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H e€EANIEN TNC WNYIGKNC OXEDIXONC OTO XPOVO...

m [laAxioTepa: Xpnon bread-boards
-  KoAwdiwon KuKAwuaTwv SSI-MSI (DIP) ue 10 XEpI
- [epiopioude og Aoyikée miAeg (=100)

- Xwpic xpnon epycAeiwv AoyiouiKkoU

- Xpnon moAuoypagpou yio verification ko debug

B 2nuepa: Xpnon development boards ye FPGAs
- MeyaAn mukvoTnTo odokAnpwaonc (=100K Logic Cells)

—  2xeodiaon Ye YAwooo mepiypapnc uAikou

- Xpnon epycAeiwv AoyiouikoU yix AoyiKr) ouvBeon
(logic synthesis) ko uAoroinon (implementation)
VIO OUYKEKPIMEVO FPGA

- Verification ue epyaxA€ia Moooouoiwonc ;39*"

- Debug ue xpnon €10IKWV KUKAWUAKTWY OTO UAIKO
(on-chip debug) | AMDD




>xedioon WnoIokwv 2UoTNUATWVY

B MoBnolokol oTOXO!l:

O1 punuévol otn AoyiKn oxedian PpoITNTEC ouveXi(ouv Tn UUNOR TOUC
OXI LOVO OTN GXE0ION TWV WNPIKKWY OUCTNHAXTWY, XAAK KOI OTNV
OOXITEKTOVIKI UTTOAOYIOTWV

B PE TNV XPAON EMAYYEAUCGTIKOV EPYOAEIWV AoyiopikoU Tne XILINX

m e TNV XpRon avanTuéiakAg K&pTag ue FPGAs (Zedboard)

B JE TNV ulomoinon Tng HIKPOXPXITEKTOVIKAG RISC-V oe Texvoloyia FPGA
H uonon cuummepIAGUBAavE! TANPEIC YVWOEIC MTOOYPXUMATIOUOU OTN
YAwooo mepiypa®ng ulikou VHDL ue Eugpaon atnv op0n cuvleon,
BETOVTOC TO BEUEAIX VI TNV UAOITOINGN OAYopiBuwV OTO UAIKO

B 2ZApEPX, N avanTuén hardware givai KUpiwe TPOYPOXHUATIONOC
To 101XITEPO TEAETOUPYIKO UUNONC OTNV WNPIKKA CXEOINON, TOU
OKOAOUOEITOI OTO TTAPOV HXONUX, XPOP& OAOUC TOUC (POITNTEC TTOU
EVOIX(PEPOVTAI V& EVTOUPNOOUV:

B OTNV QVATTUEN TOU UAIKOU KO TOU AOYIOMIKOU UTTOAOYIOTIKWV KK
Al cuoTNUATWY, TNAETTIKOIVWVIGK®V KOI OIKTUXK®WY CUOTNUATWY, KX
OUOTNUGTWV WPNPIKKAC EMEEEPYAROING ONUARTOC KOI TTANPOPOPIWV

B OThV EMOTAPN KOI TEXVOAOYI TWV UTTOAOYIOTWV



>xedioon WnoIaxkwyv 2UoTNUATWY

m [1p00OOKWPEVA HOBNOIOKE XTTOTEAECUOTO

m  Me Tnv emTuxn OAOKANPWON TOU NXBANGTOC O POITNTAG/N POITATPIO B EIVAI OE
B&on va:

e&€nyei/avayvwpilel BEUATO WNPIKKNC 0XE0IXONC XITAXPAKITNTX YIX TNV UAOTTOINGN
OAyopiOuwv 01O UAIKO,

mEPIYPAPEl TNV XPXITEKTOVIKA RISC-V Kol va avayvwpilel TIC I0IKITEPOTNTEC TNG OE
OXE0N UE TIC GAAEC axpxITEKTOVIKEG RISC,

MTPOYPOUMATI(EI OTN OUUBOAIKA YAWOOO TNG XpXITEKTOVIKNG RISC-V
(XTTAG TTPOYPOMUTO UE TN XPNON CULBOAOUETAPPOOTA),
oxe0IX (el KO VO UAOTTOIET OXTTAG KOl OUVOETO WNPIGKAE KUKAWUOTO KO WNQPIOKX

