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Observe withDVXplorer  pandulum
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We used a 6mm lens and placed { Perspective vie
camera about 2B feet away.

The DVS/DAVIS technology was developed by the Sensors group of the Institute of
NeuroinformaticgUniversity of Zurich and ETH Zurich), which was funded by the ER£EB@tteiproject (grant 270324). NOVA GITHUB Site
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Principal Components AnalysBased Fast Card ID with the Silicon
Retina

Aa median tracking filter preprocessing step is used to refine the card mean estimate. Tobi Delbruck challenged us to
AJses Odine Principle Components Analysis (PCA) to find the frame of the card. identify a playing card as it was
fOnce the frame is found, events aristogrammednto one of 11 pip bins as appropriate (hrown across the field of view of
ACards Acd 0 are classified using a nearestighbors approach. a neuromorphic imager.

Mutput is transmitted via UDP and audio. JAE R
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Transparent Barrier Detection and LED trackinc
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Spatio -Temporal Event Signature of Spinning Propellor
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Visualization of propellor data in JAER
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Visualization of the data recorded by an evebased imager

N
a0

Notional video, not necessarily
same experiment

Andre Green, Peter Meyerhofer, Dawthscarenas

Weighted P-Frames: Y:0.0% UV:0.0%
ref P LO: .5% 3.5% 31.2% 16.8%
ref B LO: 7% 23.1% 12.2%
ref B L1: 93.1% 6.9%
54[1ibx264 @ 3] kb/s:1826.
Exiting normally, received signal 2.

-{C:\Andre_Green_FY2020\ffmpeg-20200816-5df9724-win64-static\bin>ffmpeg -f gdigrab -framerate 60 -i desktop sid
zzebyside . mkv
ffmpeg version git-2020-08-16-5df9724 Copyright (c) 2000-2020 the FFmpeg developers
: built with gcc 10.2.1 (GCC) 20200805
configuration: --enable-gpl --enable-version3 --enable-sdl2 --enable-fontconfig --enable-gnutls --enable-ic
:-lonv --enable-libass --enable-libdavld --enable-libbluray --enable-libfreetype --enable-libmp3lame --enable-1i
bopencore-amrnb --enable-libopencore-amrwb --enable-libopenjpeg --enable-libopus --enable-libshine --enable-1
ibsnappy --enable-libsoxr --enable-libsrt --enable-libtheora --enable-libtwolame --enable-libvpx --enable-1lib
#mwavpack --enable-libwebp --enable-1ibx264 --enable-1ibx265 --enable-1ibxml2 --enable-1libzimg --enable-lzma --
<iwiz-enable-z1ib --enable-gmp --enable-libvidstab --enable-libvmaf --enable-libvorbis --enable-libvo-amrwbenc --en
:i1able-1ibmysofa --enable-libspeex --enable-libxvid --enable-libaom --enable-libgsm --enable-libravle --enable-
libsvtavl --disable-w32threads --enable-libmfx --enable-ffnvcodec --enable-cuda-llvm --enable-cuvid --enable-
d3dllva --enable-nvenc --enable-nvdec --enable-dxva2 --enable-avisynth --enable-libopenmpt --enable-amf
| libavutil 56. 58.100 / 56. 58.100
libavcodec 58. .100 / 58.100.100
libavformat 58. .100 / 58. 51.100
T T T T T T T gy g g Libavdevice 58. 11.101 / 58. 11.101
libavfilter T .100 / 7. 87.100
libswscale 5% .1e@ / 5. 8.100

%) Los Alamos , - A - . " o
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Original Video of Beam Motion Beam Motion Reconstructed from Identified Modes Error Response
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Mode 1 Participation Mode 2 Participation Mode 3 Participation
identification of fulifield vibration g« g © g ®
modes from video measurements ;g‘ %‘ ;%
with phasebased video motion Y i, g, L,
YIayATAOLGA2yE asoKNEERAQ Yang, SINEEEREERE] HNIEEEEEEEEE HIENENEEEEE

