mode.

Its main payload is an ADS-B receiver, to monitor civil
airplane flying within the nadir space region of the
satellite. The payload is provided by GOMSpace,
upgraded from the heritage and experiences of the
GOMX-1 mission.
The other payloads for demonstration include a dual
band GPS/BD receiver and a multi-channel inertial
sensor. The GPS/BD receiver is using the same chip
sized receiver as that in STU-2A. The inertial sensor is
using the commercial component of ADIS16448, which
includes a triaxial gyroscope, a triaxial accelerometer, a
triaxial magnetometer, and a pressure sensor. Each
sensor has its own dynamic compensation formulas that
provide
accurate
sensor
measurements.
The
ADIS16448 is packaged in a module that is
approximately 24.1 mm × 37.7 mm × 10.8 mm and has
a standard connector interface.

Then a series of TMTC actions were executed from the
Shanghai and Nanjing ground stations. All the mission
payloads were successively switched on, valid data
were received respectively, as to be discussed later.
Hereby a few results about the satellite bus are
illustrated.
For thermal aspect, TM data show that all the three
satellites stay within their designed range. The
temperature within each satellite varies between 0 27 for STU-2A, 9-22 for STU-2B, and -10~20
for STU-2C (and 1~14 for battery). Fig.5 shows the
thermal environments variation during two orbits within
the STU-2A satellite bus, measured from different
thermometers, showing that the variation of temperature
within the STU-2A is between 0 and 37 .

℃

℃
℃

℃

℃

Fig.4 STU-2C Satellite
Fig. 5 Temperature variation within satellite STU-2A

For power aspect, all the three satellites show steady
power supply and a good balance between charging and
discharging. Fig.6 illustrates the EPS charging and
discharging situation of the STU-2A, as measured on
Nov 1st 2015. The bus voltage varies between 16.6V
(saturation for charging) and 16.35V at the end of
eclipse period, showing a steady status of EPS.

IN-ORBIT RESULTS
In-Orbit Commissioning
The 3 CubeSats were all powered-off during the launch
campaign. After being released from the launcher.
power were switched on automatically for all satellites,
Wu
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could show a brief impression of the most busy air
traffic like the European, the North of American and the
East of Asia. Several routes across continents could be
clearly seen from the map. In sharp contrast, the ADS-B
messages heard from southern hemisphere is so rare
and is not so realistic although in generally air traffic in
South African and South American is much less than
the northern part. RAM storage may be the greatest
cause which makes the receiver has no space to record
the data during the satellite passing the southern
hemisphere. Another possible contributor is the
unstable attitude of STU-2C, which might point the
helical antenna away from nadir direction.

Fig. 6. The EPS charge and discharge situation of STU-2A

ADS-B data collection
On the second day after the launch, Sept 26th 2015,
when the STU-2C passes over the Shanghai ground
station at 18:15pm, tele-command was sent to deploy
the helical antenna and switch on the ADS-B receiver,
as the first trial. Immediately the STU-2C captured
ADS-B signals transmitted from 16 aircraft flying under
the satellite. After one orbit, on 19:50pm, it captured
51665 signals transmitted from 405 different aircraft.
Since then the receiver has successfully received over
132425 ADS-B signals from 19381 aircrafts (Based on
data collected by 10th Jan, 2016).
The signals received by ADS-B receiver is decoded onboard to get the necessary short information, including
plane ID, lantitude/longitude/altitude, speed, and the
timestamp as well. Based on the telemetry, the max
number of frames for the receiver to decode is 182
every 10 seconds, and min number could be zero during
the pass of some the oceans. The distance between the
plane being heard and the satellite (STU-2C) can reach
1500km which indicates the sufficiency of the link
budget.
One limitation on receiving the payload data is the data
transmitting capacity – currently we are using the UHF
transmitter to download the ADS-B message.
Furthermore, the SD card, supposed to store the data
collected by the payload was found not working well in
space and thus we have to depend on the limited space
in the RAM which only can store less than 2000
messages each time. The message in RAM could be
removed automatically by a garbage collector runs by
the MCU in the receiver when the messages of planes
haven’t been heard again for several hours. The receiver
can received over 10000 messages a day, but we could
only download around 2000 to 3000 messages everyday
by telemetry during the STU-2C passing over the
Shanghai station.

