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Asynchronous Event Processing for Robots
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Asynchronous Event Processing for Robots

Asynchronous High Speed Blob Tracking (AEB Tracker)

AEB-Tracker
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Asynchronous Blob Tracker for Event Cameras
IEEE Transactions on Robotics (TRO), 2024
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Asynchronous Blob Tracker Pipeline

Asynchronous Blob Tracker for Event Cameras
IEEE Transactions on Robotics (TRO), 2024
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Event Blob

A sequence of events {e;} :
ex = (§ks>tr, Pk)

States:
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Event Blob

Spatio -Temporal Gaussian A sequence of events {ex} :
. I — ')t b
Likelihood Model er = (& trr or)
. x States:
(p (tk)\ (p ’“\ Position
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il S 53 A generative noise model for the

event location:
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Move Ag:
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Two -Stage Measurement Construction
First Measurement W

&k

Y = H(zr; &) + M
Nk NN(O’IZ)

First Measurement Function

Recall:
&k = pr + A, e ~ AN(O, I2)

Define a measurement function:

H (zi; &) = Ay (& — i)

Define a new measurement model:
[yk = H(zk; &) + 6, M ~ N(0, I2) ]

Use pseudo measurements:
yr =0

Julier, S.J. and LaViola, J.J., 2007. On Kalman filtering with nonlinear equality constraints. IEEE transactions on signal processing, 55(6), pp.2774-2784.
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Two -Stage Measurement Construction
First Measurement w

Recall:
&k = vk + N, e ~ N(O, I2)

yr = H(zg; &) + mr
é-k Mk ~ N(07 I2)

First Measurement Function Define a measurement function:

H (zi; &) = Ay (& — i)

Define a new measurement model:
[yk: = H(zk; &) + My Mk ~ N(0, I2) ]

Measurement error:

O
N — i)l = AL (& — pi) ||
-----UnObservable o
to + 0.2(ms) to + 4(ms) to + 40(ms) to + 360(ms)
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Two -Stage Measurement Construction
Second Measurement Q

Define a measurement function G:
Gz Py Ex) =) lxn—lI°
j=1
| & [ 1
Ep = (6k-1 &k—2 -°° Ek—n Xk—j = k j(gk J ﬁl;g)}
S (gpkl ikz ;,:_) Zk:G(wk;pk_’E‘k)'i'vk 1+6
B = (ok D e él:—:)_> vk ~ N(2n,4n) ‘ .
State Estimation Buffer Second Measurement Function Deflne a. neW measurement mOd el:
2k = G(xw; Py, Zk) + vg
UV ~ N(O, 4’17,)
Use pseudo measurements:

ZkZQTL

Julier, S.J. and LaViola, J.J., 2007. On Kalman filtering with nonlinear equality constraints. IEEE transactions on signal processing, 55(6), pp.2774-2784.
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Two -Stage Measurement Construction
Combined Measurement w Qa

Two-stage measurement function:

my = (G H(xlf;_gkl ) + Vg, v ~N(0, R)

($k§ L ,Ek)

(I, 0
R_(O 4n)’

where H (zy; &) and G( :ck, . » =) are independent.

Combined
a and w

to + 0.2(ms) to + 4(ms) to + 40(ms) to + 360(ms)
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Data Association

Nearest
#4444 Neighbour

ﬁsy%hgm e In continuous-time, the data association
vents ata Association
threshold ODE:

5(t) = —ao(t) + bamax(A, A?)

At each event timestamp:
ok = Brok—1 + b(1 — Bx) max(A}, A2)

B = exp(—a(tk — tk—l))
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Fast Spinning Data

100 pixels per second

5k pixels per second

100-5,000 Pixels Per Second 5,000-9,000 Pixels Per Second

10.000-11.000 Pixels Per Second Controllable Spinning Disk Prototype
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Fast Spinning Data

100 pixels per second 5k pixels per second

100-5,000 Pixels Per Second 5,000-9,000 Pixels Per Second

X10 Times
Slower Display

—)

More than 10k pixels per second X10 Times Slower Display

10,000-11,000 Pixels Per Second 10,000-11,000 Pixels Per Second
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Flying Quadrotor Data

X6 Time Slower Display

Range Estimation

-
3

o Our range estimate using events
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3

85
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Time to Contact

" s = ||y — pi |

TTC can be estimated with s and its derivatives [4]:

~L  ~R
(sl ~R\T P — Pg
VA S V= \V,. — 0 ||AL— ’*R”
T = — E = —- pk pk;
S
~ L ~R\T (AL ~R
1 (0 — ) (Px — D)
[4] Negre, A., Braillon, C., Crowley, J. L., & Laugier, C. (2008, February). —_— : p— k k k k
Real-time time-to-collision from variation of intrinsic scale. In Experimental Robotics: t AL AR 2
The 10th International Symposium on Experimental Robotics (pp. 75-84). T k pk - pk

Berlin, Heidelberg: Springer Berlin Heidelberg.
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Night Driving Data

1 2 3 4 5 1 2 3 Rl 5 i
Sequence Time (seconds) Sequence Time (seconds)
Left Car Middle Car
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Asynchronous Event Processing for Robots

Asynchronous Multi -Object Tracking with an Event Camera
IEEE International Conference on Robotics and Automation, 2025.