Systems and Signal Processing, Vol  David Mascarenas P P Puas
85, Feb 2017 pp 56590 (2016) Visualization by Wes Scott




An unsupervised learning approach to extracting fikld mode
shapes from video.
Original video Mode 1 ¢ 7.5 Hz Mode 2 ¢ 48.2 Hz Mode 3¢ 133.6 Hz

Yongchao Yang, Dawthscarefias

Yongchadrang, Charles Dorn, Tyler Mancini, Zacfialigen Garrett Kenyon, Charles Farrar, Daviascarefiast . £ A Yy R
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Memory -efficient, in -process monitoring is of interest for metallic additive

manufacturing

A Lightweight Approach to On-Machine Monitoring
—fberiaser 2 colOr pyrometer

» Developing a ‘lightweight’ theme to enable easier
deployment across a diverse fleet of equipment

In-line photodiode detection
Visible wavelength imaging
Machine data monitoring

Acoustic sensing

» Bridges the gap between high-fidelity frameworks for
fundamental process improvement and lightweight
toolset for AM build monitoring

Help develop correlations between defects and mechanical

performance

e Common approach enables better transition from

development to production

Feasible way to evaluate process consistency over time

Could reduce reliance on witness coupons for a fixed process

Emission Signal
— Optical Signal
— Acoustic Signal |

|

I

XY Position | 1
Data A4 I Filter 2 |
I

I

I
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- e
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Plume
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Build Chamber,

Melt Pool

Schematic of Full Multi-Modal Lightweight
OMM KIWI| Deployment

» System called KIWI (Kansas City In-situ Wavelength Instrument)

CEO and Clmunder of the metal AM startup Freeform recently
stated the scale of the data problem associated with additive
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Slide taken from:
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https://www.youtube.com/watch?v=IvDj-l5ilRw
https://www.youtube.com/watch?v=IvDj-l5ilRw
https://www.youtube.com/watch?v=IvDj-l5ilRw

High dynamic range is promising for monitoring Additive Manufactur

& TAW melt pool data collected [
Pl using DAVIS 240C event imag
(circa 2019), 240x180 pixels

Even Current High Dynamic Range Imagers Can
deal with melt pool light intensity. Pixels are still

saturated.

Pixels at the
melt pool are
still saturated

10,000 us window 20,000 us window 40,000 us window

LUCID Triton (0.01 seconds) (0.01 seconds) (0.01 seconds)

TRIO545-CC HDR Camera

LUCID Triton IMX490 HDR Camera Welding

Video Comparison
https://www.youtube.com/watch?v=I\VnhDCJe7cl

Please note, LUCID is planning to release an
event imager based on the Prophesee chip.

80,000 us window 160,000 us window 320,000 us window
(0.01 seconds) (0.01 seconds) (0.01 seconds)

8 Bit imager = 48 dB dynamic range, 12 bit imager = 72 dB dynamic range

AndrewGothard Daniel Jones, Andre Green, Michael Torrez, Alessand,rg Cattaneo and/lBswideria® & 5 A =

o'q Los Alamos , R . s,/ M rez Cattaneo
NATIONAL LABORATORY a / f S | N\B R '_F 2 NJ tcodﬁz@sufsforﬂatl(@fframWoSevfnﬂ- §>Flt, Aal-gﬁlgﬁaoiprompuHEmg.ZOMOOS



https://www.youtube.com/watch?v=lVnhDCJe7cI

Events are not frames, but we often want to form frames.

Low Shutter

~ >
f28 f/a f/56 8 11 fne 22

A‘pertu re

https://photographylife.
com/what-is-exposure
triangle

1 The longer the camera

High Shutter
Speed

sensor is exposed to a
scene, the more light
and the more motion
blur we get in the final
image.