Fig. 7. STU-2C captured aircraft data over one orbit, one day
and one month

Earth Observation
On Sept 29th, 9:30am, the first Earth observation picture
was successfully captured by STU-2A. Since then, over
hundred pictures were taken, mainly focusing in the
Antarctic region, especially during the Xue Long
Antarctic Expedition mission trip towards to and

The accumulative data over one orbit (Spet 26, 2015,
18:15 – 19:50), one day (Nov 1 2015) and one month
(Oct 12- Nov 11, 2015) are illustrated in Fig 7, which
Wu
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backwards from the Antarctic region. Up until the
moment of writing this paper, the Camera on-board
STU-2A is still fully functional with satisfactory
performance. Results showed a good performance of
the CMOS color camera developed for the STU-2A.
Fig 8 and 9 illustrate example pictures taken by STU2A during its commission phase.

Fig. 8. The edge of the Earth, taken on Oct 10th 2015
Fig.10 Four imagines from STU-2A on Feb 20 2015 as placed
into the Modis250 pictures on the same day

Fig 11 & 12 illustrate the detailed images from STU-2A,
and the comparison with Modis250. Analysis shows
that the STU-2A picture gives a much higher resolution
as compared to the Modis250 data, which is announced
with a ground resolution of 250 meters. It proves that
the obtained STU-2A image has reached below
100meter in ground resolution.

Fig.9 Tapajos river and Amazon river, map of google Earth
(Up) and the picture of STU-2A (Down), taken on Oct
14th 2015

The pictures taken for the Antarctic region were used to
calibrate its exact position with the openly available
Modis250 data. Figure 10 shows a set of 4 pictures
taken by STU-2A are placed against the Modis250
imagines. The coastline characteristics are used to
determine and calibrate the attitude error of the
satellites by comparing the on-board attitude
information with the real attitude vector calculated from
geographical image match processing.
Wu

Fig.11 STU-2A images taken on Feb 20 2015
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Despite the induced high spin rate, the orbit change can
be still observed from the orbital parameters (Two Line
Element data obtained from space-track.org), as
illustrated in Fig 14. Analysis of the TLE data indicates
that the thruster firing actually had lifted the orbit ca
600 meters, which is far below the expected level due to
the spinning of the satellites. In other words, if the
attitude of the satellite was kept stable during the firing,
a much higher orbit lift could be observed. Still, this
results shows the good capacity of the CubeProp
module - the total propellant capacity onboard STU-2A
corresponds to running two thrusters for at least 6 hours,
which could translate to an orbit raise of some 40+ km.

Fig.12 STU-2A image (L) vs Modis250 image (R)

CubeProp Firing with Accidental Spinning-up of the
Satellite and the Rescue Efforts
Following a bit more than one month commissioning
phase where all systems where checked out, the first
thruster firing was conducted on November 5th 2015 at
10:09 (UTC). Before firing the thrusters, a heating time
of 30 minutes was applied to raise the tank temperature
to be above 20 , such as to be able to produce a thrust
level of 1mN by each thrusters. Limited by the low
sampling rate of CubeProp TM data of 1/16 Hz, and the
limited overpassing time, the initial firing tests were
defined to fire both the throttle B and C (in diagonal)
for continuous 5 minutes.

It was a very big struggle and effort to find the way to
rescue the satellite from its high spinning status.
Initially individual thruster or pair of thrusters of the
CubeProp were commanded to reduce the spin rate,
which did decrease the spin rate downwards a few deg/s,
however, on the next pass, the spin rate resumed back
to ca 65deg/s. Longer firing was also used to bring
down the spin rate to be over 10 deg/s less, but the rate
of ca 65 deg/s resumed again after one orbit.

