
J. S
tat. M

ech. (2020) 023404

Evacuation through area with obstacle 
that can be stepped over: experimental 
study

Zhongjun Ding, Zhiwei Shen, Ning Guo1, Kongjin Zhu 
and Jiancheng Long

School of Automotive and Transportation Engineering, Hefei University of 
Technology, Hefei 230009, People’s Republic of China

E-mail: guoning_945@126.com

Received 7 June 2019
Accepted for publication 9 December 2019  
Published 20 February 2020

Online at stacks.iop.org/JSTAT/2020/023404
https://doi.org/10.1088/1742-5468/ab6a01

Abstract.  This paper reports on a series of evacuation experiments exploring 
the impact of dierent obstacles on crowd dynamics. The experiments include 
three scenarios: evacuation without any obstacle (NO), evacuation with a bar-
type obstacle in which the participants can choose to pass by or step over (CO), 
and evacuation with a bar-type obstacle in which the participants can only 
pass by (PO). The height of the obstacle and the distance between the obstacle 
and the exit in the CO cases are also taken into account. The evacuation 
times in the CO cases are basically longer than those in the PO cases. But a 
low CO obstacle very close to the exit can enhance the evacuation eciency, 
compared to that of a PO obstacle. As the height of the CO obstacle increases, 
the pedestrian cluster around the exit separates into two clusters around the 
obstacle corners. In addition, the longer the distance between the CO obstacle 
and the exit, the fewer pedestrians prefer to step over the obstacle.
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1.  Introduction

Research in the field of pedestrian trac started in the early twentieth century [1, 2].  
Until now, it has been sociologists and psychologists who have studied emergency 
crowd dynamics [3]. In recent years, due to increasing large-scale activities, many 
people have been involved in emergency incidents. In emergency situations, it is crucial 
to evacuate pedestrians in public infrastructure quickly and eciently, and pedestrians 
may lose their survival chances with even a slight delay [4]. Hence, plenty of in-depth 
studies have been conducted of pedestrian dynamics in evacuations. Many evacuation 
experiments have been carried out, including animal experiments and human experi-
ments [5–9]. As it is unethical to conduct a human experiment in a real hazardous 
condition, many simulation models have been proposed, such as the social force model 
(SFM) [4], the lattice gas model [10], and so on. Many evacuation characteristics have 
been discovered, such as the ‘faster is slower’ eect, arch formation phenomena, herd-
ing behavior. Also, many factors will aect the evacuation process.

Multivelocity is a crucial factor in crowd evacuation. In real emergency conditions, 
the dierences in physiological functions, such as age, gender, walking abilities, may 
cause dierent evacuation speeds and crowd dynamics. Shahhoseini and Sarvi set a 
crowd merging experiment [11], showing that clogging arises more easily when pedes-
trians are told to evacuate as quickly as possible. Fu et al [12] built a floor field cellular 
automaton (CA) to simulate evacuation considering dierent pedestrian walking abili-
ties. It is recognized that evacuees with higher velocities make the system jam more 
easily. Zhou et al [13] used a CA model to simulate pedestrian flow with multiveloci-
ties. It is found that the slowest pedestrian has a great impact on the average crowd 
velocity.

Another key element for crowd evacuation is the evacuation environment. After an 
earthquake or fire disaster, power cuts or smoke may limit the visual area of pedestrians. 
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Isobe et al [14] and Nagai et al [15] studied the evacuation process without visibility 
by means of experiments and simulations. Participants move slowly towards walls and 
then walk along next to them. Guo et al [16] carried out an evacuation experiment 
under conditions of good and zero visibility to study the behavior of route choice, 
and then a microscopic pedestrian model was developed to reproduce the experiment 
results. It is found that pedestrians generally prefer to touch the reference objects and 
then move along them. Wang et  al [17] also investigated the evacuation eciency 
under limited visibility and dierent evacuation strategies. The modified SFM simula-
tion shows that in low densities it is more ecient for pedestrians to move along the 
walls when evacuating without visibility.

