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1

MAJOR EVENTS

1.1

Final satellite subsystem hardware deliveries
The following subsystems were delivered from ISISpace after the spring 2019 end-ofsemester-meeting:





Generic Interface system, 27 May 2019
OBC daughter board, 27 May 2019
Solar panels, 11 September 2019
Solar panel release mechanism, 11 September 2019

With these units all satellite subsystems have been delivered.

1.2

Fly Your Satellite competition
The MIST project participated in the ESA
“Fly Your Satellite” competition (FYS3)
during the fall 2019. Seven other university
student satellite projects participated in the
final competition for ESA’s technical
assistance and supply of a launch. MIST
registered in the “phase C” (System design
phase) category instead of the “phase D”
(Final test phase) because the on-board
software for MIST is still in the design
phase. MIST submitted the proposal on 13
October and was selected to participate in
the final selection which was carried out in
a workshop over a week’s time – Dec 9-13,
2019.
The MIST team (seven students and one
supervisor) presented the project on 10
December and answered questions for half
an hour from a panel of ESA experts. The
rest of the week was spent going to very
good and interesting lectures from ESA
specialists. ESA:s decision om which teams
would be selected was expected in January
2020.

Figure 1 Solar panel box inspected. From left: Borbala
Bernus (student), Agnes Gårdebäck (supervisor).

However, MIST withdrew from the competition in early January for two reasons. Firstly,
the design work would have to restart by writing detailed requirements specifications – a
work done several years ago. To write all these documents in preparation for a design review
in mid-2020 would have absorbed all available manpower in the project stopping most other
work. Secondly, the earliest possible launch opportunity would have been in 2023. If we had
announced this launch date morale in the project would have dropped considerably.
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The presentations by ESA specialists have been widely used by students as technical
reference material and during the workshop several students in the MIST team ”buttonholed”
ESA specialists during the workshop week.

Figure 2 The MIST team at the "Fly Your Satellite" workshop at ESTEC on 13 December 2019.

1.3

SCI School financing
On 12 December the KTH School of Engineering Sciences (SCI) decided to support the
MIST project by 1 MSEK. Half of that amount is equivalent to the resources gathered for
the SCI school by students taking project courses within MIST or completing their bachelor
and master thesis within the project. The other half was a direct contribution to MIST.

2

STUDENT WORKFORCE

2.1

Fall 2019
There were 18 students were working on the project. Of these 5 only worked during the fall
semester 2019 (see 7.2 below). 15 of the students also worked on MIST in the spring of
2019. Three students kept working into the spring 2020 on a volunteering basis. So, during
2019 a reasonable level of continuity in the workforce was achieved.

2.2

Spring 2020
An almost completely new student team entered the project in January 2020. There are 16
students in the team. Two of those are finishing their previous work during the spring of
2020. One started in August 2019 and keeps working throughout the spring of 2020. One
student continues in the project by doing a M.Sc. thesis after previously having worked for
credits. Three students are finishing the B.Sc. thesis that they started on in the fall of 2019.
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So, 10 students continue working on MIST in the fall of 2020. Three new students are
expected to join the MIST project in August 2020.

2.3

Student work during the Covid-19 lockdown
Students were not allowed to enter KTH premises (except for special laboratory work
approved by the responsible professor) starting in the morning of 18 March 2020. In the
evening hours of 17 March students went into the MIST laboratory and brought out
equipment (not flight hardware) and computers with which they could work in the student
rooms. It was also possible to arrange so that certain software packages installed in fixed
computers at KTH cold be accessed remotely by students. This was the case for the Airbus
Systema software package used in MIST for thermal analysis.
Meetings are being held on-line using the Zoom software. Project meetings run as usual on
Wednesdays at 1200-1300 with sometimes up to 20 participants. A student is the chairperson
and another student takes notes. Four students have returned to their home countries but
they still work on the project and participate in meetings (Italy, India – but the student in
China is unable due to time zone differences). Students run sub-team meetings via Zoom
among themselves and with supervisors on a regular basis.

Figure 3 MIST project team - students and supervisors - spring 2020, Design: Citlali Bruce Rosete.

3

SYSTEM ENGINEERING

3.1

Update of simulations
During the past academic year, the power and data simulations have been thoroughly
updated with new values for experiments and subsystems.
Power losses have been implemented into the power budget simulations. These show the
extra power that needs to be supplied to the experiments.
Data overheads have been implemented into the data budget simulations. The overheads put
certain limitations on the generated data since it needs to be divided into packages.

Page 7

M472

M472-007

The current simulations show no major issues regarding the system budgets. Some
experiments generate more data than others, but it is possible to fit the different experiment
groups together to make sure all data can be downloaded.

3.2

Mass budget
As a preparation for the FYS the mass budget was updated. MIST is currently well under
the mass limit for a 3U CubeSat.

4

MECHANICAL ENGINEERING

4.1

Experiment accommodation, CAD, assembly procedure






4.2

Mechanical parts for testing and flight




4.3

Drawings of all experiments have been thoroughly reviewed and the size of spacers
and number of washers needed to mount the experiments have been determined.
Fit check with prototype printed circuit boards have been carried out to verify the
results.
The cad model is now completed.
The satellite assembly procedure is almost completed.
Screw torque requirement are almost completed.

