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Passenger distribution’s impacts on railway operations

Figure: Critical door and dwell
time

Figure: Transilien "Hector"
testing and Zhang et al. (2017)

Swedish experimentation
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How Transilien measures trains load (l)?

Figure: From APC measure of alighting (a) and boarding (b) passengers
by door1

Conservation flow property for train k at station S

lk,S �
S
Q
s�1

bk,s � ak,s

One issue when replicating it at the coach scale: communicating
coaches

1In our context door = coach
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Boarding and alighting flow: a solution?

Step 1: Brian boards coach 3
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Boarding and alighting flow: a solution?

Step 2: where is Brian?

???? ? ? ? ?
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Boarding and alighting flow: a solution?

Step 3: Brian alights from coach 1
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Boarding and alighting flow: a solution?

How to obtain load by coach?
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Boarding and alighting flow: a solution?

How to obtain load by coach?

To simplify the problem, we consider:
1. alighting and boarding passengers density, not individual

trajectory
2. alighting and boarding passengers at the trip scale, not at the

station scale
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From station scale to trip scale

(a) Boarding passengers (b) Alighting passengers



5/22

Context Problem statement Methodology Application Conclusion

From station scale to trip scale

(a) Boarding passengers (b) Alighting passengers
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State of the art

Figure: From macro to micro modelling

To sum up
No exact similar problem in transportation literature but we take
inspiration from Krstanoski (2014)
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Methods: zone definition and notations

Zone 1 Zone 2

b1 b2

a1 a2

p1,2

p2,1

p1,1 p2,2
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Methods: goal and hypotheses
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Goal: match boarding to alighting distribution
among coaches through shifted passengers Xi,j

Hypotheses:

1. Passenger movement between coaches is parametric:
Xi ,� �M�bi , pi ,1, . . . , pi ,8�

2. Shifted passengers between coaches i and j is:
Xi ,j � bipi ,j
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Methods: goal and hypotheses
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Optimisation problem: a least square problem under
constraints

The ideal problem we want to solve:

min 1
K

K
Q
k�1

8
Q
j�1

�akj �
8
Q
i�1

X k
i ,j�

2

(1)
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Optimisation problem: a least square problem under
constraints

The problem we can solve with plug in hypothesis 2:

min
p

1
K

K
Q
k�1

8
Q
j�1

�akj �
8
Q
i�1

bk
i pi ,j�

2

s.t ¦i , j , 0 B pi ,j B 1

¦i ,
8
Q
j�1

pi ,j � 1 (1)
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Optimisation problem: a least square problem under
constraints

The problem we can solve with plug in hypothesis 2:

min
p

1
K

K
Q
k�1

8
Q
j�1

�akj �
8
Q
i�1

bk
i pi ,j�

2

s.t ¦i , j , 0 B pi ,j B 1

¦i ,
8
Q
j�1

pi ,j � 1 (1)

Parameters interpretation as an adjacency matrix:

p �

���
p8,1 � p8,8
� � �

p1,1 � p1,8

���
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Data from 09/2020 to 04/2021 on lines H and L

|S| N trips
Mean

crowding
factor2

16 13,927 18 %

14 12,803 22 %

2Load divided by the seating capacity
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Benchmark models: from no movement to uniform
movement, where does the reality stand?

Our reference is ai compare to P8
j�1 bipi ,j
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Performance results

Need to move boarding passengers
A simple model is not enough
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Estimated parameters and passenger movement

1. few movements
when boarding

2. apart from specific
coaches
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Estimated parameters and passenger movement

1. few movements
when boarding
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Estimated parameters are driven by some specific stations

Figure: Gare du Nord Figure: Paris Saint-Lazare
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Crowding factor impacts passenger movement

Figure: Crowding factor impacts passenger movement
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Crowding factor impacts passenger movement

Static passengers factor: spf = Pi pi,i
Pi,j pi,j

> �0,1�

p �

���
p8,1 � p8,8
� � �

p1,1 � p1,8

���
spf = 1: all passengers stay where they board
spf = 0: all passengers move at least from one coach when
they board
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Crowding factor impacts passenger movement
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Conclusion and perspectives

Conclusion:
Passenger movement are important for communicating
coaches trains
Movements are consistent with intuition: few movements far
away apart from specific situations
Crowding factor changes passenger movement behaviour
within trains
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Conclusion and perspectives

Perspectives:
1. How RTCI affect passenger movement within trains
2. Estimated transition matrices for each station departure
3. Cross APC measures with weight measures
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Thank you for your attention!
Questions?
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Robust check for scale

way line way line

Boarding
Simple 28

��0.5�
29.1
��0.5�

22
��0.2�

23.5
��0.3�

Double 28.2
��0.5�

29.6
��0.5�

22.4
��0.2�

24.3
��0.3�

Quadruple 28.4
��0.5�

30.5
��0.5�

- -

Alighting
Simple 29.9

��0.5�
40

��0.5�
22.9
��0.3�

24.4
��0.3�

Double 30.2
��0.5�

39.6
��0.5�

23.1
��0.3�

24.9
��0.3�

Quadruple 30.4
��0.5�

41.3
��0.5�

- -

Table: MAE error at the coach scale for different dataset split
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Robust check for load effect (1/2)
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Robust check for load effect (2/2)
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Stability of parameters estimation
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