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Neuromorphic 
Event-Based Imager

Observe with DVXplorer

We used a 6mm lens and placed the 
camera about 2-3 feet away.

Top view

Perspective view

Time axis (s)

Time axis (s)

The DVS/DAVIS technology was developed by the Sensors group of the Institute of
Neuroinformatics (University of Zurich and ETH Zurich), which was funded by the EU FP7 SeeBetter project (grant 270324).

Caleb Schelle 

Out motivation for developing neuromorphic visualization 

comes from engineering needs 

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

Includes Contributions from:  
Andre Green, Ali Kazemian, 
Cedric Hayes Caleb Schelle Greg 
Taylor, Garrett Kenyon, 
Yongchao Yang, Charles Dorn, 
Moises Felipe Silva, Wes Scott, 
John Bernardin, Jose Salgado, 
Andrew Gothard, Corey Henry, 
Corey Henry, Ashley Liao

LA-UR-26-22064

NOVA GITHUB Site

https://github.com/Utsawb/nova December, 2025
https://github.com/ashlxyzhang/nova , May 2026

https://github.com/Utsawb/nova
https://github.com/Utsawb/nova
https://github.com/ashlxyzhang/nova


Principal Components Analysis-Based Fast Card ID with the Silicon 
Retina

ÅA median tracking filter preprocessing step is used to refine the card mean estimate.
ÅUses On-line Principle Components Analysis (PCA) to find the frame of the card.  
ÅOnce the frame is found, events are histogrammed into one of 11 pip bins as appropriate.
ÅCards Ace-10 are classified using a nearest-neighbors approach.  
ÅOutput is transmitted via UDP and audio.  

Summer 2010, 
Telluride 
Neuromorphic 
Workshop

JAER
Later Example (~2015) of using 
this approach for tracking the 
position and pose of a hand

Tobi Delbruck challenged us to 
identify a playing card as it was 
thrown across the field of view of 
a neuromorphic imager.   
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Transparent Barrier Detection and LED tracking

Illustration of the 
responsiveness of 
Neuromorphic 
Event-Based Data
(2014)

JAER 
Visualizations



45/13/2026 45/13/2026Managed by Triad National Security, LLC, for the U.S. Department of Energyôs NNSA.

NOVA: Real -Time 

Visualization and Streaming 

for Neuromorphic Event 

Cameras
Presenter:  David Mascareñas, LANL, E-1, 
Mechanical and Thermal Engineering

LA-UR-26-22064

The DVS/DAVIS technology was developed by the Sensors group of the Institute of
Neuroinformatics (University of Zurich and ETH Zurich), which was funded by the EU FP7 SeeBetter project (grant 270324).

Contributions from:
Team Semester 1, Spring 2025 -Andrew Leach, Zelun Liu, Gage Mariano, Ryan Parmer, Joshua Perry

Team Semester 2, Fall 2025 ð Andrew Lin, Daniel Querrey, Eric McGonagle, John Langs, Nai Yun Wu, John Ho, 

Nick Almeter, Matthew Fisher, Utsawb Lamichhane, Praket Desai
Team Semester 3, Spring 2026 - Ryan O'Mullan, Cole Greinke, Jack Lewicki, Ashley Zhang, Neil Kodali
TAMU Advisor ð Tracy Hammond

Also, Andre Green, Charlie Dorn, Yongchao Yang and many others

Section 3: 3D Visualization

Section 4: 2D Visualization

Section 5:  Info 

Options

Section 2: 

File 

Loading

NOVA GITHUB Site

https://github.com/Utsawb/nova December, 2025
https://github.com/ashlxyzhang/nova (May 2026

https://github.com/Utsawb/nova
https://github.com/Utsawb/nova
https://github.com/ashlxyzhang/nova
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Spatio -Temporal Event Signature of Spinning Propellor

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

Visualization of propellor data in JAER
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Orthographic 
View

Spatio-Temporal Event signature of Two Propellers Spinning at different speeds

Down-sampled to 10% of 
events for clarity.