Andrew Gothard Corey Henry Daniel Jones

G/ f SFNBR FT2NJtdzofAO wSftSI asSé


https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle
https://photographylife.com/what-is-exposure-triangle

Virtual Shutter (Boxcar Exposure similar to Conv. Camera)

Frequency Content Associated with Shut

Boxcar digital

coded exposure=—""—

example i
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Virtual Shutter Fourier Transfrom Normalized (5.38 Hz)

\
N\

W \A A “\\\/\ A

Frequency Hz

Motion blur is always present in some form for the same reason there is always a window function present when you talef arfifiEeFlength signal. Motiofblur is an inherent part of

the frame formation irocess when ieneratini a still imaie of a dinamic scene. This is because there must be a temimh/ﬁ' . '
5.38 Hz 5.38 Hz 5.38 Hz 538 Hz Andrew Gothard

0% to 10%
of frame period

0% to 25%
of frame period

a/ £ S

0% to 50%
of frame period
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Daniel Jones
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0% to 100%
of frame period
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Digital Coded Exposure for different duty cycles and
phase. Framerate equal to pump speed

Duty Cycle Ratio

0.01

phaae @ (LG, durations G.01 phase : 0.28, durobon: .07 phase @ .5, durctiom: G.O1 phaoae : O.75, durotionz 0.0 praae 1 1.0, duratior: G.O01

0.10

1 LG, duratior: o1 phaae 2 {L25, durobon: 9.1 .|.:I|'r:IEE|_: -'EI._E-. duratiar: C.1° phaoae 1 075, durobon: 9.1 phase 3 1.6, durafian: (PR

Image of the high pressure air pump

Frame Period i i
O ' 2 5 * : ;'_F}hgallglhnr:ttlego[nerl;r)argmoéallizre!l (5.38 Hz) :

S A A o
ik . j 11 \/ ‘ \/ A A
S35 3E - | | |

1000 2000 3000 4000 5000 6000

l O Time (microseconds) : 3 : Freq“e'ncy Hz 4
Ol (d uty CyCIe ra‘“o) A. Gothard, D. Jones, A. Green, M. Torrez, A. Cattar
and D Mascarefas"Digital coded exposure formation
of frames from eventbased imagery,” Neuromorphic

NBR F2NJt dzot AO \eSuneSdengedom 101082624

/ac491

1 LG, duratiare .25 - phaoae 2 L25, durobon: 0,28 |E|h::|:aE- 1 L5, duratiar: 5.28% phase : L7E5, durobon: 9.2F phaae 3 1.G, duratian: G.25 =

O
&

y coordinate

phaae 1 (L3, duratior: G5 phaoae 1 0.3E, durobon: 0.5 1 L5, duratior 0.5 |E|h::|:aE- 1 {L7E, duroton: 0.8 phase : 1.0, duration: 0.5

3 L0, duratiar: 1.0 p 3 9,25, durobon: 1.0 phaae : (LS, duratian: 1.0 p HALPE jion: 1.0 p 3 1.0, duratiar; 1.0




Cantilever Beam Accelerometer Mode Shapes and Frequencies

QCESA of Cantllever Beam vs. Accelerometer Data FFT

0.025

Virtual Shutter:

Y 0.02044 | X 46.35
002 - Y 0.01946

0015 -

—— QCESA of Cantilever Beam Data
FFT of Accelerometer Data

X129.9
Y 0.01684

Amplitude

0.01F

0.005 -

Virtual Wavelet Shutters 0o s Fliiuemy(nh;ii, 20

0Vlrtual Wavelet Shutter Fourier Ti fi ! (Cantilever Beam)
| —7.45Hz
——46.35Hz|
129.8Hz, |

A. Gothard, D. Jones, A. Green,
M. Torrez, A. Cattaneo and D.
Mascarefias"Digital coded
exposure formation of frames
from eventbased imagery,”
Neuromorphic Computing and
Engineering, pp. 10.1088/2634

Frequency Hz

4386/ac4917, 2022.
S 7.45 Hz 4635Hz 1298 Hz Andrew Gothard Corey Henrv13/2026
9 o a/ £t S NBR FT2NJ tdzof A0 wst Banigldones

NATIONAL LABORATORY

Sb 160 150 260 250
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Cantilever Beam Accelerometer Mode Shapes and Frequencies

Virtual Wavelet Shutters
Mode 2 Node

7.45Hz 46.35 Hz 129.8 Hz

A. Gothard, D. Jones, A. Green, M. Torrez, A. Cattaneo and D. Mascarefias, "Digital coded exposure
formation of frames from event-based imagery," Neuromorphic Computing and Engineering, pp.
10.1088/2634-4386/ac4917, 2022.

