udents 2U Nano
project @ Marseille

CASAA-SAT

Aix-Marseille University & LAM

Bernard REPETTI
CASAA-Sat Project Manager
&
Hector SILVA
Electronics development engis

https:/ /www.lam.fr/formation/nanosats/

AixxMarseille cnrs
universite ‘

OOOOOOOOOOOOOOOOOOOOOOOOOO
DE MARSEILLE

LAM Seminar — Thursday 25th October (


http://www.lam.fr/formation/nanosats/
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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

- /
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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 L Axe de

_ rotation

(South Atlantic Anomaly, above Brasil) :

- Flow charged particles measurement & S 4 ,_

- Magnetic field measurement L £ ) SRS Ceintute

« To capture light phenomena . ntérieure
(pOIar IightS) ..Ar‘aii;m;:n -

= Correlate the 3 phenomena dela SAL

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

Payload description

* 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 l- '

=» The 3 phenomena will be correlated
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Other objectives

* 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.
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Orbital parameters
Elevation 615 km
Inclination 97°85
Excentricity < 103
LTAN 10:30 PM

9600 bits/s

TC VHF
1200 bits/s

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

Mai 13 Sept13 Janv 14 Mai 14 Sept 14 Janv 15 Mai 15 Sept 15 Janv 16 Mai 16 Sept 16 Janv 17 Mai 17
| | | | | | | | |
Phase 0 Phase A Phase B
04/03/13-09/09/13 09/09/13-21/07/14 22/07/14-15/06/17
B @ @ * *
Revue de Définition Revues des Exigences Point clé phase B Point clé n°2 phase B RDP
Mission (RDM) Préliminaires (REP) 14/09/15 10/10/16 15/06/17
complémentaire 21/07/14
09/09/13

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

areinvolved

/ Teacher-tutors

/' from AMU formations

4 Teachers

| [ Master of Mécanics, Physics,
Engineering — 2 options :
| - Aeronautics and Space
1 - Industrial project design

| 1Teacher :
\Master of nanoelectronics /

3 Teachers

; e Ol
Licence Pro of electronics //

. -butGEn 7/

Kar s ESATAN-/ VD

Scientists of the

Thermal Modelling Suite
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GENTRE NATIONAL D'ETUDES SPATIALES

LAM

Bernard REPETTI
" Researchengineer @ LAM

" Hector SILVA :
"~ Electronicsengineer

Students

Specialists
of the CNES

Final project internship "= ‘
For Electronics : ‘Student regroupment | Student regroup.
\ Final project internship LMeca-thermlcs modeIJ I scAO, Orbito
| For Meca- thermics e
¥ — s e
|y L[ R o g, st e
Fralotolacts hi | Electronics, | | Assembly, I
ina pf:::ect internshil | heasurements, | | Integration, Tests, |
For So are :softwares l !LVaIidation, EGSE i
[
' T T
.' Full time students ; Part time student projects,
f 2-6 monthes, 259 semester | Small -projects (few hours/week), 1% semester |
Aix-Marseille University Spatial Center
\ Inside the LAM - 35 students (in average) by year

[
|
|

- Others

25/10/2018

) 'Participanté :

LAM
- « Space » seniors
- Environmental test
‘ equipments ’
~._- Contract division - ;

Industrials,
: - Partners l
-ST Micro / IM2NP
-ITP-Engine '-\ [ -Engineers
-TRAD Space | | -lrradiation
-EREMS | \_equipments /
- Sub-contractors - SRR
-STEEL
-EUROCIRCUITS |
-CLIX Industrie
-TOMMASI ):

\ -GOMSPACE

\ —CUBESPACE

-ISIS
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The satellite

Standard 2U

100 x 100 x 226.5 mm
Mass : 2.504 kg
Average power : 5 W
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Axe de

P CASAA-Sat Payload

Ceinture v
Ceinture :
i |

Ceinture
arieneure

inteneure—
17mm 12mm

my

[ocalisation
dela SAA Axe
magnétique

7mm

1

Magnetometer

a
et

l 7240

Jests & radiations

REER — STmicro

—

To be tested under
space environment

h
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Detumbling

Ejection

Prisma’s orbit

Z= 615 km

i= 97,85°

local time at the ascending
node : 10h30 pm

Acquisition and
survival mode (MAS)

——— TCor auto Orderl or Order2

Solar
recharge

Nominal Mode (MNO)
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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




Input :

- Magnetic field B .