Asynchronous Event Detection

Faster Propeller

Slower 
Propeller

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

Current Visualization is limited to post-visualization



Notional video, not necessarily 
same experiment

Andre Green, Peter Meyerhofer, David Mascareñas

Visualization of the data recorded by an event-based imager

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 



PCA

Phase-Based 
Optical Flow

Motion Detection
Dimensionality 

Reduction

Modal ID/Spatio-
Temporal Pattern 

Extraction

BSS solved using 
Complexity 

pursuit

1. Mode 
Shapes

2. Modal 
Coordinates

Output

Input

Yongchao Yang, 
David Mascarenas
(2016) Visualization by Wes Scott

Yongchao Yang, Charles Dorn, 
Tyler Mancini, Zachary Talken, 
Garrett Kenyon, Charles Farrar, 
David Mascareñas ά.ƭƛƴŘ 
identification of full-field vibration 
modes from video measurements 
with phase-based video motion 
ƳŀƎƴƛŦƛŎŀǘƛƻƴέ aŜŎƘŀƴƛŎŀƭ 
Systems and Signal Processing, Vol 
85, Feb 2017 pp 567-590

BSS-Based 
structural 
Dynamics 
Identification
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An unsupervised learning approach to extracting full-field mode 
shapes from video.  

Mode 1 ς 7.5 Hz Mode 2 ς 48.2 Hz Mode 3 ς 133.6 HzOriginal video

+ +=

Yongchao Yang, David Mascareñas

Yongchao Yang, Charles Dorn, Tyler Mancini, Zachary Talken, Garrett Kenyon, Charles Farrar, David Mascareñas ά.ƭƛƴŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ Ŧǳƭƭ-field vibration modes 
from video measurements with phase-ōŀǎŜŘ ǾƛŘŜƻ Ƴƻǘƛƻƴ ƳŀƎƴƛŦƛŎŀǘƛƻƴέ aŜŎƘŀƴƛŎŀƭ {ȅǎǘŜƳǎ ŀƴŘ {ƛƎƴŀƭ tǊƻŎŜǎǎƛƴƎΣ ±ƻƭ урΣ CŜō нлмт pp 567-590

Magnification of Motion achieved using Phased-based motion magnification technique:  
WadhwaΣ bΦΣ wǳōƛƴǎǘŜƛƴΣ aΦΣ 5ǳǊŀƴŘΣ CΦΣ CǊŜŜƳŀƴΣ ²ΦΣ άtƘŀǎŜ-.ŀǎŜŘ ±ƛŘŜƻ aƻǘƛƻƴ tǊƻŎŜǎǎƛƴƎΣέ !/a ¢ǊŀƴǎΦ DǊŀǇƘΦ όtǊƻŎŜŜŘƛƴƎǎ {LDDw!tI нл13), vol 32, 4, 
2013
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Event-based video modal analysis algorithm for structural dynamics

Charlie Dorn, 
Yongchao Yang, 
David Mascareñas

1
0

Local phase changes only nearby an event

Only pixels close to an event need to be 
processed



Memory -efficient, in -process monitoring is of interest for metallic additive 

manufacturing 

ICAM 2025

Slide taken from:
CODY LOUGH, JON 
ZETTWOCH, NOAH 
WELCH, BEN BROWN, 
ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ 
Mechanical 
Performance as 
Indicated by 
Lightweight In-Situ 
Monitoring Sensor 
aƻŘŀƭƛǘƛŜǎ ƛƴ [t.CΣέ 
ICAM 2024, Atlanta, 
GA

ICAM 2025

CEO and Co-founder of the metal AM startup Freeform recently 
stated the scale of the data problem associated with additive 
ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀǎ άLǘϥǎ ŀŎǘǳŀƭƭȅ ƪƛƴŘ ƻŦ ŎǊŀȊȅΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 
Řŀǘŀ ǿŜ ƳƻǾŜ ƘŜǊŜ ƛǎ ƭƛƪŜ ǊƛǾŀƭǎ ƭƛƪŜ bŜǘŦƭƛȄΦ ώмϐέ 

[1] Ashlee Vance, "A New Age of US Manufacturing 
Has Begun in California | Hello World with Ashlee 
Vance," Bloomberg Originals, 28 September 2023. 
[Online]. Available: 
https://www.youtube.com/watch?v=IvDj-l5ilRw. 

2 color pyrometer

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 Manufacturing
Even Current High Dynamic Range Imagers Cannot 
deal with melt pool light intensity.  Pixels are still 
saturated.  

