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HERA IPU: Context

Asteroid Impact and Deflection Assessment
DART and HERA

Target: Dydimos Binary Asteroid

HERA - ESA Contribution

Spacecraft Autonomous Navigation Required

(W WO N Wy

O DART - NASA contribution

» launch 2021

» Collision 2022

» Kinetic impact on small body
O HERA - ESA Contribution

» Launch 2024

» Reaches Didymos in 2026
» Detailed post impact survey
>

Demonstration of novel
technologies
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HERA IPU: Navigation Scenario

QO Early and Direct characterization phase
» Maximum correlations with a Lambertian sphere

Q Very close Fly-By

RelNav HW IP

» Feature Tracking

Interfaces FPGA

Programming

Vi

Centroid HW IP

Flash Flash
m " Control I-.— ° Control
T™/TC
2
olmm I Management
_Image
Correct Flash
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HERA IPU: Architecture

O Image Pprocessing Unit for HERA Mission p—
> HW Fully Desighed by GMV |
> VHDL Code Designed, Developed, Validated

Temperaiure
monitoring
'

by GMV L
Q Co-processor for Autonomous Navigation e
> Nanoxplore NG_Medlum (Interfaces FPGA) RN Data IIF Communication Control FPGA

NG Medium NX1H36S-LG626Q

> Xilinx Virtex5 (Processing FPGA) ) N .
Q External DDR2 allocated to Virtex5, External SDRAM i R
allocated to NG-Medium <. :
O HW accelerated Image Processing (VHDL)
> LAMB (Lambertian Sphere Centroiding)
> FT (RelNav Feature Tracking)
Q Image correction (bias, gain and defective pixel)
capabilities
Q Reconfigurable in Flight
> Selection between 2 bitstreams uploaded prior
launching
> Possibility of using a new bitstream sent from
ground
Q 2 x SpaceWire ports with CCSDS/PUS Protocol
Q Input Power: 28V Unregulated Bus (DEMA-9 Connecter)

Data/Control/Programming
LveMos

+1.0V
DDR2 Regulator Data Processing Control FPGA
+1.8V

Virtex-5 XC5VFX130T-3FF1738C
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HERA IPU: Features

O Nominal and Redundant Electronics in same
enclosure. Warm redundancy connection

O Radiation-hardened components
O Operational Temperature: -40°C to +105°C
Q Operational Power Consumption:
> Idle <10W
> peak <15W
a Power I/F: 28V
a Envelope: 332 x 190 x 40 [mm]

O Weight: 2.1 Kg
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HERA IPU: NG-MEDIUM Design

O ECC in BRAMs and SDRAM controller
O TMR flashes

Clock management & Reset Management & UIF configuration Q CMIC
i izati i 4 FDIR

Resource | Usage |

c ... ccsoscooecw® | 4-LUT 9840/32256 (31%)
W IS 6635/32256 (21%)
Q= — I 16950/32256 (53%)
e M o112 (0%)
== "o o BRAM 32/56 (58%)
2 e = 2/4 (50%)
= — TC DECODER — = ] i i
o & & Clock Domain | Required Maximum
E Frequency Frequency
= g MHz MHz
< e Housekeeping Time ) IFL TX 40 65,091
=3 IFL RX 40 72,046
8= 20 22,809
= Sisken e SPW SLOW 10 94,679
- SPW1 TX 40 46,659
; ' 5 1 [ SPW1RX [N 82,372
TMR SPI Flash SPW2 TX 40 69,999
| soraconvoter | | ESTER" || vscomoter [SPW2 RX [ 81,833
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HERA IPU: Models