- Orbital parameters (i, QN, w, M, e, ...) Bpoint law Compass type law
Output : = o . Kb, +D(b, —b)
- Actuators : a Flywheel and 3 Magnetotorquers - ||§|| M = ||§||

- Command laws: > MAS MNO

(

Aix-Marseille
universite

Attltude and Orblt Control System

_
DESIGN
SIMULATION

— i

MATLAB
SIMULINK e

TEST ON TARGET
k

25/10/2018
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Satellite structure
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The STM
Launchgr environment

@ Test ISI-Pod

100% relevant of the

25/10/2018

Aix-Marseille
universite

Flight Model ISI-Pod.

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




3% [V Vi,}/ ’A"/]"j £

£

(Aivaar'sei'IIe s ES ) 25/10/2018




‘:lh"_':"f /A A‘ﬁ’lﬁ/ £y

e woceirg o) 25/10/2018

(Aix Marseille




M ESATAN-T/MS |

(Aix‘ Marseille IS ¢cnes R e 25/10/2018
[ ]
Thermal modeling
— N

ESARTARN-TMS

thermal modelling suite

Thermal Node Attributes: Temperature

)
LW

LY L

o
L\
1)

0?‘:\\ ;

| ; [ 1 1%
PR

. . — L —

i
VA

=AW
Bl

(i

)

{om
(=
)

T

\/

{ “‘

iﬂwf

VA?A%‘A k
IS
\/

|
\ | | )
rillhes: sll' \ REFE??(ENC?E()};(‘ ’
; QF"ENDING‘NODE' i/
]

|
} |
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Thermal modeling
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thermal modelling suite J, ;
Cage

y Supérieure

L Cage
inférieure

Entretoises

Connecteurs

We don’t need to heat, but
it will be necessary to drain component calories through a cold satellite face
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Spacecraft GrOU nd Iink Uplink & Downlink margins > 0

comAND TeLEvETRY
TPLiNK SYSTEM Freauency_izo N \DOWNL.NKSVSTEM\ [Freuency: _aas.00rz]

Orbital parameters : P ——
SSO, polar, altitude : 615 km o R

Link Margin.__ 140dB_]LINK CLOSE

> [ 4.7 98 JMARGINAL LiNK

Modulation Method:
Transmitter GMsK
FEC Encoder F.E.C. Encoder Type:

[I

. . None
Inclination : 98,7 ° - —
Local Time on Ascending Node : 10h30 PM = e —

[Spec. B.ER.. _1,00E-04 Prx= 2.0 walls

Demodulator Type: Transmit
[AFSK/EM Bandpass = 0108

f

Data Demodulator

o tesios 2208 it
e LTxbpt = 1,0dB
q [ EETE—T
PlgngaCk launch _ Srer e
B Comi= e imtine
f i Filter (Used Only in SIN Calc.) Device [Croher=_ 00ds |
rom KOUROU in a
r—
H Downconverters. Line C
VEGA launcher, orbit

Transmit Antenna

of PRISMA. i
1 m Polarization: __RHCP.

Engagment scheduled i e | o l

end 2019. ‘ —_ radt

Lp= 152,408
G = [Gmw=_ o0ds | Yagi

Uplink :

TLN/\ = 288K GR= 14,1 dBi
- [Polarization: __RHCP.

Line A LA= 0.06 dB)|

o) Rece\ver Front End

Orbital parameters, strategy :

Line B L8 = 0,06 dB|

Other In-Line
In-Line LTother = 0,0 dB} Device
% Device [directional coupler Line B 6= 1,74 dB
L]
. " ] Line C Le= 0,06 dB| Receiver Front End
—— r 1 Bandpass LRbpf = 13dB
v Filter
Photos/Magnetic field values ‘ . T
RADIO = Total Link Losses Gl = 22,0dB
/Dosimeter measurements/HK
Polarization: RHCP
IF Amplification
Line C Lc= 0.600 dB
d‘Astro h i EE——m
. Nround Line A 7= FOOTE] Data Demodulator !