Architectural layout is an important factor in room evacuation, especially the distri-
bution of obstacles around the exit. Helbing et al [5] organized an experiment to study 
the impact of obstacles on crowd evacuation. Pedestrians have to pass by the obstacle 
to escape from the room, helping to weaken the arching eect near the exit. The results 
show that the presence of obstacles increases the outflow by about 30%. Yanagisawa 
et al [18] conducted an experiment at the NHK TV studio in Japan to study the eect 
of an obstacle in front of the exit. It is found that compared with normal evacua-
tion without obstacles near the exit, the setting of obstacles increases the outflow by 
about 7%. Jiang et al [7] designed multi-obstacle scenarios, observing that setting two 
obstacles near the exit is better than one or no obstacles near the exit. Although many 
experimental results show that an obstacle has some beneficial eect on the outflow of 
pedestrians near an exit, there is controversy about whether obstacles can play a good 
role in real evacuations. Liu et al [19] carried out a series of experiments to examine 
the influence of dierent exit designs on evacuation eciency. It turned out that the 
obstacle in their experiments decreased evacuation eciency. Shi et al [20] conducted 
a series of controlled experiments to investigate the influence of dierent building 
layouts on pedestrian evacuation. It is shown that whether obstacles can enhance the 
evacuation eciency at the exit or not mainly depends on the size and location of the 
obstacles. Garcimartín et al [21] conducted three series of evacuation drills to figure out 
whether the existence of obstacles will improve the evacuation eciency. Results show 
that the obstacle in their experiments did not improve the eciency of evacuation, and 
the role of obstacles in pedestrian evacuation should be redefined. Shiwakoti et al [22] 
presents a critical review of the performance of obstacles near an exit.

As mentioned above, the impact of obstacles on crowd evacuation has been studied 
widely. However, we found that obstacles in previous studies were usually an extra 
infrastructure set near the exit and not allowed to be stridden over. In the real world, 
there are many small objects, which can become obstacles if they fall down to the 
ground in the evacuation, such as chairs, rocks and even pedestrians who have fallen. 
Lu et al [23] proposed a debris distribution model to show the possible distribution 
area of fallen objects. If the objects are put near the door of the room in the decoration 
design, they may become small obstacles after the earthquake or other disaster. Delcea 
et al [24] investigated the behavior choice of pedestrians when facing a fallen-down 
chair in the aisle in a classroom evacuation experiment. It is found that jumping over 
the chair costs less time than bypassing. In addition, dwarf obstacles still exist in real 
life, such as a gate machine in a subway station, a doorsill in ancient Chinese archi-
tecture and so on. Though these facilities are dierent from the obstacles that we are 
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discussing here, when an emergency occurs, these objects may act as a kind of special 
dwarf obstacle, aecting evacuation. For example, in an earthquake or fire disaster, 
the electric power may be cut, and pedestrians would have to climb over the enclosure 
of the gate machine to evacuate. A doorsill is a common design in ancient Chinese 
architecture, i.e. a small block stone or plank at the exit. In scenic spots and historical 
sites, there are many travelers, so it is necessary to study the eect of doorsills, i.e. a 
small obstacle, on evacuation. However, few studies investigate the eect of a small 
obstacle on evacuation dynamics and eciency. In this work, we carry out an evacua-
tion experiment with a bar-type obstacle; pedestrians can choose to go over it or bypass 
it. Generally speaking, the obstacle will increase the evacuation time. As the height of 
the obstacle increases, more pedestrians prefer to pass by the obstacle.

The remainder of this paper is outlined as follows. In section 2 the experimental 
setup is described. In section 3 the experimental results are presented and analyzed. In 
the last section, some conclusions are drawn from the present study.