OoUOTNUOTO 0 TEXVOAoyiax FPGA e Tn xpNon Tnc YAWoooc mepiypa®nc uhikou VHDL
KOl TwV EPYOAEIWV AoyiouikoU Tne XILINX,

e&€nyei/mpoadiopilel TIC OIXOIKOOIEC TNC ouvOeaonc, TnG enaAnbeuonc Tng opbne
0x€0i0NG Kol TNC uAormoinong oe TexvoAoyia FPGA ue mpooouoiwan,

eé€nyei Tn xpnon avanTuéiakNg K&pTac Zedboard Kai Tn 0IxOIKAOIx TNC eMaANnBeuong
NG 0p0N¢ axedicong oro eminmedo Tou FPGA (FPGA in-the-loop verification),

e€nyei Touc dIxPOPETIKOUC oUMPBIBAOUOUC METAEU EMOOOEWY KOI KOGTOUG YIX TIC TREICG
BAXOIKEC MIKDOXPXITEKTOVIKEC EVOC MTUPNVA EMMEEEPYAOTN ((EVOC KUKAOU, TTOAAWV KUKAWV
KOl OI0XETEUONG).

axedIt (el Kol uAorroiei oe TexvoAoyior FPGA Evav mupnva emeéepyaotn evoc KUKAOU
(otw¢ Evag amAoc emeéepyaorng RISC-V)



>xeoioion WnoIioKwy 2UoTNU&TWV

m  AEIoAOYnon oITNTWV
m  Me ekmovnon epyaoTNPIGKWY XOKNOEWV KOl project:
-  Epyoaotnpiokéc aoknoeic (Bobuocg 7)
m [ TNV eKu&Onon Tng xpnoneg Tou EpyaAeiou Aoyiopikou VIVADO Tng Xilinx
B YAOmoINOEIC YNPIKKWV KUKAWU&GTWY o€ Zyng FPGA (ue Tnv k&pta Zedboard)
m  Y\Aomoinon TUNP&TWY GMAOTIOINUEVNG MIKPOGPXITEKTOVIKNAC RISC-V
- Project 1 (+ BaBuocg 3 ol MporTuxiokoi, + BaBuog 2 o1 METATTTUXIKKOI):

m  2xedixon Kol uhotoinon evog PaoikoU cuVOAOU EVTOAMV O€ TTUPAVX ETIEEEPYAOTH €VOC KUKAOU
apxiTekTovikne RISC-V

- Project 1plus (+ BaBuoc 1 - uovo or METAITTUXIXKOI):

B 2xedixon Kol uhotmoinon emmPOoBeTwY EVTOAMV O€ MUPAVA EMTEEEPYROTN EVOC KUKAOU
apxiTekTovikne RISC-V

OI POMTUXIGKOI (pOITNTEC B EKTTOVNOOUV UTTOXPEWTIKK TIC EPYXOTNPIKKEC KXOKNOEIC
(UEYIOTOC BOOUOC TO 7) KOI MTPOXIPETIKG TO Project 1 (u€yiotoc Babuoc 1o 10),

EVW) Ol UETATTTUXIOKOI (POITNTEC B EKTTOVIOOUV UTTOXPEWTIKK TIC EQYXOTNPINKEC
O(OKNOEIC KOl TO Project 1 (u€yioTog BaBLog 10 9) Kol MpoaIpeTIKK TO Project 1plus
(u€yioTog Babuoc 1o 10).



>xeoioon WnoIoKwV ZuoTnUaTWwY

T -

To Ta&1d1 axpxicel, dAG Oev TeAEIwvEl EO0W!




>xeoioion WnoIioKwy 2UoTNU&TWV

m BiBhoypopic
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. . . S huL. i
- KwadIKog BifAiou otov EUd0E0: aDgavidLHzI:;ls
112705602
- ‘Exdoon: 1n/2025 Wnotakn oxediaon
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EKAOXH RISC-V
- Tumog: 20yypouua N o L Y
- AI0OETNG (EKOOTNC): EKAOZEIX
KAEIAAPIOMOZ ETME

+ EkmaideuTIiKO YAIKO O0TO e-class




Mo emAEEaUE va ueTappaooupe To BIPAIo Twy S.L. Harris kau D.M. Harris ue
TITAO «Wn@IakA Zxediaon Kol ApXITEKTOVIKN YToAoyioTwv - Ekdoon RISC-V» ;

OePENIWVOVTAI UE HOVOOIKO TPOTTIO OAEC OI BAOIKEC XPXEC KO OUYXPOVEC TTPAKTIKEC
NG WNPIGKNC oXe0IONC KO XPXITEKTOVIKAC UTTOAOYIOTWV &TTO TNV OTITIKA YWVIO
TOU 0XEOIOTA WNPIKKWY OUCTNUETWY

