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[MAnpodoplec yia To pabnua

e Awbaokwv: AvarA. Kabnyntnig Nektaplog Kpavitng
— Qpec emkovwviog pe dottntec: Tpitn 11:00-13:00
— E-mail: nkran@aerospace.uoa.gr

* Qewpla: Tpitn 11:00-13:00 aibouvoa B

* |otooeAida Tou pabrpatoc

— e-Class: NAatdoppa Acuyxpovng TnAekmaidevong
* https://eclass.uoa.gr/courses/D49/

* OQa eyypadeite WG MLOTOMOLNUEVOL XPHOTEC UE XPAON TWV
LOPUHATIKWY 00C AOYyOpLOCHWV

— Méow e-class Ba evnuepWVEDTE yLa T VEA TOU HaBAUOTOC

* AvaKoLWWwOoEeLG, SladAVELEC, AOKNOELS


https://eclass.uoa.gr/courses/D49/

MaOnolakot 2Ztoyol

e JTOYOC padnuatoc: n SwdaockaAia tng olyxpovng poogyylong otn oxediaon PndbLokwyv
ouoTNUATWY PE TN YAwooa neplypadnis uAkou VHDL kat tnv ulomoinon toug o FPGAs
*  Me tnv entuxn oAokAnpwon tou pabnuatoc o dottntig Oa eival os Béon va:
— oxeblalel kat vAorolel Pndlaka cuotApata e th xprion tng yA\wooacg VHDL
— katavoel tic Stadikaoiec: requirements specification, synthesis, verification, implementation
— BeAtiotomnolel tn oxediaon Kat vl avaAUEL TOUC TTIEPLOPLOUOUG XPOVLOUOU (timing constraints)
— oyedlalel kat vAomolel PnodLakad cvotipata os FPGAs pe olyxpova epyaieia CAD
— KaTovoel Tn PACLKN ApXLTEKTOVLKN TOU TiLo Sladedopévou evowpatwEVoU eneéepyaotn - ARM
— KaTovoel TNV vAomoinon HKpoapXLTEKTOVIKWY ARM gvog KUKAOU Kal TTOAAWVY KUKAWV

* 21O EPYOOTAPLO TOU HOORHATOC:
— gpyalAeio Aoyloptkov VIVADO
— avarntuélakn kapta Zedboard (Zyng-7020 FPGA SoC)

— Epyaocieg (projects): udomoinon evog «amAoU» EVOWUATWHEVOU
eneéepyaotry ARM




Projects

Project 0: Epyaotnplakec aocknoelg (amo anmAd Pndlakd KUKAwpoTa LEXPL TO
datapath tou eneéepyaotn evoc KUKAOU apxLtektovikng ARM)

— BaBuocg 6
Project 1: 2xebiaon evog emeéepyaotn EVOC KUKAOU apxLtekTtovikng ARM
(mpormtuylokol poltnTEC)

— BaBuoc 10
Project 2: 2xebiaon evog emefepyaotn MOAAWY KUKAWV apXLTEKTOVIKAC ARM
(netamtuylakol poltntég) — Eméxtaon tou Project 1

— BaBuoc 10



Computing Classification System

 ACM: Association for Computing Machinery
— Revision 2012 (source: ACM Digital Library)

The ACM Computing Classification System (CCS)

Switch to Flat Wiew

General and Hardware Computer systems Metworks
reference arganization
software and its Theory of Mathematics of Information systems
engineearing computation CompLUting
Security and privacy Human-centerad Computing Applied computing
computing methodologies

Social and
professional topics

Froper nouns:
Feople, technologies
and companies

What is the CCS?




