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Stochastic model for total cost optimization in street lamp maintenance
and its probabilistic Lagrangian relaxation method

TU Guo-yu, SONG Shi-ji
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: Optimization models and algorithms for the maintenance policy of components with general failure modes in
a finite horizon still remain a challenge. This paper provides a multi-stage stochastic model to optimize the joint replace-
ment policy for street lamp components of general failure modes. The major difficulty arises from the stochastic coupling
constraints on different component replacement decisions. Instead of relaxing those constraints based on scenarios as in ex-
isting methods, we propose the probability Lagrangian relaxation method(PLR) by introducing multipliers associated with
the probability distributions of decisions, where the number of multipliers is independent of the exponentially increasing
scenarios. A solution method and its sufficient conditions are also provided for a phase-wise policy structure to decouple
the correlation among stages due to the time-variant failure rates. In numerical testing with real data, the PLR obtains the
lower bound of the optimal solution and a suboptimal solution. The results lead to a significant reduction in the current
maintenance cost, and demonstrate the efficiency of the model and PLR in solving practical problems.
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1 5|3 (Introduction)
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2 BT 4E B3R % AR 4L B B (Optimization
model for street lamp maintenance policy)
2.1 FEA A B A (Basic problem description)
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Fig. 1 Failure rates with respect to lighting hours
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2.2 PRFEZES HPRE S (Decision variables and
the objective function)
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2.3 AW KA (Constraints and conditions)
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method for street lamp maintenance opti-
mization)
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optimal policy)
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X 5rY ()G, FRRAE R BN = 1, A
AT bn ] CAAE I, A5 20 1R 2 F Ak oE A SRR 9
FHI 5t

IR D B, PLRAEQUC AR 45 11 B 8T, 43 21 4y
B T I B A 9 O SHE JL1H48738367T, Ty
REFEO74767.270, JEA R Fh54E38662907T, P45
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ETT325870. MKHEIZ A R, S 4EY IS T A
F-50007% 1% KT 1) 39 B8 4 47 ple A T] DA 3 BFAEAS =
T100 7. RUELETCiEAT B SRS (s oL T, 0 B
TR TRTLE 37 Rl A 2 B BAT L IR B8 e R AE 29370 )7 1)
SR ol AT AT KR 4 930 ).

4 45 (Conclusion)

BE TG [T P B AT 418 5 o A A in) i, AR SCH
BT A BRI B PGB B 50 i AT SR s ASS 75 K AF . P Al
oA R B HAA S 7 V2:(PLR). B R6] 2l i 22
I3 A TCRFRAR 1L, 1T LR S A 1 s e v i
XoF SRS &8 R 7R G R M sl AR AR s, T BB AR
AR RS WS N3 0 A Bk B H A st S i
()3 ¥ 2 H 5 ) SRRSO Be Al B SN B0 b4k
PEICRR, ANBEBEAURE A AN B I 354 .

T — AT 2 A A, FEEE G B 46 S s T
TH L A3 8 Ry A S ) AR AR SRR o) TSI s ) 88
TS AT e s 24 B T A AR PR 155 200, 5 H T 0 BB SRS e
PRI 78 0 25 AF B SR AR 43 B S I T v X FN(N =
5000) A~ A1 [F] A 1 B KT, 2N AT 1) 8 N AN A [
B AT ()7 [0 56 A AR R, DRI R 6 b 28, SR ARk
S[R3 A IR AR AR A — AN B AT R 4, Ayl o) i
AN T 1) RS, R 2 Sl A A L IR ER AT R
20 1R R A A S B R P SR AS B SR T
(1) 2% FH R B AT 2N S i) J00) 1. S5 00 28 FH IR T 5
TEJCER D B4, AT W B 4 e SR (1) 47 0L PR AR 7Y
A5 et 2 FH R A AR A5 S B 500 1) DAk 6 1 0%
AR R LA/ 0 280 BRI ny 45 B 0, i AT
TR AT R 5

T A5 AR Al 55 R S 1 e 1) B0 3% 0, 3 ik
HFPLRETL AT A vl GEHE— 2D o 38 SR M 6. J5 2Rt
GO, AR T — e ME ) 1) 8 K 280, XPLR 7 vk
AT AR AR b 5 ok,
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