XPNOIYOTIOIET TNV WNPIKKN OXEOION WC EPAATAPIO VI TNV OAOKANPWHPEVN KX
AETTTOUEPN TIKPOUCIXON TNC OIOIKXOIXC OXEDIONC EVOC mAOU, OUYXPOVOU KO
UE OUVEXWC auEavouevn payoaia OnuopnAia emeEepyaoTn apxITEKTOVIKNG RISC,
Tou eneEepyaotn RISC-V (5" ApxitekTovikn RISC Tou Berkeley)

H apxitekTovikn Tou RISC-V Eexwpilel emeIdN EIVAI PIG XPXITEKTOVIKA &XVOIKTOU
TTNYXIOU KWOIKK TTOU TNV KA&OIOT& OUVEXWC ETTEKTAOIUN (OIXOETEI AKOUO KO
OUUTIEOUEVES EVTOAEG eyEBouC 16 bit), e MPAKTIKO KTTOTEAECUO TNV EAEUOEPN
XPNON TNG TX TEAEUTAIC XPOVIG 0 TTANBWPX EPAPUOYWYV, KON K& OIOTNMIKWY,
XWPIC WOTOO0O V& UTIOAEITIETOH 0€ OUVATOTNTEC (AOYW TWV EMTEKTAOEWV TNC)
OUYKPITIKG UE AAEC ETTITUXNMUEVEC EPTIOPIKEC APXITEKTOVIKES, OTTwe oi MIPS, ARM
KO X86.

2 OAn TNV EkToion Tou BIBAIou TapoucI&{ovTal o€ BAOOC TA TTIO ONUOVTIKG
BEPOTO TTOU OUVOEOUV TN WNPIKKN 0XEOION KOI TNV GPXITEKTOVIKN UTTOAOYIOTWV
UE TIC TIPOKANOEIC TTOU KOAEITOI VO XVTIMETWITIOEI OTNV TTIPA&EN O ONUEPIVOC
oX€0IX0TNC TMTOAUTTAOKWV WNPIKKWY CUCTNUATWV.



Ermavadiapoppwon (reconfiguration)

The process of physically altering the location or
functionality of network or system elements.
Automatic configuration describes the way
sophisticated networks can readjust themselves in
the event of a link or device failing, enabling the
network to continue operation.

Gerald Estrin, 1960




Ermovadioiuoppwoiun UTTOAOYIOTIKN
(reconfigurable computing)

A
Performance

high

low

>
Compilation time

low — high

Reconfigurable computing is defined as the study
of computation using reconfigurable devices

Christophe Bobda, 2007




EmovadIuoppWoluo CUCTAUOTO UAIKOU

Performance
&
T S—— . 1 —
Software Reconfigurable Hardware
Hardware
Flexibility

“Reconfigurable computing is intended to fill the gap
between hardware and software, achieving potentially
much higher performance than software, while
maintaining a higher level of flexibility than hardware”

(K. Compton and S. Hauck, Reconfigurable Computing: a Survey of Systems and Software, 2002)
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ETovodIooppWOoINO CUCTAPOTO OTO OIXOTNUX

m Adaptable instrument
—  [lpooapuOleETOI OE XMTPOOUEV OUUBXVTX ‘
- AMayA A EMEKTACN TWV EMOTNUOVIKOV OTOXWV B2
- Auénuévo yield oTo emOTNUOVIKG OEOOUEVD |

- Meiwuévoc KivOuvoc yiox OAIKN OTTWAEI TOU
Opy&vou
m Dynamic Adaptability
- AIXOTNUIKA TEXVOAOYIOX XIXHUAGC
— Time-Space Partitioning

m Otav dev xpei&(ovTal TAUTOXPOVO OAEC Ol
AEITOUPYIEC

- ZNUAVTIK& OPEAN oTO Ssize, weight, power and
cost (SWaP-C)

12




[TpoypapuaTI(OPEVES OTTO TOV XPNOTN OIGTHEEIC
muAwv (Field Programmable Gate Arrays - FPGA)

m  OO0nyouv TIC e€egAieic oTnv uhottoinon cAyopiOuwy oTO UAIKO
m [apéxouv duvaToTnTa 0XedicionC VLS| KUKAWUGTWY XKUNAOU KOGTOUC
oTO TEDIO, YE TN XPNON OXETIK& pONVWV epyaAeiwv AoyiouikoU (CAD)

