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Fig. 1. Experimental scene shooting settings.

HR A T 7 PR AR AT N SEER Y, B
DL LAY AE A O RSE, LI R 24T A (a0
5 N) FIIFHEE A O RST R K. A F ARS8 8 S W
K 2.6m, KJEL N 11.5m, KJE L3N 8.6 m, i1}
FIAMITE 5EE Wy 2.9 m, KJF Lo 4 6.6 m, WA 2
FioR. FESEE Y, SR (A B B A iE T 194 T N A
[f], 54 30 24, A R EEA Y GEE ik om A 3t
A, VVIES S B30, A ET A, 25t
TEEE BB A B 2. fESL i i,
RfE L AU rh A B A8 1L, 8 18 AT N AR

K2 FTATELEGEERD NIRRT (a) LAEIE
B (b) 47 NI

Fig. 2. Experimental Scenario 1 of pedestrian movement in

an L-shaped corridor: (a) The L-shaped corridor setting;

(b) pedestrian experiment screenshot.
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Fig. 3. Experimental Scenario 2 of pedestrian movement in
an L-shaped corridor with obstacles: (a) The L-shaped cor-
ridor setting; (b) pedestrian experiment screenshot.
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Fig. 4. Experimental Scenario 3 of pedestrian movement in
an L-shaped corridor with obstacles: (a) The L-shaped cor-

ridor setting; (b) pedestrian experiment screenshot.
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Fig. 5. The pedestrians are identified and tracked by Pet-

rack software.
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Fig. 6. The video screenshots of pedestrians walking in the L-shaped passage without obstacles in Scene 1.
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Fig. 7. The paths of pedestrians in the L-shaped corridor

(a) Jit

without obstacles in Scene 1: (a) The original moving track
of the pedestrians in the L-shaped corridor; (b) the simpli-
fying moving track of the pedestrians in the L-shaped cor-

ridor.
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Fig. 8. Analysis on the characteristics of pedestrian movement in an L-shaped corridor without obstacles in Scene 1: (a) Four types

of areas where pedestrians move in the corridor; (b) the turning characteristics of pedestrians in the turning area; (c) the invisible

bottleneck of pedestrian movement in the corridor.
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Fig. 9. A small bottleneck setting at an L-shaped corridor

bend in Scene 2.
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Fig. 10. The video screenshots of pedestrians walking in the

L-shaped corridor with obstacles in Scene 2.

HE T WL DX S8k A T A AT N AE WL I ] P 3 4
Mgl f T AL bR, 22 B S AT AR BB 4R, vl
DA WU B0 A3 i 2530 DX, 22 AP g
R BERRY, FERAT AR AR S AR L, AR he 4y i

F1% S5 L 28 DX S AT B 10 i B0 AR o 4 DX IO 1l 22
Wa HIXIR Zs Fl Zo , HAT NI NS TE =
FEIRE XK Zo it AT 4R, W 11 Fios.

K11 AT ATES S 2 A B 0 L RY5E 18 7 ) (4 RFAE 23
Fig. 11. Analysis on the characteristics of pedestrian move-
ment in an L-shaped corridor with obstacles in Scene 2.
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Fig. 12. The video screenshots of pedestrians walking in the
L-shaped corridor with obstacles in Scene 3.
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Fig. 13. Analysis on the characteristics of pedestrian move-

ment in an L-shaped corridor with obstacles in Scene 3.
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Fig. 14. Comparisons of the area size of the curve triangle
idle area in different scenes: (a) The area size of the curve
triangle idle area in Scene 1; (b) the area size of the curve
triangle idle area in Scene 2; (c¢) the area size of the curve

triangle idle area in Scene 3.
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Fig. 15. The velocity change process of pedestrians in L-
shaped corridor.
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Fig. 16. Bottlenecks in the corridor: (a) The physical bottle-
neck of traditional cognition; (b) invisible and visible bot-

tlenecks in the corridor.
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Fig. 17. Velocity effects of surrounding pedestrians to the

target pedestrian!'?,
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Table 1. Parameter values of velocity correction
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Fig. 18. Process analysis of pedestrians passing through the
90° L-shaped corridor.

FERFT LB AER N, A7 NGB 2RI % B
XA RO w' mT e (7) 2—(9) RBEA RS
2,40 (10) PR, BB T AN BRI X IR 46 A
PR (@irs yir ), 525 DXIR N ELCY O s B A AR
H (o, y0), 7 NI DXERAY F BK 3 35E Jy 1n]
no Al (10) (1) B A 1555 ﬁ)\fhfﬂ%‘

(o — R-cos(q-w'),yo + R-sin(q-w")) — (v, yir)

P19 A7 A 3 % 25 DX A 1 B gl I AR i B (A Sk
J7 ) AT N A 3K 5l R T 1))

Fig. 19. The time-varying process of pedestrians' self-driven
velocity through the turning area. (The arrow direction is
the direction of pedestrians' self-driven velocity).
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(c)t=11.8s;(d) t=174s;(e) t=2125

t=6s t=118s

t=17.4s t=21.2s

s; (b) t = 6.0s;

Fig. 20. The screenshots of the simulation process of pedestrians passing through the L-shaped corridor without obstacles
(Wi=3m, L =13m, Wo=3m, Ly =10m).: (a) t=0s; (b) t=6.0s; (c) t =11.8s; (d) t =174 s; (e) t = 21.2 s.
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Fig. 21. Pedestrian simulation of the path lines through the
L-shaped corridor without obstacles: (a) The pedestrian
movement trajectory; (b) the triangular idle area of the
curve and the invisible bottleneck formed in the turning

area.
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Fig. 22. The velocity distribution of pedestrians at different times in L-shaped corridor without obstacles: (a) Corresponding rela-
tion between the position of L-shaped straight corridor without obstacles and Cartesian coordinate system; (b) the velocity of pedes-
trians in vertical straight-ahead areas, ¢ = 6.0 s; (c) the velocity of pedestrians in transition and turning areas, ¢ = 11.8 s; (d) the

velocity of pedestrians in horizontal straight-ahead areas, ¢t = 17.4 s.