LUCID Triton IMX490 HDR Camera Welding 

Video Comparison

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

Pixels at the 
melt pool are 
still saturated

Please note, LUCID is planning to release an 

event imager based on the Prophesee chip.
80,000 us window

(0.01 seconds)
160,000 us window

(0.01 seconds)

320,000 us window

(0.01 seconds)

10,000 us window

(0.01 seconds)

20,000 us window

(0.01 seconds)
40,000 us window

(0.01 seconds)

GTAW melt pool data collected by 
PI using DAVIS 240C event imager 
(circa 2019), 240x180 pixels
(1280 x 720 pixels is now possible 
with IMX636 sensor)

8 Bit imager = 48 dB dynamic range, 12 bit imager = 72 dB dynamic range
Andrew Gothard, Daniel Jones, Andre Green, Michael Torrez, Alessandro Cattaneo and David MascareñasΣ ά5ƛƎƛǘŀƭ 

coded exposure formation of frames from event-ōŀǎŜŘ ƛƳŀƎŜǊȅΣέ нлнн Neuromorph. Comput. Eng. 2 014005ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

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


Low Shutter 
Speed

High Shutter 
Speed

Daniel JonesCorey HenryAndrew Gothard

The longer the camera 

sensor is exposed to a 

scene, the more light 

and the more motion 

blur we get in the final 

image.

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

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

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

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


20

Virtual Shutter (Boxcar Exposure similar to Conv. Camera)

5.38 Hz

0% to 10%

 of frame period

5.38 Hz

0% to 25%

 of frame period

5.38 Hz

0% to 50%

 of frame period

5.38 Hz

0% to 100%

 of frame period

Motion Blurring as Width Increases

Frame PeriodFrame Period

Increase 

Interval

10% 20%

Frequency Content Associated with ShutterBoxcar digital 
coded exposure
example

Motion blur is always present in some form for the same reason there is always a window function present when you take an FFT of a finite-length signal.  Motion-blur is an inherent part of 
the frame formation process when generating a still image of a dynamic scene.  This is because there must be a temporal exposure window.    

Daniel Jones

Corey Henry

Andrew Gothard

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 
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Digital Coded Exposure for different duty cycles and 

phase.  Framerate equal to pump speed

Image of the high pressure air pump

Duty Cycle Ratio

0.01

0.10

0.25

0.5

1.0

Frame Period

.01 (duty cycle ratio)

Fourier Domain

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

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

Virtual Shutter:

5/13/2026   |   16

Los Alamos National Laboratory
Mode 1 

7.45 Hz

Mode 3 

129.8 Hz
Mode 2 

46.35 Hz

Virtual Wavelet Shutters

Daniel Jones

Corey HenryAndrew Gothard

ά/ƭŜŀǊŜŘ ŦƻǊ tǳōƭƛŎ wŜƭŜŀǎŜέ 

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



NOTE:

This is 

the lab 

color 

palette.

5/13/2026   |   17Los Alamos National Laboratory

Virtual Wavelet Shutters

Mode 1 Mode 2 Mode 3

7.45 Hz 46.35 Hz 129.8 Hz

Node

Nodes

Cantilever Beam Accelerometer Mode Shapes and Frequencies

A. Gothard, D. Jones, A. Green, M. Torrez, A. Cattaneo and D. Mascareñas, "Digital coded exposure 

formation of frames from event-based imagery," Neuromorphic Computing and Engineering, pp. 

10.1088/2634-4386/ac4917, 2022. 



Event Stream
(Slow motion)

Virtual Shutter
(Slow motion; real 
oscillation is 1.9 Khz)

Refocused Coded Image 
(Shifted and accumulating)

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

Coded Exposure & Digital Refocusing

In the videos shown on the right, the number of pinholes and sampling points on the digitally refocused image has been greatly reduced (3x3 and 5x5) from the real data 
shown above (14x14 and 50x50).