CAMPHORVNAV > HERAIP-ICU ) HERAIPU =)  HERAIPU

IPB-BB EBB EM EQM & PFM
\\ i
N EVT starting
14/12/2020 14/12/2020 14/12/2022 -’/|\ November 2023
TRLS Actual system completed and * mgm qualified”
E :nuimnmg:r"dhr Breadboud validation nlboratary Q unwmnmemandmr o h vin ‘ e ‘ In’a relevant anvlrul:':r?:natl(oGrraund SFSpaoe) TH_L7 ' v g :Eﬁ m:'d' L m“": ina spa:;thm)
5 environment
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GMVision: Context

Q Highly versatile space-oriented image processing
board (IPB)

i 1PB-PRF,

Non-Volatile
embedded
mass memory lite

/sensar

COU Pre-processing FPGA
Q Full European Technology P
CAMERA OPTICAL UNIT
(WAC)
Q High Computational performance with minimum
power consumption || condinoning 1 ,
R S AL d i A,
A Interfacing, control and management with up to 8
SpW devices s

[5;'\‘.‘
oBCL
PLATFORM COMPUTER
_

>

COU Pre-processing FPGA »q-p

CAMERA OPTICAL UNIT
(NAC)

- Galileo Satellite OBC
- Data Handling Unit
- Downlink Antenna

- TMTC processor
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GMVision: Demonstrator Scenarios

Q Descent and Landing scenario (PILOT)
» Absolute Navigation
» Relative Navigation

O Rendezvous and capture scenario (MSR-DD)
» Long Range Navigation
» Short Range Navigation
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GMVision: Architecture

O Image Processing Board
> HW Fully Designed by GMV
> VHDL Code Designed, Developed,
Validated by GMV
Q Co-processor for Autonomous Navigation
» NanoXplore NG-Medium (Interfaces FPGA)
» NanoXplore NG-Large (Processing FPGA)
Q External DDR2 allocated to NG-Large, External
SDRAM allocated to NG-Medium
Q Reconfigurable in Flight
> Selection between 2 bitstreams uploaded prior
launching
> Possibility of using a new bitstream sent from
ground
O 8 x Independent SpaceWire ports or 4 x Redundant
SpaceWire Ports
Q 2 x JTAG I/F for FPGA
Q 2 x output power lines 5V
Q Input Power: 28V Unregulated Bus (DEMA-9
Connecter)

© 2023 GMV Property — All rights reserved

Programming VF

Crystal 0SC

Power-supply
Communication
Control Module

Data I/F Communication Control& Image
=25V +1. acquisition FPGA

NG Medium NX1H355-CG625M

28Y power-in
Connector

Power-supply
rocessing

Data/C

Module
DC/DC
+5.0V
+33V
+2.5V
+18V
DDR2 Regulator
+1.8V

Flash NAND
8Gb
{bitstream)

Data Processing Control FPGA

NG Large NX1H140TSP-FF1752

%47

e DDRZZgERAM L
Flash
(bitstream)

Temperalure
monitoring

Crystal 0SC

o +1_8V/+3 3V

Programming WVF

5V PWR_1
5V PWR_2
Flash NAND
4ib +33V
(Image storage)
v

+3.3!

SDR SDRAM
512Mb s
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HERA IPU: Features

O Nominal and Redundant Electronics in same
enclosure. Warm redundancy connection

Q Radiation-hardened components equivalence
a Operational Temperature: -30°C to +80°C
Q Operational Power Consumption:

> Idle <10W

> peak <14W
Q Power I/F: 28V +6V/ -8V unregulated bus
Q Envelope: 300 x 180 x 59 [mm]
O Weight: 2.8 Kg

O DDR2 IP core missing
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GMVision: NG-MEDIUM Design

T ———

Clock t]'ﬂnagemenl& Feset Managemem & UIF ounﬁglrahm
2176/32256 (7%)

Ry N 0/112 (0%)

BRAM 8/56 (15%)
3/4 (75%)
CODEC Controller
Required (MHz Maximum (MHz
> 50 121.951
50 80.873

SYS 12.5 46.466

| Resource [ Usage |
4-LUT 2355/32256 (8%)

