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Abstract	
  
•  The	
  objec<ves	
  of	
  this	
  project	
  are	
  to	
  design	
  a	
  small	
  satellite	
  able	
  to	
  fly	
  one	
  year	
  at	
  

250	
  km	
  al<tude,	
  to	
  op<mise	
  the	
  poin<ng	
  accuracy	
  for	
  synchronised	
  solar	
  and	
  nadir	
  
observa<ons,	
  to	
  set	
  up	
  the	
  tools	
  to	
  manage	
  the	
  scien<fic	
  output	
  for	
  this	
  satellite,	
  
and	
  to	
  develop	
  a	
  breadboard	
  for	
  valida<on	
  in	
  laboratory	
  environment.	
  In	
  order	
  to	
  
design	
  a	
  small	
  satellite	
  bus	
  that	
  may	
  be	
  re-­‐used	
  to	
  support	
  many	
  missions	
  at	
  low	
  
al<tude,	
  we	
  wish	
  to	
  adapt	
  several	
  off-­‐the	
  shelf	
  components	
  already	
  developed	
  for	
  
space.	
  The	
  main	
  scien<fic	
  difficul<es	
  are	
  to	
  ensure	
  the	
  poin<ng	
  stability	
  and	
  the	
  
thermal	
  stability	
  of	
  the	
  small	
  satellite.	
  Space	
  is	
  a	
  harsh	
  environment	
  for	
  op<cs	
  with	
  
many	
  physical	
  interac<ons	
  leading	
  to	
  poten<ally	
  severe	
  degrada<on	
  of	
  thermo-­‐
op<cal	
  performances.	
  Thermal	
  control	
  surfaces	
  and	
  payload	
  op<cs	
  are	
  exposed	
  to	
  
space	
  environmental	
  effects	
  including	
  contamina<on,	
  atomic	
  oxygen,	
  ultraviolet	
  
radia<on,	
  and	
  vacuum	
  temperature	
  cycling.	
  Thus,	
  the	
  mastery	
  of	
  thermal	
  control	
  
of	
  a	
  satellite	
  represents	
  a	
  guarantee	
  of	
  success.	
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1.	
  The	
  Team	
  



•  LATMOS	
  :large	
  space	
  laboratory	
  with	
  a	
  strong	
  background	
  in	
  atmospheric	
  physics	
  and	
  	
  
Solar-­‐Earth’s	
  rela<on	
  and	
  space	
  instrumenta<on	
  	
  
	
  
•  Royal	
  Meteorological	
  Ins<tute	
  of	
  Belgium	
  (RMIB,	
  Belgium)	
  with	
  a	
  strong	
  background	
  in	
  
	
  space	
  experimenta<on	
  for	
  total	
  solar	
  irradiance	
  measurements	
  	
  

•  Surrey	
  Space	
  Centre	
  (SSC,	
  United	
  Kingdom)	
  with	
  a	
  strong	
  background	
  with	
  small	
  satellite	
  
and	
  electric	
  propulsion	
  design,	
  manufacture,	
  and	
  opera<on	
  	
  

•  Von	
  Karman	
  Ins<tute	
  (VKI,	
  Belgium)	
  with	
  strong	
  background	
  in	
  fluid	
  dynamics	
  for	
  space	
  
applica<ons	
  

•  SYSTEIA	
  (SYSTHEIA,	
  France),	
  a	
  company	
  with	
  strong	
  background	
  in	
  space	
  miniaturised	
  cameras	
  

•  Byurakan	
  Astronomical	
  Observatory	
  (BAO,	
  Armenia)	
  with	
  a	
  strong	
  background	
  in	
  astronomy	
  
	
  and	
  astrophysics,	
  and	
  now	
  also	
  part	
  of	
  the	
  newly	
  created	
  Armenian	
  space	
  agency	
  Armenian	
  Space	
  
Agency	
  (ArSA).	
  	
  



We are going to design a small satellite for atmospheric research and 
monitoring called ARM SAT (Atmospheric Research and Monitoring with a 
SATellite).  
  
The main scientific objectives of our satellite are: 
• 1st: to extend Total Solar Irradiance (TSI) variability measurement and to 
improve the knowledge of the absolute value of the TSI, 
• 2nd: to establish a radiation balance of the Earth with accuracy better than 5%, 
• 3rd: to understand the relation between solar Ultra-Violet (UV) variability and 
stratospheric ozone, 
• 4th: to monitor the hydroxyl radical OH ... 

0 – Impact and link with scientific objectives 
 

2.	
  Scien<fic	
  Objec<ves	
  



Ambitions : 
 
-! Earth observations 
-! Solar observations 
-! Sun-Earth simultaneous observations 
-! Sun-Earth Relationship 
-! Climate change 

But also : 
-! Civilian protection 
-! Disaster monitoring (forest fire, etc…) 
-! Search and rescue (flight, etc…) 

But also 
-! Space technology 
-! Constellations 
-! Flight at low altitude 

0 – Impact and link with scientific objectives 
 IMPACTS	
  (general)	
  



• First objective: the extension of series of Total Solar Irradiance (TSI) measurement 
 

It’s very important to continue to measure this essential climate variable with overlapping 
periods between instruments. 

The TSI is measured to vary by approximately +/-0.05 % (over the last three 11-year 
sunspot cycles). Composite TSI time series (ACRIM and PMOD) or TSI space 
instruments highlighting differences for some solar minima. 

0 – Impact and link with scientific objectives 
 



Irbah, Meftah, 2012 (SPIE) 
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• Second objective: the determination of the Earth radiation balance at global and 
regional scales 
 

The total solar irradiance is the main external heat input into the Earth’s climate system. 
The annual mean global energy balance for the Earth-atmosphere system is also very 
important to understand. 

0 – Impact and link with scientific objectives 
 



• Third objective: the understanding of the relation between solar Ultra-Violet (UV) 
variability and stratospheric ozone. 