* Bl

YALKO paOnpatoc

BAloypadia

WHOIAKH ZXEAIAZH KAl

APXITEKTONIKH YMNOAOTIZTQN,

EKAOZH ARM®

Kwokog BiBAlov otov Eudoto:
86055864

‘Exdoon: 1n/2019

Juyypadeic: SARAH L. HARRIS,
DAVID MONEY HARRIS

ISBN: 978-960-461-961-0
Tumoc: Zuyypoppa

AwaBétnc (Ek6otnc): EKAOZEIZ
KAEIAAPIOMOZ ETE

EKAOTIEILKAEIAAPIOMOTE

Ynyiaxny oysdiaony kar
QAPYITEKTOVIK]] VNLOAOYI0TWY
‘Exdoon ARM®
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YALKO paOnpatoc
* Awadavelec oto e-class
e EmumtAcov BLBAoypadia

— |EEE Transactions on Computers

— |EEE Design & Test of Computers

— |EEE Transactions on Computer-Aided Design of Integrated Circuits and Systems
— |EEE Transactions on Very Large-Scale Integration (VLSI) Systems

— |EEE Transactions on Aerospace and Electronic Systems

* [MpooPaon peow tou HEAL-link |

/4 ’ 1 Configure Proxy Access to the Internet
— Xprion proxy eKtog oXoAng -
Auto-detect proxy settings for this network
Use system proxy settings

Manual proxy configuration

Hellenic Academic Libraries Link B —

{TTPS Proxy
SOCKS Host
Automatic proxy configuration URL
No proxy fo

YOVvoeouocC EAANVIKGV AKASNUaIKWV BIBAIOBNKWY



YrootnpLlKTIkO Epyaotnplako YALKO

* 0d8nyoc xpnonc twv Baoikwv Asttoupylwv tou Vivado tne XILINX

— Oa ddbayxBel oto gpyaoTrplo TOU HoBAUATOC

* Project 1: MeBoboloyia oxedlaonc emeéepyaotry evoc KUKAOU

— MEépoc tou Ba ulomolnBel oto epyactipLo

* Project 2: MeBoboloyia oxediaong emeéepyaoti MOAAWV KUKAWV

— To mapamndvw BApa pe entAéov epdoaon otnv povada eAEyxou we FSM



Ta pndLaka cvotnpoata Bpiokovtal rovtou !

*  KoatavaAwTlkeS PndLakeC cuokeUEC (consumer electronics)




Ta pndLaka cvotnpoata Bpiokovtal rovtou !

* Mepka mapadeiypata amo tnv LaTpLkn

Computed
Tomography

Ultrasound
System

Digital
Radiography




Ta pndLaka cvotnpoata Bpiokovtal rovtou !

* Mepka mapadeiypota amno tnv avtokivntoBlounyavia (Al, l1oT)

o Driver EventData Active
Night Vision Alertness Recorder Cabin Noise Cabin Entertainment |
Monitoring Auto-Dimming Suppression Environment System

Windshield
Wiper Control

| Head-Up Mirror Controls
: ; Accident Battery
' Display Interior
' Recorder Voice/Data - Management
nghnm Commumc.)hom DS
Airbag Engine Instrument
Deploymenmt  Control  Parental Cluster Correct\on
Con Electronic
T Il Collection

uols
Adaptive From
Lighting =1 - Omul Turn Signals
Adaptive Crunsc r = Navigation
System

Control m ,
R /’ ‘ by -
Automatic ' [/

Braking Security System

\ Active Exhaust

Noise Suppression

Electric

Power Steering Active Suspension

Amtilock

OBDN e Electron
Electronic Throttle idle Transmission Stabcllty.c Braking Hill-Hold
Control
Control . Stop/Start acthea  Romote Control Control
Electronic Vibration Keyless Seat Position Regenerative
Valve Control Parkmg
Control  Entry Tire Braking
Timing Lane System
Cylinder Blindspot Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Control

11



Ta pndLaka cvotnpoata Bpiokovtal rovtou !
* Mepka mapadeiypota amno tnv Pnoloakn Bropnyovio

INDUSTRY 4.0 FRAMEWORK - THE DIGITAL TECHNOLOGIES

=l
LT Internet
Of Thinks
Location Smart
Detection sensor Robotics automation and
: machine learning @ industry
‘ S e ]
Cloud O
5 Advanced
Computing - Robotics
‘ Industry 4.0 |

= 5%

Augmented . N .- BigData
Reality Rt - Analytics

3D

Big data analytics and
Printing machine learning
@ data centers

12



Ta pndLaka cvotnpoata Bpiokovtal rovtou !

