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Dynamic Vision Sensors (DVS) vs Frame-based sensors

DVS pixels work asynchronously to detect ONLY significant changes in the incoming light: visual events.

Sparse event-flows = Ultra-low latency, energy-efficiency and high dynamic range

Enhanced efficiency when used with event-driven processing paradigm

... but mainstream Al is frame-based!!

. Frame (state of all pixels) Visual event: [x,y,p,1]

4,86 um

Higher resolution

X X

3D-stacked pixel:

............. Photoreceptor

-------------- DVS circuitry to detect
light changes

Frame-based sensor Event-based sensor 1Mpx Sony-Prophesee IMX636 DVS

Approved for release - EPIC Online Technology Meeting on Neuromorphic Cameras, 7th Oct. 2024

Credit figures: Prophesee






2.
About us.

ikerlan

MEMBER OF BASQUE RESEARCH
&TECHNOLOGY ALLIANCE
—




Finance
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We are the largest technology center
of Mondragon Corporation [}
. . " . 9
A team committed to making event-based vision useful for industry %

We coordinate the NimbleAl Horizon Europe research project (10 M€, 20 partners):
Designing two pre-commercial DVS techs:

, Foveated DVS (DF-DVS]
nimble Al _ _
@ Light-Field DVS (LF-DVS)

to bridge event-based vision (efficiency) and mainstream Al (user base)

Our focus is on developing BEGI: a licensable digital DVS pre-processor .
eql
while exploiting the new capabilities enabled by NimbleAl DVS tech. g

BEGI = EYE in Basque language
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BEGI pre-processor .

* Industry-oriented pre-commercial IP
o Standard on-chip AXl interfaces & memory-mapped registers
o Model-based algorithms, no Al-based! > Event filter, optical flow & depth estimation

m) [0 multimodal DVS: standard DVS , DF-DVS § LF-DVS
« Out standard data structures: depth-maps, time surfaces & frames - configurable rates

Event-driven pre-processor Al Back-end processor (end user)
P N

o Y fpsA ROI-A-specific Al model)

DVS point cloud
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BEGI architecture

Customizable 8§ scalable multi-core architecture

Ultra-lightweight event-driven processing cores — time-driven outputs

Spatial mapping: microlens : voxel : BVS patch = Care

PoF low-res: 4 cores - expected to scale to 1 Mpx (IMX636]

BEGI processing cores:

Model-based:
more predictable inter-core traffic

Specialized engines for event filtering,
OF estimation and LF-DVS processing

Configurable Ctrl.:
post-silicon flexibility

PoF prototyped on FPGA (94 2025)
Silicon PoF expected by 2026/27
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Ligh-field micro-lenses
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BEGI algorithms

~50%#emoved events

With filter

SOTA accuracy w.r.t. algorithms @ 100+ fps ‘
(No GPU)

EPO App. No: 24383090.8 EPO App. No: 24382617.9

Lightweight event-driven optical flow Spatio-temporal event filtering

Tracking moving ROIs - drive foveation in DF-DVS Save energy & processing time

Motion-based region filter Event flow control

Motion-dependent adaptive time windows Required in stereo-matching to increase match ratio
& guide fps decisions [preliminary match ratio increase in LF-DVS: ~30%)

Potentially navigation
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Prophesee-Sony IMX636 DVS
Rl (/0 Raytrix light-field micro-lenses - LF-DVS] BEGl_EVK

A PCB that integrates an FPGA hosting BEG],
along with DVS sensors and Al processors

Linux & ROS support
Test vision applications using live data
Available to interested parties in Q4 2025

for CSIC DF-DVS
(04 2024) 8

.
Back , o Begi | 1x8l0

;@ i
OO raytrix cREgtens i € XILINX

Future slot PO (IMX636) arm

for Imec SENeCA SNN §
pracessor (§3 2025)

Prototyping
MPSoC
(XCZU15EG)

SENeCA SNN
processor

PCle slot;

25-24-ENIG

K ::—;_ ) e ARch 3 - -ori
HAILO Al processor | Memory
(CNN & SNN models)
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Combines efficiency of DVS & directional light capture of
light-field micro-lenses to achieve...

g

real-time, monocular,
passive 3D perception
with sub-ms latency!