Solar UV: 
In the UV, the variations of the solar 
spectral irradiance is more important: 1 to 
20% of variability over a solar cycle 
(Cebula and Deland, 2012). 
 
 
Stratospheric Ozone: 
The measurement of the vertical column 
of ozone is very important.  
 
It will be performed using a differential 
absorption method at two wavelengths 
(310 nm and 340 nm). 

Source : G. Cessateur 

0 – Impact and link with scientific objectives 
 

!



• Fourth objective: to monitor the hydroxyl radical OH. 

0 – Impact and link with scientific objectives 
 

Examples of structures or waves can be observed 
(OH). Images taken during the ALOHA-90 
campaign. 
 
M.J. Taylor and M.J. Hill, Geophysical research 
letter, Vol. 18, N°7, Pages 1333-1336 (July 1991). 

Gravity wave structures observed in 
the OH emission layer to the Haute-
Provence Observatory in April 2014 
(Simoneau et al., 2014, private 
communication). 

- Thus, through the study we propose, we will develop an instrumental tool in order to 
better understand the physics of the upper mesosphere. 
- Indeed, in the near infrared (IR) radiation mesospheric night mainly takes its source in 
the photochemical emission lines produced by “hydroxyl” radical (OH), atmospheric 
bands of the O2, and oxygen Atomic. 



OH	
  band	
  observa<on	
  of	
  the	
  gravity	
  wave	
  
generated	
  by	
  the	
  erup<on	
  of	
  volcano	
  Cabulco.
(Source	
  :	
  University	
  of	
  Wisconsin’s	
  Coopera<ve	
  
Ins<tute	
  for	
  Meteorological	
  Satellite	
  Studies	
  
(CIMSS,	
  h.p://cimss.ssec.wisc.edu/).	
  	
  



3.	
  Technical	
  DescripJon	
  
	
  
The	
  main	
  technical	
  objecJves	
  are	
  :	
  
•  1.	
  Design	
  of	
  a	
  miniaturized	
  versaJle	
  satellite	
  that	
  can	
  orbit	
  at	
  a	
  low	
  alJtude	
  of	
  

250	
  km	
  for	
  at	
  least	
  one	
  year	
  with	
  the	
  help	
  of	
  	
  
–  a.	
  Passive	
  aeronau<cs	
  means	
  such	
  as	
  an	
  aerodynamic	
  shape	
  and	
  a	
  high	
  ballis<c	
  parameter	
  	
  
–  b.	
  Ac<ve	
  means	
  such	
  as	
  an	
  atmospheric	
  drag	
  compensa<on	
  electric	
  propulsion	
  unit	
  	
  
–  c.	
  High	
  accuracy	
  poin<ng	
  technology	
  for	
  Sun	
  and	
  Earth	
  observa<ons	
  	
  

•  2.	
  Design	
  of	
  sensors	
  with	
  high	
  performance	
  thermal	
  control	
  management	
  
systems	
  for	
  the	
  observaJon	
  of	
  	
  
–  OH	
  radia<on	
  origina<ng	
  from	
  the	
  mesosphere	
  	
  
–  Total	
  solar	
  irradiance	
  	
  
–  UV	
  solar	
  spectral	
  irradiance	
  	
  
–  Visible	
  imaging	
  of	
  the	
  Earth	
  surface	
  	
  

•  3.	
  DemonstraJon	
  of	
  the	
  technology	
  maturity	
  through	
  the	
  manufacturing	
  of	
  a	
  
breadboard	
  for	
  validaJon	
  in	
  laboratory	
  environment	
  	
  

	
  
These	
  achievements	
  (leading	
  ulJmately	
  to	
  a	
  small	
  satellite	
  manufacture)	
  will	
  have	
  
their	
  technology	
  readiness	
  level	
  (TRL)	
  increased	
  from	
  the	
  levels	
  of	
  1	
  to	
  4-­‐5	
  in	
  23	
  
months.	
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Solar	
  Metrology	
  Mee<ng	
  :	
  Picture	
  of	
  the	
  Day	
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Overall concept underpinning the project, main ideas, and approach 
In recent years, small spacecraft have become more attractive due to lower development costs 
and shorter lead times. In Europe, an ambitious program has been accepted by the European 
Commission as a FP7 program in January 2012: the QB50 program, which aims at developing 
in various Universities all over the world 50 nano-satellites to study the lower Earth 
thermosphere. The number of nano-satellite launches should keep on increasing to reach over 
100 nano-satellites launches per year in 2020. Yet, none of these small satellites is expected 
to fly at very low altitude (less than 300 km). Indeed, low altitude operations require 
active systems to maintain the orbit, which have impacts on power, shape, size, etc. In 
addition, small satellites at low altitudes suffer substantially from thermal effects due to their 
little thermal inertia as a consequence of their small size, the fast cycling in low Earth orbit, 
and residual heating due to the aerodynamic effects. On the other hand they are ideal study 
objects for these aspects for the aforementioned reasons and their small costs. Satellites at 
low altitudes have a significant potential for scientific purposes and remedy passively 
the orbit debris problem as they deorbit automatically. In order to allow a minimum 
lifetime, they need to be shaped aerodynamically. 
Thus, we wish to design a disruptive small satellite able to fly one year at 250 km 
altitude with innovative scientific objectives. For this, we wish to manufacture a breadboard 
for validation in laboratory environment. The overall concept underpinning the project is 
described below.
 