2. Experiment setup

The experiments were performed on 13 October 2018 in Hefei University of Technology, 
and approved by the security department of Hefei University of Technology. We invited 
the participants via social network, and 52 participants (all college students, 11 females, 
41 males) accepted the invitations. No participant quitted the experimental process. 
After the experiments, each participant would be paid 50 RMB. Experiments were con-
ducted in an artificial square room with only one exit located in the middle of one wall 
(figure 1(a)). Three sets of experiments were conducted. The first is evacuation without 
any obstacle (NO). The second is evacuation with an obstacle, in which the participants 
can choose to pass by or step over the obstacle (CO). The third is evacuation with an 
obstacle, in which the participants can only pass by the obstacle (PO), i.e. the tradi-
tional obstacle as in previous studies [25]. The width of the virtual room is set as 7 m, 
and the width of the exit is 0.8 m. At the boundary of the virtual room, some chairs 
were tied by tape to represent walls, and two tables form the exit, see figures 1(b)–(d). 
A brick is used as the bar-type obstacle, which is 1.8 m in length, 0.3 m in width, and 
0.15 m in height. The obstacle height can be tuned by palletizing the brick.

The obstacle was set in the middle line of the room, in both the CO and PO 
experiments. In the CO experiments, there were two design factors: the height h of 
the obstacle, the distance d between the obstacle and the exit. In the PO experiments, 
only the distance between the obstacle and the exit was taken into consideration. Each 
experiment with the same setup was repeated three times in a row. Details of the exper
imental setups and chronological order are given in table 1.

All 52 participants took part in every run of all the experiments. The participants 
knew exactly where the exit was, and were asked to escape from the room normally 
after the start command. Slight pushing and squeezing was allowed, but aggressive 
pushing and squeezing were strictly prohibited for safety reasons. Thus our experi-
ment did not reflect the panic of a genuine emergency. Participants were told that if 
the command ‘stop’ was heard in the experimental process, they must stop moving 
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immediately for safety reasons. Before each experimental run, the individuals stood 
randomly behind the waiting line, 2 m away from the wall where the exit was located.

To keep the tables stable, heavy bricks were put on the tables. Also, some exper
imental controllers stood near the tables and held the tables  still with their hands. 
Because aggressive pushing and squeezing were forbidden, no severe contact between 
walkers and tables occurred. After each run of the experiment, we measured the exit 
width, and it was always 0.8 m. Before the experiment, participants were told that it 
was one virtual room, and the bottleneck could be imagined to be one door. So in the 
experiment, participants moved as if they were passing through a real door. No obvious 
over-leaning or side-moving behavior occurred.

Figure 1.  (a) Schematic diagram of experimental layout; (b)–(d) snapshots of 
experiments. (b) NO; (c) CO, h  =  30 cm, d  =  100 cm; (d) PO, d  =  100 cm.

Table 1.  Experimental setup.

Sequence num-
ber Obstacle type

Obstacle 
height (cm)

Distance between ob-
stacle and exit (cm)

1–3 NO / /
4–6 PO / 100
7–9 CO 60 100
10–12 CO 45 100
13–15 CO 30 100
16–18 CO 30 50
19–21 CO 45 50
22–24 CO 60 50
25–27 PO / 50
28–30 CO 30 75
31–33 CO 45 75
34–36 CO 60 75
37–39 PO / 75

https://doi.org/10.1088/1742-5468/ab6a01
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The whole process of the experiment was recorded by high-definition video cam-
era (Panasonic HC-VX980) at 25 frames per second, and the evacuation times were 
recorded manually according to the video record frame by frame. We could also collect 
the coordinate of every participant manually according to the square tiles on the floor.