Details on Digital Coded 
Exposure (Applied Separately)

5ŀǾƛŘ aŀǎŎŀǊŜƴŀǎΣ !ƴŘǊŜ DǊŜŜƴΣ aƻƛǎŜǎ CŜƭƛǇŜ aŜƭƭƻ Řŀ {ƛƭǾŀΣ !ƭŜǎǎŀƴŘǊƻ /ŀǘǘŀƴŜƻΣ ά!ƴ ŜǾŜƴǘ-driven light field, digital coded exposure imager architecture for per-pixel image regeneration in 
Ǉƻǎǘ ǇǊƻŎŜǎǎƛƴƎΣέ tǊƻŎŜŜŘƛƴƎǎ ±ƻƭǳƳŜ мнсфоΣ ¦ƴŎƻƴǾŜƴǘƛƻƴŀƭ LƳŀƎƛƴƎΣ {ŜƴǎƛƴƎΣ ŀƴŘ !ŘŀǇǘƛǾŜ hǇǘƛŎǎ нлноΤ мнсфомн όнлноύ ƘǘǘǇǎΥκ/doi.org/10.1117/12.2677624
Event: SPIE Optical Engineering + Applications, 2023, San Diego, California, United States



Uniform Exposure (Propellor Example)
¢ƘŜ ΨŜȄǇƻǎǳǊŜ ǾƻƭǳƳŜΩ 
is the spatiotemporal 
volume from which an 
image is created over a 
period of time.

For a normal image, 
the exposure volume is 
a brick, the length of 
which is amount of 
time the sensor was 
exposed for.

The exposure time is 
shorter in the second 
row than it was in the 
first.

Simulating normal 
exposure, the 
scene blurs as 
expected.

Spatially Uniform Exposures

Unform Exposure 

Andre Green, Moises Felipe Silva, Allison Davis, Andrew Sornborger, Alessandro Cattaneo, David 
MascareñasΣ άtƘƻǘƻǊŜŀƭƛǎǘƛŎ wŜƴŘŜǊƛƴƎ ŀƴŘ aƻŘƛŦƛŎŀǘƛƻƴ ƻŦ aƻǘƛƻƴ .ƭǳǊ ŦƻǊ ǘƘŜ {ƛƳǳƭŀǘƛƻƴ ƻŦ 
±ƛŘŜƻ 5ŀǘŀ ŦƻǊ {ǘǊǳŎǘǳǊŀƭ 5ȅƴŀƳƛŎǎΣέ L²{IaΣ нлно



Velocity-Based Exposure 
(Propellor Example)
Here, the exposure 
volume has been 
reshaped into a back-
to-back set of cones.

This exposure volume 
ensures the same 
ŀƳƻǳƴǘ ƻŦ ΨǾŜƭƻŎƛǘȅΩ ƛǎ 
captured in each pixel 
by giving pixels 
traveling at lower 
speeds (near the 
center of the propeller) 
more frames of 
exposure, and pixels at 
higher speeds (near 
the edge of the 
propeller) fewer 
frames.

Using a velocity-based 
exposure volume, we can 
create new images that 
have interesting properties 
(e.g. images with the same 
amount of motion blur per 
pixel)

Spatially Varying Exposures

Andre Green, Moises Felipe Silva, Allison Davis, Andrew Sornborger, Alessandro Cattaneo, David MascareñasΣ άtƘƻǘƻǊŜŀƭƛǎǘƛŎ 
wŜƴŘŜǊƛƴƎ ŀƴŘ aƻŘƛŦƛŎŀǘƛƻƴ ƻŦ aƻǘƛƻƴ .ƭǳǊ ŦƻǊ ǘƘŜ {ƛƳǳƭŀǘƛƻƴ ƻŦ ±ƛŘŜƻ 5ŀǘŀ ŦƻǊ {ǘǊǳŎǘǳǊŀƭ 5ȅƴŀƳƛŎǎΣέ L²{IaΣ нлно



Needs for Neuromorphic Event Imager 
Visualization
ÅNeed to be able to visualize streaming data from 

multiple sources of heterogeneous data (synchronized)

ÅMust be able to support interfacing with user 
analysis/applications

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

ÅNeed easy access to event statistics

ÅNeed to be fast and responsive

Essentially an Oscilloscope for Event Data
413 

(FBH650-10)
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NOVA
Neuromorphic optics and visualization application

Å Initially supported the InIvation imagers
Å Leverages dedicated computer graphics libraries, 

OpenGL and later Vulcan

(2)
(1)

(3)
(4)

(5)

(6)
(7)

(8)

(9)
(10)

(11)

(12)

https://github.com/andrewleachtx/nova


NOVA PHASE 2

https://github.com/Utsawb/nova 


