# = EAAHNIKH AHMOKPATIA YXOAH OETIKQON EINIXTHMQON
u._sa;\ Edvucév ko Karodiorptakév  Tunpa IAnpo@opung kat THAETKOWV®VI®V
Ligy, Movemoetnpiov Adnvov

R AU Tuua Agpodiactnuknc Emotnunc kot TeyvoAoylog

AMMZ Space Technologies, Applications and seRvices (STAR)
M806 Space Data Systems

MMZ otnv NAnpodopwkn (YZ: Aoylopiko kot YALKO)
MMZ otn Mnxoavik YrioAoyitotwv, TRAEMIK. Kot AtKTUwV
M137 Nponyuevn Zxedioon Wnoprakwv Zuctnuatwyv

MAE otov HAEKTPOVIKO AUTOMOTIONO
18207 NMponypévn 2xediaon Wndlokwv ZuoTnUATWV

E2ANQrikO MAOGHMA
Akadnuaiko Etoc 2025-2026
Kadnyntnc Avtwvioc MNaoxaAng
Kadnyntnc Nektapio¢ Nektapiog Kpavitng
K. Atovuaotoc BaatAomtouAocg, EAIM



[MAnpodoplec yia to padnua

ALOALOKOVTEC:
— KaBnyntnc Avtwvioc NMNaoxaAnc (Mwkpooap)ttektovikeg RISC-V)

e e-mail: paschalis@di.uoa.gr
— KaBnyntnc Nektdaploc Kpavitne (AspodlaotnkeC edapOYEC)
* e-mail: nkran@aerospace.uoa.gr
Ocwpta: Meumtn 10:00-14:00 (AtBouvoa IN)
Epyaotnpto: Meumtn 12:00-14:00 (Avayvwotnplo MN&T)
lotooeAida Tou padnuatocg
— e-class: MAatpopua Acuyxpovng TnAeknoidbeuvong
* https://eclass.uoa.gr/courses/DI505/
* OQa eyypadeite WC MLOTOMOLNLEVOL XPIOTEC UE XPON TWV
LOPUUATIKWY c0.¢ AOYapLOCHUWY
— Méow e-class Ba evnuepwveoTE yLa T VEA TOU HOBAUATOC
e AVOKOWWOELCG, SLapAVELEC, AOKNOELG




2TO £pPYOOTAPLO TOU HoBnpaToc:
gpyaAeio Aoylopikou VIVADO + VITIS
avarmtuélakn kapta Zedboard (Zyng-7020 FPGA SoC)

Epyaociec: enefepyaotécg RISC-V kal PndLakd cuotripata pe
ePOPUOYEG OTNV AEPOSLACTN LKA

MabBnolokol 2toyol

YTOX0C padnuatoc: n dStdaokaAia tng ouyxpovng oxedlaonc agpodlaotnuikwy PndLakwv
CUOCTNMATWYV HE TN YAwooa rieptypadrc uAtkoU VHDL kot Tnv uAOTtoilnor Toug o€ TEXVOAoyLa
Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)

Me tnv emutuyni oAokAnpwon tou padrnupatoc o dpottntic Oa eival og 6€on va:

KOTOVOEL, oXeSLATEL KoL UAOTTIOLEL OAEG TLC BAOLKEC HLKPOOAPXLTEKTOVIKEC (EVOC KUKAOU, TTOAAWV
KUKAwV, pE SloxEteuon) piag apyttektovikng RISC-V (NEO)

oxedLalel kat vAomolel Pndlakd cuotpata pe xpon YAwooog reptypadnc uAtkol VHDL
katavoel tig Stadikaoieg: synthesis, verification, implementation og texvoloyia FPGA
BeAtiotomnolel tn oxediaon Kal va avaAUEL TOUG TTEPLOPLOLOUC XpoVvIopou (timing constraints)
KaToVOEL T BaoLKA TPWTOKOAAA SLatUAWV yLla SLAOTNULKES EPAPUOYEG

KOTOVOEL T BACIKA TIPWTOKOAAQ OELPLAKAC LETASO0ONC YL SLACTNULKEC EDAPLLOYEC
(UART, SPI, 12C, CAN, SpaceWire, SpaceFibre)

yvwpilel Tic Baotkéc texvoloyiec FPGA kataAANAeg yior SLOOTNULKESG EDAPLOYEC

oxedLalel kat vAomolel Pnolakd cuotuata o FPGAs pe olyxpova epyaleio Aoyioptkov CAD
Katavoel ta mpotuna oxedlaonc Pndlakwv cuotnuatwy Pe ASICs/FPGAS yla SLaoTnNUKEG
ePAPHUOYEG

KOTOVOEL TIG BAOLKEG TEXVLKEC YLOL TO LETPLOOUO TWV EMLTTWOEWV aktlvoPoAiac oe texvoloyieg ASICs
Kol FPGAs yla SLaotnULKEG EPAPUOYEG




H eéehén tnc Yndlaknc oxedlaonc oto xpovo...

