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Abstract 

We organize one pedestrian flow experiment with 278 participants, and the maximum density reaches 9 

ped/(m^2). The experiment is filmed by one UAV, and in the experimental video, we find some 

interesting behaviors. Five types of these behaviors are classified and introduced: 1) oppression near 

the boundaries; 2) impact on the boundaries; 3) special moves; 4) absentmindedness; 5) other events. 

The numbers of Type 1 and 2 behaviors can be counted, while the frequencies of Type 3 and 4 

behaviors can be roughly estimated. At one critical density, the results of Type 1, 2, 3, 4 behaviors 

qualitatively change. This value is about 7~8 ped/(m^2), which indicates the possible existence of 

critical phenomena in pedestrian flow. 
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1. Introduction 

The study of pedestrian movement has a very long history, and many models and approaches are used 

in recent years (Papadimitriou et al., 2009; Ma & Yarlagadda, 2015). However, in these studies, the 

main focus is usually on the collective behaviors of many pedestrians, rather than individual behaviors 

of each pedestrian. We often think the personalities of pedestrians are severely depressed in the crowd, 

especially when the pedestrian number is large or the density is high. However, in the real life, the 

features of each pedestrian are always different. Different people have different habits and preferences, 

so they may choose different ways of walking and exhibit different behaviors. Therefore, when we 

ignore these individual differences, this oversimplification may lead to some misunderstandings of the 

essence of pedestrian flow. 

In order to investigate the essence of pedestrian flow in a controllable way, some pedestrian flow 

experiments were conducted in recent years (Daamen & Hoogendoorn, 2003; Isobe et al., 2004; 

Helbing et al., 2005; Kretz et al., 2006; Moussaid et al., 2009; Zhang et al., 2011, 2012; Li & Dong, 

2012; Lian et al., 2015). Many of them are recorded by cameras, and the video data can be good 

resource for the study of pedestrians’ behaviors. However, in these papers the individual behaviors of 
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pedestrians are seldom studied, which is one common deficiency. 

Therefore, we hope to make up for it. We organize one experiment with 278 participants, and the 

maximum density reaches . This experiment is filmed by one Unmanned Aerial Vehicle 

(UAV), and in the video data we find many interesting behaviors, in which some of them are beyond 

our previous expectations. These behaviors can be further classified into five types, including 1) 

oppression near the boundaries, 2) impact on the boundaries, 3) special moves, 4) absentmindedness 

and 5) other events. The results of Type 1 and 2 behaviors can be counted, while the frequencies of 

Type 3 and 4 behaviorsonly can be roughly estimated. Then we find the results of Type 1, 2, 3, 4 

behaviors qualitatively change at one critical density. This value is about 7~8 ped/(m^2), which 

indicates the existence of critical phenomena in pedestrian flow, and needs to be investigated in the 

future. 

This paper is organized as follows. In Section 2 the basic configuration of this experiment is introduced. 

In Section 3, the microscopic behaviors found in this experiment are presented and classified. In 

Section 4, the numbers and frequencies of these behaviors are shown and discussed. The final 

conclusion is given in Section 5. 

 

2. The Basic Configuration of the Experiment 

We conducted the pedestrian flow experiment on Dec. 3th, 2016, in the Jiulonghu Campus of Southeast 

University of China. The experiment was performed on a large square and lasted for about 2.5h with 

the participation of 278 students. And plastic stools were used to form the boundaries. The radius of the 

inner circle is 2m, and that of the outer circle is 3.5m. So the area of the ring road is about 26 . To 

record the whole experiment, one UAV was used, as shown in Figure 1. During the experiment, it 

hovers over the center of the two circles, in the height of about 11.8m.  

 

 

Figure 1. The Unmanned Aerial Vehicle (UAV). It Is the Product of DJI Company 

 

Some rules of the experiment need to be explained. For the high-density conditions, i.e., =5, 6, 7, 8, 
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9
2-m

, we make two independent runs (the participants in two runs are not the same ones). For 

example, if =6 , there should be 156 persons on the ring road, and for the bi-directional flow 

there should be 78 persons in each direction. For the lower density ones, i.e., =1, 2, 3, 4 , we 

only make one run, since the situations are very simple and easy to understand. So there are 14 runs 

through the whole experiment, and the order is: 9-8-7-6-5-9-8-7-6-5-4-3-2-1. For convenience, one 

specified expression named “predetermined density-order of run-condition” for every single run is used 

in the following sections. For example, “8-2-U” means the predetermined density is , the 

run is the second run and the condition is uni-directional flow. Similarly, “3-1-B” means the 

predetermined density is , the run is the first run and the condition is bi-directional flow. 