 Meplka nopadeiypata amno TNV AEPOOLAOTN LK

DSCAL-EKNA

Internet of space
and navigation

13



Ertttaxuvtec YAwkoU: Baowkn texvoloyia

vAoTtolnonc amodoOTIKWY CUCTNUATWYV
e Kavovac 90/10

— 2uxva, 10 90% ToU XPOVOU EKTEAEONC KOl TNC EVEPYELAC EVOC
npoypappotoc damavatat arno 1o 10% tou kwdika

— Mpd Koppatia pog epappoyng amoteAolv to bottleneck
¢ anodoong

* Adopouv Kupilwc enteéepyaoia SedopEVWV Xwpig TTOAUTIAOKO EAEY)O
(dataflow processing)

* My: emetepyaocio KaL cupmnieon skovag kat Bivteo, kpumtoypadia KATT
— O emutayuvTtNC UALKOU UAOTIOLEL TA ELOLKA KUKAWMOTA YLOL TNV
ETILTAXUVON TOU KPLoLoU HEPOUC TNC EDOPUOYNC
— O eneéepyaotnc UAOTIOLEL TOL ALYOTEPO KPLlolpa LEPN

Zuotnua (System-On-Chip) : eme€epyaotng + emtayxuvtig VALKOU



Napadeiypata System-on-Chip

Apple A15
15 billion transistors, TSMC 5nm

Eneéepyaotec +
HE V dAO q « p LG uc’) q ATt c’) 2 new high-performance cores
E T[ LT ax U V'[ E' q U A‘ l. K O L’) 4 new high-efficiency cores

Faster Neural Engine New display engine
New video encoders
New video decoders

Double system cache

New image signal processor

VIDEJSO8AQ 2122 1

5 TFLOPS FP16

1
R

NVIDIA Tegra Xavier
9 billion transistors, TSMC 12nm

15



Evac moAumtupnvoc (96-cores)
enefepyootic ano tnv AMD

 AMD 4t gen Genoa EPYC 9004 Series data center chip
— 96 cores at 4.4 GHz

— 5nm CCDs, 6-nm |0OD

AMD EPYC" 9004 Series SoC at a Glance

Compute SPS Platform

DU i VR

Up to 4 links of Gen3 AMD Infinity Fabric™ with speeds of up to
32Gbps
Flexible topology options
Virtual/Physical Address Server Controller Hub (USB, UART, SPI, 12C, etc))

) ) Integrated 1/0 - No Chipset
Updated 10D and internal AMD Gen3 Infinity Fabric™ architecture

with increased die-to-die bandwidth

Up to 160 10 lanes (2P) of PCle
Tareet TOP rane: Up to 400W (cTOP) Speeds up to 32Gbps, bifurcations supported down to x1
+ Up to12 bonus PC1e® Gen3 lanes in 2P config (8 lanes-1P)
4 RAS Up to 32 10 lanes for SATA
64 10 Lanes support for CXL1.1+ w/bifurcations supported down to x4
Memory —————————————————————————

Security Features

Option for 2,4.6, 8,10, 12 channel memory interle:

Dedicated Security Subsystem with enhancements
' Secure Boot, Hardware Root-of-Tr
RDIMM, 3DS RDIMM
SME (Secure Memory Encryption)
Up to 2 DIMMs/channel capacity with up to 12TB in a 2 socket

SEV-ES (Secure Encrypted Virtualization & Register Encryption)
system (256GB 3DS RDIMMs)!

e Nested Paging). AES-256-XTS with

ue font indicates significant upgrades with EPYC 9004,

1.16



Evog moAuTtupnvocg (850000-cores)
emeéepyaotnc ya deep learning

Wafer-Scale Engine (WSE) is the central processor
for Celebra’s deep learning computer system

Cerebras WSE-2
2.6 Trillion Transistors
46,225 mm? Silicon

Source: https://www.cerebras.net/product-chip/

Largest GPU

54.2 Billion Transistors
826 mm? Silicon

Cerebras
Wafer-Scale
Engine

Fabrication process
7nm

Silicon area
46,225mm?