℃

After half an hour, the received TM data of CubeProp
shows that the pressures of nozzle B and C, which is
proportional to the thrust level delivered by that throttle,
has shown a big difference soon after the firing. By
proper calculation, the resulted thrust level of thruster B
and C are illustrated in Fig. 13, which shows that the
thrust level of throttle B was dropped off rapidly. Thus
an unbalanced thrust firing occurred during this 5 min
firing which lead to a high rate spinning of the whole
satellite at the end of the firing. The ADCS measured
spin rate was at the level of ca 65 deg/s (measured by
an redundant MEMS gyro on-board NanoHub), far
beyond the designed entry envelope of the ADCS detumbling mode.

Fig.14 STU-2A orbital altitude per day after launch. Based on
TLE data published by space-track.com.

Analyses show that there is one sample time (1 sec)
delay in the de-tumbling control loop based on
magnetometer and magnetorquer. The control was
calculated based on the last-minute measurements of
the magnetorquer from last cycle, and was sent out right
after getting a new measurement (to be used for next
cycle) of the magnetometer. For low spin rate, the
control loop works well, but for high spin rate, it turn
into a cycle oscillation with a steady working point at
ca 65 deg/s. ADCS simulation revealed and repeated
this phenomenon. Thus it was concluded that the detumbling control mode of ADCS is actually resisting
the spin rate to be reduced from its current stable point
of ca 65deg/s. Simulation analysis shows that only
when the spin rate is below ca 20 deg/s, the current de-

Fig.13 STU-2A imagines (L) vs Modi250 image (R)
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transmitter. The current demonstrated communication
range of 360km could be useful for a swarm of
satellites flying in formation within a limited range to
maintain communication links between each other, by
switching into different frequencies when talking to
different satellites.

tumbling control loop could bring the working point to
be at zero.
With this finding, the ADCS was switched off, while
the thrusters are commanded to fire against the spin rate.
This scheme was made feasible thanks to the CSP[5] as
adopted on-board the satellite, which provides the
capability of commanding other modules on-board
satellites directly from TMTC, rather than going
through OBC all the time. Taking the lesson of a too
long firing at one time could have big risks, a sequential
thruster firing was planned and executed, to bring the
satellite spin rate to be well below 20 deg/s. Totally a 7
days thruster firing between 3 and 7 minutes were
executed, as illustrated in Fig 15, in late December
2015. The spin-rate was closely monitored during the
firing, to ensure its steady decreasing. This process
ended up when the spin rate was observed to be reduced
down to ca 13 deg/sec, as shown in Fig 15.

GPS/BD receiver
The GPS/BD receiver on-board STU-2A and 2C are
demonstrated to be operating properly as expected in
orbit. The satellites in view and c/no can satisfy the
receiver to maintain capturing the signals (or fix itself)
from both the GPS constellation and the BD
constellation. The receiver was turned on when the
satellite was passing over Shanghai ground station, and
it results in a quick lock of GPS/BD signals in orbit, the
first time to fix is less than 5 min in-orbit, similar as
the ground test result. The accuracy of the GPS/BD
receiver was studied by comparing the position and
velocity information propagated based on the elements
from Two Line Element sets to the satellite position and
velocity data obtained in orbit from the GPS/BD
receiver.
TLEs are currently the conventional approach for
CubeSat orbital tracking, which could be downloaded
from North American Aerospace Defense Command
(NORAD) website and are updated every day. By using
Simplified General Perturbations Satellite Orbit Model
4 (SGP4) propagator in Systems Tool Kit (STK) based
on the TLEs, the satellite orbit information can be
estimaed. Considering the precision of TLE is around of
hundred meters and will deteriorate by times, the
calculation can only give us a general estimation of the
in-orbit performance.