> T |En/No Threshold: 9,4 dB.

F.E.C. Decoder Type:
None

Data FEC Decoder

=" | ~ [station
Ph= 1000 wais]

Modulation Method:
|AFSKIFM

R=
F E.C. Encoder Type
[None Eb/No Method:[ Eb/No= 13,508 Hf~ — —*[Link Margin-___4.1dB_]MARGINAL LINI

R= 1200 bps] SIN Method: [_SIN= 113d8 | Link Margin: 23dB_|MARGINg

FEC Encoder

Transmitter |




) WM ESATAN-/ /S

,,,,,,,,,,,,,,,, 25/10/2018




(AIX Marseille
universite a'

el AN VD

QCcnes

GENTRE NATIONAL D'ETUDES SPATIALES

Thermal Modeling S 25/10/2018

...Let's stay modest, realistic! Ground side

SpaceCraft side

=» UHF/VHF board choosen

=» Antenna choosen

=» Antenna and components, already
identified and choosen

Antenne UHF,
2*19 éléments TONNA,

Downlink-435 MHz,
3.25m, 16dBi

Rotor
azimut +
élévation

Antenne VHF,

2*4 éléments TONNA,
Uplink-145 MHz,

1.03 m, 8.9 dbi

DC power
supply 13.8 V ;
24 A

12 v DC
power
source

GROUND STATION : g

R S

PC, antenna and components will
be bought and installed @ LAM
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wy

e S S S A i A L RS S SR RS SR s sy . Boards to

| Ground Link VHF/UHF ICS-VUTRX-01 and .| PC-104

i ISIS UHF/VHF antenna —] Standard
i=__:__:__::::::::::::::::::'_:'_:'_:::::::"::""::'_'_'_'_'_'_"""""""""""""""""""""""""""""""""""""“; with

Ener AZUR SPACE Solar cells and power management | | 5 Sunp)
 Snerey (90%) EPS 31U+ Batteries BP4 GOMSPACE T | | FOuer SuPPl
TN ——— | [P -

' Digital

Camera 20B44M + Proximity electronics

Analog 6 Trad Dosimeters + Polarization + ADC/MUX

Magnetometer 3 Axis Honeywell

3 Axis Magnetotorquers - ISIS

' Electromagnetic |

i FlyWheel CubeSpace :
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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

o /
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The Engineering Model

Preview of the board stacking all
over the nanosat structure |

UHF / VHF

Processor
= Ninano

board
UHF/VHF Antenna board
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The Engineering Model

Completely developed by the CASAA-SAT
team!

(Aix Marseille 25/10/2018

universite

Payload Board

Proximity electronic
camera

E(?.OOOOOOOOOOOOQO
50 o & & OCN_ANT Vo

o ] . o 2 [' s
. ~

] . o
1) 600000000000000D



Payload Board development

NIN TRAD

Aix-Marseille

univer

site

ESATAN-IMS

Thermal Modelling Suite
> cNnes

GENTRE NATIONAL D'ETUDES SPATIALES

The Engineering Model

25/10/2018

oL pisTATO
36 MASEL

2
2'I
Z 1301713
9330380 2074167 2 A
RI14 R19 '
] I
1l
Res2 Res2 Cap
=5 10K 100nF
GND_PC104 =
- GND_PC104
2453274
D3 2074249
9330380 o s
R22
o G Res2
Res2 OPA425IPA  INOL4 56
K 2BHB =| 1301804
cit c12
cap —
2.2 ;_c Cap
= 100nF
=
GND_PC104 S GND Peloy 2HME756