 [oaAawotepa: Xprion bread-boards
— KoAwdiwon kukAwpdtwyv SSI-MSI (DIP) pe to xepL
— MNeploplopog oe Aoyikeg UAeG (=100) -
— Xwplic xprion epyoAeilwv AOYLOLLKOU

— Xprion maApoypaddou yia verification kat debug

e JAuepa: Xpron development boards pe FPGAs

— MeyadAn ntukvotnta oAokAnpwonc (=100K Logic
Cells)

— 2xeblaon pe y\wooa meplypadnc UALkov

— Xprion epyoAeiwv AoyLopLKoU yia AoyLkn cuvBeon
(logic synthesis) kot uhomoinon (implementation)
yLOL CUYKEKPLUEVO FPGA

— Verification pe epyaleia nmpocopoiwong

— Debug pe xprion eOKWV KUKAWUATWY OTO UALKO
(on-chip debug)



BiBAla paBnpotoc

* WHOIAKH ZXEAIAZH KAI APXITEKTONIKH
YMNOAOTIZTQN, EKAOZH RISC-V

—  Kwdikog BiBAiov otov EUd0€o: 112705602

— 'Exboon: 1n/2025

— 2uyypadeic: SARAH L. HARRIS, DAVID MONEY HARRIS
— Ekdooelc KAEIAAPIOMOZ ENE

*  Wnowakn Zxediaon. Evowpatwpeva zuotnuata pe VHDL

Kwdikog BiBAlov otov EVdo&o: 64314
Exdoon: 1" AUEPLKAVLKN
Juyypadeéac: PJ. Ashenden

Ekdooelc NEwv Texvoloylwv 2010

Sarah L. Harris
David Harris

Wnotakn oxediaan
KOl OPXITEKTOVLKH

UNOAOYLOTWV

EKAOZH RISC-V

L g_r J ff 1 ..
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VHDL




MNorti emAe€ape va petadppacouvpue to BpAio twv S.L. Harris kaw D.M. Harris pe
titAo «Wndrakn Zxedioon kot Apyttektovikn YrnoAoyotwv —'Ekdoon RISC-V» ;

OepeALWVOVTOL HLE LOVASLKO TPOTIO OAEC OL BACIKEC APXEC KOl CUYXPOVEC TIPOKTLKEG
NS PndLakng oxedlaong Kal apXLTEKTOVIKAC UTTOAOYLOTWY QT TNV OTITLKN Ywvid
Tou oxedlaotn Pndlakwyv cuoTNUATWY

Xpnotporolel tnv Yndlakn oxedioon weg epaAtiplo yla tTnv oAoKANPWHUEVN KoL
Aemttopepn mapoucioon tng dtadikaciog oxedlaong evog amAov, cUYXPOVOU Kol
LE ouvexwe avéavopevn paydaia dSnuodnAia enetepyaotny apxttektovikng RISC,
tou eneéepyaoth RISC-V (5" Apxttektovikn RISC tou Berkeley)

H apyttektovikn tou RISC-V exwpilel emeldn eival pio apXLTEKTOVIKN OLVOLKTOU
TtNyaiiou KWOLKA 1ou TNV KaBLotd cuveXxwe emekTaoln (SLaBEtel akopa Ko
OUUTILECLEVEC EVTOAEC HeYEBOUC 16 bit), pe mMpakTiko amotéAeopa tnv EAeVOepPN
XPNon Tn¢ Ta TteAevtalia xpovia o€ TAnBwpa epappoywy, aKOUN Kol SLAoTNULKWY,
XWPLC woToOo0 va uTtoAeimetatl o SuvatotnTeC (AOYyw TwV EMEKTACEWV TNC)
OUYKPLTLKA PE AAAEC ETUTUXNMUEVEC EUTIOPLKEC OPXLTEKTOVLKEC, OTtwC ol MIPS, ARM
Kol X86.

Y& OAn TNV €ktaon tou BiPAiov napouotdlovral og BABOC Ta TLO CNUAVTLKA BEpata
nov ouvoeouv tn PndLakn oxedioon KoL TNV APXLTEKTOVIK UTTOAOYLOTWY UE TLG
T(POKANOELC TIOU KAAELTAL VOL OLVTILETWTILOEL OTNV TIPAEN O CNUEPLVOC OXEOLAOTNAC
TMOAUTIAOKWV PNPLAKWY CUCTNUATWV.



YAKO padnuatoc

e EmumAgov BiBAloypadia

P.J. Ashenden The Designer's Guide to VHDL,
3rd Edition (2008), Morgan Kaufmann

V.A. Pedroni, 2XeS100pOC KUKAWUATWY LE TN
VHDL, 1n Ekdoon, Ekdooelc KAetbaplbuoc,
2008 (Kwdikoc BiBAlov otov Eudo€o: 13901)

ECSS-E-ST-20-40C — ASIC, FPGA and IP Core
Engineering

ECSS-Q-HB-60-02A — Techniques for radiation
effects mitigation in ASICs and FPGAs
handbook

* Aladaveleg

— 270 e-class Tou pabnuotoc

THE DESIGNER'S GUIDE TO
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YAKO padnuatoc

e EmrumAgov BLBAoypadia

1.