—  KOOTOC QVEKTO QIO UIKPEG ETAIPEIEC TTOU OPKOTNPIOTOIOUVTXI OTNV
QVATITUEN EMTOXUVTWV UAIKOU K&I YEVIKOTEQO ITUpNvwV IP

m Eivol emavampoypapuaTi{opeveg Kol eMavaOIXTEEINES (OMKWE A MEPIKWC)
OXKOMO KO KOTG TN OIGPKEIX TNC KOVOVIKNC AEITOUPYING

- [lapExouv ueyaAn eueAiéio oTn axedicon WNQPIGKKWY CUCTNUATWVY

B AIOETOUV EVOWNKTWHEVES UVNUES, TOMATTAXCIXOTEC, EIOIKEC HOVXOER
VI WNPIGKN EMEEEPYROI OCANKTOC, £10000UC/EEOOOUC UPNAWV
TOXUTATWYV, NETOTPOMEIC Oedouévwy (6rmwe ADC, DAC, RF),

OKOUO KO TTUPAVEC eMEEEPYOTWV N MNXOVEC Al o€ VEEC TEXVOAOYIEC

m H yevikOTepn TexVOAOYIKN €EEANIEN 0 BEPATH KOOTOUC, XTTOOOCEWY,
KXTAVAAWONC 10XU0C KO GEIOTTIOTIOG EXEI OOV XTTOTEAECUO O GUYXPOVEC
diaTGEeIc FPGA va XpNnoIUOTIOIOUVTOI EUPEWC OE EUTIOPIKES, BIOUNXAVIKEC,

XMUVTIKEC KOl OIXOTNHIKES EPARPUOYEC
13




EmToxuvtéc YAIKOU VIO WNPIKKK OUOTAMOT
uwnAnc amodoonc o€ Texvoloyia FPGA

m Kavovoe 90/10

2UxVA, To 90% TOU XpOVOU EKTEAEONC KO TNG KATAVXAWONGC 10XU0C
EVOC MMPOYPAUUATOC dammavaTol ormo To 10% Tou KWOIKK

MIKOG& KOUUGTIO UIC EQXPLOYAC armoTeEAOUV To bottleneck Tnc

xXmoo0ooncC

B AQPOopoUv Kupiwe eneEepyaoian 0EOOUEVWV XWPIC TTOAUTTAOKO EAEYXO
(dataflow processing), onwcg emeEepyaoia Ko cupttieon eikovag 3D
KO BIVTED, KQUTTTOYPOPIX, UNXAVIKA H&GONOoN, KA.

O1 erreéepyaoTec ypopikwy (GPUS) emTOXUVOUV CNUAVTIKX TO KQICIUO
UEPOC TNC EPOPLOYNC TTOU UAOTTOIEI GAYOPIOLOUC UE OIXVUOUOTIKEG
MOOEEIC TTOU EKTEAOUVTOI TOXPAXAANACL XwpiC EEXPTAOEIC OEOOUEVWY

O1 emTAXUVTEC UAIKOU (WC rmupnveg IP o TexvoAoyia FPGA)
EMTOXUVOUV ONUAVTIKOX TO KPICIUO UEPOC TNC EPAPMOYNC TTOU
uAorrolel ouvBeToucg aAyopiBuouc ue eEXPTNOEIC OEOOUEVWY

O1 mupnvec eneéepyaotwyv (CPUS) uAommoiov T AlyOTEPO KPIOIUX
UEPN UE TEXVIKEC TTAPKAANANG EMEEEpyROInC

144



EmToxuvtéc YAIKOU VIO WNPIOKK EVOWUXTWHEV
OUOTAMOT uWNANC amodoonc o€ Texvoloyia FPGA

m H texvoloyikn €€EAIEN TTOU aAA&{ElI TNV KAXOOIKN TIPOGEYYION TOU UAIKOU
KO T OpICG TNG GU-0XE0IoNC UAIKOU-AOYIOHIKOU

- npoypauuaTi{ouevn Aoyikn (yia mupnveg IP) + uvnuec + emeéepyaoréc ARM +
EMEEEPYAOTEC YOAPIKWY + ETOIUOI EMTAXUVTEC UAIKOU + OUVOECIUOTNTX UWNANGC
TaxuTnTog o€ évo Toirt (AMD XILINX Multi-Processing System on Chip)!