3. Experimental results

3.1. Evacuation time

The evacuation time of each pedestrian is given in figure 2. It is found that the evacu-
ation times show a linear tendency in all experiments. A similar phenomenon has also 
been given in [8]. To analyze the degree of linearization quantitatively, the RMSE 
between the fitting line and the experiment results is used,

RMSE(i) =

Ã
1

m

m∑
j=1

[gi ( j)− yj]
2.� (1)

Here m is the total number of pedestrians. y j  is the evacuation time of j th pedestrian 
escaping from the room in the experiment. gi is the function of the fitting line. Here we 
assume that the fitting line is a line crossing the first experimental point and the ith 
experimental point. In figure 2, one line of gi (i  =  40) is shown. Then RMSE of each 
gi in each experiment can be obtained. The RMSE represents the linearity degree. As 
shown in previous studies [8, 26, 27], the evacuation time shows linear tendency. It is 
plausible that the smaller the RMSE between the fitting line and experiment results, 
the higher the linearity degree. Generally speaking (figure 3), the RMSE firstly reduces 
in pace with the increase of i. The reason is that if the span between the first point 
and point i is small, the small fluctuation will be amplified, leading to a big dierence 
between the fitting line and the evacuation time of the last pedestrians. Until around 
i  =  40, RMSE reaches the minimum. Then, RMSE increases again. It is because of this 
that our experiment is similar to an evacuation drill, and the last participants do not 
regard the experiment as a real evacuation. They are lazier than other participants and 
care less about the evacuation time. They keep a longer headway with the front par-
ticipants. Therefore, the linearization degree of evacuation time is weakened by the last 
participants. To study the evacuation process better and eliminate the eect of the last 
inactive participants, we use the minimum of the RMSE to show the highest linearity, 
and only investigate the evacuation time of the first 40 pedestrians.

Table 2 shows the average evacuation time and standard deviation of the first 40 
pedestrians in all experiments. We find that the NO case has the shortest average 
evacuation time of 19.225 s. Both the CO and PO obstacle may worsen the evacuation 
eciency. This is contrary to the findings of Helbing et al [5] and Yanagisawa et al [18], 
but consistent with previous studies [19], in which unreasonable obstacle location will 
increase evacuation time. The CO evacuation costs 32.7% extra time at a maximum. 
However, the dierence in evacuation times between CO and PO is not evident. Some 
layouts of CO perform better than that of PO but some are worse. Note that, as the 
virtual room is made of tables and chairs in our experiment, the participants could 
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obtain more global information. Therefore, they may choose a better path to avoid con-
gestion. Also, participants can hang over the table at the exit area, whichmeans more 
pedestrians may walk through the exit section at the same time. Both reasons will lead 
to higher outflow capacity than previous studies [28–30]. Generally speaking, the quali-
tative tendency is similar to previous studies. But our purpose is to investigate evacua-
tion eciencies. The exit made by tables is the same for NO, CO and PO settings. We 
can compare the evacuation dierence between dierent obstacle settings qualitatively.

The p  values from analysis of variance (ANOVA) for evacuation times in all sets 
of experiments are also given in table 3. ANOVA is a collection of statistical models 
and their associated estimation procedures (such as the ‘variation’ among and between 
groups) used to analyze the differences among group means in a sample. From tables 2 
and 3 we can see that, on the whole, the evacuation time decreases with the increase 
in distance between the center of the obstacle and the exit. In terms of statistical 
results, most p  values of ANOVA for evacuation time is smaller than 0.05, which means 
the dierence in evacuation time under dierent experimental settings is significant. 
As shown in table 3, almost all the p  values between NO time and others are 0.000. 

Figure 2.  Evacuation time for each pedestrian in all sets of experiments. (a) NO 
and CO h  =  30 cm, (b) NO and CO h  =  45 cm, (c) NO and CO h  =  60 cm, (d) NO 
and PO. In (a), the fitting line is g40.

https://doi.org/10.1088/1742-5468/ab6a01
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Therefore, the NO time is significantly shorter than all other cases. In the d  =  100 cm 
cases, the CO time is significantly larger than the PO time. Specifically, as h increases, 
the p  values between CO time and PO time is 0.38, 0.29 and 0.28. Then, we compare 
the CO and PO times under the same d. When d is small (0.5, 0.75), on account of the 

Figure 3.  (a) RMSE(i) in each experiment (b) average RMSE in all experiments.

