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Utility Decomposition: dividing 
the encounter into pairwise 
encounters

Utility FusionΥ άŀŘŘƛƴƎ-upέ 
pairwise utilities to decide on 
safe actions

Ownship

Intruder

Ownship Action

Decomposition

ί

ί

Χ

ί

ὗᶻ

ὗᶻ

ὗᶻ

ί argmax
ὗᶻ

Each pairwise Collision Avoidance policy is solved by Value Iteration => VICAS
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Ownship
Action

Decomposition
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ὗᶻ

ὗᶻ

ί argmax
ὗᶻ

VICASClosest: using the closest intruder
ὗᶻ ίȟὥ ὗᶻίȟὥ
Ὥ ÁÒÇÍÉÎɴȟȣȟὨὭίὸ

ÅA very rough approximation

VICASMulti: using all the ὲintruders
ὗᶻ ίȟὥ ÍÉÎ

ᶰ ȟȣȟ
ὗᶻίȟὥ

ÅConsiders the most dangerous 
intruder for each action, risk averse

Fusion



16

SISL

Deep Correction:

ÅMulti-fidelity optimization

ÅThehigh-fidelity model(Ὢ ) isexpensiveto evaluate

ÅUsea surrogatemodel : 

Ὢ Ὢ ‏

ὗᶻ ὗᶻ ‏

ÅCorrection ‏is a deep Q-network

Agent

Action

ί

Χ

ί

ὗᶻ

ὗᶻ

ί
argmax

ὗᶻ

Correction ‏
5vbό—ύ

+

Χ

Why?

Åὗᶻishardto optimize

Åὗᶻ iseasyto obtain 

ÅDeep Q-network is powerful

Utility decomposition / fusion + deep correction

VICAS
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VICASMultiNo Collision Avoidance

An encounter with collision Winding routes and oscillations in actions Less winding routes

VICASClosest
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Corrected More Conservative Corrected

Avoiding collision with minimal maneuvers and straightforward paths
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Recap: Two Extremes of MARL
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Å Singleagentcapturepenalty
enabled

Å Otheragentsare invisibleto
eachagent

Å Communicationisnecessaryfor
a highreturn
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