—  To evOWUATWUEVO AOYIOUIKO UTTOPET v ekTEAEOTEI axrtd TNV SRAM oTo FPGA
- /AUON €vOC TOIT UEIWMEVOU KOOTOUGC TTOU KITOPEUYEI TO KOOTOC avamTuéng veou ASIC

Zyng® UltraScale+™ MPSoCs: EV Block Diagram

Processing System ‘

Memory High-Speed
Connectivity

ooReL | | e

LPDDRA [ useso

3264 bit wECC

| SATA 31 | . .
PCle® 1.0/20 ALt
' I / Fa
| PS-GTR e
| ‘ iy \.1-',_

] | General Connectivity

256KB OCM
with ECC

UART ]
Power [—_spl =)
Monagement Quad SPINOR | ‘
‘ Funcbonal [T NanD |
Safety [Tsoemmc |||
|
Programmable Logic
Storage & Signal Processing
Block RAM General-Purpose /0 High-Speed Conneclivity
Video Codec
-Performance HP VO GT
H 265H 264
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EmTaxuvTéC YrmoAoyiopouU Al yia wnpIGK& EVOWUXTWHEV
OUOTANGTO UWNANG amodoonc o€ Texvoloyia FPGA

m H texvoloyikn €EEAIEN TTOU AAGLEI TG OPIC TNC CUPTIEPOOUOTOAOYIC™
oTnv TeEXVNTA vonuoouvn (Al)

Eivai mpooapuooiun o eEEAICOOUEVOUC 0AYOPIOUOUC TEXVNTAC VONUOCUVNG
2uvouadlel Al Engines, DSP Engines, Adaptable Engines (TT.x yI& CUUTTIECUEVK
VEUPWVIKK OIKTUX), TOOYPOMUATICOMEVN AOYIKN Ko erTeéepyaaTeEC ARM

(AMD XILINX Versal Adaptive System on Chip)!

AIGOETEI TTPOYPAUMATI(OMEVO OIKTUO OE TOITT KOI OIEMAPEC UWNANG TAXUTNTOGC
AlxopaAilel BeATioTOmOINUEVN CUVOECILOTNTX UE TO KEVTPO AEOOUEVWV

* Eivail n 01001Ka ol OTTOU EVa EKTXIOEUPEVO JOVTENO UNXOVIKAC HGONONG XPNOIUOTIOIET TIC YVWOEIG
TToU €xel u&Oe!l Yo vax K&vel TIPORBAEYEIC A VO TEPEI KTTOPAROEIC OXETIKA PE VEXK, XYVWOTK OEOOUEVAL.

Scalar Engines Adaptable Engines Intelligent Engines

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

Dual-Core Arm®
Cortex®-A72
+ Queue Management

+ Kubernetes
Orchestration

Dual-Core Arm
Cortex-RSF Custom Memory DSP Engines
Hierachy

+Video
« Imaging
+ Custom Datapaths

Platform
Management Controller

Bitstream Management

Programmable Network on Chip
PCle Gen 4 100G Multirate

Host CPU LPDDR4-4200, DDR4-3600 10G/25G/40G/100G Ethernet

16



> U-0Xe010on UNKOU-AOYIOUIKOU OTOL OUYXPOVOK
WNPIKKK EVOWPATWHEVK OUOTAPOT

ANITAGEIQ
KO
Meplopiouoi

Alxuépion

ANITAOEIG ANITAOEIG
Ko Meplopiopoi Ko Meplopiopod
YAikoO NoyiopikoU

2xedioon
Kol EmaAn6guaon SRR Kol EmaARBeuon
YAIKoU (IP cores)

2xeodioon

NoyiopIkoU Kal
RTOS, Linux yix
CPUs & GPUs

Oxi Nai Nai Oxi
X OK; pre OK; X

'y

v

KaTookeun

Kol AOKIMA




To WNOIKK& CUOTAPOTO BPICKOVTOI TTOVTOU!

B WUnQIoKEC OUOKEUEC KOATORVOAWTWY (consumer electronics):




To WNOIGK& OUOTANOT BPIOKOVTOI TTOVTOU!

B MepPIK& TOPOOEIYUATO IO TNV EPODIXOTNMIKA:

5 .-’I--.i.

|||||

Al W
Adaptive image & video Earth observation and Internet of space

processing/compression hyperspectral imaging and navigation

19




To WNOIGK& OUOTANOT BPIOKOVTOI TTOVTOU!

B MepPIK& TXPOXOEIYUATO &TTO TNV IKTPIKA: WS




To WNOIGK& OUOTANOT BPIOKOVTOI TTOVTOU!