1 [
Los Alamos National Laboratory 5%3/2026 | 17



Coded Exposure & Digital Refocusing

Virtual Shutter
(Slow motion; real
oscillation is 1.%h2

The border of the shutter
frame flashes from red to
green,indicating polarity.

-~ — —
- > > -

Event Stream
(Slow motion)

Refocused Coded Image
(Shifted and accumulating),

~

In the videos shown on the right, the number of pinholes and sampling points on the digitally refocused image has bgeedyead (?XB_anrﬂSxﬁfro_m the real data.

shown above (14x14 and 50x50).
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Event: SPIE Optical Engineering + Applications, 2023, San Diego, California, United States

CaivierdlighiSfield, 8idital @deBxposureAniager architedtuf foapgiyeRMage régenératibninS
Ly 02y @Sy i Mdaigrg/T10.111 W12 AV 36> |

Details on Digital Coded
Exposure (Applied Separately)
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Uniform Exposure (Propellor Example) Spatially Uniform Exposures

¢ K S LlJé E LJ2 & dZN\B Acgr’gulgtionﬂpc&o%(o*distance)+1 o Accumulation Map Exposure Volume

—@— Start of Exposure
—&— End of Exposure

log(Generated Image + 1)
(Using centered exposure)

100% |
(360)

is the spatiotemporal

volume from which an
image is created over a
period of time.

75% |
(270)

50% |
(180)

For a normal image,

% (and #) of Frames for Exposure

the exposure volume i % %o et m
&l brick’ the |ength of Number of Frames Used (out of 360) -
C L. 0% | B ]
which is amount of (0) 360 0 .
time the sensor was 0%  25% 50%  75%  100%
exposed fOI‘ % of Distance to Center
The exposure time is
horter in th n .
ST .t € sepo d Accumulation Function: (O*distance)+0.25 Accumulation Map Exposure Volume
row than it was in the log(Generated Image + 1)

100% |

(360) ®— Start of Exposure (Using centered exposure)
0

—8— End of Exposure

first.

75% |
(270)

Simulating normal
exposure, the
scene blurs as
expected.

50% |
(180)

25% |
(90) 119

0 159
Number of Frames Used (out of 360)

% (and #) of Frames for Exposure

0% |

(0) 0 159

|

Unform Exposure

0"%) 25'% SOI% 75I% 106%
% of Distance to Center
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Velocity-Based Exposure
(Propellor Example)

Accumulation Function: 1-distance

Here, the exposure
volume has been
reshaped into a baek
to-back set of cones.
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50%

This exposure volume G20l

ensures the same

I Y2dzyd 27
captured in each pixel
by giving pixels
traveling at lower
speeds (near the
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Spatially Varying Exposure

Exposure Volume

log(Generated Image + 1)

—— Start of Exposure (Using centered exposure)

—8— End of Exposure
— Image

120

119

center of the propeller)
more frames of
exposure, and pixels at
higher speeds (near
the edge of the
propeller) fewer
frames.

Accumulation Function: (1-distance) * 0.25

100% |
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75% |
(270)

50% |
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25% |

Using a velocitpased (90)

exposure volume, we can
create new images that
have interesting properties
(e.g. images with the same
amount of motion blur per
pixel)
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Needs for Neuromorphic Event Imager
Visualization

A Need to be able to visualiztreamingdata from
multiple sourcesof heterogeneous data (synchronized)

A Must be able to support interfacing with user
analysis/applications

A Need to be able to visualize frames with a variety of
known/specified exposure characteristics.

