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ABSTRACT 
This paper deals with the operations concept for the small satellite QSAT. It aims to guarantee the survival of the satellite 

and to accomplish the scientific observations during the planned lifetime of one year. QSAT is developed at the Space 

Systems Dynamics Laboratory of Kyushu University in Fukuoka, Japan. Its main objectives are the parallel measurements of 

the geomagnetic field and the electric potential of the satellite, which may lead to new insights on the mechanisms of 

spacecraft charging. The uniqueness of this mission is the regard of Field-Aligned-Currents as the reason for spacecraft 

charging. Simulation results are presented, which are the basis for the operations plan along with common-sense 

considerations. Specific strategies are presented which allow to accomplish the mission requirements within the given 

constraints. The paper gives the break-down of QSAT lifetime into specific phases and cycles, and the allocation of the 

defined modes. Only about 32 minutes of ground-station visibility are available per day, thus only about 2 Mbytes of data 

can be downlinked at the transmission rate of 9.6 kbits per second. As part of mission operations, “predict-prevent” style 

considerations of contingency procedures are discussed. This facilitates a rapid answer to occurring anomalies. 

 

INTRODUCTION 
 

The small satellite QSAT is under development at 
the Space Systems Dynamics Laboratory (SSDL) 
of Kyushu University in Fukuoka, Japan. This 
project is supported by the Space Environment 
Research Center (SERC), the Kyushu Institute of 
Technology (KIT), Fukuoka Institute of 
Technology (FIT) and other local industries [1]. 
 

 

 

 

 
The spacecraft is three-axis stabilized, measures 
480 mm square, is 302 mm high, and weighs less 
than 50 kg spacecraft (Figure 1). It is a low-cost 
project, mainly realised by using Commercial-of-
the-Shelf components. Figure 2 illustrates the 
unit configuration of QSAT. More information on 
the QSAT system design can be found in [1]. 
 

Figure 1: QSAT System Overview 

 

Figure 2: Overview of QSAT Units 
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All tasks are conducted by students under 
supervision of experienced professors and 
engineers. In order to limit the cost, on-board 
autonomy is applied widely, and the university- 
owned ground-station (KUGS) is used for 
communications in the amateur frequency band. 
 

QSAT will be launched into a sun-synchronous 
orbit as a piggy back opportunity by a HIIA 
rocket of the Japanese Aerospace eXploration 
Agency (JAXA). QSAT undertakes scientific 
investigations into the mechanisms of the 
earth´s plasma environment and spacecraft 
charging. Disturbed geomagnetic conditions 
caused by Field-Aligned-Currents (FAC’s) (see 
Figure 3) and plasma consolidations may result 
in hazardous charging of satellite systems [2].  
 

 
 
 
 

More information on the characteristics of Field-
Aligned-Currents is given in [3].  
 

QSAT is equipped with three payloads that 
perform combined measurements. The highly 
sensitive fluxgate magnetometer is developed 
by SERC. The high-frequency and the Langmuir 
Probe are developed by KIT. For the first time, 
the QSAT mission also takes FAC’s into account 
as a possible cause for spacecraft charging. 
Measurements of the characteristics of the 
surrounding plasma and the variations in the 
geomagnetic field are carried out 
simultaneously. By these investigations, a 
deeper understanding of the mechanisms, and 
hence a more detailed interpretation, can be 
expected. 
 

This work presents the defined strategies to 
obtain a proper operations concept for QSAT. 
This concept was derived following the 
principles given in [4] and [5], while focusing on 
the needs of the project. The current concept 
aims at the survival of the satellite and facilitates 
the satellite to collect the scientific data during 
the one-year lifetime. QSAT´s mission lifetime is 
organised into specific phases  in  which  reliable  

and straightforward operability of the spacecraft 
is ensured by interactions of the defined modes. 
Furthermore, autonomy is utilised to ease mode 
transitions and data handling. During orbits 
without ground-station access possibility, 
autonomy ensures the proper mode switchings 
and thus the acquisition of the mission data and 
the survival of the spacecraft. QSAT uses the 
amateur-frequency band with limited data rate 
and only one ground-station for downlinking the 
mission data. Therefore, it is a challenge to 
develop an adequate operations plan. 

 
QSAT  REQUIRMENTS 

 

Table 1 shows all QSAT project requirements. 
These requirements must be incorporated in 
the development of the mission operations 
plan. 
 