Lk W

IEEE Transactions on Aerospace and Electronic Systems
IEEE Transactions on Computers

IEEE Design & Test of Computers
IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems

IEEE Transactions on Very Large-Scale Integration (VLSI) Systems

* MNpooBaon peow tov HEAL-link (evtog diktou campus)

— T pooPaon ektog Campus:

* xpnon VPN http://www.noc.uoa.gr/syndesh-sto-diktyo/eikoniko-idiwtiko-diktyo-vpn.html
* 1) proxy server http://www.noc.uoa.gr/syndesh-sto-diktyo/diakomistis-mesolabhshs-proxy-server.html

* Aodaveleg Hellenic Academic Libraries Link

— 210 e-class tou paBnuatog H EAI

20vEeouoc EAANVIKGV AKadnuaikwV BIPAIOBNKWV



A&loAoynon

* Epyaolec pe KALpoKoUpeVn SUCKOALD

— Awadopetikec avaioya pe to background kat ta evéladEpovta
Twv dortntwv/dolrtnTpLwyv

* Mapadelypata:

— YAomoinon twv 3 Baoctkwyv HikpoapxLtektovikwy RISC-V
(evog kUKAou, TOAAWV KUKAwV, e SloxEteuon)

e Xpnon LCD controller (ue SPI)

— YMAormoinon tou aAyopiBpou SOBEL edge detection oto UALKO
* Qcembedded SW oto PS tou Zyng-7000
Q¢ HW accelerator oto PL tou Zyng-7000 og VHDL
e JUyYKpLon anodoong

« Xpnion UART controller kot VGA controller



2xedblaon Wnodlokwv ZuoTnUaTwy




Ta pndloka cvotnpata Bpiokovrtal rtovtou !

o KatavoAwTtlkéC PndLlakec cuoKeVEC (consumer electronics)




Ta ndloka cuotnuota Bplokovtal avtou !

. I\/IepLKa napaéewuata aro tnVv az—:po&aotn |J.LKr]

B CKnA-3OE

Adaptive image & video

processing/compression Internet of space

2ik @ s ¢ and navigation

Earth observation and
hyperspectral imaging 12




Ta ndloka cuotnuota Bplokovtal avtou !

 Mepka mapadeiypata amo tnv LaTPLKN

Computed
Tomography

Ultrasound
System

Digital
Radiography




Ta ndloka cuotnuota Bplokovtal avtou !

* Mepka mapadeiypata amno tnv avtokwvntoPflounyavia (Al, 1oT)

- Driver Event Data Active ;
Night Vision Alertness Recorder Cabin Noise Cabin Entertainment
Monitoring Auto-Dimming Suppression Environment System

Windshield

Head-U Mirror Controls
Wiper Control Diwl-lvp Accident Battery
bt Recorder Interior Voice/Data " Management
Lnghtmg Commumcanom OSR
Airbag Engine Instrument
Deployment Contro!  Paremtal Cluster Correcmn
Conltols | _ Electronic
Adaptive Ffom Toll Collection
Lightin,
- - Dnglul Turn Signals

; A k
Adaptive Cruuc rz Navigation

Cannol/ m St

Automatic s TNY |
Braking /

Security System

\\
\ Active Exhaust

Noise Suppression

Electric \
Power Steering .
adbe b2 Antilock Active Suspension
Electronic Throttle idle Transmission Stablity Braking Hill-Hold
Control
Control Stop/Start Active Remote Control Control
< Vibration Keyless Seat Position Parki Regenerative
Valve Entry Control b Brakin
Timing Control Lane System Tire g
Cylinder Blindspot Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Control

14



Ta ndloka cuotnuota Bplokovtal avtou !
* Mepka mapadeiypata amno tnv Pnolakn flopnyavia

INDUSTRY 4.0 FRAMEWORK - THE DIGITAL TECHNOLOGIES

2

Location
Detection

Cloud
Computing

]
\
\

Augmented -

Reality

=
Internet
Of Thinks
Smart
Sensor
= 59
. | o™ Y|
. o s i A
Advanced
- Robotics
Industry 4.0 ;
—— 2 BigEata
Eﬂ Lm®” Analytics
3D
Printing

Robotics automation and

machine learning @ industry

Big data analytics and
machine learning
@ data centers

15



Ertitayuvtec YAwoU: Baowkn texvoloyia
vAortolnong AmoOOTIKWY CUCTNHATWY

e Kavovac 90/10

— 2uxva, To 90% ToU XpOVOU EKTEAEONC KL TNG EVEPYELAC EVOC
npoypappatoc darmavatat oo 1o 10% tou Kwoka

— Mwpa koppatia pag epappoync amotelouv to bottleneck
N¢ anodoong

* Adopouv Kupilwc eneéepyaoia SedopEVWV XwpPLC TTOAUTIAOKO EAEYXO
(dataflow processing)

e My: emeéepyaoia kal cupmnieon skovag Kol Bivteo, kpumtoypadia KA

— O emutayuvtnNc VALKOU UAOTIOLEL TA ELOLKAL KUKAWLATAL YLOL TNV
ETLTAYUVON TOU KPLOLUOU HEPOUC TNC EDAPLOYNAC

— O enetepyaotnC UAOTIOLEL TAL ALYyOTEPO KploLpa LEPN

2uotnpa (System-On-Chip) : emeepyaotic + EMTOYUVTAC UALKOU



Napadetypota System-on-Chip

Apple A15
15 billion transistors, TSMC 5nm

* Emeepyaoteg +
LEVOAOC OPLOUOC ATIO  sonorreromasesne
ET[L'[aXU Vtéq UALKOO 4 new high-efficiency cores

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

Double system cache

New image signal processor

1
R Ty

NVIDIA Tegra Xavier
9 billion transistors, TSMC 12nm

17



Evac moAumupnvoc (192-cores)

emeéepyaotnc ya data centers
* Turin: AMD’s Zen 5-based EPYC server processor , 3nm TSMC

Previewing Today at Computex 2024: “Turin”

5th Gen AMD EPYC”

World's best data center CPU.