SpaceWWire CODEC IP
(OBC)
+
FPGA Link (IFL)

MAC Controller WAC Controller SPW SLOW 10 175.223
SPW3 TX 50 118.779
50 75.267
SPW4 TX 50 96.108
W SpaceWire CODEC IP | SpaceWire CODEC IP 50 173.160
(NAC) (WAC) SPW1 TX 50 129.299
50 190.186
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GMVision: NG-LARGE Design

| Unit Processign FPGA (UPF) Clock Domain Freq Req (MHz) [ Freq Max (MHz)

LRIP

Clock management & Reset Management &
Distributi e

N IFL TX 50 108.767
UPF configuration IFL RX 50 121.488
registers 12.5 51.959

s ™
|—ICGDEC IP IFL RX

CODEC Manager

rFPGA Link (FL)

IFL TX 50 109.938
[IFLRX ~ JEp 128.502
12.5 54.633

i
)

Feature Detection

IFL TX 50 58.889
IFL RX 50 57.567
12.5 20.498

IFL TX 50 78.647

Ul
o

IFL RX 98.844

12.5 17.580
(Resource |  LRIP [  SRIP | FeatureDetection |  AbsNav |
6377/129024 (5%) 879/129024 (1%) 73674/129024 (58%) 6637/129024 (6%)
I 4125/129024 (4%) 930/129024 (1%) 28360/129024 (22%) 216299/129024 (13%)
IS 0/384 (0%) 0/384 (0%) 17/384 (5%) 193/384 (51%)
33/192 (18%) 2/192 (2%) 56/192 (30%) 169/192 (89%)

2/4 (50%)
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2/4 (50%) 2/4 (50%) 2/4 (50%)
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NXARTAN: Context

Q Visual navigation and odometry for Rover short
travels

Q Porting of SPARTAN solutions (Virtex6 based) in
NG-LARGE

O Hardware-Software co-design for localization and J

mapping algorithms /
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NXARTAN: Architecture

U Bread Board based on GR-CPCI-GR470 and NG-
LARGE Development kit
» LEON4 running over RTEMS
» NG-LARGE as image processing unit

4 2 SpaceWire communication
» Localization
» Mapping

0 2 CCSDS/PUS CODEC

> Main
» Reduced

© 2023 GMV Property - All rights reserved Page 19
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NXARTAN: NG-LARGE Baseline Design

GR740

NG-LARGE

Comm
Mngmnt

SpaceWire CODEC

CCSDS/PUS CODEC Rx Buffer

Tx Buffer

Register Set

Localization arbiter

P
ADAPTED SPARTAN

HW
Harris

CESD5/PUS CODES

SpaceWire CODEC

Rx Buffer

© 2023 GMV Property — All rights reserved
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O Several trade-offs to adapt and fit navigation
algorithms to NG-LARGE capabilities
» Reduction of image size
» Reduction of processing bands
» Reduction of parallelization and performance
» Reduction of mapping depth levels
Q Use of Mapping directives
> BRAM vs RF
» DSP vs LUT+Carry

O Resources after fitting

L Y
4-LUT 99987/137088 (72%)

I 53622/129024 (42%)
118359/129024 (91%)

[FEs |

IEE N 216/384 (56%)
173/192 (90%)
I 43/672 (7%)
2/4 (50%)

O Routing not achieved for a single bitstream with
localization and mapping

Q Mitigation: Split design in 2 bitstream and
reprogramming

anwv



NXARTAN: NG-LARGE Localization

GR740 NG-LARGE 0 512x512 pixel
Q 1500 ipts
O 32 processing rows

SpaceWire CODEC CCSDS/PUS CODEC Rx Buffer Localization arbiter IP
ADAPTED SPARTAN

HW Q SIFT parallelization factor 2

Harris

| Resource _[Usage |
24607/137088 (20%)
44181/129024 (35%)
73115/129024 (57%)
208/384 (55%)
162/192 (85%)
195/672 (30%)
I 2/4 (50%)

