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MOTIVATION

* Systems often operate in environments that include:
— Unknown terrain

— Complex environments (extreme weather, marine, etc.)

 Limitations
— Sensing

— Energy usage
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THEORETICAL BACKGROUND

* An event triggered herding control framework was developed by Amy et al. (2026)

* Pursuer Agent: (8 = u(t) Error systems: e:(t) = n:(t) — ¢,
na(t) = ne(t) + RaSo ep(t) = na(t) —np(t)
So = er(t)/|lec(t)]]
pp(t) = 1a(t) + (B+ L)ep(t)

A

* Target Agent: ()= + e (e (t), mp (t1))

m(tk) Wp(tk) -
— Influence: #e(ne(te), mp(te) i{ B =) || if |me(tk) — mp(tr)| < Ry

— Drift: f(n:(t)) = tanh(n:(¢))

otherwise,

P. M. Amy, B. C. Fallin, J. N. Philor, and W. E. Dixon, “Event-triggered indirect herding control of a
cooperative agent,” IEEE Robotics and Automation Letters, vol. 11, no. 3, pp.3828-3835, 2026
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CONTRIBUTIONS

1. Stochastic Drift
2. Multi-agent Switching

3. Experimental Safety in the Indoor Lab

UF o _



STOCHASTIC DRIFT

* Random step vector

Step size: Pareto(a = 3), Direction: Uniform(0, 27)

nt (tk+1) — T’t (tk) _|_ Ant (tk) Trajectory
@ Start Point
S k COS 0]{: 0.2 @® EndPoint
An(ty) = :
Sy, sin 0,
0.0 1
 Step size and heading .
s ~ Pareto(apgreto), 0r ~ Uniform(0, 27) " 02!
Pareto Distribution (a=3) Uniform Distribution (0 to 27)
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SEQUENTIAL SWITCHING

* Individually herd targets before switching to the next target with greatest goal error

* Target drift 1s bounded by kinematic limits
* Target goal error is bounded by goal radius ¢
* Global error 1s practically bounded

* Operating Modes
— Chased mode: target agent will be herded to goal location
— Unchased mode: target agent will drift and receive no pursuer influence commands
» Targets were configured to stop at their goal locations
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* 1 pursuer, 1 target

6 1 — Pursuer 7,(¢)
—— Target 1,(¢)
4 Desired 74()
x  Trigger Event
27 ® Goal 4,(¢)
g 0
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_6_
75 -50 -25 00 25 50 75

X (m)
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SIMULATED RESULTS

Target ||e0)]|
Trigger Event
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x 6 (at trigger)
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TRIGGER FUNCTION

* Upper IET bound, §,,, = 0.178 (~6 Hz)
* Lower IET bound, §,,, = 0.0178 (~60 Hz) 51 Target 0

Trigger Event

* 5min:O'1 5max %3-

* 0.« found using stability analysis

0 1 2 3 4
Time (s)

* Trigger configured to allow higher frequency updates, but will default to timer
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SIMULATED RESULTS

* 1 pursuer, 3 targets

5 — Target 0 [le,0)]|
— Target 1 [[e,D)]|
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Trigger Even
—— Target 0 n,(?) _ e
E
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x  Trigger Event
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Time (s)
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SAFETY

* Goal: prevent quadcopters from exiting a defined boundary

. Pursuer Node
* Distance to nearest boundary, d
ad?, 0<d<p
 Repulsive velocity command: #(d) = {Oabp“’“)d +ap (14D, P <d< jemd_vel_unfiltered
. . . ’ > Pmin
* Activation distance: pui =p1+b
Safety Node
/emd_vel
Bebop
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» Safety calibration

Parameter Value N
0.005 N

b 4.1

P 0.8 £

Pmin (calculated) 0.9951 m

(2.70, 6.09 22,70, 6.09)
(2.70, -7.30 -2.70, -7.30)
4 0 5 4
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EXPERIMENT
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EXPERIMENT

e ROS2 Architecture

Experiment Computer

/vrpn_mocap/namespace/pose . Pursuer Node
' /bebop114

Targgt Influencg p

L 7 | /emd_vel unfiltered
Target Node || Target Node || Target Node

/rosbot(2 /rosbot05 /rosbot09 Safety Node
/

\
\/cmdve\ /emd vel

Bebop (Pursuer)

Motion Capture System

Rosbbts (Targéfs)

. ~ Goal Location
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* Configuration Parameters

EXPERIMENT

e

Parameter Value

Time Step (dt) 0.005s (200 Hz)
Target Constant Speed (v,) 0.25 m/s

Goal Radius (&) 0.4 m

Target Sight Range (R,) 1.5m

Desired Influence Radius (R,) 0.5 m

a 2.1

B 4.0

Pursuer Max Speed (v,,.«) 1.0 m/s

Apareto 3.0

Parameter Value

Bebop altitude proportional gain 1.0
Bebop heading proportional gain 1.0
Rosbot heading proportional gain 5.4
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Z(m)




EXPERIMENT RESULTS

- 41 —— rosbot02 |[|e(?)]|
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FUTURE WORK

=
* Event trigger refinement

* Simultaneous multi-target influence
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Thank you!

Contact:

James Wyatt Cross
jamescross(@ufl.edu
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