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Dynamic sequential decision making for missions
and maintenance scheduling for a deteriorating
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Why dynamically scheduling both missions and maintenance operations for a truck ?

Industrial context

Ensure the vehicle availability
Avoid unplanned stops

Fit to the vehicle usage

Schedule at best maintenance
time slots

Adapt to the missions constraints

=

N\
Adapt to disruptions KV)‘
Improve productivity TN\



Research context

Rescheduling environments Rescheduling strategies

Static Dynamic Dynamic [ Predictive-reactive
rules theoretic rescheduling [ rescheduling f§ rescheduling

Rescheduling methods
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Problem statement

/

Preventive maintenance

| -

Activities Initial miisions set
(|
Ml MZ M3 M4_ M5 Mn
Problem
max G(m) s.t Vk € [1; Np], Pr(k) < Ppgy
T
Schedule

Initial schedule:
(MZJ Ml)(Ms, M4-' Mn) (M3)

Information during/ after M,.?
My 41

Information type:

» Deterioration measurement
> Failure

» New mission(s)

Current schedule kept

Operating incomes

Schedule

Number of blocks composing Tt
Probability to have one failure in block k
Maximum failure probability

Schedule update

o

(TN}



Contributions

» Propose a predictive-reactive approach to jointly schedule missions and
maintenance operations
* Generation of a schedule evolving over time according to monitoring
information and disruptions
* Maintenance model based on the vehicle deterioration evolution

» Implement the rescheduling strategy based on a genetic algorithm
* Optimization criterion
e Sequential rescheduling according to the event

» Comparison between a static scheduling method and the dynamic one
* Performance analysis
» Effect of the rescheduling



Decision criterion

» Dynamic scheduling decision criterion: C(m) =

= zn:gm(i)
i=1

9m (1): gain generated by the
mission i

Delay costs
n
Ca= ) cal®
i=1
Block b
— = N d ()
M, | M; | M, m,(l
.
E(ts(D)) Time
For - Cq (l) = td(i)Cud
with t; (i) = —d, (i)
E(ts(D))

c4(i): delay cost for mission i
tq(i): delay time for mission i
E(ts(b)): average beginning time for block b

— Cd —
Np Nf(b)
b=1 k=1

Np: number of blocks

Cy: preventive maintenance cost

Cy: corrective maintenance cost

N¢(b): maximum number of considered
failures for block b

IP;(b, k): probability to exceed the failure
threshold L for the k" time in block b



//
Maintenance model

> Deterioration-threshold failure model 2 estimate the maintenance costs associated with failures

Gamma process: X~ Ga(a;, B;) 4 SR - Deterioration level after M{: d4

i i
Lot [ G
_ M, | e | M, .Mn M, M ,
X(ty) = L - failure  Mission Time
Remaining missionsin B{: M5, M,

~
7

Failure threshold L

Deterioration X (t)
S
!
3\
S

< > < > > Time
0 tl t5 t4

Equivalent Gamma process with the remaining missions - estimate the probability to exceed the threshold L — d;



Dynamic sequential method

Based on a genetic algorithm

Failure gl Rescheduling type R4
Event

Initial schedule m;,,;; Vehicle health state = Rescheduling type R,

®

New mission(s) ghl Rescheduling type R;

Remarks
*  R;:constraint on the 15t mission Rescheduling type R,3

to schedule

*  Ry:constraint on the 15t mission
block to fill in

*  Rj3:add new missions in the
missions batch

|:| Mandatory rescheduling
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Dynamic sequential method

T

» Initial schedule ;i at T

PM PM PM Time
Failureatt = T,

|

Rescheduling Ryat Ty

|

Updated schedule m; at T;

Time
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Dynamic sequential method |