Z5¢ IS¢ I5¢ ISc ISc ISc ISc IS¢ IS¢ IS¢ IS¢ IS¢ Z5¢ IS¢ IS¢ Z5¢ 7S¢ Z5¢ Z5¢ 25¢ Z5¢ Z5¢ Z5¢ 25¢

32MB L3 32MB L3 32MB L3

Z5¢ Z5¢ I5¢ Z5c I5¢ I5¢ I5c¢ IS¢ IS¢ I5¢ IS¢ IS¢ IS¢ IS¢ ISc IS¢ IS¢ Z5¢ Z5¢ Z5¢ 2S¢ Z5¢ Z5¢ I5¢

Z5c Z5¢c I5¢ IS¢ Z5¢ 15c AScI5¢ IS¢ IS¢ IS¢ IS¢ Z5¢ IS¢ IS¢ I5¢ ZSc Z5¢ Z5¢ 25¢ Z5¢ I5¢ Z5¢ I5¢

32MB L3 32MB L3 32MB L3
Z5¢ Z5¢ Z5¢ Z5¢ Z5¢ 7S¢ IS IS¢ {nk'ﬁg:mmmmncm Z5¢ Z5¢ Z5¢ ZS¢ ¢ IS¢ Z5c ZS¢

PCle Gen 5

ZS5c I5¢ IS¢ I5¢ ISc IS¢ Z5¢ IS¢ 25¢ IS¢ IS¢ Z5¢ IS¢ IS¢ I5¢ Z5¢ ZRIS(&ZScZS:ZSCZScZSc

32MB L3 32MB L3 32MB L3

Z5¢ Z5¢ I5¢ Z5¢ IS¢ I5¢ 2S¢ IS¢  Z5c IS¢ Z5¢ IS¢ 2S¢ IS¢ IS¢ I5¢ BclSclStBtBrlScZScBé

Z5¢ Z5¢ I5¢ I5¢ I5¢ IS¢ I5¢ I5¢ IS¢ ISc 2S¢ I5¢ IS¢ IS¢ ZS5c Z5¢ IS¢ T8¢ IS¢ IS¢ Z5¢ IS¢ Z5¢ ISc

32MB L3 32MB L3 32MB L3

Z5¢ Z5¢ Z5< 2S¢ Z5¢ 2S¢ Z5¢ I5¢ ZSc Z5c ZSc ZSc 2S¢ Z5¢ I5c IS¢ ZSc ZSc¢ ZSc ZSc ZSc 2S¢ ZS¢ Z5¢

1.18




Evac moAurntupnvoc (900000-cores)
eneéepyaotnc yio deep learning

Wafer-Scale Engine (WSE) 4 Tpic transistors!!

Cerebras WSE-3
4 Trillion Transistors
46,225 mm?2 Silicon

Chip Size

Cores
On-chip memory
Memory bandwidth

Fabric bandwidth

WSE-3

46,225 mm?
900,000

44 Gigabytes

21 Petabytes/sec

214 Petabits/sec

Source: https://cerebras.ai/product-chip/

—

Largest GPU
80 BillionTransistors
814 mm?2 Silicon

Nvidia H100
814 mm?2

16,896 FP32 + 528 Tensor
0.05 Gigabytes
0.003 Petabytes/sec

0.0576 Petabits/sec

Cerebras Advantage
57X

52X

880X

7,000 X
3,715 X

Cerebras
Wafer-Scale
Engine

Fabrication process
5nm

Silicon area
46,225mm?

Transistors
4 Trillion

Al-optimized cores
900,000

Memory (on-chip)
44GB

Memory bandwidth
21PB/s

Fabric bandwidth
214Pb/s

1.19



System-on-Chips yia smartphones

SoC design : Apple LPDDR5x RAM interface
SoC manufacturer : TSMC
Fab : Fab18 (Tainan city, Taiwan)
Process : 3nm (N3B)

Transistors : 19 billion
+3 billion or +19% than A16 Bionic

Surface : 1cm?
Dimension : 8.18mm x 12,69mm
-8,8% than A16 Bionic

10Gbps
USB3
controller
Estimated yield : 50-60%
~ 420 to 500 dies per wafer
-40 to -30% than A16 Bionic
10

interfaces

12,69mm

8,18mm LPDDR5x RAM interface Neural Engine LPDDR5x RAM interface

15% faster than A17 Pro £ Desktop-
20 power usage than A17 Pro 20% fé
Larger caches than A18 Dynamic Caching
Next-generation ML accelerators Mesh shading

35 trillion operations per second | Advar nedi
Faster and more efficient T
= ProMotion display support