Dummy solar panels for thermal tests have been designed and some have been
manufactured. The thermal cover plates lds on the earth-facing 1U part of the
satellite. Some of these parts have been manufactured by using high-pressure water
jet.
All the necessary stainless and titanium screws, washers, and nuts have been
ordered on-line or obtained from the subsystem supplier ISISpace.

Mechanical test planning
A vibration adapter used in the SEAM project can be used for MIST and draft procedures
for assembly and vibration tests have been prepared including which flight hardware to be
included in the tests. Mounting interfaces to thermal vacuum chamber have been designed.

4.4

Harness design and manufacturing
At the end of the fall 2019 semester the harness was defined in tabular form as to
connections, connector pin allocation, wire size, wire length, wire twisting and braiding. It
was decided that the manufacturing of the harness needs professional quality and therefore
requires a contractor to carry out. To find out what the technical documentation of the
requirements need to look like a local contractor, Teleanalys, in Solna was contacted for
advice. This was done just before Christmas 2019. It turned out that the requirements had to
be in the form of a drawing for each of the seventeen harness items.
The drawings were ready in early February 2020 and a request for tender was sent to five
possible contractors in the Stockholm area in mid-February and replies were requested for
16 March. At that time the Covid-19 restrictions had set in and one company said they
abstained from bidding, a second promised a proposal and a third, Teleanalys, offered to do
the work free-of-charge if MIST supplied the wiring. Despite repeated efforts to obtain bids
this proved to be impossible.
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Finally, to be able to receive Teleanalys’ kind offer a sponsorship agreement (as per KTH
rules) had to be signed between MIST and Teleanalys. This was done on 29 April 2020. The
value of this agreement is not exceeding 15 kSEK. All wiring conductor have been procured
a delivered to MIST. When updated drawings are completed the whole package will be sent
to Teleanalys.
Several other specialized harness items were manufactured by the subsystem supplier
ISISpace and delivered during the fall 2019 semester.

5

THERMAL ENGINEERING




6

During the fall 2019 a thermal analysis for an alternate orbit was carried out to
explore how sensitive temperatures are to a reasonable variation in orbit parameters
caused by the choice of launch opportunity. Temperature variations were found to
be small.
The instrumentation, support equipment, satellite test configuration, and
temperature profiles for the thermal balance and thermal cycling test have been the
focus on thermal engineering work during this academic year. Also, the thermal
team has supported the mechanical team in analysing the effects of using various
materials in screws, washers and nuts.

ATTITUDE CONTROL


The attitude control software was obtained from ISISpace in early 2019 and
students worked during the rest of 2019 to make it work in a software-in-the-loop
simulation on a laptop where the orbit, magnetic field, and attitude dynamics was
simulated by a Matlab/Simulink script communicating with the attitude control C
code via a software port and other means. This setup was slow thus not being a
viable way of performing S-I-L testing.
Finally, three students were sent to ISISpace on 17 February 2020 for a three-day
workshop where the problems with the simulation were ironed out and it started
yielding meaningful results, in fact, it was migrated to C and pitfalls were
eliminated. At present work on tuning parameters such as the gain of the PD
controller is being performed while perturbations are being modelled.




Also going on is to prepare the software test environment for a planned hardwarein-the-loop tests of attitude control being prepared by a constant cooperation with
the Functional test team (joint meetings are run weekly).
The B.Sc. thesis students have succeeded in developing method to measure the
magnetic dipole moment of satellite parts. In particular the have determined that the
Li-Ion battery cells used in MIST have a magnetic dipole moment of about 5 mAm2
each. The total of four such cells can then be expected to have a magnetic dipole
moment considerably less than the value 50 mAm2 used in simulations and for
which control is still stable.
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The students also determined that the battery cells will not be magnetized by
magnetic tools like screw drivers with magnetic bit holders. However, a “super
magnet” easily magnetizes the cells to intolerable levels. So, the proximity of
magnets must be monitored during all test activities. A possible remedy with degaussing has not been investigated. This could be a task for the fall semester for
another student.

Figure 4 B.Sc.students Rickard Brunskog and Elina Arvidsson in the lab.

7

ON-BOARD SOFTWARE

7.1

Design decisions
In early 2020 a major re-structuring of the original on-board software design (submitted by
a M.Sc thesis student on 19 June 2019) was made to facilitate further development work
which is concentrating on the telemetry and telecommand functions.
During the spring 2020 design decisions concerning the various telemetry modes to be used
in different operational scenarios have been taken. Also, the method of interleaving
telemetry data streams from several sources has been designed.