Transistors
2.6 Trillion

Al-optimized cores
850,000

Memory (on-chip)
40GB

Memory bandwidth
20PB/s

Fabric bandwidth
220Pb/s

1.17



Evoc moAurntupnvoc eneéepyaotnc yla

smartphones
Apple M1 System on Chip (2021)

‘r; TOLLELE ) Iy
8 x*16h
R 'PDDR4X
Ghannels

Jx"

]

1.18



Evoc moAurntupnvoc eneéepyaotnc yla

smartphones

Apple M1 Max System on Chip (2021)

L gl ) T

Source: https://www.anandtech.com/show/17024/app

* 5 S o

i b

0
!

€4, JINREGSRENRF.

le-m1-max-performance-review

1.19


https://www.anandtech.com/show/17024/apple-m1-max-performance-review

[MoAuTtupnvol enmeéepyaoTEC
yia smartphones

.'&f’i

€M2 @M1 Max @ M2 Max
Upto Upto
Industry-leading
; 20% 30% performance
per watt
Thunderbolt 4 faster CPU faster GPU
Over

67 billion

transistors

16-core

Neural o
Engine 40%
15.8 trillion opss Faster Neural Engine

Second-generation

High-performance
medila engine with ProRes 5nm technology

8 high-performance cores
ul

®M2 MAX

]

192KB instruction cache
128KB data cache
32MBL2 cache

] ) |

4 high-efficiency core:

128KB instruction cache
64KB data cache
4MBL2 cache

96GB

LPDDRS memory

400GB/s

Memory bandwidth

1.20



Napadeiypota System-on-Chip oto dtaotnua:
Institutional Missions

e GR740: Quad Core LEON4 SPARC V8 Processor

— Rad-hard SoC nou nepthappavel éva quad-core fault-tolerant
LEON4 SPARC V8 processor, SpaceWire router pe 8 Bupeg,
PCl initiator/target interface, MIL-STD-1553B, CAN 2.0, UART,
SPI, 10/100/1000 Mbit Ethernet interfaces

— QML-Q/V qual. tests completed
— QML-Q/V approval Q4 202

* JtoxeUel o SLAOTNMULKES edbappoyEC uPnAn g armodoonc

"
&%
i
8
an
[E]
H'*W
'
o
1
W
aa
ww
W
i
[E}
]
x

M = Master interface(s)
S =Slave interface(s)
X =Snoop interface

32-bit APB 32-bit APB
IS I > I S Statisics FPU k i M s
ona  JIIIIII 23
IRQUAIMP I Eoirboti jeemmmnnnaad X osua AHBIAPB spi Ruar el
”””” LEO N4 ’ Bridge plel
= 1
- ' S s M
Memory H Caches | MmU Caches | ameans s Debug bus
Scrubber - : Bridge 32bitAHB
96-bit SDRAM SIM 1 -
PC100 CTRLw. s Memory bus 2 s Processor bus '
e h s M

SDRAM EDAC 128-bit AHB Cache s Is S 12&?%5 :x e
H
AHB/APB v | AHBTRACE I DL I
Bridges Bridge M Status X 7S
I o I
M ﬁ_ H
s H

PROM PROM 01 o AHB Bridge S
0 &10 | S | IOMMU
816-bit [y  CTRLW. Slave 10 bus =

EDAC H 32-bit AHB Is Master 10 bus

'
H
= 1 32-bit AHB
=X per M M S M M M MM
Pad PLL 5 AHB Timer units Master pCI Pl SoW router CAN MIL-5TD Ethemet
controller Status 1-4 DMA Target P Controller 15538
st s
5 s sfs = s 5
Clock gating | s S
unit
1| I |
sensor

S S
Timer unit 0 GPIO port UART Bootstrap TOP s
watchdog 0-1 GP register controller controller

4 ¥

@
GR?40-PBGALZES
GR?40-PBGA-FM
ve005258110000
vQDos258
6Q 20 42 23H




Napadeiypata System-on-Chip oto dtaotnua:
Institutional Missions

(ST ——
Deep sub-micron microprocessor for spAce

Context & Objectives

7 partners from 4 countries

— H2020 project for "Critical Space Technologies for European
Strategic Non-Dependence” (COMPET-1-2016)

— covers the development of a rad-hard high perfarmance SoC
with a quad-core architecture based on the state-of-the-art
ARM Cortex-R52 implemented in 28nm FDSOI technology

— Beyond Space applications, the adoption of the ARM processor--

will enable the convergence with terrestrial appllcatmns
henefiting from the strong ARM ecosystem.