17% more memory bandwidth ol
Always-On display support
Faster USB 3 speeds

ProRes video recording

Source: https://x.com/Frederic_Orange

1.20



System-on-Chips yia laptops

LPDDR5X

Xsdaad

Apple Silicon
M4

28 billion transistors

N3E TSMC (2n gen. 3nm)
Die zise : 1.28mm x1,21mm

*‘: Frederic_Orange ’

Source: https://x.com/Frederic_Orange 1.21



Napadeiypota System-on-Chip oto dlaoctnua:
Institutional Missions

e GR740: Quad Core LEON4 SPARC V8 Processor

— Rad-hard SoC nou neptAapPBavel Eéva quad-core fault-tolerant
LEON4 SPARC V8 processor, SpaceWire router pe 8 BUpec,
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

e JTOXeULEL o€ SLaoTnULKEC edpappoyeC uPnAng anodoong

: T L NN AR R REE R
) EEEE SEE:.  MER HER REN ELN . EER

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

32-bit APB 32-bit APB
IS I > IS Statistics = pu oo FPU M s
LEON4 el el
RQAIMP
| RQ(A) oAty [— emmmmannend X bsuz AHBIAPB spw map el
1 — || LEON4 LEONA | » = -
; J
. ' s 5 M
2"9";‘;” ] | Caches MMU [~ Caches MMU v | AHmaHB S Debug bus
| '
''''' — : Bridge 32-bit AHB
96-bit SDRAM SIM : "
PC100 il CTRLw. S Memory bus CLZh S Processor bus . I , i
SDRAM EDAC "1 28 bit AHB Hehe T — ¥
i |5 I; |5 128-bit AHB i —
AHB/APE AHB/AHB yie AHBTRACE oL
ridges Bridge M Status TR 7
M H
Bt PROM E i { A Bridge S :
o &10 - IOMMU '
8/16-bit fubd  CTRLW. 3 Slave 10 bus - |
EDAC = 32-bit AHB. MasterI0bus 1
- 32-bit AHB s A e
= M M S M M M MM
Pad /PLL S AHB Timer units pcI Pl — CAN MIL-STD R
controller Status 1-4 DMA Target P Controller 15538
2 i s B s 5 GR?40-PBGALR2S

GR?40-PBGA-FM

Clock gating 3 S
I:“"‘t = [ ] S | I, . VRO052581,10000

Temperature &3 Timer unit 0 GPIO port UART Bootstrap TDP SPI VRD05258
sensor watchdog 0-1 GPregister || contro ller controller GR 20 42 23H
i R l v L 4 L 4 v v * v

<




Napadeiypata System-on-Chip oto dtaotnua:
Institutional Missions

OFEN

H2020 Schedule

Deep sub-micron microprocessor for spAce

Context & Objectives
— H2020 project for “Critical Space Technologies for European
Strategic Non-Dependence” (COMPET-1-2016)
— covers the development of a rad-hard high performance SoC
with a guad-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 applications — 5 =t Multi-Processor System on Chip
benefiting from the strong ARM ecosystem. ! . :

2017: Kick-off

ARM-based Real Time CPU | SaC Services

DOlochs & PLL
Cortex-R52 Cortex-R52 ~Cortex-R52 Cortex-H52 WatchDog
7 partners from 4 countries i
- STMICFDE]EEUD!‘IECS (coordinator) France o Securfty
— Airbus D&S_ Germany & France Scalability On chip Memory | External Memory Interface
— Thales Alenia Space ltaly & France eRAM w/ECC DDA w/ECC
- 15D Greece Embedded FPGA aROM w/ECC FLASH w/ECT
— NanoXplore France DMA Controller

Enhanced Internal AX] Interconnect Syilem Bus

[@ AIRBUS  ThalesAleria Ky7  dSPsio. NX stilad —

CAN, 5P1, 12C
1553 BC B RT SpW RMAP CCSDSTM & TC

DEFENCE & SPACE - Space = Manzipiors

1 Bay, 2017 Multrense processeg challenges amd opportunilivs

23



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

* NewSpace/Space 2.0: Eynopevpatonoinon tTou SLeoTiaToq
— Xprion Commercial-Off-The-Shelf (COTS) components
— YynAn anodoon yia edbappoyec on-board payload data processing
— Minimize time-to-market

* Field Programmable Gate Arrays (FPGAs) System-On-Chip (SoC)
— 2Auepa untapyxouv dtabeopa FPGA SoC uPnAng amodoong Kat XwpnTkoTNTaC

— Xpnotpomotlovuvtal we System-0On-Programmable-Chip (SoPC) oAokAnpwvovtag oAa ta
OUOTOTLKA OTOLXEL

Programmable Logic
(System Gates, DSP, RAM)

$
Xilinx Zyng-7000 SoC 24



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

m H texvoloyikn e€€AEN tou aAAAlEL TNV KAQOOLKN TIPOCEYYLON TOU UALKOU
KOl TQL OpLaL TNC oU-oXediaon¢ UALKOU-AOYLOMLKOU

- npoypauuati{ousvn Aoyikn (yia mupnveg IP) + uviuec + emeéepyaotec ARM +
ETEEEPYAOTEC YPAPLKWYV + ETOLUOL ETUTAYUVTEC UALKOU + cuvdeoLuotnta uPnAnc
tayutntac o€ eva tout (AMD XILINX Multi-Processing System on Chip)!

