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1. Background esa

Digital electronics development = Models - abstractions of reality

Simplified picture of where we are, and steps involved...

Traditional FPGA
Input Level programmin
High Level &
—_— RTL HDL PostSyn Netlist ?‘0\3‘
””””””””””””””” N
”””””” Synthesis
P&R design - PostLayout netlist
Digital ASIC
A ;
/OOrp/ manufacturing
C}s& '9/;’ p/
eo Ce

Current ECSS standard coverage (ECSS-E-ST-20-40C)
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2. Challenges
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Most used tools in our domain: High Level Models, which can be language based or
*  Matlab/Simulink HDL Coder graphical/mathematical based are widely used for digital
*  PoliMi Panda/Bambu : e : D

electronics design in certain space applications as:

*  AMD/Xilinx Vitis HLS 4= ;

Digital Signal Processing
Image and Video Processing
Cryptography

*  Microchip Smart HLS
* Siemens Catapult HLS
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3. Use cases

* How is HDL auto-coding used these days?
* To tackle specific data processing modules where low level modelling is challenging (complex arithmetic, many
data types conversions, multi domain interactions...)

* FPGA development available tools:

Hard IP instantiation

Soft IP instantiation

Building Block reuse and tweak
Custom logic development

High Level Modelling + Auto-coding

Auto-coded Custom logic

block

Auto-coded Building
block Block

Building
Block
Custom

Soft IP X
logic

Core Building

Block

Hard IP Core Hard IP Core Hard IP Core

esa
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4. Goals and Scope esa

U1 T

6
7
8.
5

To produce a set of auto-coding guidelines at three levels: Mandatory, Strongly Recommended, Recommended. Not to be defined with
requirements like mindset, but to be used as desired.

To capture generic aspects in the main part of the HB, no matter the High-Level Model flavour, nor the auto-coding tool
To capture MT/SL+HDL Coder specific guidelines within an Annex, due to its widespread use in our industry
To reduce issues found during developments using this philosophy

To propose potential traceability and means of compliance towards ASIC/FPGA/IP development standard (ECSS-E-ST-20-40C), since
the paradigm is not covered by any standard

To agree on how to produce HDLs reliably from HL models
To define design flows including High Level Verification
To agree on the most interesting Verification approaches

To agree on HL Model reuse, reports generation, mitigation techniques at HL model level...

10. To increase awareness and knowledge of these technologies and to ease its deployment in the EU space ecosystem

11. And last but by far not least, to gather a group of experts on the topic to discuss approaches, pitfalls, upsides and downsides...

Its scope would be the generation of technology independent VHDL code for Space Segment applications
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5. Potential contents

*  Glossary and definitions

*  Traditional HDL design capture flow vs HL design capture flow = draft..
9

* Engineering roles involved

Architecturl Refinemern 1 oop

* Intermediate models: from original HL to HDL

* Interfaces and hierarchy (top level, register boundaries..)

Functional

w

* Data types, fixed point, floating point, quantization, rounding, — =

Functionsi Covernge

saturations... [ s

Coden)

U» Fivelence Refirement Loop

* Clocking and reset, when clocks and resets don’t exist T | e | o, e et

(Intermediate
vs.
Generated HDL Modeis) :\) Co-simulation

*  Memory allocation and management, DSPs, control structures as FSMs...

e Radiation Mitigation techniques in high level models (TMRs, ECCs,
FSMs...)

HOL Levet vanticariog,
*+ Code Covernge

*  Verification approaches as HL functional verification, HL functional
coverage, FPGA in the Loop, HW in the Loop, HL Model vs HDL Co-
simulation, Test vectors, Formal equivalence of HL model vs HDL...

Timing and Area
Asssssment

HW Verification,
(HW in the oo p7)

*  Optimizations: delay balancing, loop unrolling, loop pipelining, pipelining
(control vs data, no feedback..)

Validatio
(Flight Re presentative
HW)

*  Potential traceabilit\‘ LowardgEECSS—E—ST—ZO—4OC
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6. Timeline

Preparation: Nov/Dev’24

KO: Jan’25

Skeleton preparation
WG members nomination + confirmation of availability
Collaborative environment for remote working
ECSS-E-ST-20-40C and other relevant docs study by WG members

WG members intro and related background
HB presentation: goals + sections + collaborative work environment

_;Cc; d Skeleton proposal sharing
a Work breakdown and distribution of tasks among members
Production: Jan’25 to Nov’25
4 weeks sprints including review of other’s inputs before PM
Monthly PM on progress and to discuss raised discrepancies
Duration: 10 months of work (in reality, 9, due to summer break)
Last month to wrap up and polish format
Wrap up and CO: Jan’26
= KO ] PM PM co
Sprint 1: Sprint 9: . .
Preparation capture + capture + Final review &
’ ; wrap up
review review
Nov’24 Jan’25 Feb’25 Nov’25 Jan’26
- B R B I=--B BN B B B & 5B B B B B | + e E E + THE EUROPEAN SPACE AGENCY



7. Q&A
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6th SEFUW

25, 26 and 27 March 2025
ESTEC, Noordwijk, The Netherlands

'= SpacE FPGA Users Workshog

Any Questions!??

Thank youl!
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