B MepiK& mapadeiyuaTa ommd Tnv autokivnToBiopnxavia (Al, 10T):

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

Windshield

ey Head-Up Mirror Controls
iy Wiper Control Display Accident _ Battery
Recorder eesor Voice/Data Management
Lighting Communications DSRC
Airbag Engine Instrument | Lane
Deployment Control  Parental Cluster / Correction
Controls Electronic
Adaptive Front \\ \ ' Toll Collection
Lighting \ /

Adaptive Cruise o - . ’_

f.‘onuol// m
T (]

» — Digital Turn Signals

Navigation
System

Security System
Active Exhaust

\ \Noiw Suppression
k

0

i

Automatic
Braking /
Electric

Power Steering Active Suspension
Antiloc

OBDN e Electronic
Electronic Throttle dle Transmission Stability Braking Hill-Hold
Control Ston/Start Control Control
Stop/Star Active Remote Control
Electronic Vibration Keyless Seat Position Parking Regenerative
Valve | Entry Control : : Braking
Timing Contro Lane System Tire
Cylinder Blindspot Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Control
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To WNOIGK& OUOTANOT BPIOKOVTOI TTOVTOU!

B MepIK& TXPOOEIYUATO IO TNV WNPIGKN PIOUNXXVIO:

2

Location
Detection

’
’
!

Cloud
Computing

=

Augmented ..

Reality

Internet
Of Thinks

Smart
Sensor

—0 £9
- ~§°: =

o 4G
Advanced
- Robotics
Industry 4.0
— — . Big Eata
m o Analytics
3D

Printing

Robotics automation and
machine learning @ industry

Big data analytics and
machine learning
@ data centers
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To gpyaaTApio DSCAL oTnv AIcGTNUIKA i

JoiS =]

I I = | |
E0E%  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

EKMA: Epyaotiplo Yn@uakwv TucTNHATWVY
Kot ApxLttekTtovikng YroAoylotwyv (DSCAL)

AlxoTnuIkES Texvoloyiec Aixpune Made in GR
2009-2025

« System-On-Chip (SoC) Dependable and Adaptable Payload Data Processing Units
* High-Speed Data Chain for “smart” next-generation payloads (EO, optical/RF com, SAR)

« State-of-the-art in data-rate performance HW accelerators, as IP cores, in FPGA technology
(space grade and COTS) according to ECSS-Q-ST-60-02C and ECSS-E-ST-20-40C

e JUuupeToxA o€ 2 ueyGAEC dIoTNUIKES mOOTOAEC oo To 2009 (ESA PROBA-3, ESA TRUTHS)
* YuppeTOXA o€ 5 dixoTNHIKES amOOTOAEC TOU EBVIKOU Mpoyp&upatrog Mikpodopupopwv

» Technology Readiness Level (TRL) 9 (mAfpng TeXVOAOYIKN wpindTnTa — Flight heritage)

Professor Antonios Paschalis

Dept. of Informatics and Telecommunications
DSCAL Director and Space Technology Head (paschalis@di.uoa.gr)

Associate Professor Nektarios Kranitis

Dept. of Aerospace Science and Technology
DSCAL Affiliate Member (nkran@aerospace.uoa.gr) 23




DSCAL: ZuppeToxn o€ 7 GITOOTOAEC

 ESA PROBA-3 Giant Coronagraph System (2009-2025) - COMPLETED

ERMIS Hellenic CubeSat Demonstration Mission (2023-2026)

/’/ %
¢

Il
U=

) .’\\tﬂ DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

Phases A/B/C/D/E1 — Formation Fly of two satellites
Image Data Compression Algorithm and HW Accelerator (IP core in FPGA technology)
Flight heritage, TRL=9@2024 (DSCAL/CBK/CSL) — Launch 5 Dec. 2024, IOCR June 2025

ESA TRUTHS (2021-2026)

Phase A/B1 (extended to Phases B2/advanced C)

CCSDS 123.0-B-2 Low-Complexity Lossless and Near-Lossless Multispectral and Hyperspectral Image
Compression (participation in Payload Prossesing Unit (PPU) implementation)

Now@TRL=4 (DSCAL/ISD/AIRBUS)

Phase A/B/C/D/E1/E2)
IOD/IOV of Payload Data Processing Unit designed in Greece (SW/FW)
IOD/I0OV of State-of-the-art FPGA accelerators of CCSDS algorithms:

* CCSDS 123.0-B-2 lossless and near-lossless hyperspectral image compression, Built in a GOMSpace

* CCSDS 122.0-B-2 image data compression NanoMind HP MK3
* CCSDS 142.0-B-2 03K LDPC channel-coding for optical comunications

Now@TRL=6 (DSCAL/DAST)