Clock Frequency Frequency
Domain Required Maximum
MHz MHz

12.5 16,920
| SPW SLOW (0] 216,216

SPW TX 50 88,598
50 152,718

Comm
Mngmnt

NXARTAN
APT

[ DFF |
[FEs
[ DSP__ |
BRAM
|RFB~

Tx Buffer

Register Set

Q Estimated performance = 0,8 stereo
frames per second @ 12.5 Mhz
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NXARTAN: NG-LARGE Mapping

GR740 NG-LARGE Q 512x512 pixel

o Q 301 depth levels
SpaceWire CODEC CCSDS/PUS CODEC Rx Buffer Mapping arbiter IP .
7:0 ADAPTED SPARTAN a 20 processing rows
HW

Resource | Usage |

4-LUT 9024/137088 (7%)
12020/129024 (10%)

[DFF |

I 22385/129024 (18%)

ICET I 94/384 (25%)
BRAM

[RFB

Comm
Mngmnt

SpaceSweep

91/192 (48%)
1/672 (1%)
I 2/4 (50%)

Clock Frequency Frequency
Domain Required Maximum
MHz MHz

25 33,169
| SPW SLOW | 205,931

SPW TX 50 71,495
50 150,852

NXARTAN
APL

Tx Buffer

Register Set

Q Estimated performance = 1 stereo
frames per 8 seconds @ 25 Mhz
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NXARTAN: Post P&R Verification

Q Behavioral simulations
» Unitary simulations
» Integration

O Post place and route simulations
> Unitary verification of image processing

algorithms

» Unitary verification of communication
interfaces and protocols

> Unitary verification of image processing
managers

© 2023 GMV Property — All rights reserved

Cih.A\Sim Tests NXSweephSmallisynth

vv B-@ [c.ASmall\beh

Mame

n data_out_frac_4.dat
n data_out_frac_3.dat
m data_out_intg_4.dat

Size Modified

Vv E-@E

INTERFACES TEST BENCH

1.261.042 7/10/2020 6:38:17 m SIMULATED SW

DUT

1.312.612 7/10/2020 &:58:17 m
496,008 7/10/2020 6:58:17 n

SpaceWire CODEC

m data_out_intg_5.dat

496.008 7/10/2020 6:58:17 m

C:hASim Tests NXSweep\Small\place w |

B~

Mame

n data_out_frac_4.dat
n data_out_frac_3.dat
m data_out_intg_4.dat

Size Medified
1.261.042 7/10/2020 9:17:06 =
1.312.612 7/10/2020 9:17:06

SpaceWire CODEC CCSDS/PUS CODEC

496.008 7/10/2020 9:17:06 7

i m data_out_intg_S.dat

496,008 7/10/2020 9:17:06 0

CLASim Tests NXSweeph\Smallvroute v |

=~

Mame

CEEEEEEEL
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n data_out_frac_4.dat

Size Modified
1.261.042 7/10/2020 2:38:35 p

Rx_data

Tx_data
8:0]

Rx Buffer

Dout[7:0]
Ready
Datavalid

Control, Status

& Debug
Parameters

SpaceWire CODEC

Tx_da
)

ta
0]

CCSDS/PUS CODEC
REDUCED

Dout[7:0]
Ready
Datavalid




NXARTAN: HIL and next steps

Hardware in the loop results
Q Stability problems on SpaceWire communication

O Needed to port image processing system to another FPGA
target

O Correct results of localization and mapping

Future work

Q Implementation of coexisting localization and mapping
algorithms on NG-ULTRA

O Replacement of LEON4 by DAHLIA for image management and
visual odometry
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QUEENS Projects: Context

NanoXplore devices
and implementation
tools assessment

QUEENS2
NG-LARGE
UEENS1 2019
%G-MEDIUM
2017

o,

%N;';‘LAQGE

-
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QUEENS Projects : Software and Hardware
assessment

, Hardware evaluation base on:
' E | " O Verification of device components
< \ “-.: /7 > Unitary tests of components and interfaces
UUU U\)U(A\; e, » General tests through complex demonstrators
’ % — > DALIAH SoC test

A X

Software evaluation base on: NX N>(map

Menu

O Benchmarking assessment

Welcome to v3.10.4.3

O Exploration of tool capabilities
> Implementation capabilities New project

To create a new project, simply click the 'Menu' button on top-left and then the 'New Project' button.