23 L AU TCRRAH5E IE AT AR R B i AR B (a) AT AR TE L EAT KA AR B L, ¢ = 6.0 s; (b) AT ATE ¥ K
A KRR R TR EE, ¢ = 11.8 s; (¢) 4T AFEAK P BAT KB MR R AL, ¢ = 174 s
Fig. 23. The variation trend of the individual local density of pedestrians in L-shaped straight corridor without obstacles: (a) The

individual local density of pedestrians in vertical straight-ahead areas, ¢ = 6.0 s; (b) the individual local density of pedestrians in

transition and turning areas, t = 11.8 s; (c) the individual local density of pedestrians in horizontal straight-ahead areas, t = 17.4 s.
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(a) t="74s; (b) t=93s;

Fig. 24. The screenshots of the simulation process of pedestrians passing through the L-shaped corridor with obstacles (W7 =3 m,
Li=13m, Wo=3m, Lo =10m): (a) t="74s; (b) t =9.3s; (c) t=11.0s; (d) t = 13.5 s.
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Fig. 25. The variation trend of pedestrian velocity in L-shaped corridor with obstacles: (a) Corresponding relation between the posi-

tion of L-shaped corridor with obstacles and Cartesian coordinate system; (b) the velocity at which pedestrians approach the turn-

ing area, t = 7.4 s; (c) the velocity at which the pedestrians first enter the turning area, t = 9.3 s; (d) the velocity at which the ped-

estrians part are in the turning area, ¢t = 11.0 s; (e) the velocity at which the pedestrians pass through the turning area for the most

part, t = 13.5 s.
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Fig. 26. The individual local density distribution of pedestrians in L-shaped corridor with obstacles: (a) The individual local density

at which pedestrians approach the turning area, t = 7.4 s; (b) the individual local density at which the pedestrians first enter the

turning area, t = 9.3 s; (c) the individual local density at which the pedestrians part are in the turning area, ¢t = 11.0 s; (d) the indi-

vidual local density at which the pedestrians pass through the turning area for the most part, ¢t = 13.5 s.
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Fig. 27. The screenshots of the simulation process of pedestrians passing through an asymmetric L-shaped corridor (W7 =6 m,
Li=12m, Wo=2m, Ly =10m): (a) t =0.2s; (b) t =4.5s; (c) t =12.5s; (d) t = 204 s.
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Abstract

In our study, the unidirectional pedestrian flow in an L-shaped corridor is taken as the research object, and
the pedestrian turning behavior is studied based on controllable experiments and micro simulations. First of all,
three experimental scenarios, namely, no obstacles in the turning zone, diagonal layout of obstacles along the
turning zone, and diagonal layout of obstacles in the vertical turning zone, are constructed. Behavioral
characteristics such as pedestrian movement trajectory and velocity distribution are analyzed through
controllable experiments of pedestrians. Then, a velocity correction model based on the Voronoi diagram is
constructed, and the turning rules of pedestrians passing through a 90-degree L-shaped curve are embedded in
the model. Finally, simulation research is conducted on the scene with both obstacles and asymmetric L-shaped
corridors as well as the scene with neither of them to simulate and reproduce the turning behavior of
pedestrians, and analyze the distributions of pedestrian velocities and individual densities at different stages.
The research shows that when pedestrians move in a normal non-panic status, they rarely present disorderly
behavior and always approach to the inside of the corner of the L-shaped corridor. In the turning area,
pedestrians always follow their original moving mode to pass through the corner like a stable arc. And in the
process of moving, pedestrians do not move in a straight line, but keep shaking back and forth for zipper effect.
Besides, in the process of turning, the longer the distance from the center of the corner, the longer the distance
of the pedestrian around the arc will be. And the L-shaped corridor can be divided into vertical straight area,
transition area, turning area, and horizontal straight area. When pedestrians pass through the turning walking
area, the “invisible bottleneck” phenomenon and the “curved triangle idle area” phenomenon can be observed.
Besides, the streamline compression and multiple rows of pedestrian track clusters can be seen in the region.
According to the characteristics of pedestrians walking through the L-shaped corridor, the turning rules of
pedestrians are made, and the scene with both of obstacles and asymmetric L-shaped corridor as well as the
scene with neither of them is simulated. Then, through the pedestrian simulation by using our model, the
turning behavior of pedestrians passing through curve like a smooth arc can be effectively reproduced.
Moreover, the “invisible bottleneck” phenomenon and the “curved triangle idle area” phenomenon in the
turning walking area can be seen in the simulation. At the same time, when the pedestrian flow passes through
the four areas of the L-shaped corridor successively, the velocity distribution is consistent with the experimental

data of the pedestrian, showing an increasing-decreasing-increasing ¢

wavy” change characteristic. The
simulation model is also used to simulate the local density change of pedestrians due to the turning behavior,
which verifies the unity of pedestrian velocity and local density change. The cognition of invisible bottleneck is

helpful in rationally utilizing and designing the L-shaped corridor turning area.

Keywords: pedestrian dynamics, L-shaped corridor, velocity correction model, Voronoi diagram, invisible
bottleneck
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