— STMicroelectronics (coordinator) France

— Airbus D&S Germany & France
— Thales Alenia Space ltaly & France

- I1SD Greece

— NanoXplore France

[

@ AIRBUS

DEFENCE & SPACE . space R

ThalesAIenla "I L NX

1

Bavy, 2047 Multicone promssing challenges and opportunitivs

OPEN

H2020 Schedule

2017: Kick-off
2018: FPGA prototype

Multi-Processor System on Chip

ARM-based Real Time CPU SoC Services _

Cocks BPLL |
Cortex-R52 Cortex-R52 Cortex-R52 Cortex-R52 WatchDog
CCSDS 08T

Security
Debug & Trace

Scalability On chip Memory | External Memory Interface
eRAM w/ECC DDR w/ECC
Embedded FPGA eROM w/ECC FLASH w/ECC
DMA Controller

Enhanced Internal AXI Interconnect System Bus

Connectivity

GPID CAN, 5P1, 12C H55L GN55
UART 1553 BC & RT SpW RMAP CCSDS TM & TC

22



Napadeiypota System-on-Chip oto dtaotnua:
NewSpace/Space 2.0, CubeSats, Nanosatellltes

 NewSpace: Epmopeuvpatonoinon touv SLAoTHLOTOC
— Xprion Commercial-Off-The-Shelf (COTS) components
— YnAn anodoon yia epappoyec on-board payload data processing
— Minimize time-to-market

* Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)
— 2Auepa umtapyxouv dtaBeotpa FPGA SoC uPnAng anodoonc Kol XwpnTkoTNTOC

— Xpnotomotlouvtat we System-0On-Programmable-Chip (SoPC) oAokAnpwvovtag oAa ta
OUCTOTLKA OTOLYELQL

Processing System l Processing System

— | —t|t |
sk nrcomect——— J 1 ke e
|

-
-
-
-
-

Graphics Processing Unit
M Mali™-400

Programmable Logic

Storage & Signal Processing
Block RAM

e Programmable Logic
Thermal Sensor (System Gates, DSP, RAM)

ti-Standard Vs (3.3V & High Speed 1.8Y)

1 Xilinx UltraScale+ MPSoC
Xilinx Zyng-7000 SoC 23



Napadeiypata System-on-Chip oto dtaotnua:
NewSpace/Space 2.0, CubeSats, Nanosatellites

RJ45 Gigabit

Ethernet Micro-AB

input / USB 2.0 OTG
| U U
ot PR, P ans e L.« YN
Ad A - J
o= |1 S L SO e
' A ) X Ny

High Efficiency
Power Supply Low-powel
RAM
PIM Interface GEPTFlash Xilinx Zyng
(incl. RSXXX) High Reliability e as AP SoC
System Controller
Xiphos Q7 Q-Card (Zyng-7020 FPGA SoC) Xiphos Q8 Q-Card (Zynq UltraScale+ XCZU7EG)
ARM dual-core Cortex-A9 MPCore Quad-core ARM Cortex-A53 Application
processors each up to 766 MHz Processing Unit at up to 1.2 GHz

Mass 24g, Power 2W, 78mm X 43mm X 9mm Mass 64g, Power 4W, 85.8mm X 80mm X 11.2mm



OBC yia CubeSats

GomSpace NanoMind 27000 ARM/FPGA OBC

Fits on NanoDock SDR using standard PC104
board (9.0 cm x 9.6 cm).