 

 
 
 

<3=56%&G(&7892:7!&/*.13=56"-3*.;&

 
General architecture: 
The main characteristic of the small satellite is given by its size, which is in the order of 
twenty to thirty centimetres. All the other subsystems need to be scaled down to 
accommodate the design requirements. There are two approaches in designing a spacecraft of 
a small class: either start from the payload and scale the satellite to that payload (traditional 
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Satellite_Transmitter1  6:31     4/19/2019     5:39:35 PM 
Satellite_Transmitter1  5:54     4/19/2019     7:07:42 PM 
Satellite_Transmitter1  7:04     4/20/2019     5:08:02 AM 
Satellite_Transmitter1  3:28     4/20/2019     6:38:07 AM 
Satellite_Transmitter1  5:22     4/20/2019     5:18:10 PM 
Satellite_Transmitter1  6:44     4/20/2019     6:45:33 PM 
Satellite_Transmitter1  6:38     4/21/2019     4:46:28 AM 
Satellite_Transmitter1  5:36     4/21/2019     6:15:00 AM 
Satellite_Transmitter1  2:55     4/21/2019     4:57:21 PM 
Satellite_Transmitter1  7:06     4/21/2019     6:23:34 PM 
Satellite_Transmitter1  5:44     4/22/2019     4:25:11 AM 
Satellite_Transmitter1  6:37     4/22/2019     5:52:31 AM 
Satellite_Transmitter1  7:02     4/22/2019     6:01:44 PM 
Satellite_Transmitter1  4:22     4/22/2019     7:30:37 PM 
Satellite_Transmitter1  4:06     4/23/2019     4:04:19 AM 
Satellite_Transmitter1  7:04     4/23/2019     5:30:22 AM 
Satellite_Transmitter1  6:32     4/23/2019     5:40:04 PM 
Satellite_Transmitter1  5:53     4/23/2019     7:08:11 PM 
Satellite_Transmitter1  7:04     4/24/2019     5:08:31 AM 
Satellite_Transmitter1  3:23     4/24/2019     6:38:38 AM 
 
 
 

--- Third station 
Kourou (France) station: 
           Subject              Start Date     Start Time 
----------------------------    ----------    ----------- 
Satellite_Transmitter1  6:54     4/17/2019     9:31:17 PM 
Satellite_Transmitter1  4:10     4/18/2019     8:40:25 AM 
Satellite_Transmitter1  4:43     4/18/2019    10:07:49 AM 
Satellite_Transmitter1  6:29     4/18/2019     9:09:41 PM 
Satellite_Transmitter1  6:29     4/19/2019     9:45:08 AM 
Satellite_Transmitter1  4:44     4/19/2019     8:48:44 PM 
Satellite_Transmitter1  4:09     4/19/2019    10:16:44 PM 
Satellite_Transmitter1  6:54     4/20/2019     9:23:06 AM 
Satellite_Transmitter1  6:16     4/20/2019     9:53:53 PM 
Satellite_Transmitter1  6:18     4/21/2019     9:01:36 AM 
Satellite_Transmitter1  6:54     4/21/2019     9:31:46 PM 
Satellite_Transmitter1  4:14     4/22/2019     8:40:51 AM 
Satellite_Transmitter1  4:40     4/22/2019    10:08:20 AM 
Satellite_Transmitter1  6:30     4/22/2019     9:10:09 PM 
Satellite_Transmitter1  6:27     4/23/2019     9:45:37 AM 
Satellite_Transmitter1  4:48     4/23/2019     8:49:11 PM 
Satellite_Transmitter1  4:04     4/23/2019    10:17:14 PM 
Satellite_Transmitter1  6:54     4/24/2019     9:23:34 AM 
 

ARM-SAT general characteristics: 
The objectives of small satellites were initially only educational while science and Earth 
observation were just viewed as secondary goals. The Earth observation potential of small 
satellites is still disregarded since optic instruments are considered too large for integration on 
these resource-constrained platforms. However as the exploitation potential of this new class 
of spacecraft has been revealed, the idea of Earth observation even on CubeSats starts to gain 
more general acceptance with every new launch. Especially when flying at low altitude (250 
km), the use of small optical systems in size is possible, while maintaining good optical 
performance characteristics. 
 
Table&2:&General&characteristics. 

Parameter Values (remarks) 
 Volume (un-deployed) 
 Mass 
 Power 
 Drag coefficient 
 Total drag force 
 Power/Thrust (electrical propulsion) 
 Field of view (payload) 
 Data storage (flash) 
 Downlink speed (S-band option) 
 Uplink speed (VHF) 
 Ground station contact time 
 Downlink volume (S-band option) 
 Uplink volume 
 Mission modes 
 Mission lifetime 
 Solar pointing 
 Nadir pointing 

 20 (d) × 20 (w) × 33 (h) cm3 
 20 kg (maximum with a margin of 20%) 
 22 W (without eclipses) 
 Cd = 2.2 (at 250 km) 
 < 0.5 mN 
 12.1 W/mN (QCT-40) 
 180° 
 128 Gbyte (with NINANO board) 
 115.0 kbps - 8.0 Mbps 
 1.2 kbps 
 < 7 minutes 
 2.7 Gbytes per day 
 0.3 Mbytes per day 
 Sun pointing, Nadir pointing, and stars pointing 
 One year 
 0.1° 
 0.4° 

 
However, without an electrical propulsion system, a small satellite that flies at 250 km 
will deorbit in less than 20 days (see Figure.6). Thus, an appropriate system is required to 
maintain the obit. 

