
RELIABILITY DEGRADATION 
AND
OPTIMAL MAINTENANCE 
FOR INFORMATION EQUIPMENT 
INSTALLED ON RAILWAY CARS



1. Scope 

2. Brownian Motion  - cause of many 

degradation processes

3. Analyzing Degradation Data 

4. Resulting Reliability functions

5. Maintenance Costs 

Purpose 



DEGRADATION

Typical degradation graph 

Failure

Typical degradation curve Analyzed : Luminosity of Screen on 
Railway



THE RENDEZ-VOUS

Albert Einstein
 Ph D Thesis : Brownian Motion

 Noble Prize : photoelectric effect

 LED’s : Reverse Photoelectric Effect 



HISTORY OF AN EQUATION 

 See Peskir

 1905  Einstein : Heat equation (Brownian Motion)

 1914 Fokker , 1917 Planck  add non constant drift : 

 1924 Wiener proves the existence of a stochastic process 

satisfying the Einstein’s postulates

 1931 – Kolmogorov systematic study of  the above forward 

equation



Ott & Gua



WHY BROWNIAN

A particular case :

Degradation of 

normally distributed 

parameters

Continuous

Increments :IID, 
Normally distributed 



EXPECTATION AND VARIANCE OF A RANDOM WALK

Head / tails



ANALYSIS OF SAMSUNG’S REPORT

S. E. L. B. quality team, \Report no. : Sled-13-
007 lm80 test report," Samsung Electronics

LED Business,Korea, Tech. Rep., 2018.

99,36

y = 99,587e-2E-06x

98,00

98,20

98,40

98,60

98,80

99,00

99,20

99,40

99,60

0 1000 2000 3000 4000 5000 6000 7000

a
v
e

ra
g

e
 l
u

m
in

is
c

e
n

c
e

age (hours)

Average Luminisity vs age

y = 4E-05x

0

0,05

0,1

0,15

0,2

0,25

0,3

0 2000 4000 6000 8000

V
a

ri
a

n
c

e

Age (hrs)

variance vs age

variance

Variance (linear

regression)

Approaches by average Ott,Guo



Z –SCORE 



RELIABILITY FUNCTIONS
Xiao-sheng ‘ s approach
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MAINTENANCE & SPARE STORE 



AVERAGE NO 

OF FAILURES IN 

AN INTERVAL

Definition: Uj(t) 
 Uj(t)= Prob of j or more 

failures until t

 U1(t)= 1-R(t)

Iterative calculation of 
Uj(t) Feller

r(t)= ∑i=1
n Uj(t) Integral evaluated by trapezoidal 

rule 
n must be large enough to ensure 

quasi linearity of the integrand

Uj(t)= ∑τ=1
t Uj-1(t-τ) *1/2 *[pdfτ+1 + pdf τ]

Convolusion





Correction for Non 
Linearity For each ДtPoisson 

 Find k , so that :

 P(D)= σ𝑗=1
𝑘 𝐷𝑗

𝑗!
𝑒−𝐷< 1-έ

RECOMMENDED SPARE PARTS



Optimal
Maintenance

Info system Head up display



R

Optimal Maintenance

DEFINITIONS
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If on the horizontal line we replace time, by 

the relative loss in luminosity , we get a 

similar graph, but the decision point on 

optimal maintenance is by luminosity 

instead of time

The advantage:  The decision on 

replacement of the component  takes in 

account the individual history of the 

compenent (production lot, environment, 

actual use etc.)

The cost : Need for periodic luminosity 

measurement 

If the gain from the advantage is higher 

than the cost – the individual monitoring is 

beneficial. 

Optimal Maintenance 
individual monitoring 
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DEFINITIONS
tp=period of initiated replacement

tL= life time 

n=

tP

Fp=1-Rp

0 2tP

.......

.. ntP tL

CALCULATIONS

DEFINITIONS


