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Advocates: Suggestions for New Plans
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Peek Advocate

TECHNOLOGIES

» Goal: Peek around corners before entering an exposed area

* Interaction:
—Improved score on Awareness critic
* Benefits:
—Reduces risk of ambush
—Lowers time to detect and attack a revealed enemy

Planned Peek

Green cones:
Planned peeks
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Skulk

Gradient

» Goal: Reduce exposure of path segments

 Mechanism:

—Move a small section of a path in a direction that has lower exposure
* From red to green

* Interactions:
—Improved Score on Exposure Critic
—Changed Score on Time-To-Flag (may be better or worse)



BB N Jump Back Advocate
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Jump

Back

» Goal: Quickly move out of the visible range of an enemy
* Mechanism:

—If an enemy is encountered, generate an immediate move that quickly takes the

UGV to a location that is out of the visible range of the enemy

* Critic Interactions:

—Improved Scores on Danger and Safety Critics

—Proximity with Momentum Ciritic

—Changed Score on Time-To-Flag (may be better or worse)

Before
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Jump

Back

» Goal: Quickly move out of the visible range of an enemy
* Mechanism:

—If an enemy is encountered, generate an immediate move that quickly takes the
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—Improved Scores on Danger and Safety Critics
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BBN Strategic Planning with Dynamic Attitude
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An attitude is a consistent set of advocates and
critics, and their relative importance, that
produces a specific behavioral emphasis.

Strategic rules of engagement select the
attitude based on the current situation.




BB N Strategy  Attitude  Advocates & Critics
: S-1 S-2
Strategies Qﬁ D@ o000
4 )
Att-1 Att-2 Att-3 Att-4
Attitudes Go to Cautious Fight Flee from 00
objective enemy enemy
threat threat
(¥ )
Adv-1 || Adv-2 Cr-1 Cr-2
AdVOC&teS | want to | want to 000 How safe Whenwilll |@ @ @
T h | h th is thi h th
& Critics S objecive pan? || objective?




BB N

TECHNOLOGIES

Rules of Engagement: Strategy for Attitude Transition

Enemy at
safe distance safe distance
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objective
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BB N Advantages of Attitudes
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|nstead of trying to solve one difficult optimization

problem, solve several smaller, simpler ones
— Timely response
— Easier to understand
— Easier to control

— Easier to tune | M onolithic optimization
problem
Fitness . Plan  Action
! (Fleet

Mission Oriented+ ...)

Fitness*
Plan Action

Time Time

Flee Attitude Mission-Oriented Attitude
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BB N Additional Details
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» Attitude details

Critic Attitude

Cautious Flee Fight Misson-Oriented
Traversability
Safety Low Low
Proximity Low Low
Exposure na na
Awareness na na Low
Time-To-Flag Low Low
Mission-Success Low Low
Lingering na na na
Complexity Low

 Random operators

—insert-waypoint, insert-look, remove-section, nudge-waypoint, remove-look,

plan-crossover

« Complexity critic — penalize plans with many short segments

» Hot spot advocates
 Thrashing control
» Autonomic behaviors
—Gun slew
—Gun targeting and firing
—Wandering (explore objectives)
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BB N Summary
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*Four days of testing trials in September, 2004

*Tested against systems developed by two other
organizations

In two sets of trials (136 total), the ACTB system
performed in noticeably tactical ways, was better at
capturing flags, but was outgunned by one competitor
In the second set of trials.

*Our approach of advocates and critics with attitudes
proved rapid and robust
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* Vehicle
—Top speed: 5 m/s,
—Accelerate or decelerate at 1 m/s? as new move/stop commands were received.
—Automatically turn at a rate of 60 degrees/sec to head towards next destination.
—Stop when hit an obstacle.
« Camera
—Slew rate: 45 degrees/sec
—Turns with vehicle.
—Field of view angle: 60 degrees
—Viewing range: 100 meters. Any areas behind an obstacle were not viewable.
*Gun
—Slew rate: 45 degrees/sec
—Turns with vehicle
—A hit occurred when the shot was accurate and the enemy was within 80 meters.
A hit within 40 meters was always a kill. A hit between 40 and 80 meters had a
linear decreasing probability of being a Kill.
—Bullet speed infinite
—Minimum delay of 3 seconds between successive shots.
—One enemy UGV: 5 shots each. Two enemies, 8 shots each
* Knowledge
—A priori knowledge of terrain may be incorrect in some trials
—Terrain fixed for a given trial
—Error-free knowledge of all obstacles, flags and enemies in viewable range
—Vehicle location, heading, speed, gun angle, camera angle and remaining
number of shots
—All three flags were randomly located within a 100 meter circle.
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BB N Results

Trial Set #1

runs distance Kills flags shots left
BBN 40 36329 13 78 173
Opponent 1 40 14277 V4 27 154
Opponent 2 40 29307 13 62 146
. -19% 0%  -21% @ -16%
Head-to-Head
BBN 20 13982 9 33 83
Opponent 2 20 13733 V4 32 84
2% 22% 3% 1%
Trial Set #2
runs distance Kills flags shots left
BBN 96 76034 13 182 505
Opponent 1 96 19979 5 32 542
Opponent 2 96 120775 65 193 450

Head-to-Head
BBN 36 24229 5 61 158
Opponent 2 36 35460 26 56 138




BB N Dynamic Map Updates During Run
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Discovered
complete —>
boundary of

new obstacle

* \We recompute exposure levels automatically during the course of the run

In response to new obstacles and cleared areas
—Red indicates high exposure and green indicates low exposure
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BB N Conclusions
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*The original hypothesis of interesting and useful
emergent behavior from evolution driven by independent

advocates and critics appears justified
—Software development of advocates and critics was straightforward
—New advocates and critics were easy to add
—Qur robots perform in noticeably tactical ways (peek, skulk, flee...)

«Addition of attitudes and strategy makes the system more

understandable and controllable
—Allows the robot to alter its behavior based on the situation
—Provides a good way for the soldier to control the robot behavior

*We have employed the advocates, critics and attitude
concepts to insert common-sense tactics into the robot
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BB N Future Directions
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eLearning in advocates, critics and attitudes

*Develop realistic autonomous behaviors for agents
—e.g., enemies or teammates in training simulations
—Planned purposeful sequences of behaviors, not just reactions

eImproved interface for entering behaviors
—From human models and SMEs

eCooperating UxVs
—e.g., Use a squad of UAVs/UGVs to accomplish a goal

Watch my
back while
| scan a

I“m going in
thefront; you
cover the back
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