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Multi-agent maintenance scheduling based on the coordination between 

central operator and decentralized producers in an electricity market 
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Outline
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What is maintenance?
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Maintenance is defined as engineering actions which are

necessary for retaining or restoring an equipment,

machine or system to the specified condition to achieve

its maximum useful life.
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Type of maintenance
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Preventive 

maintenance
Corrective 

maintenance

before a failure 

has occurred 

after a failure 

has occurred 

VS
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Type of maintenance
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Maintenance

Corrective 
maintenance

Predictive 
maintenance

Condition 
based 

maintenance

Predetermined 
maintenance

Scheduled, 

continuous or on 

request
Scheduled
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Cost of maintenance
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Predetermined 

maintenance

Condition based 

maintenance

Corrective 

maintenance

Repair costPreventive costTotal cost
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Number of failures

Predictive  
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Maintenance scheduling objective
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Maintenance 

scheduling

Maximize the 

availability of 

the system

Minimize the 

impact of the 

failure

Minimize 

maintenance 

cost
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Smart grid technology and electrical market
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Comparison of the developed and developing countries
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Developing CountriesDeveloped Countries
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Generation maintenance challenges

 Maximize the system’s reliability

 Consider the system’s constraints

 Fulfillment of the energy demand
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Maintenance scheduling
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Solution methods for generation maintenance scheduling
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 Centralized optimization method

Need the coordination procedure to fulfill the load

 Decentralized optimization method (Agent’s based modelling)

Very high computational cost

Need the complete information of the system

 Solution: Decentralized method using negotiation algorithm
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Framework of the proposed negotiation mechanism

1) Each agent decides on the maintenance time slot 

2) They submit their decisions (bids) to the central

system (x)

3) The central coordinating system is responsible for the 

reliability at the network level and load fulfillment 

4) In the case that the load cannot be fully supplied if all the 

decisions of the agents are accepted, the central system 

accepts the bids of the agents that are close to the 

failure time and rejects other bids (y)

5) The agents will fail if no maintenance is, hence the 

central system encourages them to change their 

decisions by providing an incentive signal (I)

Agent 1 Agent N
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What matters in the negotiation solution?

 Agents’ predictive maintenance modelling 

 Modelling the central system’s objective function to fulfill the load

 Incentive signal function
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Remaining useful life (RUL)
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National Aeronautics and Space Administration

www.nasa.gov

RUL is the number of remaining time at the specific operation time that a system 

can operate without a failure

• Deterministic RUL value

• RUL values with confidence intervals RUL±𝐶

• Probability density function

http://www.nasa.gov/
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Agent deterioration cost
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𝑡2
𝑡1

𝐷𝑐 = 𝐸{𝛼𝑐𝑒
𝑡−𝑡1 (𝑠𝑖𝑔𝑛 𝑡 − 𝑡1 − 𝑠𝑖𝑔𝑛 𝑡 − 𝑡2 }
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Agents’ objective function
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• Agent expected reward function

• Agent deterioration cost

Maintenance decision

Maintenance repair time

Perform maintenance
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Agents’ objective function
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Integer linear 

programming
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Central system objective 

• Maximizing the reliability 

• Fully supplying the power demand
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The priority is to accept the decision of the 

agents that are close to 𝑡2

Supplying power 

demand

Maintenance decision

Accept or reject the bid

Maximum generation

Line capacity limit
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Nonlinear 

programming

Mixed-integer linear 

programming

Big M
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Coordination procedure using an incentive signal
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Agent can perform maintenance

Agent cannot perform maintenance fail

Incentive signal
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Agent objective at iteration i of the negotiation algorithm
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Negotiation algorithm

22.04.2020 22



Intelligent Maintenance Systems
| |

Rational of the proposed incentive signal

 Convergence of negotiation algorithm 

 Budget balance

 Individual rationality
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Negotiation algorithm convergence
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Negotiation algorithm convergence
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Budget balance
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Weak Budget 

balance

The proposed incentive signal is budget balanced if the amount of money that the central system 

has to pay or receive from the negotiating agents would be equal to zero

If the sum of the incentive signal given to the agents is less than zero then the mechanism is weak 

budget balance.
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Case study
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Maintenance decision during negotiation
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First iterationSecond iterationThird iteration
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Full-filled capacity during negotiation
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Incentive signal and expected reward
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Individual rationality
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Rewards are positive

Agents participate in the negotiation algorithm voluntary 

Negotiation mechanism is 

individual rational
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Comparison of the proposed algorithm to the base line decision
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Agents decide at 𝑡1
Agents decide at ꞇ
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Comparison of the proposed algorithm to the base line decision
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Summary and conclusion

 We started with the maintenance scheduling and electrical market

 We propose a negotiation algorithm to solve the generation maintenance 

scheduling problem in the context of predictive maintenance.

 We propose incentive mechanism for power generators which makes sure that 

the  agents' maintenance activities do not prevent power to be fully supplied to 

the demand.

 Our mechanism has the feature of a weak budget balance and is individually 

rational for each of the agents. 

22.04.2020 34



Intelligent Maintenance Systems
| |

Future work

 Test the proposed algorithm in more extensive networks with more agents and 

more coordination requirements. 

 Some assumptions on the generation units, such as ramp-up or down in their 

operation could be considered.
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