Table 2.  Evacuation times in all sets of experiments.

Sequence number Average time(s) Standard deviation

NO 19.225 0.739
PO-100 20.891 0.728
CO-60-100 22.235 0.351
CO-45-100 22.228 0.851
CO-30-100 22.155 0.062
CO-30-50 23.597 0.735
CO-45-50 25.800 0.350
CO-60-50 24.718 0.639
PO-50 24.750 0.441
CO-30-75 24.834 0.725
CO-45-75 23.939 1.038
CO-60-75 23.462 0.733
PO-75 24.077 0.896

https://doi.org/10.1088/1742-5468/ab6a01
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Table 3.  p  values of ANOVA for evacuation times in all sets of experiments.

NO
CO-
30-50

CO-
30-75

CO-
30-100

CO-
45-50

CO-
45-75

CO-
45-100

CO-
60-50

CO-
60-75

CO-
60-100 PO-50 PO-75 PO-100

NO - .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .008
CO-30-
50

.000 — .042 .020 .001 .560a .026 .064a .818a .027 .057a .414a .000

CO-30-
75

.000 .042 — .000 .107a .135a .000 .843a .026 .000 .887a .203a .000

CO-30-
100

.000 .020 .000 — .000 .005 .900a .000 .033 .891a .000 .003 .038

CO-45-
50

.000 .001 .107a .000 — .003 .000 .073a .000 .000 .081a .006 .000

CO-45-
75

.000 .560a .135a .005 .003 — .007 .190a .417a .007 .173a .813a .000

CO-45-
100

.000 .026 .000 .900a .000 .007 — .000 .043 .990a .000 .004 .029

CO-60-
50

.000 .064a .843a .000 .073a .190a .000 — .039 .000 .956a .279a .000

CO-60-
75

.000 .818a .026 .033 .000 .417a .043 .039 — .044 .035 .298a .000

CO-60-
100

.000 .027 .000 .891a .000 .007 .990a .000 .044 — .000 .004 .028

PO-50 .000 .057a .887a .000 .081a .173a .000 .956a .035 .000 — .256a .000
PO-75 .000 .414a .203a .003 .006 .813a .004 .279a .298a .004 .256 — .000
PO-100 .008 .000 .000 .038 .000 .000 .029 .000 .000 .028 .000 .000 —
a p   ⩾  0.05.
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of stepping over it, and it also means the CO cases have no significant dierence to 
the PO cases. For example, in the d  =  50 cm cases, all the p  values between PO time 
and CO time are larger than 0.05, especially in the h  =  60 cm CO case, where the value 
reaches 0.956. Note that in the d  =  50 cm CO cases, with the increase in obstacle height, 
the evacuation time increases at first and then decreases. Also, in the h  =  30 cm CO 
cases, as the distance between the obstacle and the exit increases, the evacuation time 
also grows at first and then decreases. However, when d  =  100 cm, the CO time and 
PO time show a significant dierence (p   <  0.05). It is plausible that this is due to the 
experiments with 100 cm distance between the obstacle and the exit are conductedfirst. 
Thus participants take more time to adapt to the CO conditions. In addition, in the 
d  =  100 cm cases, congestion has little impact on the pedestrians’ choice of stepping over 
the obstacle and more pedestrians choose to step over the obstacle due to curiosity. At 

Figure 4.  Density distribution in d  =  50 cm CO experiments at t  =  10 s. (a) 
h  =  30 cm, (b) h  =  45 cm, (c) h  =  60 cm.

https://doi.org/10.1088/1742-5468/ab6a01
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CO times with the same h but dierent d have a significant dierence (p   <  0.05). This 
means that the distance between the small obstacle and the exit has an indispensable 
eect on the evacuation time.

