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§.{ Warfighter Relevance
\ g

AOver 3000 US personnel have been killed by
iImprovised explosive devices (IEDs),
thousands more injured. This accounts for
60% of all combat deaths.
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\/ Road Survelllance

KObjective;

A Balance road coverage across
UAV team to provide information
about the entire route state

Algorithm design
reguirements:

A Allow dynamic insertion
and deletion of UAVs

A Provable convergence

A Account for limited
communication range

A Constant airspeed for
en d u ran C e Distribution A: Approved for public release; distribution is unlimited
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\'”/ Mathematical Description
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A\ssume a constant speed 1D kinematic
model for each agent

AControl question: How do we choose
v; € {-V,0,V} sothattheteam as a
whole reaches the balanced configuration?

IKCentralized solution:

P
q; = (i - 1)§+!(N ‘“) HHISEVen g+ = argmin max [p, — g,
q1 otherwise 9€Q 1=1.

Mrawbacks: chattering, full network
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\/ Rule-Based Solution

Ailgorithm:

C
(NYe)

if rendezvousvith neighborthen
- shareinformation

- calculatesharedborder position
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\/ Rule-Based Solution

Ailgorithm:

PO Q — Y

if rendezvousvith neighborthen
- shareinformation
- calculatesharedborder position

- travel with neighborto sharedborder
- setdirectionto monitor own segment
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\/ Rule-Based Solution

Ailgorithm:

AN

if rendezvousvith neighborthen
- shareinformation
- calculatesharedborder position
- travel with neighborto sharedborder
- setdirectionto monitor own segment
elseif reachedperimeterendpoint
- reversedirection
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Rule-Based Solution

J

Ailgorithm:

if rendezvousvith neighborthen
- shareinformation
- calculatesharedborder position
- travel with neighborto sharedborder
- setdirectionto monitor own segment
elseif reachedperimeterendpoint
- reversedirection
else
- continuein currentdirection
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\/Road Surveillance: Algorithm Featuresfo\&_‘é_‘;‘ U5

Qe

A\utonomously manages team
spacing along road

I Provable convergence to N
optimal configuration M -
I Finite-time behavior (not
asymptotic)

Mesigned for decentralized T

operation

i Nearly as efficient as . | 17

centralized solution in transient : Pezc,

ARobust to insertion/deletion/

reassignment of team agents ]

RL
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§.{ Camera Steering
<

AGoal: Automatic pointing of camera !
to road center with desired look angle ¥%

AChallenge: directly offsetting the
centerline approximation causes

ASolution:
i Fix endpoints to proper angle
I Offset along bisector

I Build mapping from waypoint to
stare point while minimizing look

Mapplng from waypoints to stare points
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N\Z Road Surveillance: Challenges
«Qr

Aanpower intensity: System currently
designed for 3 operators: 1 AVO, 2 MPO

I MPO dedicated to watch two video streams

Automatic cueing: Video exploitation
products slated to deliver:

I Pass-to-pass change detection (requires
accurate geo-registration and
image-to-image registration)

I Moving target indication

I AAnomal ouso object

I False alarm quantification/mitigation

ACommunication management

I Operating over large distances

I No onboard processing; UAV only as
good as its sensor and comm link

- R
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Vandenberg Air Force Base, CA
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Bat3 Reagan Viewing Route

T T T T Bat3 Perimeter Patrol

T T 1T T Bat3 Monitor Protesters

T T T T Bat3 Alarm Response
Unicorn Monitor Intruder
IVAN Patrol/Response
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\ /’ Base Defense Scenario
< VSCS Screenshdfandenberg, AFB

\ g

Tactical Situation Displ . . ; .
actical situation Display 1stBatlll Mosaic of 2nd Batlll Virtual Hover ZaggiServicing Alarm at

\ Road Patrol Around Missile Silo Lower Level

(Vandenberg CIB Imagery)

/ \ / Command Center /

2¢. b LLLQ& BY thGNRE 2 Camera Views on Mounted Security
Ground Robot Camera

1¢ ZagiServicing Alarm
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Distribution A: Approved for public release; distribution is unlimited 7~

14



\
\

0
Mg

4

Distribution A: Approved for public release; distribution is unlimited

ntruder monitoring and confrontatiomy
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