Req. No. Source Description 
1 SSDL operational lifetime of at least one year 

2 SERC 
scientific measurements over at least 100 orbits in 
the one year lifetime 

3 SERC 
measurements of magnetometer, Langmuir probe 
and high-frequency probe as associated data sets 

4 KIT 
< 45° deviation of high-frequency probe position 
with respect to negative velocity vector 

5 SERC 
on-ground attitude estimation error relative to 
actual attitude < 1.5 deg 

6 SSDL 
on-board attitude estimation error compared to  
actual attitude < 5 deg 

7 KIT 
50 samples of each measured variable for each 
plasma probe per second 

8 SERC 
less than ±20nT satellite magnetic interference at 
the top of the boom 

9 KIT 
Langmuir probe at least 400 mm away from 
satellite body 

10 SSDL/KIT boom pointing towards the earth 
 

Table 1: Overview of QSAT System Requirements 

 

OPERATIONS ANALYSES 
 

Simulation results presented in this work were 
produced by Satellite Toolkit 8.1, in particular by 
using the High Precision Orbit Propagator [6]. 
 

Figure 4 shows the access times of QSAT with 
the KUGS ground-station in dependency of the 
orbit number during the first three days. The 
diagram shows that there are two or three orbits 
during which communication with the ground-
station is possible, separated by five or six orbits 
with no visibility. The satellite orbits the earth in 
97.9 minutes in average and hence there are 
14.7 times per day. This implies that there are 
four or five passes in a day when a down- and 
uplink is possible.  
 

Figure 5 illustrates the communication-time 
distribution over the first 25 days. The 
cumulative access time is considered in intervals 
of days. Based on the calculations for a one-year 
mission lifetime, the minimum visibility time per 
day amounts to 32.1 minutes or 1926 seconds. 

Figure 3: Illustration of FAC Flows [2] 
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Table 2 summarises QSAT´s volume of downlink 
data per day based on the minimum visibility 
time. The expected data volume for the one-
year mission lifetime is based on the average 
visibility time per day. 

Data 
Rate 
[bps] 

Min. 
Visibility 
per Day 

[min] 

Mean 
Visibility 
per Day 

[min] 

Min. Data 
Volume 
per Day 

[MB] 

Expected 
Mission Data 

Volume  
[MB] 

9600 32.10 36.08 2.3 945.6 

 

 

OPERATIONS CONCEPT 
 

QSAT MISSION PHASES 
 

Figure 6 illustrates the breakdown of the QSAT 
lifetime in mission phases. The phases 
presented here are exclusively defined by 
system-level characteristics. Phases change 
due to time limits and changes in operations 
activities. 
 

 

After detachment from the launcher, QSAT’s 
orbital lifetime starts with the ‘Initialisation 
Phase’. This phase is subdivided in two intervals. 
During the ‘Start-Up’, all satellite functions are 
switched on. During the ‘Attitude Stabilisation’, 
QSAT acquires its operating attitude. In the 
‘Nominal Phase’, the satellite conducts its 
scientific mission.   
 
QSAT MODES 
 

Specific modes are defined in order to provide 
for an effective operations concept. They 
represent a particular satellite system-level 
configuration. These modes guarantee the 
survival of the satellite and the proper execution 
of the required tasks during the mission. A 
number of different of these modes are 
combined in each mission phase. The identified 
modes are: 
 

 ‘Housekeeping Mode’: 
Standard QSAT mode, basic operations are 
performed that are essential for survival 

 ‘B-Dot Control Mode’: 
De-tumbling of the spacecraft 

 ‘Tele-Communication Mode’: 
Mission Data Downlink, Commanding, and 
Uplink of Software Updates 

 ‘Science-Observation Mode’: 
Acquisition of scientific data 

 ‘Contingency Modes’: 
Three contingency modes to react to 
anomalies 

 

- ‘Low Safety Mode’: 
When temperature levels exceed the 
allowed limits 

- ‘Mid Safety Mode’: 
When a satellite unit or instrument is 
malfunctioning 

- ‘High Safety Mode’: 
When power shortage is observed 

 

It shall be noted that the contingency modes are 
switched on autonomously in case of an 
anomaly occurrence. The activation of the 
remaining non-standard modes is initiated on-
board based on a ground command. 
 