—  To evowuatwUEVO AOYLOULKO UITOPEL va ekTeAeaTel arto tnv SRAM ato FPGA

- AUON €VOC TOUT UELWUEVOU KOOTOUC TTOU AITOPEUYEL TO KOOTOC avartuénc veou ASIC

Zynq® UltraScale+™ MPSoCs: EV Block Diagram

Processing System
Application Processing Unit Memc i i i High-Speed
i Connectivity
o || NEow™ | [Oesinorvize |
! Cortex™-A53 J Fiostng Pont Unit I IW
r3 i L
|:’§$| lz«;l@w lrmged‘ | [TsATA31
ca o 3 [TPceiorzo
| PS-GTR
| General Connectivity
GigE
' UsSB 2.0
- I CAN
| Unit i y I UART
J 128K8 38 x-c.;:m} 32KB D-Cache I SPI
TCM wECC WwECC | wECC — , m
[T NAND
| [soemmc
Programmable Logic
System Monitor
| Storage & Signal Processing 1 . ‘
Block RAM General-Purpose /O High-Speed Connectivity
ey 3 Video Codec

Page 7 © Copyright 2016 Xilinx £ XILINX » ALL PROGRAMMABLE 25



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

m H texvoloyikn e€€AEn ouv aAAAleL Ta 6pLa TNG CUMMEPaopatoAoyiac™
otnV TEXvNTH vonuoouvn (Al)
- Eivat mpooapuootun o€ eEeAtooouevouc aAyoptduouc TeXVNTN¢ vonuUoouvng
- Juvbualel Al Engines, DSP Engines, Adaptable Engines (r.x yla GUUTTIECUEVA VEUPWVIKA
biktua), npoypauuati{lopuevn Aoyikn kat encéepyootec ARM
(AMD XILINX Versal Adaptive System on Chip)!
- AlaxOetel npoypauuati{ouevo SIKTUO € TOLT Kat SIETTOPEC UYNANC TaxUTNTAC

- Alxo@alilel BeAtiotomotnuevn ouvdeouotnta Ue to Kévtpo Asdboucvwv

Scalar Engines Adaptable Engines Intelligent Engines

Al Engines
Image Scaling
Machine Learning
Neural Network (e.g., CNN, RNN)
RT Compression

DSP Engines

Custom Memory
Hierachy

+Video

« Imaging
= Custom Datapaths

Programmable,Network on Chip
PCle Gen 4 DDR4 39Gb/s SerDes 100G Multirate
w/ DMA & CCIX Ethernet Cores

Host CPU LPDDR4- 4200 DDR4-3600 106/256/400/1006 Ethernet
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Napadeiypata System-on-Chip oto dtaotnua:
NewSpace/Space 2.0, CubeSats, Nanosatellites

RJ45 Gigabit

Ethernet Micro-AB

input / USB 2.0 OTG
“‘ U U
" 3 el '
; )
- | 5, ; A v T

RTC

High Efficiency

Power Supply Low-powel
RAM
PIM Interface Xilinx Zyng
(incl. RSXXX) High Reliability (Q,\lsg:;;laSh 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
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OBC/PDPU yLa
CubeSats

Hardware features:
SoC Xilinx Zyng 7030/7045 Programmable SoC.
Dual ARM Cortex A9 MPCore, clocked up to 800 MHz
Powerful FPGA module — 125K / 350K logic cells
Volatile Memory
1024MB DDR3 (512MB with ECC enabled)
Non-volatile Memory
256 MB NOR flash

70GB eMMC (pSLC) and 233GB eMMC (MLC)
Mechanical dimensions 95 mm x 95 mm x 31.5 mm ;
Mass 240g A
Power supply voltage 12-32V DC ARM H
Interfaces: ﬁ ERrEAs 1 G
SpaceWire x3, data link/network layer I‘_ - .
USB x1, host/device . I I PR X |
CAN/I2C/SPI/RS422/RS485/PPS r psa ; ==
Fully Configurable I/O P — =T — =1
FPGA I/O 11 x LVDS pairs, 10 x I/O e HEE J[4
Conditionally Configurable 1/O S S I S 1 =
FPGA I/O 12 x LVDS pairs (or Spacewire) I K
8 x I/O (or RS-485) ot b s — it
ARM 1/0 6 x I/O (or eMMC#2) (S B ) [

. Figure 3.1: NanoMind HP MK3 Block di
DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY Cred |t: Gom Space gere anon ok diagram