General	
  parameters	
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method very unusual for small satellites) or scale the payload to the overall dimensions and 
try to accommodate the other subsystems. The later is the new method that involves setting a 
design for the payload and revisiting it if, after adding the rest of the subsystems, the overall 
restrictions are not met. This might require going into many iterations for the design of the 
payload and the subsystems. Indeed, there is a natural trade-off to be made between spacecraft 
size and functionality, but advances in both miniaturization and integration technologies have 
diminished the scope of that trade-off. There is a trend towards further miniaturization and 
higher levels of integration. The objective of this section is to assess and give an overview of 
our small spacecraft technology. The main characteristics of our system are described below: 
 

- Power 
o Solar arrays 
o Solar arrays deployment mechanism 
o Electronic power supply 
o Power switch board 
o Batteries 

- Command and data handling 
o On board computer (OBC) 
o Hardware interfaces between satellite and electronic ground support equipment 

- Attitude and Orbit Control System (AOCS): 
o Attitude, Determination, and Control System (ADCS) 

! CubeControl/CubeSense/CubeComputer/CubeStar 
• Momentum Wheel (x 3) 
• Digital Sun Sensor 
• Digital Nadir Sensor 
• GPS interface (the GPS receiver is a restricted technology) 
• 3-Axis Magnetometer 
• CubeComputer ADCS Processor 
• CubeStar Star Camera for precision attitude sensing 

o Electric Propulsion (EP) 
! QCT-40 Thuster 

- Telemetry & Telecommands 
o S-band downlink transmitters 
o S-band patch antenna 

- Structure and interface modules 
- Harness and connectors 

o Solar array and sun sensor harness  
o Micro-switch harness  
o S-Band antenna harness  
o GPS harness  
o Ground Support Equipment (GSE) harness  
o ADCS harness 

- Payload 
o UV sensor that require thermal management control (thermal stability to 

reduce contamination kinetics) 
o Imaging system that require thermal management control (CCD temperature 

around -20°C) 
o Solar radiometer that require thermal management control (thermal stability) 
o IR camera system that require thermal management control (cryo-cooler to 

obtain a temperature around 100K). 
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3.3#–#Consortium#as#a#whole#
The%ARM)SAT%project%is%multidisciplinary.%It%brings%together%high)level%experts%involved%
in% space% instrumentation,% thermo)aerodynamics,% observations% of% the% atmospheric%
dynamics,% in% atmospheric% modelling,% and% space% weather% forecasting.% Their% extensive%
experience%is%well%adapted%to%take%up%all%scientific%challenges%related%to%ARM)SAT.%
%
The%ARM)SAT%team%chooses%to%build%a% low%cost%system%by%using%existing%elements%and%
instruments%whenever% possible.% This% leads% to% a% low% cost% but% ambitious% small% satellite%
project;%relevant%and%well%adapted%to%the%challenging%project%objectives.%
%
The%ARM)SAT%consortium%is%composed%of%partners%with%complementary%expertise%in%all%
field%related%to%our%proposal:%%

• Leadership%and%PI)ship%(LATMOS),%
• Power%(SSC,%LATMOS),%
• Thermo)aerodynamic%(VKI),%
• Propulsion%(SSC),%
• Attitude%determination%and%control%(SSC),%
• Structures%(LATMOS)%
• Materials%and%mechanisms%(LATMOS),%
• Thermal%control%management%(VKI,%LATMOS),%
• Radiometry%(RMIB),%
• UV,%visible,%and%IR%observations%(SYSTHEIA,%RMIB,%LATMOS),%
• Command%and%data%handling%(LATMOS),%
• Communications%(LATMOS),%
• Integration%(LATMOS,%RMIB),%
• Launch%and%deployment%(French%ground%support%CNES,%and%ESA),%
• Ground%data%systems%and%operations%(BAO/ArSA%and%LATMOS),%
• Astronomy%and%astrophysics%(BAO/ArSA%and%LATMOS),%
• Scientific% (Earth% and% Sun% scientific% studies)% and% technological% Data% analysis%

(LATMOS),%
• Analysis%of%the%scientific%outputs%of%the%various%space%experiments%(BAO/ArSA),%
• Data% Management% Tools% for% scientific% data% interpretation% with% virtual%

observatory%(BAO/ArSA%and%LATMOS).%
%
Involvement% of% an% industrial% company% (SYSTHEIA)% in% this% project% will% increase% its%
potential%to%future%production%of%visible%and%infra)red%devices%and%therefore%externalize%
the%exploitation%of%the%results%to% industrial%application.%This%application%can%be%used%of%
course%also%by%our%consortium%to%develop%future%experiments%for%similar%satellite,%a%win)
win%collaboration.%
%
Overall,% the% consortium% combines% a% well)balanced% geographical% and% disciplinary%
diversity% with% a% strong% academic% impact.% The% consortium%members% are% coming% from%
different%parts%of%Europe%and%Asia.%They%will%work%in%a%multinational%multi)disciplinary%
environment%on%the%twelve%different%work%packages.%
%
%
%
%
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Orbit: 
Because the average power being on the order of tens of watts the small satellite is 
constrained on accessible orbits as well. 

- Orbit: Sun synchronous orbit 
- Local time: between 7h00 and 10h00 
- Altitude: 250 km 
- Inclination: 96° 

The orbit of the ARM-SAT satellite also impacts the communication between the ground 
station and the spacecraft. For the orbits previously mentioned a full period is approximately 
90 minutes and each day there are between 3 and 4 windows of communication when the 
satellite is in range of the ground station and 2-8 minutes on each interval. The use of multiple 
antennas can increase the number of data taken. 
 
