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Bernard REPETTI

• CASAA-Sat objectives, history, planning and organization

• Main presentation of the project and Vibrations test

Hector SILVA

• The Engineering Model

Outline

25/10/2018



CASAA-Sat, Student 2U Aix-Marseille 
University NanoSatellite Project

3

CASAA-Sat objectives ?

- Educational project. The goals are :

• Increase the scientific and technical interest of our students

• Teach the students, from different degrees and specialities, to work together,
on the same project

Proposal for an interesting (but feasible) space mission to develop

➔ CASAA-Sat was born in 2013, for 6 scholar years :

- To scan (CArtography) the SAA
(South Atlantic Anomaly, above Brasil) :

• Flow charged particles measurement
• Magnetic field measurement
• To capture light phenomena 

(polar lights)

➔ Correlate the 3 phenomena

- To test an integrated circuit (Lab development) in space

25/10/2018
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• Flow charge particles measurement :
Small Integrated Circuit, MOS-FET,
from TRAD-Space

• Magnetic field measurement :
3-axes magnetometer, from HONEYWELL

• Polar light phenomena :
20B44M Videology, delivered by CNES,
already mounted on TARANIS

➔ The 3 phenomena will be correlated

Payload description

Scientific objectives

25/10/2018
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• Technological demonstrator : 
This board (STM-32) includes a memory developed by several
laboratories « REER »

➔Check the error rate of this circuit in orbit, using a fully known
pattern, and highlights the radiation effects on the memory.

Other objectives

25/10/2018



CASAA-Sat, Student 2U Aix-Marseille 
University NanoSatellite Project

6

Spatial system

Piggy-back launch 
from KOUROU in a 
VEGA launcher, 
orbit of PRISMA

Orbital parameters
Elevation 615 km
Inclination 97°85
Excentricity < 10-3

LTAN 10:30 PM

Control and Mission
Center at LAM

TC VHF
1200 bits/s

TM UHF
9600 bits/s

25/10/2018
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History and planning of CASAA-Sat

➢ About 180 students have been involved since 2013

• Mini-projects (1st-half year) & Full time project internships (2nd-half year) :
19 students have already completed their training course at AMU Spatial 
Center, inside the LAM

➢ Reviews and Keypoints with the CNES Agency :

➢ A contractual engagement between CNES and AMU through the LAM was
signed in 2016 (total budget of ~ 500 k€) and we are working on Phase C

➢ Launch is scheduled at the end of 2019

25/10/2018
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Working organization

M2
M1

M2

L3
DUT

Different specialities and degrees from
DUT (Bac +2) to Master (Bac +5)
are involved

25/10/2018
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The satellite

Standard 2U
100 x 100 x 226.5 mm
Mass : 2.504 kg
Average power : 5 W

25/10/2018
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Magnetometer

Dosimeter

Camera

Integrated Circuit

To be tested under
space environment

25/10/2018
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The orbit and the AOCS
Ejection

Detumbling

Survival

Nominal Mode (MNO)

panel
opening

Delay

Solar 
rechargeMission

End of life

Acquisition and 
survival mode (MAS)

Order 1 Order 2TC or auto

TC

auto

or

Prisma’s orbit
Z= 615 km
i= 97,85°
local time at the ascending 
node : 10h30 pm

25/10/2018
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Attitude and Orbit Control System
(AOCS)

Requirements :

Pointing Scroll direction X +

Pointing accuracy Better or equal to 5 °

Stability Between 5 ° and 10 ° for 1s

Agility No agility required

25/10/2018
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Attitude and Orbit Control System

Input :
- Magnetic field B
- Orbital parameters (i, ΩN, ω, M, e, …)

Output :
- Actuators :  a Flywheel and 3 Magnetotorquers
- Command laws:

Compass type lawBpoint law

MNOMAS

25/10/2018
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Satellite structure

25/10/2018
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Satellite structure
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The Structural and Thermal Model

25/10/2018



CASAA-Sat, Student 2U Aix-Marseille 
University NanoSatellite Project

17

The STM
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Launcher environment

Test ISI-Pod

100% relevant of the
Flight Model ISI-Pod.

The STM has been fully checked !
Vega specs (28G peak)

The STM

25/10/2018
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Thermal modeling

25/10/2018
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Thermal modeling

Connecteurs 

Cage 

supérieure

Cage 

inférieure

Entretoises

We don’t need to heat, but
it will be necessary to drain component calories through a cold satellite face

25/10/2018
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Spacecraft Ground link

Mission and control center

Downlink :
Emission UHF 9600 bps
Photos/Magnetic field values
/Dosimeter measurements/HK

Piggyback launch 
from KOUROU in a 
VEGA launcher, orbit
of PRISMA.
Engagment scheduled
end 2019.

