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Sequential decision process with alternating actions and inspections:

𝑻𝑻 = 𝑷𝑷(𝒔𝒔′|𝒔𝒔, 𝒂𝒂)
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actionstate

Fully Observable MDP

• Decision depends on current state, 
no history

• Initial state is known
• Action’s consequences are known
• World is known
• The state is fully observable
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(Kaelbling, 1999)
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WORLD
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SE 𝜋𝜋

actionobservation

b

Partially Observable MDP

(Smallwood and Sondik, 1973; Sondik, 1978)

• Decisions depend on current state and 
history

• Initial state is uncertain
• Actions are uncertain
• World is known
• Observations are uncertain
• Sequential process: action →
• observation → action . . .

state not fully observable

SE = State Estimator
b = belief state
𝜋𝜋 = policy
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POMDP Applications

Industrial
Machine/structural inspection, fishing industry, quality control
Scientific
Autonomous robots, behavioral studies, machine vision
Business
Network troubleshooting, marketing, questionnaire design,
corporate policy control, distributed database queries
Military
Moving target search, search and rescue, target identification,
weapon allocation, finding of hidden objects
Social
Education (teaching strategies), medical diagnosis, health care
policy making)
(Cassandra, 1997; Lovejoy, 1991; Monahan, 1982)
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Sequential decision process with alternating actions and inspections:

𝑶𝑶 = 𝑷𝑷(𝒐𝒐|𝒔𝒔′, 𝒂𝒂)

𝑻𝑻 = 𝑷𝑷(𝒔𝒔′|𝒔𝒔, 𝒂𝒂)

𝒃𝒃(𝒔𝒔) 𝒃𝒃(𝒔𝒔𝒔)
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A POMDP framework consists of the tuple 

𝑆𝑆 is the set of system states
𝐴𝐴 is the set of actions

is the transition model describing 
Ω is the set of discrete observations

is the observation model describing
𝑅𝑅 is the reward function

The updating of a given belief state may be obtained, using Bayes' rule is 
(continuous states):

𝑆𝑆, 𝐴𝐴, 𝑇𝑇, 𝛺𝛺, 𝑂𝑂, 𝑅𝑅

)𝑇𝑇: 𝑆𝑆 × 𝐴𝐴 → 𝛱𝛱(𝑆𝑆

)𝑂𝑂: 𝑆𝑆 × 𝐴𝐴 → 𝛱𝛱(𝛺𝛺

)𝑝𝑝(𝑠𝑠′|𝑠𝑠, 𝑎𝑎

)𝑝𝑝(𝑜𝑜|𝑠𝑠, 𝑎𝑎
𝑟𝑟𝑎𝑎(𝑠𝑠) ∈ ℝ

�𝑏𝑏𝑎𝑎,𝑜𝑜(𝑠𝑠′) =
)𝑝𝑝(𝑜𝑜|𝑠𝑠′, 𝑎𝑎
)𝑝𝑝(𝑜𝑜|𝑏𝑏, 𝑎𝑎
�
𝑆𝑆
𝑝𝑝 (𝑠𝑠′|𝑠𝑠, 𝑎𝑎)𝑏𝑏(𝑠𝑠
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Back Propagation
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The optimal future reward is represented by a set of 𝑎𝑎 − functions:

where 

Continuous State POMDP

𝑉𝑉𝑛𝑛(𝑏𝑏) = max
𝛼𝛼𝑎𝑎,𝑜𝑜
𝑗𝑗

𝑗𝑗

�
𝑠𝑠
𝛼𝛼𝑛𝑛𝑖𝑖 (𝑠𝑠)𝑏𝑏(𝑠𝑠)

𝛼𝛼𝑛𝑛𝑖𝑖 (𝑠𝑠) 𝑖𝑖 = 𝑟𝑟𝑎𝑎(𝑠𝑠) + 𝛾𝛾�
𝑜𝑜

𝛼𝛼𝑎𝑎,𝑜𝑜,𝑏𝑏 (𝑠𝑠)𝛼𝛼∈𝐴𝐴

𝛼𝛼𝑎𝑎,𝑜𝑜,𝑏𝑏 = argmax
𝛼𝛼𝑎𝑎,𝑜𝑜
𝑗𝑗

𝑗𝑗

�
𝑠𝑠
𝛼𝛼𝑎𝑎,𝑜𝑜
𝑗𝑗 (𝑠𝑠)𝑏𝑏(𝑠𝑠)

𝛼𝛼𝑎𝑎,𝑜𝑜
𝑗𝑗 = �

𝑠𝑠′
𝛼𝛼𝑛𝑛−1
𝑗𝑗 (𝑠𝑠′)𝑝𝑝(𝑜𝑜|𝑠𝑠′)𝑝𝑝(𝑠𝑠′|𝑠𝑠, 𝑎𝑎)
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The optimal future reward is represented by a set of 𝑎𝑎 − vectors:

Discrete Equivalent

The belief space is a simplex, 
and each vector defines a 
region over the simplex which 
represents a set of belief states.

The value function, is generally 
defined as the upper surface of 
these vectors.

Papakonstantinou & Shinozuka, 2014
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The solution of this recursive problem aims at establishing the optimal policy, i.e., 
planning of sequence of inspections and actions to be performed (policy).

Discrete POMDPs
• Approximations based on MDP and Q-functions 
• Grid-based approximations 
• Point-based value iteration methods 
(Pineau, Gordon, & Thrun, 2003; Vlassis & Spaan 2004).

Continuous POMDPs
• Policy search methods (Aberdeen & Baxter, 2002; Baxter & Bartlett,
2001; Ng & Jordan, 2000; Williams & Singh, 1999). 
• Approximate, i.e., grid- (Zhou & Hansen 2001) and point-based (Porta et al., 2005), 

value iteration algorithms may also be extended to fit the continuous space.

Beyond consideration of linear transition models, Schöbi & Chatzi (2016) extend the 
solution of continuous state POMDPs to nonlinear action models via use of Gaussian 
Mixtures and the Unscented Transform.

POMDP Solvers



||WG3: Methods & Tools 26.08.2016 18Chatzi, Schöbi & Papakonstantinou

Example Application
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Example Application
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How to extract such a Condition Index?

Spiridonakos & Chatzi, 2015

Dervilis, Worden, & Cross, 2015

Inspection or NDE

Permanent Monitoring

TU1402 Factsheet
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Example Application
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Example Application
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Example Application
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Example Application
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A schematic POMDP policy for a structural inspection and maintenance problem
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Considerations

• Increase of complexity when dealing with high dimensional condition 
indices.

• How to properly define, and continuously update transition (action) 
models on the basis of inflowing information.

• How to extend the dependence to earlier points in time.
• How to properly deal with continuous monitoring systems, i.e., 

continuous flow of information, possibly moving closer to a real-time 
implementation scenario.
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