EpyaAeio AoyLlopkou

e Xilinx Vivado ML + Vitis N
VIVADO

* WebPACK (Awpeav €kdoon) MLEdito
https://www.xilinx.com/support/download.html

¢ project_1 h [m] x
File Edit Flow Tools ‘Reports Window  Layout ¥iew  Help i Quick Access Implementation Complete
L - O o X = Timing Analysis v
Flow Navinator' & IMPLEMENTED DESIGN - constrs_2 | xc7k70ifbg676-2 by
v PROJECT MANAGER <
| | Sources Netiis x 2
£ Settings
-
=) v
Add Sources
top
L T late
anguage Templates y0s ks
> Leaf Cells (2
v SIMULATION L
Run Simulation « [T cpuEngine
> Mets (2
~ METLIST ANALYSIS > LeafCells (23
> Open Synthesized Design = b il Aoty
~ |I| cpu_dbg_dat_o (FifoB
> Nets (58
~ IMPLEMENTATION y
~ [I] buffer_fifo
P Run Implementation 5 Nets (3
~ Open Implemented Design > Leaf Cells (142
Constraints Wizard cpu_dwb_dal | (7
cpu_dwb_dat o
Edit Timing Constraints &
cpu_iwb_adr_o (F
EJ Report Timing Summary
Report Clock Networks TclConsole = M
Repor Clock Interaction a =T = Il B E @
Report Methodology | Reading placer database... A
Reading XDEF routing.
Report DRC | Read XDEF File: Time (s): cpu = 00:00:04 ; :00:03 . Memory (MB): peak = 2181.301 ; gain = 16.395
Restored from archive | CPU: 4.0 .000000 MB |
Report Noise _ ~
Finished DEF File Restors: Time (s): cpu = 03 . Memory (MB): peak = 2181.301 ; gain = 1
Report Utilization Netlist sorting complets. Time (s): cpu = :00.010 . Memory (MB): peak = 2191.301 ; gain =
TNFN- [Proiact 1-1111 Tnieim Tranefarmatinn Sommaras b

#& Report Power b4

4 Schematic A




Avarntuén eneéepyaotn RISC «oto omity

Kootocg AoylopikoU: 0€ WebPACK (Awpeadv €kdoon)
Kootocg avarmtuéLlaknc kaptac: 69€
e Xilinx Spartan 7 XC7S50 FPGA

EXTPL "
o DR
L4 Y

Boolean

& & XILINX
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ESA Proba-3 Mission Overview

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

* A giant 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

{:esa

European Space Ageney  NLLPS://Www.youtube.com/watch?v=AjalXGJJ] ww&t=50s

///.
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ESA Proba-3 Mission Overview

e Mission Orbit

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

* Formation Flying maneuvers and
coronagraphy measurements at apogee

-~
6h - apogee arc
-
- t, . =6h49m, g _ =170
t; =12h49m, g, =190
formatmn break /‘—\\ formatlon acquisiti
t=13h19m t=5h19m
9=1922 9=1636
+ 1.6 mm
1=18h53m, 1=0h45m,
J =251 J=109°
=19
ok GPS visibility

arcsec
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NKUA @ ESA Proba-3 Missioné=esa

FDA interface

S European Space Agency
Position Sensors
Redundant
Stepper Motor &
Position Sensors
— Nominal | [ T [
COB structure < FDA [ ez | [z | N
(F’CO and CSL) ADPMS 1 (with DMA) J {mu INTERFACE [ ¥
Optics FPA COB interface e e
Heaters & i e (conmouralty | ccompresson
Rﬁrs(::m AHB COMPRESSED ‘
un | CONTROLLER DATA DMA
e ENGINE
Sensors < i AEU 2 Provided A
Nominal * il
FDA oo d BRIDGE
B SES DATA: spI SN :) sPs
(SNM) FWA interface o PROCESSING
(AHB + APB)
Stepper Motor AEU S
Redundant -
Interface
onso CACHE MEMORY
OPSE g
(IMT) smzf:; by AEU 1 v
- SRAM
= (INF and SNL) ] /
ﬂ ) FWA pt ro
reset interrupts Spw clock
SPS interface
Fnd '8
SPS DPU Nominal
e sl SpWwin AP
Pt INTERRUPT
nterface TR reset
U & I wooTmer
! 4 Redundant
Ct iniseie \_'J"- Nominal Control
—e
joves . Interface
interface | f
DPU i sy C opl0, 5PI
[ T™ redundant A
CEB interface ™ h LEONSET
Redundant BsW FLASH
i X Power TIMER —
B
i - e e .
ADPMS i I ART
“PCU-PCU A soRAN
Interface
ADPMS interface (L2
f opu

FCSDS

e

Coronagraph Instrument ASPIICS CCB Architecture ASPIICS DPU Architectuy'

s smmenisaton fa Space L Bystzm Stardards

LOSSLESS DATA
COMPRESSION

RECOMMINOED STANDARD

CCE0S 121082
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NKUA @ ESA Proba-3 Mission® ©sa

April 2020: CCB EM July 2021: CCB PFM
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NKUA @ ESA Proba-3 Mission® °>2

European Space Agency

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
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NKUA @ ESA Proba 3 Missio

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

‘ EEFEE
"“::‘\ iﬂwﬂ,‘;ﬁ}m ‘

\

—

/{/;

njg esa

=

(s,

European Space Agency
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NKUA @ ESA Proba-3 Mission % ©52

European Space Agency

e June 23

* Stacked Proba-3
satellites being
surrounded by
microphones in
preparation for
acoustic testing at
|ABG, simulating the
noise of a launcher
take-off

—
-

37



NKUA @ ESA Proba-3 Mission €©s2

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

 Checked the behaviour of
the mechanisms deploying
the solar panel in the CSC
or separing the stack at the
beginning of the mission.
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NKUA @ ESA Proba-3 Mission & esa

e 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

* |nstandard 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.