Uplink :
Reception VHF 1200 bps
Orbital parameters, strategy…

Orbital parameters :
SSO, polar, altitude : 615 km
Inclination : 98,7 °
Local Time on Ascending Node : 10h30 PM

LAM
Altitude  : 120 m
Latitude  : 43 °
Longitude  :  5 °
Minimum elevation : 7 °

System Performance Summary: Space3 2006 October 22

      COMMAND          TELEMETRY

  UPLINK SYSTEM: Frequency: 145,00 MHz DOWNLINK SYSTEM: Frequency: 435,00 MHz

Eb/No Method:     Eb/No = 36,0 dB Link Margin: 14,0 dB LINK CLOSES     R = 9600 bps

    Modulation Method:

S/N Method:     S/N = 24,7 dB Link Margin: 4,7 dB MARGINAL LINK GMSK

NOTE:    F.E.C. Encoder Type:

    R = 1200 bps None

    hTx = 40,0%

  F.E.C. Decoder Type:

None Tx DC Pwr: 5,0 watts

Tx Dissipation: 3,0 watts

   Line A

Spec. B.E.R.: 1,00E-04     PTx = 2,0 watts

  Demodulator Type:

AFSK/FM     LA = 0,1 dB

Eb/No Threshold: 22,0 dB

   LTXbpf = 1,0 dB

   Line B

    LB = 0,1 dB

   BRbpf = 16000 Hz

(Used Only in S/N Calc.)    LTother = 0,0 dB

Hybrid

 

    LC = 0,1 dB

   Line C

 Ltotal line = 1,7 dB

Transmit Antenna

    G/T = -30,2 dB/K

    GT = 2,2 dBi

    Tsys = 865 K Polarization: RHCP

Dipole EIRPS/C = 3,5 dBW

T2nd Amp = 288 K

     Total Link Losses:

157,1 dB

    LP = 152,4 dB

    GLNA = 0,0 dB Yagi

    TLNA = 288 K     GR = 14,1 dBi

Polarization: RHCP

Ltotal line = 3,04 dB

Receive Antenna

Line A     LA = 0,06 dB

 

  LRbpf = 2,7 dB

Line C      LC = 1,74 dB

Line B     LB = 0,06 dB

  LRother = 1,5 dB

directional coupler

  LTother = 0,0 dB

directional coupler Line B     LB = 1,74 dB

Line C     LC= 0,06 dB

   LRbpf = 1,3 dB

Receive Antenna

Line A     LA = 1,7 dB

   GR = 2,2 dBi

Dipole   Polarization: RHCP    Ltotal = 8,2 dB

 

    Lp = 142,8 dB     TLNA = 290 K

    Total Link Losses:     GLNA = 22,0 dB

152,8 dB

  EIRPgs = 21,2 dBW

  T2nd amp = 291 K

Yagi     GT = 14,1 dBi

 Polarization: RHCP

 

Transmit Antenna

Ltotal line = 2,93 dB

  

Line C     LC = 0,600 dB

   LTother = 0,5 dBi

Directional Coupler     BRbpf  = 16000 Hz

(Used only in S/N Calc.)

Line B     LB = 0,600 dB

    LTbpf = 0,3 dB Spec. B.E.R.: 1,00E-04

     Demodulator Type:

Line A     LA = 0,600 dB GMSK

 Eb/No Threshold: 9,4 dB

    PTx = 100,0 watts

   F.E.C. Decoder Type:

None

  Modulation Method:

AFSK/FM

    R = 9600 Hz   

     F.E.C. Encoder Type:

None  Eb/No Method:   Eb/No = 13,5 dB Link Margin: 4,1 dB MARGINAL LINK

    R = 1200 bps  S/N Method:    S/N = 11,3 dB Link Margin: 2,3 dB MARGINAL LINK

LNA

Downconverters
Mixers

IF Amplification

Receiver Front End
Bandpass

Filter

Other
In-Line
Device

Other 
In-Line
Device

Transmit
Bandpass

Filter

HPA

Transmitter
Exciter/Modulator/

FEC Encoder

2nd 
Amplifier

Data
Bandpass

Filter

Data Demodulator

Data FEC Decoder

S/C

Ground
Station

RADIO
LINK

HPA

Other 
In-Line
Device

Transmit
Bandpass

Filter

Transmitter
Exciter/Modulator/

FEC Encoder

Other
In-Line
Device

Receiver Front End
Bandpass

Filter

LNA

Downconverters
Mixers

IF Amplification

2nd 
Amp.