S-band antennas and link budget: 
The satellite link budget may be calculated with three antennas (Paris, Kourou, and 
“Yerevan”). BAO will study all the scenarios. 
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First station: 
Yerevan (Armenia) station: 
           Subject              Start Date     Start Time 
----------------------------    ----------    ----------- 
Satellite_Transmitter1  7:00     4/17/2019     3:28:00 PM 
Satellite_Transmitter1  2:44     4/18/2019     1:27:10 AM 
Satellite_Transmitter1  6:55     4/18/2019     2:52:36 AM 
Satellite_Transmitter1  6:57     4/18/2019     3:06:11 PM 
Satellite_Transmitter1  2:20     4/18/2019     4:35:59 PM 
Satellite_Transmitter1  7:01     4/19/2019     2:30:41 AM 
Satellite_Transmitter1  6:16     4/19/2019     2:44:37 PM 
Satellite_Transmitter1  5:12     4/19/2019     4:12:54 PM 
Satellite_Transmitter1  6:33     4/20/2019     2:09:08 AM 
Satellite_Transmitter1  4:22     4/20/2019     3:38:14 AM 
Satellite_Transmitter1  4:38     4/20/2019     2:23:28 PM 
Satellite_Transmitter1  6:28     4/20/2019     3:50:32 PM 
Satellite_Transmitter1  5:23     4/21/2019     1:47:59 AM 
Satellite_Transmitter1  6:09     4/21/2019     3:15:22 AM 
Satellite_Transmitter1  7:00     4/21/2019     3:28:29 PM 
Satellite_Transmitter1  2:50     4/22/2019     1:27:35 AM 
Satellite_Transmitter1  6:54     4/22/2019     2:53:04 AM 

Satellite_Transmitter1  6:57     4/22/2019     3:06:39 PM 
Satellite_Transmitter1  2:12     4/22/2019     4:36:31 PM 
Satellite_Transmitter1  7:01     4/23/2019     2:31:10 AM 
Satellite_Transmitter1  6:17     4/23/2019     2:45:05 PM 
Satellite_Transmitter1  5:10     4/23/2019     4:13:23 PM 
Satellite_Transmitter1  6:34     4/24/2019     2:09:36 AM 
Satellite_Transmitter1  4:18     4/24/2019     3:38:45 AM 
 
 
--- Second station 
Palaiseau (Paris) station: 
           Subject              Start Date     Start Time 
----------------------------    ----------    ----------- 
Satellite_Transmitter1  2:49     4/17/2019     4:56:55 PM 
Satellite_Transmitter1  7:06     4/17/2019     6:23:06 PM 
Satellite_Transmitter1  5:42     4/18/2019     4:24:43 AM 
Satellite_Transmitter1  6:38     4/18/2019     5:52:02 AM 
Satellite_Transmitter1  7:02     4/18/2019     6:01:15 PM 
Satellite_Transmitter1  4:25     4/18/2019     7:30:08 PM 
Satellite_Transmitter1  4:03     4/19/2019     4:03:53 AM 
Satellite_Transmitter1  7:04     4/19/2019     5:29:54 AM 

The	
  orbit	
  and	
  terrestrial	
  relays	
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Attitude Determination and Control Systems: 
Attitude Determination and Control (ADCS) for small spacecrafts relies on miniaturized 
technology without significant performance degradation. Miniaturizations are achieved with 
advanced technologies such as new imaging devices, materials, peripheral circuits, and 
algorithms. Overall attitude-pointing accuracy of typical mini- and microsatellite Earth 
observation missions is of the order of 0.1°. Higher accuracy below 0.1° can be achieved 
using a mission related sensor (i.e. a total solar irradiance radiometer of the payload 
instrument) in the attitude control loop. The desired performances are: 

- Sun pointing: the platform is three-axes stabilized. The attitude and orbit control 
subsystem (AOCS) is required to provide a pointing accuracy of 0.1°. 

- Nadir pointing: the ARM-SAT satellite is pointed towards the Earth (payload line of 
sight) with accuracy better than 1°. 

The Stellanbosh/Surrey Space Centre ADCS will provide attitude sensing and control 
capabilities to ARM-SAT in order to meet the system requirements and science unit 
requirements. The ARM-SAT mission requires attitude control in order to: 

- Minimize the influence of drag, 
- Allow more atmospheric data to be gathered (the orbital life of the satellite will be 

prolonged if the effect of drag is minimized), 
- Ensure that science payloads point towards the desired direction. 

 
SSC will carry out this study. 

    
 

Figure&9:&ARM2SAT&AOCS&architecture.&

In order to stay at a constant altitude, an electric propulsion (EP) system will be used. EP 
technologies offer performance advantages compared to chemical systems. The 
implementation of electric thrusters in small satellites has been prohibited by the high power 
demands of conventional thrusters and the complexity of the required power conditioning 
units and propellant supply systems. Advances in microelectronics have made the use of EP 
on small satellites feasible. The space sector has been reluctant to widely implement Electric 
Propulsion on board commercial satellites, due to the relative complexity of the technologies 
and the incumbent power consumption trade-off against the high efficiency of the thrusters. 
Proliferation of research and development of satellite technologies from government 
organizations to academia and private enterprises has resulted in a focus on low cost 
technologies with a rapid design and development phase. While advances in microelectronics 
have allowed the mass, volume and cost of power supply units for EP systems to be reduced 
there now exist a wide variety of EP options with varying levels of complexity and 
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technology readiness levels (TRL) which can be exploited to provide options for station 
keeping, orbit maintenance and orbit raising. The propulsion systems presented below were 
developed and characterized within the Surrey Space Centre propulsion test facility. QCT-40 
(Surrey Space centre) is a candidate technology for replacement of the heritage Xenon 
resistojets on SSTL 50kg-200kg platforms. SSC will carry out this study. The main 
characteristics of this system are: 

- Net specific impulse: 250 seconds, 
- Thrust: 3.3 mN, 
- Net thrust efficiency: 10%, 
- Power/Thrust: 12.3 W/mN. 
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Telemetry & Telecommands: 
The Surrey Satellite Technology Ltd (SSTL) S-band downlink transmitters provide a flexible 
high-speed downlink solution for LEO missions, offering rates between 9.6 kbps (2 W 
transmitter) and 8.0 Mbps (4 W transmitter). We will use this technology. The main 
characteristics are:

- S-band, 
- Up to 4WRF power using additional power amplifier, 
- 28 V unregulated supply, < 38 W, 
- 200x191x80mm(4W, 8Mbps), 
- < 2kg. 
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This component provides good performance. However, it dissipates a lot of power. The re-
visitation interval of approximately few hours, which is important for events with high 
dynamicity, highlights the importance for a high-speed downlink solution (large amount of 
data). 