MISSION CYCLE 
 

As shown in Table 2, about 2.3 Mbytes of data 
can be downlinked per day. This volume of data 
corresponds to only one full orbit of mission 
data collection.  Hence, the ‘Nominal Phase’ of 
the QSAT mission will be subdivided into 
repeating ‘Mission Cycles’ with a specific, well-
defined sequence of modes. Table 3 shows the 
characteristics of such a cycle. The first ‘Mission 
Cycle’ is assumed to start in the 13th orbit. The 
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Figure 4: QSAT Visibility Intervals 

Figure 5: Distribution of Access Time per Day 

Table 2: QSAT Data Downlink Overview 

Figure 6: Overview of QSAT Mission Phases 
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first orbit of a ‘Mission Cycle’ allows the 
implementation of updates of software or of the 
mission plan. We assume that QSAT can collect 
its mission data during the second orbit. During 
the remaining orbits, QSAT is set to 
‘Housekeeping Mode’ or ‘Tele-Communication 
Mode’ in order to downlink the mission data to 
the ground station. The duration of one ‘Mission 
Cycle’ averages one Earth day, 14 or 15 orbits, 
according to Figure 4. 
 

Orbit 
No. 

Access Satellite Mode Main Task 

13 No Housekeeping Updates/ Survival 

14 No Science-Observation 
Mission Data 
Acquisition 

15 No Housekeeping Survival 

16 No Housekeeping Survival 

17 No Housekeeping Survival 

18 1 
Housekeeping / Tele-

Comm. 
Data Up- & Downlink 

19 2 
Housekeeping / Tele-

Comm. 
Data Up- & Downlink 

20 No Housekeeping Survival 

21 No Housekeeping Survival 

22 No Housekeeping Survival 

23 No Housekeeping Survival 

24 No Housekeeping Survival 

25 3 
Housekeeping / Tele-

Comm. 
Data Up- & Downlink 

26 4 
Housekeeping / Tele-

Comm. 
Data Up- & Downlink 

27 5 
Housekeeping / Tele-

Comm. 
Data Up- & Downlink 

 

 
For the measurements of the variations in the 
magnetic field, it is imperative to collect data 
sets of the Magnetometer (M) and of the 
Langmuir Probe (LP). Data of the High-Frequency 
Probe (HP) can be recorded independently. 
Nevertheless, corresponding data sets are 
preferred. Figure 7 shows the proposed 
fundamental activity sequence in the “Science-
Observation Mode” that accounts for all 
requirements.   
  

 
 
 
One mission data interval consists of a specific 
ratio of M&LP to HP measurements and is 
indicated by the dot-dash line in Figure 7. ‘N’ 
means how often the M&LP pattern repeats 
during one mission data interval and thus 
determines the ratio of M&LP to HP 
measurements. The value of ‘N’ is dependent on 
the number of values that need to be recorded 
per  second  by  the   payload,  and  the   number  of  
 

mission interval data per ‘Mission Cycle’. 
 

The composition of the recorded scientific data 
during a ‘Mission Cycle’ is essential for the 
determination of ‘N’. The data quantities of the 
measurements are listed in Table 4.   
 

Instrument 
Single Value 
Size [byte] 

Number of 
Values [-] 

Number per 
Value per 

Second [1/s] 

Total per 
Second 
[byte/s] 

Magnetometer 3 3 1 9 

High-Frequency 
Probe 

2 1 100 200 

Langmuir Probe 2 2 50 200 

 
 
 

Table 5 summarises further essential parameters 
for the calculation of ‘N’. 
 

Housekeeping Data of one Cycle 
(including Margin) 

100,000 Kbytes 

Data Volume Margin 20% 

Maximum Orbit Duration 5880 s 

Minimum Ground-Station 
Access Duration 

1926 s 

Data Rate of  
Gaussian Minimum Shift Keying (GMSK) 

1200 bytes s  

 
 

 

When accounting for the data volume that can 
be downlinked, we can determine the value of 
‘N’ to about 0.5. This result implies that the 
current settings displayed in Figure 7 with a 1:1 
ratio of M&LP to HP data sets are feasible. 
Furthermore, this result shows that the 
complete data sets can be downlinked, even if 
half of the access time was lost.  
 
OPERATIONS PLAN 
 

The mission operations plan presented above is 
based on the access times and access durations. 
Figure 8 gives an overview of the main tasks in 
QSAT´s mission phases. Phase transitions are 
only conducted when certain specific criteria 
have been fulfilled. Moreover, these transitions 
can only be initialised by a ground-command. 
 

Figure 9 shows the application of the defined 
modes in every lifetime phase. 
  