Data
Bandpass

Filter

Data Demodulator

Data FEC Decoder

Ground
Station

S/C

Radio
Link

Uplink & Downlink margins > 0
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We would like to implement this exemple of Center…
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…Let's stay modest, realistic !

 

  

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
 

 

Rotor 

azimut + 

élévation 

Mât 

Antenne UHF, 

2*19 éléments TONNA, 

Downlink-435 MHz, 

3.25 m, 16dBi 

Antenne VHF, 

2*4 éléments TONNA, 

Uplink-145 MHz, 

1.03 m, 8.9 dbi 

Coupleur 
Coupleur 

Transceiver 

Roof of the LAM 

VHF 

UHF

F 

TNC 

CT-17 (non 

obligatoire) 

Contrôleur 

rotor 

Boîtier de 

contrôle digital 

(interface de 

contrôle du 

rotor) 

DC power 

supply 13.8 V ; 

24 A 

12 V DC 

power 

source 

Amplificateur 

de puissance 

SpaceCraft side

➔ UHF/VHF board choosen

Ground side

➔ Antenna and components, already
identified and choosen

➔ Antenna choosen

26
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The Electronic part : the Engineering Model

Ground Link

Energy

Digital

Analog

Electromagnetic

VHF/UHF ICS-VUTRX-01 and 

ISIS UHF/VHF antenna

AZUR SPACE Solar cells and power management 

(90%) EPS 31U+ Batteries BP4 GOMSPACE

Zynq Board (FPGA + 2 ARM 9 Core)

-Master sequencer

-Mass Memory

-Flight embedded OS

-TM/TC and HK, via UHF/VHF

-AOCS

- Image manager

Camera 20B44M + Proximity electronics

6 Trad Dosimeters + Polarization + ADC/MUX  

Magnetometer 3 Axis Honeywell  

3 Axis Magnetotorquers - ISIS

FlyWheel CubeSpace

Boards to 

PC-104

Standard

with

Power Supply

and

I²C Bus

25/10/2018
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Outline

Bernard REPETTI

• CASAA-Sat objectives, history, planning and organization

• Main presentation of the project and Vibrations test

Hector SILVA

• The Engineering Model

25/10/2018



CASAA-Sat, Student 2U Aix-Marseille 
University NanoSatellite Project

29

The Engineering Model

EPS

UHF / VHF

Processor
Ninano

Magnetotorquers

CU and PF
board

Batteries

UHF/VHF Antenna board

Preview of the board stacking all 
over the nanosat structure

25/10/2018
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x6

The Engineering Model

Payload Board

Dosimeter

Small-wheel

Antenna

REER circuit

Proximity electronic
camera

25/10/2018

Completely developed by the CASAA-SAT 
team! 
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The Engineering Model
Payload Board development

25/10/2018

Schematics from scratch
Board Modeling

Board dimensioning definition Component placement and routing
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• Real Time Operating System 
(FreeRTOS)

• Currently developping hardware
drivers to be implemented
(based on tasks and 
interruptions)

• AOCS algorythm on board
(translated from Simulink to C)

➔ System and hardware
priorities to define

The Engineering Model

25/10/2018

Flight OS development ongoing…

NINANO (Processor) Board
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FlightOS output example
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The Engineering Model

25/10/2018

C code development with FreeRTOS

Task execution on NINANO Processor Board

Acquired results (AOCS, dosimeter
and magnetometer tests) 
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34

Camera 20B44M
Diff Signal
RGB trame

Diff Amplifier/ 
unipolar

Video
decoder FPGA

SRAM
4 MBytes

Transmission
UART Ninano
@ 115kB

I2C Config

Power ON & Store

Board 1

Board 3

Board 2

Boards for camera interface

The Engineering Model

25/10/2018

Completely developed by the CASAA-SAT 
team! 
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35

Boards and camera placement 
in the satellite

The Engineering Model

25/10/2018
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36

Camera System Test

The Engineering Model

25/10/2018

C code for Image 
processing

VHDL algorithm for
image capture 

Hardware mounting

Image capture and JPEG compression
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Satellite power supply architecture

Power 

Supply

Board

(EPS)

Power 

Supply

Board

(EPS)

Latch-Up protected

3.3V

5V

Payload

(5V)

+18V/-18V/-5V/1.8V

Local
Camera 

(3,3V)

Camera 

(5V)

Fly 

Wheel  

(3,3V)

Payload

REER 

(3,3V)

Antenna

(3,3V)

Magnetotorquer
NINANO 

(Processor)

Magnetotorquer
NINANO 

(Processor)

Battery voltage

VHF/UHF Board
NINANO 

(Processor)
Fly Wheel 

Motor

25/10/2018
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Thank you for your
attention !
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