24




DSCAL: AicoTnuIkES TEXVOAOyieC auxuAc &

| J
IEAR
<28 %  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

m Portfolio of State-of-the-art HW accelerators, as IID%Cores

Targeting space-grade FPGA (V5QV, KUOG0, RTG4) and COTS (i.e. Zyng 7000)
- CCSDS 123.0-B-1/2 Lossless/Near Lossless Hyperspectral Image Compression

m Novel scalable, parallel and high-throughput architecture 6 Cores => 25 Gbps
m Hybrid Entropy Encoder (World’s first implementation)
m Integrated in ABDS-SAS KUP Board (H2020 Hi-SIDE Project)

m Novel SAR compression

- CCSDS 121.0-B-1 Image Data Compression enhanced for 2D images (3.3 Gbps)
m Flight heritage, TRL=9

- CCSDS 122.1 Transform based Hyperspectral Image Compression (1,5 Gbps)

m World’s first implementation
- CCSDS 122.0-B-2 Image Data Compression (5,5 Gbps)
- CCSDS 131.1-0-2 Low-Density Parity-Check (LDPC) codes (C2, AR4JA) (12 Gbps)
m 5xless hardware than NASA JPL implementation
- CCSDS 131.5-0-1 Packet-Level Erasure Coding -
_ CCSDS 142.0-B-2 03K LDPC channel-coding t&ﬁ"ﬁﬁ; igace T s
— CCSDS 352.0-B-2 Cryptographic Algorithms AES-GCM 256 (40 Gbps)
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ESA PROBA-3 Giant Coronagraph
System (2009-2025)

m Image Data Compression Algorithm and HW Accelerator (IP core in FPGA)
m Based on CCSDS 121 Lossless Data Compression enhanced for 2D images

)% DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

Overview of ASPIICS Coronagraph Instrument ASPIICS Coronagraph Control Box ASPIICS Image Data Compression

COB structure  {_-% pah
(PCOandCSL) =

Optics
(PO, 02

(SNM)
OPSE
(IMT)
&-}. (INF and SNL)
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
(e]

HD 145960
o

oHD 146013
HD 145876

HD 1467007
HD 146514 O O
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AlxoTnUIKO TTpoypoupa ERMIS Tou EKIMA

Awaoctnuwn AtootoAn ERMIS
3 Navodopudbpot ‘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 EPOAPHOYES, OTIWG:
ermkowvwvieg 10T/5G, Sta-6opudopikég ouvdéoelg (ERMIS-1/2, 6U, 10Kg), smefepyacio elkOVAC O TPOXLA ME
XPNON EmtoXuvtwv UAIKOU yia aAdyoplOpou¢ oupmieong unep@aoMaTIKWY ELKOVWV Kol Kwdlkomoinon
ontikoU KavoaAlol ocUpdwva pe ta dtaotnpikd mpoturta CCSDS, aAyoplOpoL auTOHATOU €AEYXOU yla TNV
mopatienon Kot tov EAeyxo tnG akpLBoug B€ong tou dopudOpou, ONMTIKEG EMLKOWVWVIEC ME laser oto 1Gbps
Kot ouovéeon tou 60pudOpPoOU HE TOV OMTIKO SlactnUkO 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 TURMa
Agpodraotnuikng Emotiung & TexvoAoyiag tov EOvikoU kat Kamodiotplakou Maveniotnpiov ABnvwv.




ERMIS Payload Data Processing Unit

12V DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

PAYLOAD
Data LVDS +:rM/TC Data LVDS
SpaceWie J10 spacewire
Payload E3A P5 17 psvioadiData Payload E3B
32-band Hyper-Spectral (VAT Processing Unit Optical Terminal
Imager (xScape100) {Hanof¥lind HEIMKs), gl (ATLAS-1)
€——
/:\ /
P5 Jsl(}) 15 RS422
T termination ' T
T™/TC | Power Data LVDS Power Data LVDS | Power
e SpaceWire SpaceWire
termination Rs422
P12 [pi2] ™ ™M ows lspwa) Jspwi comi] | com:

Platform OBC Platform UHF .
NanoMind A3200 NanoCom AX100 Platform NanoCom Link S/X
| NovAtel OEM-719 GPSkit |

T NanoDock DMC-3 PLATFORM

| Power | Power




ERMIS Payload Data Processing Unit

(e
s |:| =1
| ) 7_7
T
Interfaces /O OPDPU g A
1 T; FZ; |127ﬁw » \. \
/ ] ety 2ZynQ Programmable
ngns.f?; ¢ / — LVJ - DSTPCEV:Q Logic (PL) \
SpaceWire - LVDS