The ‘Tele-Communication Mode’ is available 
from the start for two reasons: 
 

1. A confirmation that the satellite is 
functioning is required. This is achieved by 
transmitting a Continuous Wave (CW) 
beacon signal. 

2. The need to uplink contingency commands 
in an emergency situation may arise. 

 

 

Table 3: QSAT Mission Cycle - Sequence of Activities 

 

Figure 7: Overview of Mission Data Interval 

 

Table 5: Mission Cycle Properties 

 

Table 4: Mission Payload Data Distribution 
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The ‘Initialisation Phase’ is subdivided into two 
sub-phases, during which the satellite is 
commissioned to its operational condition:  
 

‘Start-Up Sub-Phase’: 

 Deployment of spacecraft antennas 

 Activation of QSAT units  
 

A prerequisite to proceed to the next phase is 
that the extension of the antennas is confirmed 
by the reception of the CW signal. Moreover, the 
successful completion of the unit activation 
procedure is confirmed on-ground by reception 
of the unit status report from QSAT telemetry. 
 

‘Attitude Stabilisation Sub-Phase’: 

 De-tumbling and adjustment of QSAT (in 
‘De-tumbling Mode’) 

 Boom extension 

 Initialisation of nominal operations plan 
 

Criteria to proceed to the next phase are the on-
ground confirmations that the tasks above have 
been completed successfully. 
 

The ‘Nominal Phase’ is the main mission interval. 
During this phase, the mission data is collected 
and downlinked to the ground-station. In each 
‘Mission Cycle’ the mission  data  is  acquired  in  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

‘Science-Observation Mode’. Since the 
‘Housekeeping Mode’ is the basic mode of 
QSAT, ‘Science-Observation Mode’ must be 
switched by a ground-command. The planned 
tasks for data acquisition are executed via an 
on-board stored sequence of timed 
commands. In order to downlink the mission 
data, the ‘Tele-Communication Mode’ is only 
activated by a ground-command after 
reception of the continuous wave signal. It 
shall be noted that ground commands can be 
uplinked simultaneously while mission data 
are downlinked by QSAT. During every 
‘Mission Cycle’, there is the opportunity to 
update the schedule of the science-
observation activity sequence. Possible 
reprogramming tasks for the satellite units 
may be carried out as well, if necessary. 
 

At the end of the one-year lifetime, we will 
decide whether to continue the QSAT mission. 
Since the satellite has no propulsion system, the 
satellite will eventually burn in the earth 
atmosphere. According to STK simulations the 
satellite will orbit the earth for about 220 years. 

 
RISKS & CONTINGENCIES 

 

The nominal operations discussed above are 
conducted under the assumption that no severe 
anomalies occur. Here, we consider a number of 
anomalies and associated contingency 
procedures for the QSAT mission. 
 
ELECTRIC CHARGING 
 

Due to its orbit, electric charging is a potential 
risk for QSAT. A careful trade-off between 
budget limitations and spacecraft safety must be 
conducted. The spacecraft charging analysis tool 
‘Multi-Utility Spacecraft Charging Analysis Tool’ 

Figure 9: Interactions of QSAT modes 

 

Figure 8: Activities in QSAT lifetime phases 
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(MUSCAT) of KIT is still under development at 
present. Before QSAT is launched, simulations 
with MUSCAT will be carried out for the specific 
QSAT orbit. 
  
SINGLE EVENT UPSETS 
 

Due to radiation effects, especially ionised 
particles in the polar region, on-board memory 
losses and other anomalies may occur. Hence, 
all QSAT memory units are placed inside 
aluminium boxes and are additionally covered 
with lead. This applies especially for the H8 
processor units with their own firmware 
EEPROM which cannot be changed or restored 
once launched into space. 
 

Whenever software updates are received in-
orbit, they are stored in one of the two 
independent Mission Management Unit (MMU) 
EEPROM´s. The old program remains in the 
other EEPROM as backup. Should a memory loss 
occur in one of the reprogrammable units, the 
software can be restored by re-implementing 
one of the two MMU EEPROM backups or by 
uplinking new data. These corrections have to 
be implemented by ground command. 
 
