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Fig. 1. The experimental staircase area.
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Table 1.

The basic parameters of the staircases.
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Fig. 2. Single-story staircase three views.
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Table 2.  Some observation data on staircase area.
N VAT L
%{5; N/A IF/ A At OF/A- At -t

T T+10s U D U D
1 11 13 0 8 0 6
2 25 26 0 12 0 11
3 29 24 0 12 0 17
4 32 31 0 21 0 22
5 33 28 0 19 0 14
6 18 20 12 0 10 0
7 39 36 14 0 17 0
8 29 33 21 0 17 0
9 54 54 12 0 12 0
10 14 12 8 0 10 0
11 18 19 3 3 2 3
12 26 28 6 9 5 8
13 50 46 9 13 10 16
14 48 44 8 8 8 12
15 38 35 8 11 10 12

¥ U, 147, D, T17.
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Fig. 3. (a) The relation of the density against the average
flow when going upstairs; (b) the relation of the density
against the average flow when going downstairs; (c) the
relation of the density against the average flow when going

upstairs and downstairs.
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Fig. 6. Pseudo-color plots delineating the ratio of the number of pedestrians in each cell to the capacity of the cell at time steps 10,

30, 60, 90 and 110 in the process of going upstairs.

t=10

: 0
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B 7 TFHEGERRSS 10, 30, 60, 90 K 110 WA EE R I (51 G REFR D TTHNAT AR SoTiUA B2 L)

Fig. 7. Pseudo-color plots delineating the ratio of the number of pedestrians in each cell to the capacity of the cell at time steps 10,

30, 60, 90 and 110 in the process of going downstairs.
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Fig. 8. Comparison of the fundamental density-flow diagram
from the observation data (square marks) and the
experiment (circle marks) (a) in the process of going

upstairs, and (b) in the process of going downstairs.

Fig. 10. (a) Fundamental density-flow diagram of the bi-
directional pedestrian flow on the stairs before the
stabilization process; (b) fundamental density-flow diagram
of the bi-directional pedestrian flow on the stairs after the

stabilization process.
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Fig. 9. Comparison of the fundamental density-flow diagram
from the observation (square marks) and the experiment

(circle marks) in the process of bi-directional movment .

AURSE RS, DI bR AT A8 b s s
P EHIRIMEG, 3R 3 il T A RS i e

NEEA R SRR RS G, PR TR
RSV, BRSO AT N B il A
T, BEBR DX T AR AT N B BT /D,
A TR RS AU W R e R Y
ko b NSRRI, 3 5 i T RS IRASE R

# 3 e R AR IR R
Table 3. Some flow data in the stabilization process.
Hif )25 60 61 62 63 64 65 66 67 68
R SRy 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
TR/ N s 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
My a2 80 81 82 83 84 85 86 87 88
R N s 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
TR/ A s 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
F 4 T FEES RS RER I A
Table 4. Some flow data after the stabilization process.
s ] 25 106 107 108 109 110 111 112 113 114
R 3y 6.0 5.9 5.7 5.2 4.6 3.9 3.1 2.4 1.8
TR/ A s 5.9 5.5 4.7 3.7 2.7 1.8 1.1 0.7 0.4
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Table 5.  Some pedestrian data after the stabilization process.
e 106 107 108 109 110 111 112 113 114
RIS TUN 96.6 90.6 84.6 78.6 72.6 66.6 60.6 54.6 48.6
TS A 76.7 70.1 64.8 58.8 52.8 46.8 40.8 34.9 29.0
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Fig. 11. Fundamental density-flow diagram of the bi-directional pedestrian flow on the stairs when (a) 6 = 1.0 and 6 = 0.8;
(b) 6 =06and 0 =0.8;(c) § =0.3and 6§ =0.8;(d) § =1.4and 6 =0.8.
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Fig. 12. Pseudo-color plots delineating the ratio of the number of pedestrians in each cell to the capacity of the cell during the

walking process of bi-directional pedestrian flows on the stairs (upward flow in the left, downward flow in the middle, and bi-
directional flows in the right) when 8 = 1.0 and 6 = 0.8in (a), 6 = 0.6 and § = 0.8in (b), 6 =0.3and # =0.8in (c), 6 =

l4and 6 =08 in (d).
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Study of pedestrian flow on stairs with a
cellular transmission model”
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Abstract

The aim of this study is to address the following issues: 1) revealing the typical behaviors and properties of
pedestrian movement when going upstairs and downstairs; 2) constructing a pedestrian evacuation model to
formulate the walking process of pedestrians in stair area; 3) verifying that the cell transmission model widely
used in the two-dimensional walking space can also be applied to the three-dimensional staircase area. Firstly,
an observation experiment is carried out to gain the pedestrian movement data in the process of going upstairs
and downstairs. By collating the data, the relation between density and flow in the unidirectional process of
going upstairs or going downstairs, and in the bi-directional process of going upstairs and downstairs, are drawn
respectively. Then, by analyzing the fundamental diagrams, several characteristics of pedestrian movement in
stair area are revealed. Based on these characteristics, an extended cell transmission model is proposed. In this
model, a potential correction coefficient is introduced to change the route choice of pedestrians by using the
influence of different directional pedestrians on the potential; a flow modification coefficient is introduced to
describe the effect of physical parameters on the maximum flow at the boundary between two neighboring cells;
and an offset coefficient is introduced to correct movement rules and strengthen the influence of preferential
direction on pedestrian route choice. Further, simulations relied on the proposed model are conducted. By
comparing the simulation results with the experimental data, the model is calibrated. Then the calibrated model
is employed to formulate the pedestrian movement in stair area, and the sensitivity of the potential correction
parameter is also discussed. The simulation results indicate that the proposed model can successfully reproduce
the movement of pedestrians on stair. Moreover, the route-choice behaviors of pedestrians can be directed by
varying the values of the potential correction coefficient, which can present important information about
optimizing the evacuation process of pedestrians on stair, thereby reducing the risk of an accident, such as
congesting and treading.

Keywords: cellular transmission model, pedestrian flow on stairs, flow-density relationship, sensitivity

analysis
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