\\
\\ x\

Full-fledged
{ commercial
components

Prophesee-Sony IMX636 &
Raytrix micro-lens array
(1 microlens = 26 pixels diameter)

Operationalrange
(optics-dependent]

PoF: 1 m; expected: 10 m

Depth accuracy

~tens of mm

Energy budget

Sensor: 10 mW
Processing: few tens of mW with
specialized event-driven accelerator

event driven specialized accelerator
Latency

PoF: 6 ms; expected: sub-ms

(currently in design)
ey .
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Near-VGA: 640 x 360 pixels



Our LF-DVSv1.0 PoF prototype works!.

LF-DVS
events

!

VA

Adapted Raytrix LF algorithms for frame-based sensors,
applied to time-surfaces created with BEGI-filtered LF-DVS events
(running on GPU: 25% comp. 8§ 75% comms = 160+ fps)

Designing an ultra-efficient event-driven accelerator integrated in egi
& LF-DVSve.0 to extend the operational range and accuracy
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SDK support for LF-DVS

D)

' m) 17 )

= ] dihin)) Y.
©0 File Cameras View Tools Help RxLive 2024 - Realtime Plenoptic Metrology - Raytrix GmbH Germany =T X Y./////] '//'

= 1 - OO raytrix

9 Calibration Wizard ® v Export Mode IPU Parameters v & Load Filter Mask

Project Explore: 2 X TypeP_Prophesee Universal fffifeHf X ~ 1PV Bardmet

MoSellingsS o~
B Blcnder LF and DVS models combined to
[&5] R1-EVT-V-U3-A018-DVS-A - nimbleAl_LF-DV... .
N T M generate synthetic event flows & ground
- truth in scenes with controlled motion
~ pr—— =8 and lighting conditions

TypeP_Prophesee_Universal ffFfFfr ® o Rw X

Light Field Sources - 'R a \UV E’ \j e n 't S Max Depth Difference [%};

Complete Fill

Raw
Depth Map Colored

Total Focus

1 1 . . 1 . Len:
Mata elNnN Ariv/iaer
vetavision arivel
rOo-EihO-2> = » Position [Global System]
Total Focus X ~  Depth Map Colored X Y » Orientat lobal System]

» Move [Reference System)

4 Depth Limits [Reference System]

Sub-aperture W o Depth-map
- A o Min Depth [mm}:
Exporter Settings [bl Max Depth [mm}:

Set Automatically

.....

Overwrite Timestamy P Image Counter 4 Coloring Parameter

Exporter Write Rate Color Map: Perceptually Uniform Rain|
Gamma Correction: 3
Color Shift: I-
* Ray Depth Color Range
0.00 MB/s =

O v ©-2o % ? - - - Q-3 O~ = v Auto Update

INVIDIA Driver 55223 ~ ™ Netwol

Integrated in Raytrix RxLive with plugin for Prophesee Metavision
and support for GPUs : /

Support for automatic sensor calibration
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Potential of LF-DVS & Roadmanp.

2024:PoF

|

£382025: FPGA-based BEGI prototype available for LF-DVS
2026/27: Optimized BEGI silicon available for LF-DVS

https://www.yolegroup.com/product/

EIDEIDECOEIDEID XD oot/ neuonophic-computing:
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()
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Vision Research, Voxel Sensors, Weebit, Witmem, Xiaomi, Xperi, and more...


https://www.yolegroup.com/product/report/neuromorphic-computing-memory-and-sensing-2024
https://www.yolegroup.com/product/report/neuromorphic-computing-memory-and-sensing-2024
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Near-VGA LF-DVS processing chips consuming tens of mW
available for integration into miniature drones in 2026/27
(enable sub-ms 3D SLAM and 3D flow)
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Thank you

Ready to co-design LF-DVS for your needs or help launch ®egi?

Xabier lturbe, PhD
xiturbe@ikerlan.es
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