Figure 15: Sequence of thrust firings to de-spin the STU-2A
Then the ADCS was switched on, and the de-tumbling control
mode based on magnetic control worked well to further
decrease the spin rate down towards the working point at
around the zero deg/s, and the rescue campaign was
successfully completed at around the Xmas time of 2015.

Both satellites collect the GPS/BD receiver’s output
every 8 second and download them through telemetry.
Due to the limited memory space in the OBC and
limited access time with the satellite, several in-orbit
data lost. Two sets of data from STU-2C were used to
compare with the TLEs data. In set 1, the orbit
information propagated from the TLEs with orbit epoch
2 hours before the in-orbit GPS data was used to verify
the accuracy of orbit. In set 2, a TLE with epoch nearly
8 hours before the in-orbit GPS data starting time is
propagated to determine the orbit of STU-2C. The two
sets of data used in the analyses are listed in Table 2.

Inter-Satellite Communication Experiments
All the three satellite carry the same UHF data
transceiver, mainly for the TMTC function. However,
since they are working in the same principle, and their
frequency can be configured on-board satellite, a trial
test between STU-2A and STU-2C for inter-satellite
communication has been conducted in Oct 2015, when
the two satellites were not separated too far away.

As a result, the accuracy of position is assessed at
around 579 m, and the accuracy of velocity is at
0.95m/s in the set 1. They became 2,7km and 2.86 m/s
in the set 2. The result is summarized in the table below.

Practical tests show that these two satellites could
communicate with each other by using the UHF
transceiver once the distance between them is within
360km. A data rate of 4.8kbps has been demonstrated,
which laid down a good basis for further experiments
for inter-satellite communication based on UHF
Wu
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In-orbit data
interval (s)

Number
of points

2015/10/27
10:30:20

Start time
of in orbit
data
(UTC)
2015/10/2
7 11:39:20

8

2000

The assessed or confirmed performance data are far
lower above the design specification of the GPS/BD
receiver, which is at or below 10 meter. This is caused
by the lack of a more accurate reference signal on-board
the satellites. In order to assess the real performance, a
better reference as compared to the GPS/BD receiver to
be assessed in necessarily needed.

2015/10/30
2:37:19

2015/10/3
0 10:18:09

8

2000

UHF background noise measurements

Table 2 Information of TLE data and data in orbit
Set

TLE orbit
epoch
(UTC)

1
2

As a by-product of the STU-2 mission, the UHF
background noise, which is very critical to the
telecommand uplink at UHF, over the global Earth has
been measured and recorded by the on-board UHF
transceiver during the period of Nov to Dec 2015, as
illustrated in Fig YY.

Table 3 Error analysis of the GPS/BD2 data in-orbit
Set

RMS

Std

Position
(m)

Velocity
(m/s)

Position
(m)

Velocity
(m/s)

1

X: 199.7
Y: 266.7
Z: 473.8
3-axis:
579.22

X:0.693
Y:0.599
Z:0.268
3-axis:
0.954

X: 23.4
Y: 18.2
Z: 4.7
3-axis:
30.015

X:0.634
Y:0.539
Z:0.256
3-axis:
0.871

2

X: 1072.1
Y: 1274.1
Z: 2131.9
3-axis:
2705.13

X:1.600
Y:2.100
Z:1.100
3-axis:
2.86

X: 268.7
Y: 317.6
Z: 128.6
3-axis:
435.439

X:0.477
Y:0.671
Z:0.586
3-axis:
1.011

It shows that background noise level above the east
China region is much higher than elsewhere of the
world, resulting in the bad performance of the
telecommand uplink at UHF for the STU-2 CubeSats.
Very often multiple transmissions have to be used to
upload one command to the satellites.

.