The detailed experimental process is described as follows. In each run, half of the participants wear red 

caps, while the other half wear blue ones. For the convenience of processing individual data, one 

person wears yellow cap. Firstly we do the experiment for the uni-directional flow, and ask all the 

participants to move forward. In the first five runs of high densities (9-8-7-6-5), the moving direction is 

anti-clockwise, and in the next 9 runs it is clockwise. The simple instruction for them is: “walk as 

usual”. When a “steady state” has been reached, we stop them, and immediately start the experiment of 

bi-directional flow. More specifically, we ask the blue ones and the yellow one to turn around and keep 

moving forward again, while the red ones remain the previous direction. When another “steady state” is 

reached again, we end this run, and repeat these steps in the new runs. 

When we check the video after the experiment, we find some problems. For example, the actual 

number of participants in many runs are smaller than we expected, especially under the high density 

condition. The reason is that there are too many pedestrians in this experiment and we do not have 

enough time. Therefore, it is impossible to count them before all runs.  

The actual numbers of pedestrians in the experiment are shown in Table 1. The “number of total 

difference” equals the actual total number minus the predetermined one. It is clear that except the first 

time (9-1), when the density is higher, more pedestrians do not follow the plan and secretly escape. 

This result is not difficult to understand, since the high-density experiment makes them feel very 

uncomfortable. Besides, the main reason why there are more participants in the run of 2-1, 3-1 and 4-1 

is just the reward: the 4 runs at lower densities belong to the “extra task” of this high-density 

experiment, and everyone participated can get the overtime pay.  

 

Table 1. The Number of the Pedestrians in the Experiment 

Run Red number 

(Predetermined/Actual) 

Blue number 

(Predetermined/Actual) 

Total number 

(Predetermined/Actual) 

Number of total 

difference 

Actual density 

( ) 

9-1 

8-1 

7-1 

117/117 

104/100 

91/78 

116/117 

103/99 

90/84 

234/235 

208/200 

182/163 

1 

-8 

-19 

9.04 

7.69 

6.27 
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6-1 

5-1 

9-2 

8-2 

7-2 

6-2 

5-2 

4-1 

3-1 

2-1 

1-1 

78/70 

65/65 

117/111 

104/99 

91/83 

78/74 

65/65 

52/52 

39/42 

26/28 

13/13 

77/76 

64/60 

116/105 

103/99 

90/83 

77/73 

64/57 

51/52 

38/40 

25/27 

12/12 

156/147 

130/126 

233/217 

208/199 

182/167 

156/148 

130/123 

104/105 

78/83 

52/56 

26 /26 

-8 

-4 

-16 

-9 

-15 

-8 

-7 

1 

5 

4 

0 

5.65 

4.85 

8.35 

7.65 

6.43 

5.69 

4.73 

4.04 

3.19 

2.15 

1.00 

 

Besides, there are other problems which have some negative influence on the extraction of pedestrians’ 

velocities and trajectories, including the random motion of the UAV, and the inevitable errors when we 

measure the positions of pedestrians, etc. However, it has no influence on the observation of the 

behaviors discussed in this paper, and the statistics still can be accurate. And the discussion about the 

pedestrian dynamics will be presented in some other papers.  

 

3. The Classification of Microscopic Behaviors 

The video data of this experiment show us lots of interesting microscopic behaviors, especially when 

. We think it is necessary to study the mechanisms of these behaviors, which are rarely 

found under low-density conditions, neither in our data nor some other previous data. In a nut shell, the 

behaviors occurred in the experiment can be classified into five types: 

3.1 Oppression near the Boundaries 

When density is high, the pedestrians may suffer very bad experiences, and their movement may be 

seriously affected by the boundaries. For example, one or several adjacent pedestrians simultaneously 

stumble and fall (see Figures 2, 3). What’s more, one can sit on the stools for a while (see Figure 4), 

and even temporarily jump out of the circles (see Figure 5) in order to avoid the serious congestions. 



www.scholink.org/ojs/index.php/wjssr               World Journal of Social Science Research                Vol. 4, No. 3, 2017 

 
247 

Published by SCHOLINK INC. 