+ Data: 100Mbps SpW N |
& A i [ EEE aam iy
« TM/TC: CANbus/I?°C/RS-422/SpW S d (:)
Functional description ::; hod el o e
« All modes read from or write to flash g0 Gl I y
(no temporary storage on DRAM) . s EZ
" = :
« Camera readout to flash: control camera all
interface (SpW/I2C) | B | K
. \\_/ /
« CCSDS 122/123 compression: read from : ‘ d
flash-compress-write to flash g
 Optical downlink: read compressed data { ]
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

« Failure Detection Isolation and Recovery
 Flight heritage in 2026 (ERMIS mission) 29




Image Compression (Multi IP cores)

%  DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

m Rate/Quality-limited and transformed-based compression based on CCSDS
122.0-B-2 2D Encoder (Discrete Wavelet Transform + Bit Plane Encoder)
m Deep lossy compression (<1.5 bpp) using spectral transform and rate allocation
m Supported spectral transformations in HW:
- Integer Wavelet Transform (5-stage CDF 5/3, same as JPEG2K)
—  Pairwise Orthogonal Transform (POT) - KLT approximation (under development)
m Rate allocation algorithm in HW: Reverse Water Filling
m World’s first implementation - - ;
m Flight heritage in 2026 for CCSDS 122 - .
Encoder IP core (ERMIS mission) 87w e B | B +
2D Encoder o LH1 | HH1 LH1 | HHA LH1 | HHA
Upshift Downshift

Stage Stage —»| 2D Encoder )—\
Spectral -
Interleavin |—>
‘ ( ) Transform ' ( : ) , —-I 2D Encoder }—/' g .

Input
Image

Upshifted Downshifted

et s Transformed CCSDS 122.0-B-2 Encoder IP Core

["'] !
! COMPRESSION
]
4>| 2D Encoder :

RECOMMENOED STANDARD

1 ' :
Transformed X Compressed i
Image " Image i

Image 30



CCSDS 123 Lossless / Near Lossless
Hyperspectral Image Compression

=) , DIGITAL SYSTEMS & COMPUTER ARCHITECTURE LABORATORY

m Quality limited and prediction-based compression algorithm
m Lossless/Near-lossless compression using pre-quantization and segmentation
- Novel scalable, parallel & high-throughput architecture
- Similar compression performance with ESA IP core (internal quantizer)
m 2 XxIPcoresintegrated in ABDS-SAS KUP Board (H2020 Hi-SIDE Project)
m CCSDS 123.0-B-2 Hybrid Encoder: World’s first implementation
m Part of ESA Contract No. 4000136723/22/NL/CRS CCSDS 123.0-B-2 IP Core
m Flight heritage in 2026 (ERMIS mission)

Single Core => 4.56 Gbps @1.67W
(Double throughput wrt ESA IP core)

Six Cores => 25.44 Gbps @6.12W

éHi-SIDE

INNOVATIO

IN SPACE




Coding and Synchronization for RFand |/ = ——,
Optical Link Payloads (Various IP cores) “* =remmmass

m State-of-the-art CCSDS QC LDPC Encoding Architecture and FPGA
Implementation:

— CCSDS 131.0-B-3 TM Channel Coding IP Cores for RF channels
m Rate 223/255 C2 code (8160/7136) - Near-Earth — High data-rates, small foot-print

m Nine AR4JA codes: rates 1/2, 2/3, and 4/5, block lengths k=1024,4096 and
16384 bits
for Deep-Space with Very low SNR

— CCSDS 131.5-0-1 Erasure Correcting Codes IP Cores
m Packet-level encoding algorithms for near-erth and deep space communication

- CCSDS 142.0-B-2 Optical On/Off Keying (O3K) IP Cores for optical links
m Rate 9/10 Accumulate-Repeat-Accumulate (ARA) LDPC code block length k=27648
m Rate 1/2 Protograph-Based Raptor-Like (PBRL) LDPC code block length k=15360

m Encoded data are directly transferred to ERMIS Optical Terminal modulator
(Astrolight ATLAS-1)

m Flight heritage in 2026 (ERMIS mission)
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Opapa Tou DSCAL: KEVTPO OpIOTEING VI f;;'}; Ads—gL

AlxoTnuIKEG TexvoAoyieg Aixung Made in GR ™

Provide GR &f_}lkppean'space suppl.y chain
with products. and:services aS Center of
Excellence in On-Board Data Systems

design
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