Propulsion	
  system	
  to	
  be	
  carried	
  out	
  by	
  SSTL	
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technology readiness levels (TRL) which can be exploited to provide options for station 
keeping, orbit maintenance and orbit raising. The propulsion systems presented below were 
developed and characterized within the Surrey Space Centre propulsion test facility. QCT-40 
(Surrey Space centre) is a candidate technology for replacement of the heritage Xenon 
resistojets on SSTL 50kg-200kg platforms. SSC will carry out this study. The main 
characteristics of this system are: 

- Net specific impulse: 250 seconds, 
- Thrust: 3.3 mN, 
- Net thrust efficiency: 10%, 
- Power/Thrust: 12.3 W/mN. 
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Telemetry & Telecommands: 
The Surrey Satellite Technology Ltd (SSTL) S-band downlink transmitters provide a flexible 
high-speed downlink solution for LEO missions, offering rates between 9.6 kbps (2 W 
transmitter) and 8.0 Mbps (4 W transmitter). We will use this technology. The main 
characteristics are:

- S-band, 
- Up to 4WRF power using additional power amplifier, 
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- 200x191x80mm(4W, 8Mbps), 
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<3=56%&''(&:2#".4&0A0-%+&16*+&::!U;&

This component provides good performance. However, it dissipates a lot of power. The re-
visitation interval of approximately few hours, which is important for events with high 
dynamicity, highlights the importance for a high-speed downlink solution (large amount of 
data). 
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Figure&12:&X2axis&velocity&component&contour&map&in&the&mid2plane.&

%
For. our. specific. application. (ARMJSAT),. additional. simulations. are. needed. to.
improve. the. design. and. to. find. the. optimum. geometry. of. the. drag. reduction.
device..VKI will carry out this study. 
%
Structure and ARM-SAT nose definition: 
The% drag% reduction% device% (DRD)% is% aimed% at% enlarging% the% lifetime% of% ARM)SAT% by%
reducing%drag.%This%will% be% achieved%by% attaching% a% smooth% surface% conical/pyramidal%
nose% to% it.% Since% both% weight% and% volume% are% limited% (similar% to% any% other% space%
vehicles),%we%propose%that%the%design%complies%with%the%following%guidelines:%

• Rapid%prototyping%will% be% applied%by% employing%3D%printing% techniques% for% the%
main%DRD%assembly%parts%and%for%as%many%secondary%pieces%as%possible.%This%will%
help%reducing%weight.%

• A%layer%will%be%deposited%on%the%windward%surface,%which%then%will%be%polished.%
• The% stow% volume% will% be% reduced% splitting% the% nose% into% parts% and% will% be%

positioned%during%deployment.%
• Temperature.knowledge.and.thermal.management.in.space..

%
Figure.13%shows%a%possible%realization.%A%cone)shaped%nose%is%split%in%three%segments.%The%
outer% segment% is% fixed% and% serves% both% as% a% base% for% the% rest% of% the% DRD% and% as%
attachment%to%ARM)SAT's%structural%backbone.%The%middle%segment%hosts%the%inner%one%
and%two%compressed%springs%will%be%inserted%in%the%structure.%Two%burn%wires%will%keep%
the% inner% and% middle% segments% in% position% during% launch.% At% the% suitable% moments,%
electrical% current% will% be% circulated% through% the% burnwires,% which% then%will% melt% and%
allow%the%springs%to%push%them%into%position.%Metal%strips%will%be%etched%on%the%bases%of%
the%segments,%which%will%close%an%electric%circuit%upon%successful%deployment%allowing%
the%verification%through%the%telemetry%system.%
The%advantage%of%this%system%is% its%relative%simplicity%and%a%very%small% interface%to%the%
other%systems:%

1 Two% electric% connections% (controlled% by% the% on)board% computer)% for% triggering%
the%burnwires,%

2 Two% or% maybe% multiples% of% two% connections% for% feeding% back% the% binary%
positional%information%of%the%segments.%
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the%burnwires,%

2 Two% or% maybe% multiples% of% two% connections% for% feeding% back% the% binary%
positional%information%of%the%segments.%
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Payload: 
 
- UV sensor: 
ARM-SAT will use a small photometer whose mass will be less than 300 g. This technology 
will be based on the experience of LATMOS and RMIB. The UV sensor (photometer) is 
based on a simple principle, which is inexpensive. The main components are: a UV 
interferential filter (200-220 nm), a photodiode, a precision aperture, a shutter, and a stepper 
motor (Thales AEM actuator). This sensor requires a high thermal stability. 
 
 

%%%%%%%%%%%%%  
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LATMOS has experience in the degradation of space instruments. This instrument allows 
among others to quantify the effects of contamination. Indeed, the ARM-SAT satellite will 

156G"68@%

,L868<78<4%

Ab%H7#64@%

156G"68@

1O4@6G@4%

3LG664@%



!"##$%&'('()!*+,-.)'(/0% % 12+)31.%

3456789:%/;%';%"9<%=% >+% '/%

also initiate using/testing a transparent barrier layer coating in ZnO (Zinc Oxyde), obtained by 
Pulsed Laser Deposition (PLD, an expertise of Nanovation), to limit contamination by 
outgassing and to reduce reflection losses. PLD is uniquely adapted to give dense/high 
quality/non-porous crystalline layers at fabrication temperatures compatible with sensitive 
supports such as solar cells used on satellites. ZnO is one of the most important nanomaterials 
and, in its conical form, has shown remarkable anti-reflection performance (<0.5% reflectance 
in the whole visible spectrum at incidence angles up to 60°). This technology will not be used 
on the breadboard. 
 