 

Figure 2. One Pedestrian Stumbles and Falls, in 9-1-U 

 

 

Figrue 3. Several Adjacentpedestrians Stumble and Fall Simultaneously, in 8-1-B 

 

 
Figure 4. One Pedestrian Sits on the Stools for a While, in 8-1-U 
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Figure 5. One Pedestrian Temporarily Jumps out of the Circles, in 9-1-B 

 

3.2 Impact on the Boundaries 

It is easy to understand that when density is high, the two boundaries may be also shocked by the 

pedestrians. Since the plastic stools used in the experiment are temporarily tied by sellotape, they are 

not so strong. Sometimes the staffs need to arrange them, in order to prevent the boundaries from being 

damaged, as shown in Figures 6, 7. Sometimes we forget to let any staff stay in the inner circle, and we 

can observe that the boundaries are out of shape due to the frequent collisions, as shown in Figure 8. 

 

 

Figure 6. Type 2 Behaviors: Impact on the Boundaries: One Staff Arranges the Stools, in 6-1-U 
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Figure 7. Type 2 Behaviors: Impact on the Boundaries: Three Staffs Arrange the Stools at the 

Same Time, in 9-1-U 

 

 

Figure 8. Type 2 Behaviors: Impact on the Boundaries: The Boundaries Are out of Shape When 

There Is no Staff Inside the Circle, in 9-1-B 

 

3.3 Special Moves 

During the experiment, sometimes pedestrians choose some special way to move, rather than normally 

and regularly walking forward. At least there are two tendencies:  

1) To be similar to others. For example, many pairs are automatically formed, and both of them can 

move together, as shown in Figure 9. Sometimes more people are involved and large clusters can be 

formed: they hug each other, as shown in Figure 10. Maybe they have known some others before the 

experiments (e.g., they belong to the same class).  

2) To be different from others. For example, when there exists a large gap at some medium densities, 

hestarts running, as shown in Figure 11. On the contrary, sometimes when the gap is not large enough, 

there is still someone who wants to move forward as quickly as possible, as shown in Figure 12. Here 
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we also find some features of sexuality, since most behaviors of this subtype belong to male 

pedestrians. 

 

 

Figrue 9. Type 3 Behaviors: Special Moves: One Pedestrian Arms the Waist of the Front One and 

Move Together, in 5-2-B 

 

 

Figure 10. Type 3 Behaviors: Special Moves: Four Pedestrians Hug Each Other and Move 

Together, in 7-1-U 
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Figure 11. Type 3 Behaviors: Special Moves: One Pedestrian Starts to Run When the Gap Is 

Large, in 7-2-B 

 

 

Figure 12. Type 3 Behaviors: Special Moves: One Pedestrian Tries to Press Forward When the 

Gap is Small, in 6-2-B 

 

3.4 Absentmindedness 

When the space is large, it is possible for the pedestrians to do something else, such as talking to some 

other people (e.g., the staff in Figure 13, the passer-by in Figure 14), reading some materials for the 

incoming exams (see Figure 15), taking off the caps temporarily (see Figure 16), etc. The pedestrians 

often talk to each others, but it is difficult for the UAV to capture these details, especially when density 

is high. In addition, the phenomenon of “pedestrian playing with mobile phones” are very common 

during the experiment, as shown in Figure 17.  
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Figure 13. Type 4 Behaviors: Absentmindedness: Five Pedestrians (Including the Yellow One) 

Talk to the Staff, in 7-1-U 

 

 

Figrue 14. Type 4 Behaviors: Absentmindedness: Two Pedestrians Talk to One Passer-by on the 

Bicycle, in 9-2-U 

 

 
Figrue 15. Type 4 Behaviors: Absentmindedness: One Pedestrian Reads Some Materials, in 5-1-U 
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Figrue 16. Type 4 Behaviors: Absentmindedness: Two Pedestrians Take off the Caps Temporarily, 

in 6-2-U 

 

(e) 

Figure 17. Type 4 Behaviors: Absentmindedness: Three Pedestrians Play with Mobile Phones, in 

7-1-B 

 

3.5 E: Other Events 

In our experiment, there are some phenomena which do not belong to anyone of Type 1, 2, 3, 4 

behaviors. For example in Figure 18, we can see two pedestrians lay down on the stools and slowly 

pass. It is easy to understand, since there are not enough room left, and this is the only way they can go 

through. However, this behavior does not belong to Type 1, since the pedestrians are not being 

oppressed. At the same time, it also does not belong to Type 3, since they do not have other choices and 

they must do it. Thus we category it into Type 5.  

