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MDP Example
Quadrotor with perfect sensor
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1 2 3 4 5 6 7

0.250.25

𝑆 = 1,2,3,4,5,6,7 ×{1,2,3,4,5,6,7}
𝐴 = {𝑁,𝑆, 𝐸,𝑊, 𝑛𝑢𝑙𝑙}

𝑃 𝑠 & 𝑠, 𝑎 = H
0.50
0.25
0.25

if 𝑠′ along 𝑎
if 𝑠′ right of 𝑎
if 𝑠′ left of 𝑎

0.5
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MDP Takeaways

1. Real platforms can be modelled stochastically
2. Real platforms sometimes must be modelled stochastically
3. Planning under uncertainty is possible but computationally expensive
4. A little bit of heuristic search helps a lot
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Outline
1. Quadrotor motivating example
2. Planning with Markov Processes

1. Markov Decision Process formulation
2. Value Iteration Algorithm
3. Heuristic-Guided solvers

3. Extensions to Partially Observable Markov Decision Processes
1. Partially Observable Markov Decision Process formulation
2. PRMs in the belief space
3. Results from FIRM case study
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Planning with Partially Observable Markov Decision 
Processes

Easier Harder

Dynamics: deterministic
Sensors: deterministic

Dead reckoning, and 
validate through sensing

Dynamics: stochastic
Sensors: stochastic

Dynamics: deterministic
Sensors: stochastic

Dynamics: stochastic
Sensors: deterministic

Dead reckoning, Kalman 
filtering

Markov Decision 
Processes!

Partially Observable 
Markov Decision 
Processes!

Dead reckoning, validate 
through sensing
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