I

......

.........
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NKUA @ ESA Proba-3 Mission® ©sa

The road to launch

Proba-3 Satellites
successfully stacked
ahead of hydrazine
fueling

Proba-3 spacecraft are loaded on to the Proba-3 Arrives in India
airplane for their flight to India.

40
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NKUA @ ESA Proba-3 Mission
1

Proba-3 mission lifted off on its PSLV-XL
rocket from Satish Dhawan Space Centre

in Sriharikota, India, on Thursday, 5 Ly
December 2024, at 11:34 CET

https://www.youtube.com/watch?v=U5EUgI|Tvy3Y

Proba-3 blog  https://blogs.esa.int/proba-3
News and updates on ESA’s precision
formation flying mission
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NKUA @ ESA Proba-3 Mission

Coronagraph Spacecraft (CSC) imaged by the Occulter Spacecraft (OSC)

Two spacecrafts
=4.5 km apart

Two spacecrafts
=1.2 km apart
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NKUA @ ESA Proba-3 Mission

First coronagraph image after IOV Solar corona viewed by PROBA-3 ASPIICS The Sun and its corona viewed by PROBA-2/3 SOHO

HD 145788
o

HD 145960
0]

OHD 146013
HD 145876

HD 1467007

HD 146514 © ©
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Alootnko poypappa ERMIS tou EKMA

Awaoctnuiknl AmooctoAn ERMIS
Navodopudopor‘Made in Greece’

To dtaotnuikd mpoypappa ERMIS (Hellenic Cubesat Demonstration Mission) pe tnv kataokeury 3 CubeSats
oto EKMA €xeL cav 0TOX0 VoL TILOTOTIOLOEL VEEC, KALVOTOMEG SLOOTNHLKEG TEXVOAOYLEG Kal EPAPHUOYES, OTIWG:
ermkowwvieg 10T/5G, Sta-6opudopikég ouvdéoelg (ERMIS-1/2, 6U, 10Kg), smefepyacio elkOVaC O TPOXLA HE
XPNON EMTOXUVTWV UAIKOU yia aAdyoplOpou¢ ocupmieong unepdaoUaTIKWVY ELKOVWV Kol Kwdlkomoinon
ontikoU KavoaAlol ocUpdwva pe ta dtaotnpuikd mpotumta CCSDS, aAyoplOpol auTOHATOU €AEYXOU yla TNV
nopatienon Kot tov EAeyxo tng akpLBoug B€ong tou dopudOpou, OMTIKEG EMLKOWVWVIEC ME laser oto 1Gbps
Kot ouovéeon tou 60pudOpPOU HE TOV OMTIKO SlacTtnUKO otabuod eddadou¢ otov XeApo, kabwg Kot
unteppaoaTiKn TNAEMLOKOTNON HE akpiBela 5m yia StaotnUKEG epappoyEC OvikoU evdiladEpovtog, OmwG
ywa napadsiypa £§unvn yewpyia (ERMIS-3, 8U, 12Kg). Ekto§evon: ®Defpoudplog 2026. Zuvtovilel to TUAMQ
Agpodraotnuikng Emotiung & TexvoAoyiag tov EOvikoU kat Kamodiotplakou Maveniotnpiov ABnvwv.




ERMIS Payload Data Processing Unit

PAYLOAD

Data LVDS + TM/TC Data LVDS

SHEC WIS J10 spacewire
Payload E3A P5 17 Rayload Data Payload E3B
32-band Hyper-Spectral M/TCPC g . Pm:;’_ss(ij"}g_' Fl>Jrl:/i|tK3 Optical Terminal
Imager (xScape100) (bignotiin ) B (ATLAS-1)
/:\ /
P5 T Jslé = Rs422
termination T
T™/TC I Power Data LVDS Power Data LVDS I Power
e SpaceWire SpaceWire
termination R5422
P12 jmz AN TMIC o3 fspway, fsPwi comi) | como
 Platform OBC ~ Platform UHF || .
NanoMind A3200 NanoCom AX100 Platform NanoCom Link S/X
 NovAtel EM719GPSkit |
T NanoDock DMC-3 PMTFORM
| Power | Power

%  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY 4 5




ERMIS Payload Data Processing Unit

Interfaces PDPU

+ Data: 100Mbps SpW . . N
» TM/TC: CANbus/I?C/RS-422/SpW = S e ®
Functional description = oo [ o e
« All modes read from or write to flash | E Caleall el W
(no temporary storage on DRAM) i — Wt |
« Camera readout to flash: control camera a1 § A — ‘
interface (SpW/I?C) = - B L
« CCSDS 122/123 compression: read from \__ B /
flash-compress-write to flash | —
» Optical downlink: read compressed data r }
from flash & transmit to terminal with/ \ ,.
without CCSDS 142 encoding (on-line)
» S/X band downlink: read compressed — =
data from flash & transmit to terminal = -

« Different bitstreams: radiation protection

« Controller application (on PS) to handle
data flows

Built in a GOMSpace
NanoMind HP MK3

L.;z)\ %

%  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

« Failure Detection Isolation and Recovery

46
* Flight heritage in 2026 (ERMIS mission)



