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Tactical Behavior Requirements

•Autonomous UGVs will operate under complex conditions that will 
require them to:
–Accomplish a set of missions
–Navigate based on incomplete or faulty initial information
–Respond to dynamic tactical situations, such as moving threats
–Behave in ways that are understandable to human commanders

•UGV navigation systems have paid relatively little attention to the 
need for effective tactical behaviors
–Focus has been on low-level problems, such as obstacle avoidance, 
path planning

•Require solutions that are robust, not brittle
–Produce an evolving plan which changes naturally as new information 
becomes available from the sensors

–Be extendible and scalable
–Incorporate human expertise
–Timely response 
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Observations on Real World Systems

•All real-world situations are atypical and anomalous
–The first non-simulated dataset you get is atypical and violates some of 
your assumptions (the 2nd dataset violates a new set of assumptions)

–The world is full of anomalies and special situations
• All early field trials have at least one “Duh! That should have been obvious.” 

experience

• It is easy to recognize examples of bad and good behavior 
–It’s easy to be a critic of some specific bad behavior
–It’s easy to be an advocate for some specific desired behaviors

• But they often conflict with each other
–Both only apply in specific circumstances

• It’s really hard to write algorithmic software that weaves together this 
ever growing list of conflicting behaviors and constraints
– Results in a complex, unmaintainable, and unextensible implementation

•Our solution: Embrace all the advocates & critics
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Simulation Environment

•Work performed for Army Research Lab

•Simulated UGVs
• Camera (slew / look)
• Gun (slew / fire)
• Movement (waypoints / stop)

•Simulated World
• One or two opponent UGVs
• Binary World

–640x480 meter map
–black pixel = obstacle, white pixel = clear

• Real-time control
–Updates twice/second

•Goal
– Find flags (3 mission objectives)
– Kill opponents or survive for fixed time period (e.g., 20 minutes)
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The Tactical Behavior Problem
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Continuous Tactical Planning Cycle

Move, Look

Autonomic 
Behaviors

Point, Fire



ACTB Architecture
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Continuous Planning with Advocates and Critics
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Critics: Evaluate the Plan

Exposure 
Risk

Safety

Proximity 
with 

Momentum

Awareness
Time-to-Flag

Traversability

Mission 
Success

Linger
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Exposure Risk Critic

• Goal: Evaluate the risk of exposure
• Mechanism:

–The exposure of a path is determined by the sum of the exposure of all points 
on that path.

–The exposure of a point is proportional to the number of locations that are co-
visible and within visible range (100m) based on terrain information only.

Red: High exposure

Green: Low exposure

Exposure 
Risk
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Awareness Critic

Orange areas:
Potential exposed 
areas that will not
have been scanned

Clear boxed areas: 
Potential exposed 
areas that will have 
been scanned 

Awareness
• Goal: Evaluate risk of exposure from un-scanned areas
• Mechanism

–Based on planned looks
–Compute percentage of co-visible area scanned before entering

• Interactions:
–Rewards planned looks and peeks by advocates
–Provides balance to exposure critic since it takes into account UGV’s scanning actions

• Benefits:
–Reduced risk at corners
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Awareness Critic

• Associated looks
Awareness
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Proximity with Momentum Critic

• Goal: Reward plans which quickly move the UGV out of the 
proximity of an enemy, while preserving the UGV’s momentum

• Mechanism:
–Movements that move out of the visibility range (100m) are rewarded
–Movements that preserve momentum are rewarded over those that 
involve significant changes in direction.

–Accommodates the acceleration properties of own vehicle.
• Benefits

–Quickly moves away from the enemy
–Avoids slowing down when in the proximity of an enemy.

Proximity
with

Momentum
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Linger Critic

• Goal: Reward plans which visit areas not recently visited
• Interactions:

–Counters safety critic
• Benefits

–Encourages the UGV to travel to areas that it has not visited before.
–Without such a critic, the best option might be to remain in one location since it 
is safe, scanned and enemy-free.

–Will be important in a situation where the UGV is searching for an object

Linger


