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Motivation and objectives

Objectives:
• Increasing fleet’s availability (mission-ready CPSs) [1]
• Increasing fleet’s reliability [1]
• Operate in a dynamic environment
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Problem formulation

➢ Fleet’s CPSs have acquisition, processing and communication
capabilities

➢ Each CPSs is attached to a specific maintenance depot
➢ In cases of emergencies a CPS can be repaired in any maintenance

depot [2]
➢ Given fleet size f and the number of depots d, 𝑓 ≥ 𝑑 [3]
➢ Mean maintenance time to repair (MMTR) of a CPS is known/can be

estimated [4]

Problem’s assumptions
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Problem formulation

i: Index of CPSs (i = 1… f), with f the number of CPSs in the fleet
j: Index of maintenance depots (j = 1…d), with d the number of maintenance 
depots
k: Index of skills (k = 1…K), with K the number of maintenance teams based on 
skills per depot
t: Index of time periods (t = 1…T), with T the time horizon
h: Index of depot hangars (h = 1…H), with H the number of maintenance 
hangars (tracks) per maintenance depot
ε: Minimum number of CPSs in a fleet required to complete operations
μ: Fleet availability threshold
MMTRi: Estimated mean maintenance time to recover for a CPS
gi_CBM: CBM gravity indicator of a subsystem in a CPS
M: A positive number

Global variables
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Proposed multi-agent system (MAS)

➢Cyber-physical fleet agents (CPA): Number (CPA) = f
➢ Supervision agent (SA): Single
➢ Fleet supervisor agent (FSA): Single
➢Maintenance depots agents (MA) : Number (MA) = d
➢Mission coordination agent (MCA): Single
➢Temporary information handling agent (TIA): Single

The agents
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Proposed multi-agent system (MAS)

The agents [5]
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MILP model for validation

𝑥𝑖𝑡 = ቊ
1, 𝑖𝑓 𝐶𝑃𝑆 𝑖 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑠 𝑛𝑜 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 ∈ 𝑇
0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑦𝑖𝑡 = ቊ
1, 𝑖𝑓 𝐶𝑃𝑆 𝑖 𝑖𝑠 𝑢𝑛𝑑𝑒𝑟𝑔𝑜𝑖𝑛𝑔 𝐶𝐵𝑀 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 ∈ 𝑇
0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑧𝑖𝑡 = ቐ
1, 𝑖𝑓 𝐶𝑃𝑆 𝑖 𝑖𝑠 𝑖𝑛 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑣𝑒 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒

𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 ∈ 𝑇
0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

MILP decision variables
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MILP model for validation

• 15 Constraints

MILP objective function and constraints

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒: ෍

𝑖=1

𝑓

𝑤𝑖 𝑔𝑖_𝐶𝐵𝑀
(1)
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Objective function:
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MILP model for validation
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Validation results

Instances
Number of CPAs available for 

missions

Number of CPAs available for 

CBM

𝑓 ε 𝑓1 𝑓2 𝑓3 MAS MILP MAS MILP

7 3 3 3 1 3 3 1 7

10 5 2 6 2 5 3 1 10

•

•

•

•

•

65 21 10 45 10 21 34 65 21
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MAS under perturbations

Before perturbation
Perturbati

ons
After perturbation

Instances

CPAs 

Available

CPAs for 

CBM

CPAs 

breakdown

Instances
CPAs 

Available

CPAs for 

CBM

𝑓 ε 𝑓1 𝑓2 𝑓3 𝑓 ε 𝑓1 𝑓2 𝑓3

7 3 3 3 1 3 3 1 7 3 2 3 2 3 2

10 5 2 6 2 5 3 1 10 5 2 5 3 5 2

•

•

•

•

•

•

•

65 21 10 45 10 21 34 5 65 21 5 45 15 21 29
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Industrial implementations 
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Industrial implementations 
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Conclusion

➢ The proposed MAS model:
o Effective – Validated by MILP model
o Reactive – Capable of handling uncertainties
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Conclusion

➢ Industrial implementation challenges:
o Missing industrial data (e.g. CBM indicators)
o Highly heterogeneous data

➢ Outcomes:
o Initiation of CBM project (machine learning)
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