» Setting options and directives

Load project

O Verification of SoC simulation models

To open an existing project, simply click the 'Menu' button on top-left and then the ‘Load Project’ button.

» Unitary test of library components

Recent projects

Q Verification of tool outputs [ee

|
> Netlists, timing analysis, bitstreams, etc.
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QUEENS Projects: Benchmarking methodology

Q Definition of Benchmarking devices

Q Definition of Benchmarking circuits
depending on selected device

Q Definition of Synthesis, Place, Route and
Bitstream generation metrics

O Definition of assessment criteria
O Metrics collected for each reference device
O Reference values for each metric calculated

Q Target device metrics compared and
evaluated with reference metrics

O Regression test with new implementation
releases performed

© 2023 GMV Property - All rights reserved
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______________

Reference
tool

Reference
device

1

1
a i Calculation of
L |
&

1

______________

NanoXplore
device

Excellence

threshold E value
f:rrgsﬁgﬁﬂd V value
S]C:‘gghold G value
?;::ST;’I';CE A value

>

Requirements
baseline

E value

V value

G value

Avalue




QUEENS Projects: Benchmarking environment

E m URL: ‘\j https://ptmsvn.gmv.es/queens3/benchmarking/Vivado/2018.3 V‘ Revision: -

Improved benChmarking framework based on v https://ptmswvn.gmv.es/queens3 || File - Extension Revision Size Lock Lock comu
python and shell scripts to: v benemarng o o
NXmap _,DC3 11
O Implement automatically more than 315 oo e e 13 [425K8
circuits from low to high complexities v
v DC2
Q With 5 different implementation tools and R
different releases DC2_03_Ct
DC2_04_C1
X W DC2_05_C1
Q For 9 different targets project
script
v sim
@ Automatic collection of thousand of metrics for blehavioural
synthesis, place, route and bitstream o
generation sdf
synthesis
v src
O Automatic creation of comparison tables o
package
DC3
scripts
tables
tools o
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QUEENS Projects: Regression tests and reporting

NX SW
Schedule

Q Problem identification and reporting
» 130 problems reported from NXmap
2.8.0
» More than 70% resolved

QUEENS-FPGA
— 'spn Assessmnt

QA Direct feedback from NanoXplore NX interm

update
Q Continuous regression test with new releases

NX new
of the tool

release

Place&Route

Assessmnt
NX interm

Q Inputs from all GMV developers involved in update

projects with NanoXplore devices

NX new HW & bitstream

release Assessmnt

NX interm
update

le DEW SPR Final
Aslszas — Assessmnt
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QUEENS Projects: Conclusions and lessons learnt

Benchmarking methodology

a Use of low complexity circuits to detect and solve background problems

O Some metrics are close dependent on hardware architecture (i.e. LUT inputs,
size of BRAMs,...)

O Some metrics are close dependent on technology (frequencies and power
consumption)

O Regression tests needed to improve the tool

Hardware and implementation tools
a Great improvement from first releases of NXmap
a Performance
U Mapping
U Reporting
a User interface (Impulse)
O Comparable results with more mature EDA tools
Q Excellent Power consumption
Q 1 to 1 equivalence with Flight parts

.
o
-

-]
o

x
2]
[
[}

z
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GMV and BRAVE FPGAs: From

Studies to Flight Hardware use

Thank you

www.gmv.com
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