POWER DEFICITS 
 

     Worst-Case De-Tumbling   In the worst-case 
scenario, the de-tumbling would take about 11.5 
hours [7], see Figure 10. Also in this case, it 
would be necessary to ensure that the energy 
budget is sufficient, considering the critical 
Depth Of Discharge (DOD) level of 20%. In order 
to examine this case, a power simulation [8] on 
the basis of the worst-case de-tumbling results 
was performed. Calculations were conducted 
with an average de-tumbling rate of 22 deg/sec. 
Furthermore, it was assumed that de-tumbling, 
under the B-dot control law, is performed 
continuously until the satellite reaches an earth-
pointing orientation.  
 

 
 
 
Before the boom is extended, the most likely 
rotation axis will be the yaw axis, because it 
possesses the maximum moment of inertia. As 

an example, the yaw axis rotation effects on the 
power and the battery capacity are shown in 
Figure 11.  
 

 
 
 
Simulations were also performed for the 
rotations around the other two principal axes. 
The results show that a non-stop de-tumbling 
process also proceeds without power problems 
for the pitch rotation. The roll rotation however, 
exceeds the critical DOD level after about five 
hours.  
 

Although the yaw axis is the most likely rotation 
axis and power shortage is very unlikely even 
under worst-case conditions, the following 
preliminary what-if consideration is conducted 
in case the power would not be sufficient. In 
order to guarantee the survival of the satellite, 
the magnetorquers are planned to be switched 
off during penumbra and umbra times. This 
would imply an interruption of the de-tumbling 
procedure. Furthermore, to make sure that the 
DOD level is taken into account during the 
shadow interval, the power consumption must 
be monitored on-board.  
 

An approximate estimate of the tolerable DOD 
level, DODtol, which is the maximum allowed 
DOD before entering the eclipse zone, is studied. 
During eclipses, the ‘High Safety Mode’ is 
applied to ensure minimal power consumption. 
Only the MCU and most of the TCU components 
are activated, all other units are in standby or 
shut down. If the satellite would enter the 
eclipse below the DODtol level, undercutting of 
the critical DOD level of 20% could occur and 
endanger the mission. Therefore, we propose to 
implement an autonomous trigger to switch the 
spacecraft to the emergency charge mode as 
soon as the DODtol level is reached. 
 

Based on the essential input parameters given in 
Table 6 the DODtol is calculated as follows: 
 

Battery Capacity 88.8 Wh 

Eclipse Power Budget in ‘High-Safety Mode’ 11.3 W  

Maximum Eclipse Time 2110 sec  

Critical DOD in % 20% 

 
 

 

 

 

 

 
 

 

 

Figure 10: Worst-Case De-Tumbling [7] 

 

Figure 11: Power Levels for Worst-Case De-Tumbling 

 

Table 6: Contingency De-Tumbling DOD Parameters 
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𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝑫𝑶𝑫 =  20% ∙ 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝟏𝟕.𝟖 𝑾𝒉 

 
𝑬𝒄𝒍𝒊𝒑𝒔𝒆 𝑷𝒐𝒘𝒆𝒓 𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏 =                                          
 

                             =
𝐸𝑐𝑙𝑖𝑝𝑠𝑒  𝑃𝑜𝑤𝑒𝑟  𝐵𝑢𝑑𝑔𝑒𝑡 ∙𝐸𝑐𝑙𝑖𝑝𝑠𝑒  𝑡𝑖𝑚𝑒

3600
= 𝟔.𝟔 𝑾𝒉 

 
𝑫𝑶𝑫𝒕𝒐𝒍 =  
 

           =
𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙  𝐷𝑂𝐷−𝐸𝑐𝑙𝑖𝑝𝑠𝑒  𝑃𝑜𝑤𝑒𝑟  𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

88 𝑊ℎ
∙ 100% = 1𝟐%  

 
In these calculations, any losses have not been 
included. If a power shortage occurs in orbit, 
extensive power simulations, taking account of 
the actual circumstances and parameters, have 
to be run. On the basis of these results, 
appropriate decisions on when to initialise and 
when to end the “High-Safety Mode” must be 
made. Survival of the spacecraft has absolute 
priority. 
 
     Degradation of Solar Cells   Power deficits 
occur due to the natural degradation of the solar 
cells over time. According to [4] the typical solar 
cell degradation amounts to 3.75% per year for 
silicon solar arrays, which applies for QSAT. 
While accounting for this fact, the power 
simulations in [7] were carried out under ‘End of 
Life’ conditions.  
 

Table 7 shows the most favourable instrument 
and unit deactivation sequence. Each 
deactivation must be implemented by a ground 
command for safety reasons. As this project is 
conducted under low-cost constraints, and thus 
with limited redundancies, this sequence is 
relatively short before inoperability occurs. 