- Solar radiometer: 
The ARM-SAT radiometer is a new design based on RMIB’s 34 years of space experience in 
radiometry. The new design intends to fix the issues of dynamic non-equivalence identified in 
the DIARAD type radiometers. The design described below will lead to a faster time response 
of the electrical substitution radiometer (ESR). By using both analog and digital electronics, 
we will combine the advantages of both technologies to reduce the static error of the feedback 
loop in view to have better accuracy performances than TIM type radiometer. A careful 
thermal design will lead to a better knowledge of the different terms in the instrumental 
equation. We expect to operate the radiometer with cycles of ten seconds close shutter 
operation and twenty seconds open operation. During both cycles the sampling rate will 
achieve one electrical measurement per second. The resolution of the measurements will be of 
31 bits each second; to achieve this, we will use 24 bits converters sampling at 500 samples / 
second and summing the results on 128 samples. The integration time of the measurements 
will thus be of 0,256 sec each second. In order to reduce the electrical power needed, we will 
use apertures of 7 mm to maintain the electrical power dissipated in the sensor below 70 mW.  
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A new circular shutter will avoid bounces and lead to fast actuation. The total power 
consumption of the radiometer will be of 1 W +/- 20% margin. The heat sink will absorb the 
solar flux (solar irradiance or SI). As the mission lifetime is relatively short and the power 
budget tight we will not use a second cavity to monitor the ageing of the instrument. As an 
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output, the instrument will deliver the measure of the voltage and current feeding the heater 
element of the sensible area, the temperature of the tube of the cavity, the temperature of the 
shutter, the temperature of the baffle, the temperature of the enclosure, and the temperature of 
the precision aperture. It will also measure a voltage reference and an internal temperature of 
the electronics. This leads to a data budget of 296 bits/second. The radiometer will have its 
own processor interfaced to the main OBC (On board Computer) through a UART interface. 
Moreover, we can try to use this sensor to improve the accuracy of the pointing. This sensor 
requires a high thermal stability. 
 
- Visible imaging system: 
The system is based on technologies developed over the last 20 years for micro-cameras in 
space exploration, with extended operation in extreme environments and advanced 
miniaturization. The micro-cameras previously developed have been flown on numerous 
space missions. It is proposed to derive from these successful developments a new system 
being able to provide additional measurements, yet keeping the benefits of miniaturization 
and operation in the extreme environment encountered in space, allowing proper operation 
and reliability with full performance. The imaging system for visible observations proposed is 
based on a micro-camera design used in several space missions (Rosetta, SMART-1, MSL 
NASA Curiosity rover, Beagle2, Proba 1 & 2, Sentinel-1A, etc.). The miniaturization relies 
on expertise and technologies developed over the last 20 years for space applications, 
allowing very high integration and extreme robustness. The cameras are able to operate in 
extreme conditions, beyond the space standard range (temperatures down to -120°C, 
radiations, vacuum, shocks, and vibrations). This digital imager aims to be used, amongst 
others, for Earth observation, planetary missions or any applications needing low storage & 
operation temperatures, resistance to vibrations and low power consumption. It integrates 
compression capability, single or burst image(s) acquisition and storage of up to 64 images 
and gives 8 or 16 bits digital output images with integration times between 1ms & 9 hours. Its 
lightness and compactness is a valuable asset for tight payload mass & volume requirements. 
The main characteristics of the camera are the following: 

• 1024x1024 pixels charge coupled device (CCD), 
• 8-16 bit/pixel resolution, 
• 10 Mbit/s Input/Output, 
• Integrated Electronics including: sequencer, converter, internal buffer for up to 32/64 

images, internal clock, 
• On-board image compression, auto-exposure, 
• Power consumption: 1.6 W, 
• Operating range: −120°C to +30°C (+60°C with SNR reduction), 
• Storage: −150°C to +70°C, 
• Mass: 110 g including 70° FOV rad-hard optics (85 g without optics), 
• Dimensions: 65 x 52.5 x 36 mm with 70°FOV rad-hard optics, 
• Easy operation and data acquisition. 
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This micro-camera will serve as basis for the development of the imaging system for visible 
observations. The optics of the instrument will be adapted to the requirements of visible 
observations. We indeed intend to adapt the current camera design to enable OH 
measurements. In addition to a visible channel, specific filters will be included in order to 
provide measurements in a spectral band around 760 nm (10.20 nm width). Lossless 
compression with a factor of two is included in the camera. Image data will be provided on 12 
bits. The proposed optics will have a focal length of 12 mm and a field-of-view of 70°, 
allowing to obtain a Ground Sampling Distance better than 300 m/pixel.  The main 
technology concept (miniaturization and operation in extreme environment) has been proven 
in space, but the innovation that will allow the system to be used for the targeted applications 
is actually at TRL 2. We intend to validate the concept in this project in order to reach TRL4-
5. This visible imaging system requires a thermal regulation of the CCD (dark current 
limitation). 
 