On the other hand, there are some other very rare events, which are beyond our expectations. Many of 

them are not immediately noted during the experiment, and only found in the video. For example, as 

shown in Figure 19. we can see some surprising scene in 9-1-B: two pedestrians are exchanging their 

caps and identities. And then, they can move and form pedestrian lanes more easily. Of course, this 

behavior breaks the rules of the experiment, but it still has some meaning: in order to escape the 
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disordered situation, people can cooperate with others, and their “intelligence” is always very strong.  

Besides, in some videos, we find one pedestrian always wears one black cap which belongs to himself, 

as shown in Figure 20. This special behavior expresses some complex emotions to the experiment, 

which is not easy to analyze. At least, it is a trick against the rules. 

 

 

Figrue 18. Type 5 Behaviors: Other Events: the Pedestrians’ Movement When the Space Is 

Narrow, in 8-2-B 

 

 

Figrue 19. Type 5 Behaviors: Other Events: the Exchange of Caps and Identities, in 9-1-B 
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Figrue 20. Type 5 Behaviors: Other Events: the Black Cap, in 6-2-B 

 

4. The Statistical Results of Microscopic Behaviors 

The properties of the microscopic behaviors found in the experiment are different. For example, there 

are not so many Type 1, 2 or 5 behaviors, and their numbers can be count and presented. On the 

contrary, it is impossible to accurately measure the results of Type 3 or 4 behaviors: for example, how 

long does one pedestrian play with mobile phone cannot be clearly identified in the UAV video. 

Therefore, we only make some rough estimations. We use two phrases to describe the frequencies of 

Type 3 and 4 behaviors: “few” and “some”. For Type 4 behaviors, we also use “many”, since there are 

obvious differences between the three results.  

 

Table 2. The Special Behaviors Under High Densities 

Run Actual 

density ( )

Time duration 

(mm:ss) 

1. Oppression near 

the boundaries 

2. Impact on 

the boundaries

3. Special 

moves 

4. Absent-mindedness 

9-1-U 

8-1-U 

7-1-U 

6-1-U 

5-1-U 

9-2-U 

8-2-U 

7-2-U 

6-2-U 

5-2-U 

9-1-B 

8-1-B 

7-1-B 

9.04 

7.69 

6.27 

5.65 

4.85 

8.35 

7.65 

6.43 

5.69 

4.73 

9.04 

7.69 

6.27 

7:40 

4:28 

4:39 

2:32 

2:00 

3:51 

2:31 

2:19 

1:50 

1:48 

9:40 

5:05 

4:11 

2 

4 

0 

0 

0 

1 

0 

0 

0 

0 

7 

6 

3 

6 

6 

2 

2 

2 

1 

3 

1 

0 

0 

3 

2 

3 

Few 

Few 

Some 

Some 

Some 

Few 

Few 

Few 

Some 

Some 

Few 

Few 

Some 

Some 

Few 

Some 

Some 

Many 

Few 

Few 

Some 

Some 

Many 

Few 

Few 

Some 
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6-1-B 

5-1-B 

9-2-B 

8-2-B 

7-2-B 

6-2-B 

5-2-B 

5.65 

4.85 

8.35 

7.65 

6.43 

5.69 

4.73 

4:06 

2:03 

3:21 

3:23 

4:14 

2:19 

2:10 

1 

1 

5 

6 

2 

2 

0 

3 

3 

1 

3 

1 

0 

0 

Some 

Some 

Few 

Few 

Some 

Some 

Some 

Some 

Many 

Few 

Some 

Some 

Some 

Many 

 

The statistical results of these behaviors are shown in Table 2, and some laws can be found: 

(1) The differences between uni-directional flow and bi-directional flow are obvious: the number of 

Type 2 behaviors in uni-directional flow is larger, while the number of Type 1behaviors in 

bi-directional flow is larger. We think it is due to the fact that for uni-directional flow, all the 

pedestrians can be considered as one integrated whole, so it can make some impacts on the surrounding 

environment. But for bi-directional flow, the conflicts between two groups of pedestrians are obvious, 

so the forces cannot be concentrated.  