Angus Apps Ziwei Wang Timothy Molloy Robert Mahony  Vladimir Perejogin

Asynchronous Blob Detection and Track Management

3450 o 1690
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Asynchronous Event Blob Detection and Tracking

Valid AEB Tracks Candidate AEB Tracks

Track Management

Data Association 1 - 1

| ‘I Update output I ' i ‘Update candidate] : Evaluate all tracks
! " track i track | "
Compute probability of event for all tracks: : Q ) : xack(s) : * Position

New Event ((‘ | '(t )) ‘ ) ‘ » * Time since last :
e Plek|C(Tk ‘———————f—;: 777777777 r . associated event :
Event is associated with: ] : * Classification network * :

7 Detection ; I I |

-E : [ 1. Valid Track(s) I . . — I : : I Candidate Track ] [ Output Track ] :

5 | . « ,|Update the Surface of Active 27 1 ‘ :

£ [ 2. Candidate Track(s) ]— Hid b Event Create new 4 ‘ Outcomes: Outcomes: :

s T | vents ) C <~ candidate track { ‘ .

i v[ 3. No Tracks I : : : 1. Promote 1. Delete :

S \ . : : 2. Delete 2. Continue :

: Compute direction of line Compute detection criteria : 1 3. Continue :

- Uk (C) and threshold ) 1 :

: . v, : ] 1
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Asynchronous Event Blob Detection and Tracking

Valid AEB Tracks Candidate AEB Tracks Track Management

Data Association 1 .

| ‘I Update output I ' i ‘Updatc candidatc] : Evaluate all tracks
! " track i track | "
Compute probability of event for all tracks: ‘ Q ) : xack(s) : * Position

New Event ((‘ | '(t )) 1 ) » * Time since last E
€L P(ex|C Tk ‘”””’”;: ******** associated event :
Event is associated with: ] * Classification network * 1

. Detection : l

-E : [ 1. Valid Track(s) I . . — I : : I Candidate Track ] [ Outpul Track ] :

5 | . « ,|Update the Surface of Active 27 1 ‘ :

£ [ 2. Candidate Track(s) ]— Hid b Event Create new 4 ‘ Outcomes: Outcomes: :

s ] | vents ) C <~ candidate track { ‘ .

& v[ 3. No Tracks I : : : 1. Promote 1. Delete :

S \ . : : 2. Delete 2. Continue :

: Compute direction of line Compute detection criteria : 1 3. Continue :

- Uk (C) and threshold ) 1 :

: . v, : ] 1

/Salient Feature Detection \

Detect consistent linear features of the
_ Surface of Active Events

Timestamp (s)
°

Estimated direction at new event
I Estimated direction in the patch
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Asynchronous Event Blob Detection and Tracking
Surface of Active Events (SAE)

24/06/2025

X5 Times Slower Display

Asynchronous Event Blob Detection and Tracking
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Asynchronous Event Blob Detection and Tracking
Detection and Tracking Demo

24/06/2025

X5 Times Slower Display

Asynchronous Event Blob Detection and Tracking
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Asynchronous Event Processing for Robots

Asynchronous Optical Communication using Smart Beaconsg

\ l 7
~ .
; Decoding —> Data
Modulated Events Tracking
Light

Signals Event “HELLO!”
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Smart Visual Beacons with Asynchronous

Optical Communications using Event Cameras P
International Conference on Intelligent Robots and Systems (IROS) 2022
i ig y ( )

LED D ion and Data Decoding

Data “HELLO!”

LED Lights Encoding

3D Reconstruction

Yonhon Ng

Jack Henderson Robert Mahony

Left Event Camera Right Event Camera
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Smart Visual Beacon Communication

LED Lights Smart Visual Beacon Applications
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Smart Visual Beacon Communication

Transmitter

LED Marker Drlver |

Event Camera Receiver

4000bps

Frame-based camera does not capture the
high -frequency blinking of LEDs

24/06/2025

LED Beacon Communication

Optical Communication using Smart Visual Beacons
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Smart Beacon Hardware

Adafruit - FLORA

Off-the-shelf wearable electronic platform
14.9 USD

Atmega32u4

Ours Based Smart Beacon
~25 USD
STM32f103

Battery
300mAh
<10 USD

24/06/2025 Optical Communication using Smart Visual Beacons
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Motion Caption System: Vicon

A Wired infrared (IR)
cameras
A Reflective markers

A Central computer
C A Cabling & Network

Image from: https://www.openpr.com/news/3310762/motion-capture-system-market-is-gaining-momentum-with-vicon
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Optical Communication Pipeline

T [ » Coordinates
arget

On-board Location

Microcontroller o 1‘511&
: 8| Current _ - Data Association ~ AEB (u, v)j Modified Onsets Start Bit 3 S (1) Line Decoding
X Il Control ™ Modulated @ E Beacon Detection Tracker {ex}; Asynchronous =\ 1\ on [ Detection [T| Piscretisation % (2)Channel Decoding n— Data
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¥ R
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Flickering LED light source

i
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Spinning wheel experimental platform

Rotating at roughly 3 revolutions per second. We have achieved tracking and
The optical flow was 3230 pixels per seconds. communication at 7280 pixels per second.
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Experiments

Holly Battisson

LED emits a flicking signal that
encodes packets at 40Hz

Experimental test bed for event-based position and timing estimation
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Optical Communication using Smart Visual Beacons
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