To discover the reason for nonmonotonicity in the evacuation time and the influence 
of obstacles on pedestrian evacuation dynamics, local density distribution is studied. 
The local density is calculated in the same way as Helbing et al [31] calculated it:

ρ (−→r , t) =
∑
j

f
Å−−→
rj (t)−−→r

ã
.� (2)

Here
−−→
rj (t) is the position of the j th pedestrian which is in the vicinity of �r  and

f
Å−−→
rj (t)−−→r

ã
=

1

πR2
exp

ñ
−
∥∥∥∥
−−→
rj (t)−−→r

∥∥∥∥
2

/R2

ô
� (3)

Figure 5.  Density distribution in h  =  30 cm CO experiments at t  =  10 s. (a) 
d  =  50 cm, (b) d  =  75 cm, (c) d  =  100 cm.
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is a distance-dependent Gaussian weight function. R is a measurement parameter. The 
greater R is, the greater the eective measurement radius is. We set R  = 1 m in this 
paper as did Helbing et al [31]. Although the Voronoi diagram of the XT method seems 
a little more accurate, what concerns us is the qualitative changes of density caused 
by dierent experimental conditions. By using Helbing et al’s [31] method, the local 
density becomes smoother in the whole area. So it is a better way to show the tendency 
in the experimental room.

Figure 4 shows the density distribution in d  =  50 cm of CO cases at t  =  10 s. When 
the obstacle height is 30 cm, pedestrians prefer to step over the obstacle. The obstacle 
height has relatively little eect on pedestrian movement. So there is only one high-
density cluster near the exit. With the obstacle height increased to 45 cm, more pedes-
trians choose to pass by the obstacle, and the high-density area separates into two 
clusters around the obstacle. At an obstacle height h  =  60 cm, few pedestrians step over 

Figure 6.  Contour plots of local density. Left: NO experiment; middle: CO 
experiment, d  =  50 cm, h  =  30 cm; right: PO experiment, d  =  50 cm. (a)–(c) t  =  0 s; 
(d)–(f) t  =  5 s; (g)–(i) t  =  10 s. The horizontal and vertical coordinates represent the 
corresponding coordinate values of pedestrians in the room.

https://doi.org/10.1088/1742-5468/ab6a01
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the obstacle. Only with h  =  45 cm does there exist more interactions between pedestri-
ans bypassing the obstacle and those stepping over it, resulting in a longer evacuation 
time. Therefore, although the obstacle height has a trivial eect on evacuation time, it 
determines the dierent density distributions.

Figure 5 shows the density distribution in h  =  30 cm of CO cases at t  =  10 s. When 
the distance between the obstacle and the exit is 50 cm, the center of the high-density 
cluster is behind the obstacle (1 m away from the exit). The pedestrians have a small 
space to adjust their steps to step over the obstacle. With the movement of the obstacle 
to 75 cm, the cluster center (1 m away from the exit) is located nearly on the obstacle. 
The pedestrians have to struggle in one small space to manage the interaction with 
the obstacle at first, which costs extra time. Then as the obstacle moves to l00 cm, the 
cluster center (0.75 m away from the exit) is located between the obstacle and the exit. 
The obstacle has a much smaller eect on the cluster dynamics.

Comparing with d  =  50 cm CO cases, there is more space between obstacle and 
exit in d  =  75 cm CO cases. More pedestrians can choose to pass by the obstacle to 
escape the room. So no nonmonotonicity is found in d  =  75 cm CO cases. Although 

Figure 7.  Cumulative density distribution function and its fitting curve of evacuation 
time gaps in NO and PO experiments. (a) NO experiment. (b) PO experiment, 
d  =  50 cm. (c) PO experiment, d  =  75 cm. (d) PO experiment, d  =  100 cm. The 
logistic distribution is used as the fitting curve. Inset: the probability density 
distribution.
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nonmonotonicity is shown in our laboratory experiments, the small sample size and 
randomness may be an alternative reason for the phenomenon, and we will do more 
work to verify the correctness of these results.