Perfect for on-board payload data processing

Xilinx Zyng 7030 Programmable SoC

1 GB DDR3 RAM and 32 GB storage
Linux operating system

SPI, 12C, UART and CAN data interfaces

Precision milled anodized aluminum heat sink tc
control thermal load and provide EMI shielding

Dimensions 65 mm x 40 mm x 6.5 mm

Credit: Nanomind 1.25



OBC yia CubeSats

RJ45 Gigabit

Ethernet Micro-AB

USB 2.0 OTG

RTC

High Efficiency

Power Supply Low-power

RAM

PIM Interface
(incl. RSXXX)

Xilinx Zynq
AP SoC

QSPI Flash
(NOR)

High Reliability
System Controller

Xiphos Q7 Q-Card (Zyng-7020 FPGA SoC)
ARM dual-core Cortex-A9 MPCore
processors each up to 766 MHz

Mass 24g, Power 2W, 78mm X 43mm X 9mm

RN

Xiphos Q8 Q-Card (Zynq UltraScale+ XCZU7EG)
Quad-core ARM Cortex-A53 Application
Processing Unit at up to 1.2 GHz

Mass 64g, Power 4W, 85.8mm X 80mm X 11.2mm

26



On-Board Processor SoCs: TexvoAoyLKO Yaouo

iPhone Xs |
= >70000 DMIPS
= 10nm
80000
 iPhone 8, 8+, X
70000 = >4 0000 DMIPS
= 10nm
60000 ‘
ARMVS — iPhone 7
| - = >30000 DMIPS
50000 | ARM11 —iPhone ARMV7 — iPhone 4 ARMVS — iPhone 6 * 14i6nm |
» 512 DMIPS - 1600 DMIPS = >10000 DMIPS
& = 90nm ;- 45 nm = 20nm
o
S 40000 /
(=]
20000 . LEON2-FT
10000
0
2006 2008 2010 2012 2014 2016
Years
Credit: ABDS

27



EpyaAeio AoyLopikou

e Xilinx Vivado ML

* WebPACK (Awpedv £kdoon) VIVADO

ML Editions

https://www.xilinx.com/support/download.html

¢ project_1 - [m] X
File Edit Flow Tools Reports Window Layout View Help Quick Access Implementation Complete
—3 L 5 H O o X % Timing Analysis v

Flow Navigator A IMPLEMENTED DESIGN - constrs_2 | xc7k70tfog676-2 ?

v PROJECT MANAGER )% =

rces Netlisx PathP | 2?2 _ O[4I
£ Settings
-
=™ o
Add Sources
top N
Language Templates
guage Temp > = Nets (4400
> Leaf Cells (22
v SIMULATION > [ kgen (cloc
Run Simulation v cpuEngine (0
> Nets (2870
v NETLIST ANALYSIS > [ LeafCells (23
> Open Synthesized Design 2 Cpu_dbg_dat i
v [I] cpu_dbg_dat_o (FifoBuffe
> [ Nets (68
Vv IMPLEMENTATION
v buffer_fifo 4
P RunImplementation 5 5 Nels (200
v Open Implemented Design > Leaf Cells (142
Constraints Wizard > (2] cpu_dwb_dat i (Fif
> cpu_dwb_dat_o
Edit Timing Constraints T
v cpu_iwb_adr_o
v
™ Report Timing Summary
Report Clock Networks Tcl Console M Log |Reports | I Pow lology | DRC | Timing 2 L E
Report Clock Interaction o T = N B B @
Report Methodology Reading placer database... -~
Reading XDEF routing.
Report DRC Read XDEF File: Time (s): 04 ; elapsed = 00:00:03 . Memory (MB): peak = 2191.301 ; gain = 16.895
Restored from archive | 4. 0 secs | Memory MB |
Report Noise
Finished XDEF File Restore: Time (s): cpu 4 ; elapsed 00:00:03 . Memory (MB): peak = 2191.301 ; gain = 16.895
Report Utilization Netlist sorting complete. Time (s): cpu = O 0 elapsed = 00:00:00.010 . Memory (MB): peak = 2191.301 ; gain = 0.000
v

TNFN: [Pradiact 1-1111 Tiniaim Tranafarmatinn Snmmarie

& Report Power

*4 Schematic o s s
1-28



Avarmtuén eneepyaotn RISC «oto omitin?