Besides, from the observation of videos, it seems that the frequency of Type 3 behaviors in 

bi-directional flow is a little higher, and the frequency of Type 4 behaviors in uni-directional flow is a 

little higher. For example, most subfigures in Figure 4 come from the bi-directional flow, while most 

subfigures in Figure 5 come from uni-directional flow. This tendency is reasonable, since in 

uni-directional flow the pedestrians only need to follow all the others, while in bi-directional flow they 

have to find the paths by themselves. But these differences are not so obvious and difficult to measure, 

thus we do not present them in the table. 

(2) The differences between two runs are also obvious, but it is mainly due to the simple fact that 

pedestrians quickly get familiar with the basic configuration of the experiment. Thus these pedestrians 

can reach one steady state with shorter time. The numbers of Type 1 and Type 2 behaviors also 

decrease, which implies they know how to avoid the conflicts with the boundaries. Besides, we find the 

effect of different initial moving directions (anti-clockwise and clockwise) is not obvious in all the 

results. 

(3) Another important result is about the criticality of densities. The special results in Table 2 are 

marked by the color of red, including the higher results in the columns of Type 1 and 2, and the results 

of “few” in the columns of Type 3 and 4. It is clear that all the higher values of Type 1 and 2behaviors, 

and most of the lower values of Type 3 and 4behaviors can be found in the results of 9-1, 9-2, 8-1 and 

8-2, which means these 4 runs are different from the others. Besides, the reason why the results of Type 

4behaviors in 9-1-U and 8-2-B are “some”, is the long-time stop of all the pedestrians during the 

experiment. Actually, in 9-1-U one mega jam is found, and in 8-2-B one typical deadlock emerges. 

Both of them belong to the special situations in the experiment, which are also different from the other 
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10 runs with lower densities. 

Therefore, we think there exists one critical density at about 7 . The results of microscopic 

behaviors when  are qualitatively different from that when , and the two 

main differences are: 

(1) The phenomena near boundaries. Above this critical density, the oppression from boundaries and 

the impact on boundaries are significant, while below this critical density, they are not. 

(2) The freedom and experience of individuals. For the pedestrians, all these experiments are boring. 

But above this critical density, they have to mainly focus on the surrounding environment and their own 

safety; while below this value, they have more choices: they can do something else as they want, and 

the individualities emerge. 

Finally, we can recall the important traffic phenomena named breakdown, which means the sudden 

drop of some parameters within a short range. For example, the breakdown in vehicular traffic flow is 

often observed in the fundamental diagrams of many empirical data (Helbing, 2001; Kerner, 2004), in 

which the averaged flow and averaged velocity drastically drop in some density range. This 

phenomenon is widely recognized in this field, and different explanations can be given. However, 

whether it can be found in pedestrian flow is not clear. We think the behaviors discussed in this paper 

may indicate the breakdown phenomena of pedestrian flow, but we still need more data to check this 

hypothesis in the future. For example, we need to find some ways to quantitatively measure the factors 

of pedestrians’ comfortableness, and then, build one new system for better explanations about the 

stochasticityand the complexity in the pedestrian flow. 

 

5. Conclusion 

In this paper we discuss the special behaviors of some pedestrians in one experiment. Five types of 

behaviors are introduced and classified, including 1) oppression near the boundaries, 2) impact on the 

boundaries, 3) special moves, 4) absentmindedness and 5) other events. The numbers of Type 1 and 2 

behaviors, and the frequencies of Type 3 and 4 behaviors qualitatively change at one critical density 

. This critical density is very important for pedestrian flow, which implies the change 

of the experience of individuals and the possible existence of breakdown phenomena. We think it 

should be further investigated in the following studies. 

Although this paper is a good beginning, some problems still exist. For example, many of the data used 

in this paper are only rough estimations, since the numbers of various behaviors (especially Type 3 and 

4 Behaviors) are difficult to measure. The qualitative results make it difficult to study the functions 

between different variables. Besides, since the main purpose of this experiment is to study the 

pedestrian flow dynamics under periodic boundary conditions, we do not plan to make a survey on the 

participants, which is a little pity. Of course, for the study of pedestrian psychology, making a survey is 
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very important and necessary, which can be conducted in the future experiments. The questionnaires 

can be collected shortly after the experiment, and just before they get the reward. We believe the 

quantitative data can be more useful for the further discussion and modeling. 
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