3.2. Density evolution

Figure 6 shows the typical local density distribution at dierent times. At the initial 
time, all pedestrians stand behind the waiting line. The distributions are relatively 
uniform, and there is no significant dierence in NO, CO and PO experiments (figures 
6(a)–(c)). After the experiment starts (figures 6(d)–(f)), pedestrians walk to the exit. In 
the NO case, pedestrians congest behind the exit. No obvious jam forms around the 
obstacle at the fifth second after the beginning in the CO case. In contrast, a pedestrian 
cluster emerges around the obstacle corner in the PO case. As the experiment goes on, 
the high density areas in the NO and PO cases remain unchanged (figures 6(g) and (i)). 
However, the congestion in the CO case becomes more serious, and the highest density 
is even larger than that in the NO or PO cases.

Figure 8.  Cumulative density distribution function and its fitting curve of 
evacuation time gaps in CO experiments. (a) h  =  30 cm, d  =  50 cm. (b) h  =  45 cm, 
d  =  50 cm. (c) h  =  60 cm, d  =  50 cm. (d) h  =  30 cm, d  =  75 cm. (e) h  =  45 cm, 
d  =  75 cm. (f) h  =  60 cm, d  =  75 cm. (g) h  =  30 cm, d  =  100 cm. (h) h  =  45 cm, 
d  =  100 cm. (i) h  =  60 cm, d  =  100 cm. The logistic distribution is used as the fitting 
curve. Inset: the probability density distribution.
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The evacuation time gap Δt is used to describe the time dierence between consecutive 
pedestrians, which is calculated as follows

∆ti = ti+1 − ti.� (4)
Here, ti+1(ti) is the time i  +  1th (ith) pedestrian escapes from the room in chronological 
order.

We calculated the cumulative density distribution of evacuation time gaps for all 
experiments. Logistic distribution is used to fit them, as seen in figures 7 and 8. As we 
can see, the cumulative distribution of evacuation time gaps in our experiments is fitted 
pretty well by logistic distribution. From table 4, we can see that all the R-square val-
ues are greater than 0.9, meaning that logistic distribution can match the experimental 
result very well. It can be seen that the cumulative density distribution function rose 

Figure 9.  The pedestrian-number proportion against stepping over times of one 
pedestrian in three repetitions. (a) h  =  30 cm, d  =  50 cm. (b) h  =  45 cm, d  =  50 cm. 
(c) h  =  60 cm, d  =  50 cm. (d) h  =  30 cm, d  =  75 cm. (e) h  =  45 cm, d  =  75 cm. (f) 
h  =  60 cm, d  =  75 cm. (g) h  =  30 cm, d  =  100 cm. (h) h  =  45 cm, d  =  100 cm. (i) 
h  =  60 cm, d  =  100 cm.
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fastest in the interval [0.4, 0.8 s], which means most evacuation time gaps are concen-
trated in this interval, i.e. the range of high PDF values in the insets.

Specifically, from the probability density distribution, with the distance between 
the obstacle and the exit increasing in the PO cases, the peak time gap distribution 
moves from 0.7–0.8 s to about 0.4–0.5 s, which is almost the same as that in the NO 
case (figure 7(a)). The peaks of time gap distribution in the CO cases (figure 8) are uni-
versally larger than those in the NO and PO cases. Generally speaking, a long evacua-
tion time will lead to a relatively large time gap. Also, the peaks of the fitting lines are 
almost all around 0.5 s, which are a little larger than in previous studies [8]. The reason 
is that the experiments are conducted under normal conditions without any panic, so 
pedestrians remain in a bigger personal space away from others. Some experimental 
results did not fit well, which may be due to the small sample size and randomness.