Schematics from scratch

K s0.17mm "
55 80
73.80mm
R [ s somm
E .. B.08mm
i 55 . 424w
T l\L A \
) f 2,
=) £§§g6§§%§§
B = g
T ,~@~@@fd-§@-‘
! ~“mmmen § 5885 §
eE A g 298 5
fr |7 anmfim g 2o E B
g N A BB B
a” B ,%EEE“D fhg o
L 2000 emEd8 B
£ A Yo 000o pooB 85
H s = BEES =88E 2
: fHE s ETE B
3 Ed MOE -2° 8 =
AP = Tag.cg c oz
s H -
@ [sT
ce 2b7mm g Bblmen g g
EE — = ® 6010
- [6) EIJEIELEEDD i S
38 Rog gk B
ol
[oNo} [==Jy ==
mmmmnnnm oo DDEEDE, %% )
e le) o ma ==
e mmg w e
o od mm
oo
-mcm‘
s
2 - .

A ovesmm

B3mm

0000 OOQOOOO

s0.01mm

Board dlmen5|on|ng defini1ti6n

Component placement and routing
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NINANO (Processor) Board 2R <) &
(Processen HETOS) € XILINX

* 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

- /

Lamvig

r

mnm

Payload Board + NINANO Board

Flight OS development ongoing...
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The Engineering Model
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i\

VIVADO! /£ | FlightOS output example

for( ;5 )
{

printf{"Taking semaphorel\rin");

/=do{}

while(TimerExpired == 8);*/

xSemaphoreTake (xBinarySemaphore, portMAX_DELAY) ;

TimerExpired=0;
magnetometer_measurement (&Bpx_in,&Bpy_in,&Bpz_in,&Bx in,&By in,&Bz_in);

XGpioPs_WritePin(&Gpio, USER_GPIO_ 8, @x1);
rt_OneStep();
XGpioPs_WritePin{&Gpio, USER_GPIO_8, @x@);
J/rtu.Bpy_in;

recnecins  C code development with FreeRTOS
rtl.By in=By_in;

rtU.Bz_in=Bz_in;

rtlU.Bpx_in=Bpx_in;

rtl.Bpy_in=Bpy_in;

rtlU.Bpz_in=Bpz_in;

printf("The value of Bx is : ¥lg “r\n",rtU.Bx_in);

printf("The value of By is : ¥lg ‘r\n",rtU.By_in);

printf("The value of Bz is : ¥lg “r\n",rtU.Bz_in);

printf("The value of Bpx is : &lg ‘r\n",rtU.Bpx_in};

Task execution on NINANO Processor Board

Acquired results (AOCS, dosimeter
and magnetometer tests)

Type

Source

VOLTS/D!

CHi Stom %) 3 CHT ™ ~760my

30-Nov=1716:43 <10tz Lm,\.,
g’ CHA
wiSL
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The Engineering Model
Boards for camera interface
Completely developed by the CASAA-SAT
team!
Camera 20B44M . .
Diff Signal > 2l Amp:lfler/ SRAM Board 3
RGB trame 25 FPS unipotar 4 MBytes
y'y Transmission
»L t UART Ninano
Video > @ 115kB
decoder B Power ON & Store
* ) 7MB/S
12C Config
Board 1
Board 2

SPARTANV IR XILINX
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Boards and camera placement
in the satellite
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Camera System Test
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Port ( ImByte

end Comp XY

Image capture and JPEG compression
_ : VHDL algorithm for

image capture

end component ff_sr:

signal Ti, TM buffer: std logic;

signal Ti set, Ti_reset, Im set, Tm reset, E_set, E_resec: sud logic:
begin
O-- f£f Ti: £f sz
Por

(

Hardware mounting

C code for Image
processing
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Satellite power supply architecture

Latch-Up protected

Payload +18v/-18v/-5v/1.8V | Camera [§ Camera Fly — Antenna
(5V) Local (3.3V) (5V) — REER (3.3V)
' (3,3V) (3,3V) ’
Magnetotorquer NINANG
9 q (Processaor)

Magnetotorquer NINANO
° ! (Processor)

Battery voltage

VHF/UHF Board NINANO Fly Wheel
(Processor) Motor
7

3
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Thank you for your
attention!