7.2

Workforce and their tasks
Five students from MF 2063 course worked on OBCSW during the fall 2019 semester, but
the course was mostly limited to software management and very little coding.
Starting with the spring 2020 semester there are two students taking the IL2229 course
(project course in embedded systems) working on the on-board software as well as one
student writing his B.Sc. thesis. The thesis student focuses on how to fragment and defragment (on the ground) telemetry blocks larger than the maximum block size of the radio
link. The IL2229 students are working on “macro commands” (how to expand a single
command sent from the ground into multiple on-board commands) and how to perform fault
detection and isolation, respectively.
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In February 2020 the project was able to hire two additional supervisors (“amanuenser”) to
supervise the students and to do coding on their own. They are working, i.a., on the complete
chain of sending commands from the Mission Control System (“Elveti”) to a generic
experiment simulator that can be configured to emulate the various experiments.

8

FUNCTIONAL TESTING AND ELECTRICAL DESIGN







The M.Sc. thesis concerning power system simulations on the FlatSat functional
testing setup was successfully defended during the summer of 2019.
During the fall semester 2019 extensive testing of the custom-designed subsystems
IGIS (interface board between the PC104 connector subsystem bus and
experiments) and the on-board
computer daughterboard was
carried out. A detailed plan for
the ADCS hardware-in-the loop
test was developed.
During the spring 2020 semester
the hardware and software for
the attitude sensor and actuator
simulators have been developed
(Figure 5 on page 10).
The so-called NanoProp helper
board has been designed with
Figure 5 The Sun Sensor Simulator (left) connects to an
regard to the buck voltage
Arduino (right), which is used to ensure the Sun Sensor
converter needed to convert
Simulator applies correct voltages at its output. (Photo:
the unregulated MIST battery
Citlali Bruce Rosete)
voltage (range: 12-16.6 V) to the
lower voltage used by NanoProp (12 V). Additional design work on this board
involves including a rate gyro that can be used for monitoring the functioning of the

Figure 6 Student Joan Mitjans Blasco measuring the campus radio noise
environment on 4 May 2020. He is pointing at the UHF antenna used in the
measurements which is placed on top of Teknikringen 31.
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NanoProp system and interrupt firing of thrusters if angular rates build up to an
excessive level.

9

GROUND STATION

9.1

Design decisions
In late 2019 major design decisions concerning the
ground station were made based on student work
during the previous semesters.










9.2

The ISISpace Transceiver system including
the G/S computer was selected for solesource procurement in order to save time
and human resources. (These items were
delivered on 29 April 2020).
The antennas and antenna rotators were
also decided upon and also permission to
procure also these items sole-source were
obtained from KTH in early 2020.
The same is true for the lattice tower to
support the antennas which will be
delivered by the Swedish company
Vårgårda Radio AB.
The antennas for receive and transmit
functions have been ordered (via a Swedish Figure 7 Antenna lattice tower and antenna
(pointing straight up) mounting arrangement.
distributor) from the M2 company in the
United States.
The rotator has been ordered in the same way from the Canadian company Alfa
Radio.

Measurements and analyses






1

Measurements of the LNA1 noise figure and characterization of their IMP3 curves and
harmonics have been performed the lab.
During the spring 2020 semester a student has thoroughly analysed the coupling
between transmit and receive antennas in order to determine the need for filtering of
the transmitter output and input to the receive low-noise amplifier to avoid interference
from command transmissions in the receive chain. Results indicate that this will not be
a problem if the appropriate filters are used.
Analysis of the 3rd order intermodulation products impact. Results show that
interferences lower than -31 dBm will generate 3rd order intermodulation products at
least 30 dB lower than the received satellite signal.
Measurements of the radio frequency environment at the KTH Campus at the receive
frequency have also been performed to find out if there is any risk that external

Low-Noise Amplifier used as the antenna pre-amplifier. The LNA is based on the ultra-linear monolithic
PGA-103+ circuit.
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interference could cause harmful intermodulation products in the receive channel.
Preliminary evaluation of the results indicate that no such problem exists.
An experimental system for remote
control of the MIST ground station
antenna has been developed by a
student and tested by controlling the
ground station antenna for the SEAM
project. Actually, the remote control is
just a “ssh” connection now, in order to
test the tracking software without
having to be at KTH. What it has been
done is an autonomous tracking system
using the Predict software that also
allows remote control of the antenna
through TCP connections.
Figure 8 Planned location of antenna tower

Antenna site location

and

control room

The antenna location for MIST has been changed from the southern wall of the “fan
house” on top of Teknikringen 31 (Alfvén Laboratory) to the northern wall. In this way
cables can easily be routed from the antenna into an office on level 5 of Teknikringen 31
where the MIST control centre can be located.
(See Figure 8).

10

EXPERIMENT STATUS





The NanoProp experiment was delivered from Gomspace in Uppsala on 11 January
2020. A master student has thoroughly explored how to operate NanoProp as part
of his M.Sc. thesis.
The PiezoMotor LEGS experiment is expected to be available in time for the fall
semester.
The CUBES experiment has advanced far and will probably also be available for
testing in the MIST test bench after the summer.
We expect the SEUD experiment circuit board to be available for mechanical
testing after the summer. Software work still needs to be completed.
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The SiC experiment exists in its final version but a few software issues remain to
be ironed out. Delivery time is not known, but a representative circuit board is
expected to be available when needed for mechanical testing.

Figure 9 Nanoprop propulsion system delivery by GOMSPACE in Uppsala, 11
January 2020.