3.4. Step over or bypass the obstacle

We have carried out the CO experiment a total of 27 times repeatedly to test whether 
pedestrians will step over or bypass the obstacles when facing obstacles of dierent 
heights. We obtained the data from one pedestrian as the bypassing individual or over-
stepping individual in one of the experiments. The total number of pedestrians choos-
ing to step over the obstacle in each case is analyzed. To explore the collective behavior 
of pedestrians in the CO cases, the proportion of evacuees with dierent stepping over 
times (of one pedestrian) in each set of three experiments (repeated three times) are 
shown in figure 9. As the distance between obstacle and exit increases, more pedestri-
ans choose to pass by the obstacle. Fewer pedestrians prefer to step over repeatedly. 
The possible reason may be that in the d  =  50 cm case, the space between obstacle and 
exit is limited, so pedestrians have to step over the obstacle to get out of the room 
sooner. As the height of the obstacle increases, the number of over-stepping pedestrians 
decreases.

Table 4.  Fitting parameters of fitting curve of cumulative density distribution 
function of evacuation time gaps in all experiments.

x0 p  Statistics

Value Std. error Value Std. error
Reduced 
chi-square

Adj.  
R-square

NO 0.4061 0.006 07 2.444 71 0.096 36 0.0046 0.945 32
PO-50 0.544 46 0.004 09 3.15 0.080 99 0.002 06 0.975 48
PO-75 0.526 61 0.005 82 3.145 61 0.130 39 0.004 08 0.951 42
PO-100 0.456 06 0.004 18 3.077 41 0.104 78 0.002 85 0.966 07
CO-30-50 0.520 45 0.002 61 3.484 18 0.071 28 0.001 15 0.986 28
CO-45-50 0.567 84 0.004 46 3.2296 0.089 04 0.002 33 0.972 32
CO-60-50 0.5514 0.003 77 3.273 65 0.081 46 0.001 83 0.9782
CO-30-75 0.533 23 0.002 88 3.4598 0.073 51 0.001 31 0.984 38
CO-45-75 0.516 16 0.006 39 2.658 29 0.098 39 0.003 72 0.955 71
CO-60-75 0.529 0.0055 3.066 06 0.112 13 0.003 49 0.958 46
CO-30-100 0.478 62 0.00 579 2.586 98 0.090 39 0.003 39 0.959 63
CO-45-100 0.500 94 0.0029 3.767 53 0.095 76 0.001 76 0.979 04
CO-60-100 0.492 91 0.003 63 3.174 79 0.085 16 0.002 02 0.975 98

Logistic distribution: y = 1 − 1/(1 + (x/x0)
p)
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4. Conclusions

In this study, we investigate evacuation dynamics through a series of well-controlled 
experiments. 52 participants took part in 13 sets of experiments, including evacua-
tion without obstacle (NO), evacuation with an obstacle that can be stepped over or 
passed by (CO), and evacuation with an obstacle that can only be passed by (PO). It 
is observed that evacuation time shows a nearly linear relationship with the pedestrian 
number escaping from the room. Evacuation in the NO case has the shortest average 
evacuation time. In the CO and PO cases, the evacuation time decreases along with the 
increase in distance between obstacle and exit. Furthermore, the longer the distance 
between obstacle and exit, the better the PO obstacle performed. However, when the 
CO obstacle is too close to the exit and its height is very low, it can help to reduce 
evacuation time compared to the PO obstacle. In particular, the impact of the CO 
obstacle on evacuation time is not monotonous. Its height will lead to dierent cluster 
distributions, and its distance from the exit will aect the pace adjustment of pedestri-
ans in the cluster. Moreover, as the distance between obstacle and exit increases, more 
pedestrians prefer to pass by the CO obstacle. The lesson we can learn is that a small 
obstacle near the exit will decrease evacuation eciency. It is better to situate small 
objects (such as chairs, tea counter, shelves and so on) far away from the room door. 
There is no denying that these are just the results of laboratory experiments using 
young educated participants, and we will do more work to verify the correctness of 
these results. In the future, more experiments should be conducted to study the eect 
of the dierent shapes of CO obstacles on pedestrian dynamics, such as balls, cylinders 
and irregular shapes. Also, the result should be checked in a real room.
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