- IR camera system: 
The system is based on technologies developed over the last 2 years by LATMOS for High-
resolution IR detectors in space exploration, with extended operation in extreme environments 
and advanced miniaturization. High-resolution infrared (IR) detectors are used in many space 
applications: IR detectors are being used to observe deep space, observe the Earth, monitor 
the environment, observe planets of the solar system, study the atmosphere of planets, and 
provide data on meteorological phenomena. SCORPIO-MW infrared detector (Sofradir) will 
be used as part of an instrument of the ARM-SAT payload. The infrared opto-electronic 
device is a high performance, small and lightweight, low input power integrated Dewar 
device cooler assembly (IDDCA) adapted for high resolution thermal imaging applications 
(forward looking infrared radiometer (FLIR), etc.), and for civilian applications 
(spectrometry, non destructive test, etc.) in the mid-wave band. In the frame of the ARM-SAT 
mission, the SCORPIO-MW IR detector (]&D5",.H\) will be adapted to suit the need of this 
space application. In particular, the standard product is sensitive to infrared radiation in the 
mid-wave band (3-5µm) but will be adapted with spectral range optimized in band 1.1-5µm. 
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This micro-camera will serve as basis for the development of the imaging system for visible 
observations. The optics of the instrument will be adapted to the requirements of visible 
observations. We indeed intend to adapt the current camera design to enable OH 
measurements. In addition to a visible channel, specific filters will be included in order to 
provide measurements in a spectral band around 760 nm (10.20 nm width). Lossless 
compression with a factor of two is included in the camera. Image data will be provided on 12 
bits. The proposed optics will have a focal length of 12 mm and a field-of-view of 70°, 
allowing to obtain a Ground Sampling Distance better than 300 m/pixel.  The main 
technology concept (miniaturization and operation in extreme environment) has been proven 
in space, but the innovation that will allow the system to be used for the targeted applications 
is actually at TRL 2. We intend to validate the concept in this project in order to reach TRL4-
5. This visible imaging system requires a thermal regulation of the CCD (dark current 
limitation). 
 
- IR camera system: 
The system is based on technologies developed over the last 2 years by LATMOS for High-
resolution IR detectors in space exploration, with extended operation in extreme environments 
and advanced miniaturization. High-resolution infrared (IR) detectors are used in many space 
applications: IR detectors are being used to observe deep space, observe the Earth, monitor 
the environment, observe planets of the solar system, study the atmosphere of planets, and 
provide data on meteorological phenomena. SCORPIO-MW infrared detector (Sofradir) will 
be used as part of an instrument of the ARM-SAT payload. The infrared opto-electronic 
device is a high performance, small and lightweight, low input power integrated Dewar 
device cooler assembly (IDDCA) adapted for high resolution thermal imaging applications 
(forward looking infrared radiometer (FLIR), etc.), and for civilian applications 
(spectrometry, non destructive test, etc.) in the mid-wave band. In the frame of the ARM-SAT 
mission, the SCORPIO-MW IR detector (]&D5",.H\) will be adapted to suit the need of this 
space application. In particular, the standard product is sensitive to infrared radiation in the 
mid-wave band (3-5µm) but will be adapted with spectral range optimized in band 1.1-5µm. 
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Figure&17:&(Left)&SCORPIO2MW&infrared&detector&design.&
(Right)&Integrated&Dewar&device&cooler&assembly&(IDDCA)&view.&

 
The unit that controls the IR detector (640x512 pixels with 15µm x 15µm pixel pitch) will 
consist of two electronic boards (a control board and a power board). A block diagram of the 
electrical design is shown in Figure 6. The main functions of the electronic are: 

• To digitize tele-commands (TC) issued by the ARM-SAT on-board computer, 
• To process the SCORPIO IR detector four video channels, to store, to package, and to 

transmit data, 
• To check the temperature of the micro-cooler by controlling the rotational speed of the 

micro-cooler motor. 
 
 

 
Figure&18:&General&block&diagram&of&the&IR&detector&control&electronic.&

 
The heart of the control module design will be based on the use of a field-programmable gate 
array (FPGA Actel RTAX2000S) that integrates the following functions: command-control of 
the four 14-bit ADC to digitize analog signals videos, command-control of the 12-bit ADC to 
digitize house-keeping (HK), to manage the motor by control loop, to realize image 
processing, to manage the control-command of the detector, and finally to manage 
telemetry/telecommand (TM/TC) of the ARM-SAT on-board computer. A view of the two 
electronic boards is provided in Figure. 17. These are engineering models that control the 
SCORPIO-MW IR detector. These electronic boards use non-flight electronic components. 
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observation data through a link to the online database, M3) (BAO); see also D42.1. 
• D43.2 Extraction, Reduction and Analysis software (allowing the automatic processing of 

observation data and database handling, M3) (BAO) 
• D43.3 List of Publications and Conference Presentations (tabulating all scientific publication 

during the project life time, M23) (LAT, all) 
• D43.4 Synthesis of Teaching and Outreach Activities (tabulating all lecturing activity, M23) 

(BAO, all) 
• D43.5 Management of Intellectual Property (LAT) 
• D43.6 International workshop, M20 (BAO, LAT, all) 
• D43.7 First Plan for Exploitation and Dissemination, M15 (BAO, all) 
• D43.8 Final Plan for Exploitation and Dissemination, M20 (BAO, all) 

 
List.of.work.packages.
 

WP(
N°(
(

Work(Package(Title(
(
(

Lead(
Participant(
No(

Lead(
Participant(
Short(
Name(

PersonJ
Months(

Start(
Month(

End(
month(

0(( Management,(Coordination( 1( LAT( 16.5( 1( 23(
10&& Literature&Research&&&Analysis& 1& LAT& 5.7& 1& 6&
21&& Design&Satellite&Bus& 3& LAT& 16.75& 7& 20&

22&& Aerodynamic&and&Thermal&
Characteristics& 4& VKI& 18.2& 7& 20&

23&& Attitude&and&Orbital&Control&System& 5& SSC& 18.2& 7& 22&
31&& Design&of&the&UV&Sensor& 5& RMIB&&&LAT& 7& 7& 20&
32&& Design&of&the&Imaging&System& 6& SYS& 10.9& 7& 20&
33&& Design&of&the&Solar&Radiometer& 7& RMIB& 7.9& 7& 20&
34&& Design&of&the&IR&Camera&System& 8& LAT& 7& 7& 20&

41&& Realisation&of&the&Breadboard&and&
Validation&in&Laboratory& 1& LAT& 8.4& 17& 23&

42&& Tools&to&Manage&the&Scientific&Output& 2& BAO& 33.6& 3& 23&
43&& Dissemination&and&Communication& 1& BAO&&&LAT& 30.6& 15& 23&
&& && && && 180.75( && &&
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