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Bambos and Kandukuri (INFOCOM 2000) analytically 
derived a special-case power control policy:

Hump-shaped interference response resulting in a backoff 
behavior
The size of the hump grows with backlog
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Determine optimal constant power p*

Initialize p1,…,p6 to p*

Let ACFRL tune p1,…p6 
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Problem setup of Bambos and Kandukuri:
Poisson arrivals, uniform i.i.d. interference, finite buffer

Simulated arrival rates 0.1 through 0.6, corresponding to low and 
high stress levels on the transmitter

�������
ACFRL learns a hump-shaped interference response 
The size of the hump grows with backlog
Corresponds to a special-case analytical study by Bambos and
Kandukuri
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For high arrival rates there is less freedom of buffering the arriving packets 
and waiting for better future channel conditions

Cost improvement of ACFRL over optimal constant power policy:
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expected long-term benefit of taking action a in state s and 
following the optimal policy thereafter. 
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Then, the optimal action in state s is 
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γObjective:

Subject to the constraint on the evolution of sequence of states:
).,(1 ttt asfs =+

Q-value:
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tttttt asQasQ δα+← ),(),(

),(),(max 1 tttat asQasQr −+= +γ

),,( ttttttt asQ θδαθθ θ∇+←

Stochastic update in small 
discrete state-action spaces:

In large or continuous 
state-action spaces:

Idea of Q-learning: compute a noisy sample of Bellman’s error:

Q-value satisfies Bellman’s equation: )},(max{),( 1 asQrEasQ t
a

tt ++= γ

),()},(max{ 1 asQasQrE tt
a

tt −+= +γδ
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Continuous update equation 

TD(λ) updates rules according to how much they have 
contributed to decision-making in the past, discounting by γλ:
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for perception-based rules becomes component-wise
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Reward received by AV k for tracking all targets within its 
sensor range after aligning itself with target j:
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Sum of potentials for all targets that an AV expects to track after aligning itself 
with target j:

Sum of potentials of all other UAVs near target j:

Evaluating a target for individual sensor allocation:

Choosing direction of motion for allocating AVs in a search space:

y[1]=“target potential”

y[2]=“AV potential”
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Darker locations have higher target potentials
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Measuring average team performance for different values 
of the TD parameter λ:

Decrease in performance for higher λ => decreased importance
of past actions due to co-evolution with the second policy
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� Q(s,a,θθθθ) approximates Q(s,a) 
� θθθθ is the set of all parameters arranged in a single 

vector.
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