* Kootoc Aoylopikou: 0€ WebPACK (Awpeav €kdoon)

* Kootoc avamtuélakng kaptoc: 69€
e  Xilinx Spartan 7 XC7550 FPGA

1-29



. . . \\\\\“&i
ESA Proba-3 Mission Overview @ €sa

European Space Agency

* ESA Proba-3 mission consists of two
S/C, the Coronagraph and the
Occulter, flying in close proximity
(about 150m, accuracy few mm)

 Agiant coronagraph is implemented
by one satellite occulting the sun
and the other satellite flying a
telescope

e Mission Duration
— Launch: 2024
— Lifetime: >3-4 years

https://www.youtube.com/watch?v=AjalXGJ) ww&t=50s

30


https://www.youtube.com/watch?v=Aja1XGJJ_ww&t=50s

ESA Proba-3 Mission Overview

TBC <=

arcseC

TBC
arcsec

e Mission Orbit

@

\\ \\“\\_

(tesa

European Space Agency

— Orbit type: Highly Elliptical Orbit (HEO)
600 x 60 530 km, 59° incl.

* Formation Flying maneuvers and
coronagraphy measurements at apogee

+1.6mm

+1.6mm

6h - apogee arc

t,..=6h49m, 9 =170
t.. =12h49m, 3., =190
formation break T\, formation acquisition
1=1309m | ‘ t=5h19m
9=1922 /) 9=1636
t=18h53m. t=0h45m,
«g X 25] - ly X ]09
T =19h38m
GPS visibility

31
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NKUA @ ESA Proba-3 Mission

FDA interface

European Space Agency

COB structure -3 0ems [4— \
Optics (RGO and C3L) FPA (eomitraton | sompraosar ’
(Pg,o%z) (OIP) R T E
— [ s
N CEB COB interface
s — ==
L
FDA SS1G
(SNM) i wa i
b
AEU Ls
AEU-AEU 1 LOSSLESS DATA
‘-} e
OPSE r
(IMT) / e 1 1Y
wltlf SPS || JERAEE, o e s y| B ) esommoen srrmi
o (INF and SNL) s u /
- i ‘ e
2 INTERRUPT e S =
: e . X e
oot Homnd wormes | [ | e e erie
o B bl || e % . - )
I / Fower | | wiertce &
o
. I DPU BSW FLASH
Overview of ASPIICS N— - Y -
o b Rz;;vr::ram - \CONTROLLER ASW FLASH
Coronagraph Instrument et [, e e |
.‘.PCL}F’CU o

ASPIICS CCB Architecture ASPIICS DPU Architecture

32
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NKUA @ ESA Proba-3 Mission &:esa

European Space

Agency

April 2020: CCB EM

July 2021: CCB PFM

33
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October 21
COB FM EMC test completed

November 21
Calibration of the instrument at INAF Turin

October 21
TVAC test of CCB PFM connected to
COB FM and CEB PFM

https://www.youtube.com/watch?v=AjalXGJJ] ww

34


https://www.youtube.com/watch?v=Aja1XGJJ_ww

May 2023

Completed integration of
ESA #PROBA3 mission in
Redwire (former QinetiQ
Space) cleanroom in
Belgium

Spacecraft left our Redwire
to go to IABG Germany for
further testing
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NKUA @ ESA Proba-3 Mission ¢

European Space Agency

* June 23

» Stacked Proba-3 satellites
being surrounded by
microphones in
preparation for acoustic
testing at I1ABG,
simulating the noise of a
launcher take-off
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NKUA @ ESA Proba-3 Mission €esa

European Space Agency

e July 2023: Vibration tests
passed successfully!

* Checked that the satellites
can withstand the
vibration and acoustic
environment seen during
the launch

e Checked the behaviour of
the mechanisms deploying #
the solar panel in the CSC ™4
or separing the stack at the
beginning of the mission.
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NKUA @ ESA Proba-3 M

August 2023: Thermal vacuum testing completed
successfully!

PROBA-3 satellites spent two weeks in IABG 3m-TVAC
chamber to test the functionality of the fully integrated,
separated spacecrafts under space thermal conditions at
the IABG Space Test Center

In standard operations, the satellites will be facing the sun
with a high internal dissipation from the sensors and
payloads. But they have also to survive long eclipse
phases in a dark and cold environment with a limited
number of essential units powered-on.

Testing completed successfully; PROBA-3 one step closer
to launch.

on &&esa

European Space Agency

e ——

\
M

it
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European Space Agency

NKUA @ ESA Proba-3 Mission

Polar Satellite Launch Vehicle (PSLV)

Launch date: 2024
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