A Need easy access to event statistics
A Need to be fast and responsive

(0T-2ESHT14
8v

(FBH650-10)

Essentlally an Osulloscope for Event [



N

A Initially supported thdnlvationimagers i

¥ Info

Camera (World): (1706.337, 533.966, u45004.477)

0.750

R: @ G:255

Leverages dedicated computer graphics libraries,

OpenGL and later Vulcan
euromorphic optics and visualization application

¥ Info ¥ Load
Camera (World): (267.088, 144.255, 6396.298) File:

0.750 Particle Scale Open File
Event Frequenc

R:255 G: © B: © Negative Polarity
200

R: © G:255 B: © 'Positivc Polarity
0.150 Event Contributiol

ms

Avg FPS: 59.5
Min FPS: 18.4
Max FPS: 85.5

FPS: 56.9 Digital Coded Exposure

Time Window [@

= & Frame Pe;
Event Window [
wva> ./run.psl

17.13.15+18b3635f6 for

Scanning sources for module dependen

ms

FPS: U8.5

Avg FPS: 59.4
Min FPS: 28.2
Max FPS: 70.9

Time Window [0.000, 6399.951] (ms)

=| ¥ Frame Period (ms)

Event Window [0, 7528u]

= [#| Frame Period (events)

Space Window
0.000
636.000
u79.000
6.000

Processing options
Time Based
358.7375
2111.5559
0.000
Play (Time period)
Play (Events period)

Morlet Shutter
PCA
Positive Events Only

Video options

Start Record
Stop Record

Particle Scale

Negative Polarity Color
W Positive Polarity Color

Event Contribution Weight
¥) Tine Unit

Initial Time

Final Time

Initial Event

Final Event

Top
Right
Bottom
Left

¥ Shutter
Shutter Initial (ms)
Shutter Final (ms)
FPS

Frequency (Hz)
Full Width at Half Measure

Video Output Name



https://github.com/andrewleachtx/nova

Frame

¥ Debug Streaming T Frame 30 Visualizer
Digital Coded Exposure Progran State:

Program Is Currently Streaming From FILE
Event Discard Odds

1.000000
Stream From Camera:
Scan For Cameras

Stream From Camera

https://github.com/Utsawb/nova

Stream From File
Open File To Stream

¥ Camera

Pause

Stream Save Options
Nothina Beina Saved Currently
¥ Info Digital Coded Exposure Controls

3 [oo Particle Scale
-~ R:255 G @ B: 0 Negative Polarity
'” g~ R: © G:255 8: o [Jrositive polarity
ae ; us ¥ Time Unit

¥ 3D Visualizer

¥ Scrubber

Event ¥ Scrubber Type
Paused ¥ Hode
Uncapped ¥ Scrubber Cap
33875.000 Current Index
6988.000 Index Window
0.000 Index Step

Show Frame Data

ing
Program State:
Program Is Currently Streaming From FILE.
Event Discard Odds
1.000000
Stream From Camera:
Scan For Cameras
¥ Camera
Stream From Camera
Camera Pause
Stream From File:
Open File To Stream
Pause
Stream Save Options:
Nothing Being Saved Currently
Save Frames On Next Stream (Will Stop Streaming)
Save Events On Next Stream (Will Stop Streaming)
Nothing Being Saved On Next Stream
Open File To Save Stream To (Will Stop Streaming)

¥ Scrubber
Event
Paused
Capped
3430065.000
28831.000
45598.000

Show Frame Data

¥ 3D Visualizer

23015529600 230390032.00

¥ Scrubber Type

¥V Mode

¥ Scrubber Cap
Current Index
Index Window

Index Step

230620768.00

¥ Frame

Digital Coded Exposure

<

Info Digital Coded Exposure Controls
0.500

Morlet Shutter

Positive Events Only

Use Visualizer Colors

Linear

0.000

0.010

Event Contribution We.

¥ Digital Exposure Colo:

¥ Activation Function
Morlet Frequency
Morlet Width