 

Deactivation Number Instrument Name 

1 Gyro sensor 1 

2 Gyro sensor 2 

3 Magnetometer 1 

4 MPU shut-down* 

5 Magnetometer 2 

* if not essential 

 
 
BOOM DEPLOYMENT ANOMALY 
 

The assembled motor for boom extension 
features also the possibility to reverse the 
direction of motion. In the case when the boom 
is stuck during its deployment, the boom is 
retracted completely and extension is restarted 
afterwards. As soon as the boom is extended 
completely, a lock mechanism latches and 
further extending or retracting becomes 
impossible. 
 

In case the boom cannot be extended to its 
nominal length of 1.5 meters, the QSAT mission 
would be impaired. The major issues are the 
mission requirements 8 and 9 in Table 1. These 
requirements demand a minimum distance from 

the satellite body for the Langmuir probe and for 
the mission magnetometer. This is essential in 
order to obtain measurements with the required 
level of magnetic cleanliness. Detailed 
simulations must be carried out in this case to 
check whether the mission is still feasible and 
what level of degradation must be accepted. 
 
REMNANT MAGNETIC FIELDS 
 

Every electric circuit possesses an electrical field 
and thus a magnetic field. So would the satellite, 
if the on-board circuits were not insulated 
properly. In case of QSAT, those remnant 
magnetic fields could have a severe impact, 
because they distort the observations of the 
natural magnetic field. This would also affect the 
operations of the magnetorquers, which are the 
only attitude actuators of QSAT. It could make 
the required attitude control impossible, 
depending on the severity of the distortion. 
Hence, the implementation of QSAT circuit 
insulation has to be carried out with diligence. 
Remnant magnetic field measurements must be 
conducted after the satellite integration is 
completed. 
 

Due to the wide range of possibilities, specific 
detailed analyses must be conducted, if residual 
magnetic dipoles remain in orbit. Based on 
these, we have to determine whether a 
successful satellite control is still possible. If so, 
the attitude control laws may have to be 
updated. Furthermore, the increase in energy 
consumption for attitude correction has to be 
accounted for. Finally, modifications of the 
operation plan may be necessary, since for 
example requirement 4 of Table 1, may not be 
achievable over the whole orbit without proper 
attitude control. 
 
HARDWARE MALFUNCTIONS 
 

In case hardware malfunctions occur, for 
example due to electric charging, the spacecraft 
is switched autonomously to the ‘Mid Safety’ 
contingency mode. If re-initialisation cannot be 
completed successfully, the instrument or unit 
concerned must be shut down. If the satellite is 
still operable, software updates need to be 
uplinked and a new operation plan has to be 
formulated. 
 

This procedure also applies for anomalies 
during the initialisation sequence of the QSAT 
units after detachment from the launcher. 
 
GROUND-STATION COMMUNICATION OUTAGE 
 

The ground-station is needed to perform the 
uplink of software updates and operations plan 

Table 7: Power deficit shut-down sequence 

 

(1) 

(2) 

(3) 
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modifications. If, under any circumstances, the 
ground-station is down, QSAT would be able to 
survive on its own. Since the standard mode is 
the “Housekeeping Mode”, QSAT would perform 
only essential and survival-guaranteeing tasks, 
like battery charging, attitude determination and 
control, and CW transmission. All operations 
that consume more power than the standard 
mode are always initiated by a ground 
command. Moreover, contingency modes are 
set autonomously based on the occurring 
problem whenever necessary. 
 

After recovery of communications, the 
spacecraft status, health, and attitude 
orientation must be checked before proceeding 
with the nominal operations. 
  

CONCLUSIONS 
 

Using simulation results and common-sense 
considerations, we established an adequate 
‘Mission Operations Plan’ for QSAT. This plan 
accounts for all mission requirements and 
constraints. By interactions of various well-
defined modes in every QSAT mission phase, an 
efficient operations concept has been 
established. Moreover, by combination of 
autonomy and ground-commands, the survival 
of the satellite and the accomplishment of the 
scientific objectives are facilitated. Scientific 
measurements during at least 100 orbits are an 
essential requirement. When including margins 
however, the present operations concept allows 
the acquisition of 364 data sets of combined 
payload measurements. Furthermore, risks and 
contingencies for the QSAT project are 
considered in the ‘predict-prevent’ manner, 
which allows a more rapid reaction time to 
potential occurring anomalies. 
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