Figure 16: Global UHF background noise level measurements [measure in dB]

other signals emitted from transmitter or specific
circuits. Necessary simulation and live test with
EM can be implemented. Proper RF design at the
very beginning of the mission could avoid some
rework during the development phase. Additional
mental shell sometimes may be helpful to get rid

LESSONS LEARNED


Reconfigurable design for software or even
hardware design could be greatly helpful to avoid
unexpected problems during the development.



EMC issue is a critical thing in Cube satellite
design. Receiver may be easily influenced by the

Wu
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orientation error, and even an instability of the
attitude.

of the interference. A sensitive receiver may also
be too sensitive to interferences.


Developing software tools with proper visual
display and data analysis function for ground test
could greatly facilitate the process of performance
test.





An orbit determination method with higher
precision than TLEs for CubeSat should be
figured out for better evaluation for sensitive
GPS/BD receiver in space.

SUMMARY





In-orbit commission, operation, and test results are
presented to illustrate the various aspects of the mission,
with practical results being elaborated. Many lessons or
useful experiences are drawn out, which could be very
useful for future CubeSat mission and for further
extension of CubeSat missions.

For thermal aspect, to protect battery from the low
temperature, the heater needs be switched on
when temperature falls to zero. From on the inorbit results of STU-2, the heater barely work
during the last six months. The power
consumption of heater is too much for CubeSat.
Thus developing a new kind of battery which
could tolerate the low temperature would a better
way or effective direction to completely solve this
problem.
Redundant backup of key devices, e.g. the MEMS
gyro in this case, could greatly improve the
reliability, providing more measures in case of a
rescue operation.



On-orbit injection of software parameter is
necessary for calibration, and for in-orbit
reconfiguration.



The impact of residual magnetic field on-board
the CubeSat remains to be a very critical issue.
The 18650 lithium-ion batteries have a significant
magnetic dipole which is at the same order of
magnitude comparing with magnetorquer of STU2 satellites. This remanence could result in a large

Wu

This paper presents a small Cube satellite constellation,
the STU-2 mission, to explore the integrated services
for Earth observation and marine/air traffic information
collection and monitoring, with distributed payloads
among three CubeSats, based on the low-cost and offthe-shelf CubeSat technologies.

PC104 is used as the mainly system connector
according to the CubeSat specification. However,
its AIT is rather difficult, as a lot of time must be
spent on dismounting and reinstalling multiple
PC104 boards. A more flexible and easy to install
connector or a connector board specially for
connecting and testing all the subsystem could be
very useful.



Magnetometer should be placed as far as possible
from large current devices to avoid magnetic
interference. If possible, it is better to deploy it on
a boom.

References

9

1.

Wu S-F, Chen W., Cao C-X, Zhang C-X, Mu ZC, He T, Jia Z-Q, Wu Z-Y, Dai Y, Ginati A.
"Earth Observation and Marine/Air Traffic
Monitoring
with
a
Multiple
CubeSat
Constellation", IAC.15.B4.4.3, 66th International
Astronautical Congress, Oct. 12-16 2015,
Yerusalem, Israe

2.

Anon, CubeSat MEMES Propulsion Module,
http://www.sscspace.com/about-the-ssc-group/
ssc-companies/nanospace/publications-2,
Retrieved in Aug 2015

3.

Rodrigues, P., Oliveira, A., Mendes, R. “SDRBased Ad Hoc Space Networks (SASNETs)”,
IAC-11-B2.1.3, 62nd IAC, Cape Town, South
Africa, 2011.

4.

T-A Grönland, K. Palmer, K. Jonsson, J. Bejhed,
Miniaturisation Enables Propulsion Also For
Micro- and Nanosatellites, The 4S Symposium,
Valletta, Malta, May 30–June 3 2016

5.

Anon. Cubesat Space Protocol, https://en.
wikipedia.org/wiki/Cubesat_Space_Protocol,
Retrieved in Aug 2015

30th Annual AIAA/USU
Conference on Small Satellites