At T,, deterioration level = dg

» Schedule my at Ty M, R
Decision-making process Y
Y  Uodated schedul Comparison operating —* 7, adopted
B (rgsthdjﬁnZ; ‘)3”2 —* incomes 1, /1, : —
Inside Can the block be 2 C(my) — C(1ty) > Ciim [N, 7, kept
Posi f completed ? N_ Updated schedule
osition o 2 _
e >
Ms in the (rescheduling R,) Y 2 adopted
block ? Undated schedule 1z Comparison operating —> 1, adopted
— . (rzschedulingR ) i incomes 1ty /1y : N
2 C(mz) — C(mq) > Cym LS 1 kept

Updated schedule m, at T, I m_)



Numerical example: framework

Mission = (£, @ B Pors G Qi)
vm, g, = 5000

18 missions = 6 available at T,

Parameters Values
Cya:unitary penalty cost for delay 50
Co: preventive maintenance cost 1000
d,: preventive maintenance duration 2
Cr: corrective maintenance cost 3000
d.: corrective maintenance duration 4
L: failure threshold 100%

Pax: maximum failure probability 0.1

tm: duration

(am, Bm): deterioration process parameters
P,,,: failure probability

Im: gain

d,: starting deadline

Scenario

New missions: 4 missions added after
missions 1,3,5

Deterioration measures: after missions
1,2,5,6,8,10,12,13,14,17,18

Monte-Carlo simulations

Comparison dynamic sequential method
VS “static” scheduling method



Performance analysis

Distribution of the rescheduling number n, for the simulations Cause: deterioration information

©
o

«10% Operating incomes convergence
T T . T

7.7 70 g
E 60
7.6 c
540
75 L
3 Static method g £
§ 74r Dynamic sequential method S @ 0_1 0 1 2 3 4 5 6 7
'é’ - < Rescheduling number n ,
@ 3 Cause: failure
S 72 2 5 200 . : . . .
© g € 150 "o
i - 2 ny € [0;1]
S 100
; WMW E
S 50
£
6.9 : - : - CZ)
0 50 100 150 200 250 2 4 6 8 10 12 14 05 0 0.5 1 15 2 25 3 3.5
Iterations Rescheduling number n, Rescheduling number n,
Operating incomes 76370 70180 =1 =2
Number of blocks 9 13 Monitoring information = Rescheduling = Benefits
Computation time 50s 10s generated by the dynamic sequential ~8, 8%
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Operating incomes

x10*

Rescheduling flexibility

When vehicle health state available = Rescheduling limit condition Cj;,

Operating incomes according to C"m

7.7

721

71

—=@— Dynamic sequential method

Static method

6.9
10’

102
log(C

lim

)

Simulation number  Simulation number

Simulation number

100

Rescheduling number n,

n; € [6;7]

"l
0

Distribution of n, for the simulations : CDIZ
100
* ol "
0
2 4 6 8 10 12 14
Rescheduling number n,
Distribution of n for the simulations : CDI4
100 _—
nt ~6
50
0
2 4 6 8 10 12 14

Distribution of n, for the simulations : C°I16

2 4 6 8 10 12 14

Rescheduling number n,

Simulation number

Simulation number

Distribution of n, for the simulations : Co

2 4 6 8 10 12 1
Rescheduling number n,

Distribution of n, for the simulations : Co
100 n .
n; € [6;7]
50

0

8

2 4 6 8 10 12 14

Rescheduling number n,

Rescheduling effect in the operating incomes through the delay costs to limit disruptions



Conclusion

» Predictive-reactive rescheduling strategy to schedule missions and maintenance operations
e Schedule evolving over time according to available monitoring information
* Maintenance model based on deterioration-threshold failure model

» Decision-making process
e  Optimization criterion = balance between the gains, the delay costs and the maintenance costs

» Comparison dynamic sequential and “static” methods
* Increase of the operating incomes ~8.8% at the expense of the computation time
* Better fit to the vehicle health state
* Rescheduling limit condition = avoid too many rescheduling

A The cost necessary to retrieve the monitoring information is not considered

/tw

Next step: Develop a similar method for a fleet of vehicles ‘N

QKK
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Thank you for your attention.

-
o

Questions ?
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