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ABSTRACT  

The research of human crowd dynamic is significant for the building designers and emergency guiders. However, current 
researches mainly focus on the interactions among isolated individuals, the influence of social interactions among pedestrian is 
needed to take into consideration in the pedestrian dynamic study. In this manuscript we carried out observed experiments of the 
movement of pedestrian group and used optical flow algorithm to extract pedestrian’s trajectory from the video. Then the 
movement characteristics of the group members were analyzed and discussed, which include the angle, the distance, the velocity, 
the group alignment, step frequency and the offset angle of group member. It indicates group members have adaptive ability to 
maintain the group structure and the velocity fluctuation of the group is small. It is found that the velocity and step frequency of 
group member are smaller than that of individuals under the same scenario. Movement consistency of the group members is also 
verified. These experimental results will be a support for modeling pedestrian group. 
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INTRODUCTION 

With the increasing population and economy growth in cities, there is an urgent problem to evacuate pedestrian in public places 
with high crowd density. Thus the research on the pedestrian evacuation and behavior has widely drew many researchers’ 
attention. On the whole, there are two basic methods, modeling and experiments. With the last decade research, both the 
evacuation modeling [1] and experiment research [2] have a rapid development. The researchers find many typical phenomenons 
such as arching around bottlenecks [3], the segregation of opposite flows [4] or the turbulent movement in high dense crowds [5], 
the ‘faster is slower’ [6] and so on. But they are about the ‘physics’ of crowd motion. However, only a few modeling study and 
experiment research has considered the impact of social interactions. Indeed, the great majority of the previous studies focused on 
the movement of isolated individuals. In fact, it turns out that the majority of pedestrians actually do not walk alone, but they walk 
with friends, relatives or someone else [7-10].  

For the researchers of studying crowd dynamics, the pedestrian group research still is in the initial phase. The term ‘group’ is used 
here in its sociological sense [7, 11] , that is, not only referring to several proximate pedestrians that happen to walk close to each 
other, but to individuals who have social ties and intentionally walk together, such as friends or family members. Thus the 
research on pedestrian group has been widely researched by the sociologist and psychologists. They paid much attention to how 
the social factors influence on the pedestrian group movement qualitatively. Currently the research on the pedestrian group mainly 
focus on several aspects, including the group size [12, 13], the group composition, the group formation, the group member’s 
orientation, interpersonal distance [14]. Actually the great majority of group researches still are under the stage of these proxemic 
variables study. In fact, there are many effect factors should not be neglected, such as dominance, attraction, age, similarity, 
gender, power, status, cross-cultural, personality determinants, the city size [15-17] and so on.  

Harmeet [18] investigated the behavior of subgroups in crowd dynamics by means of filming and observation. Then they modified 
a discrete element model by incorporating psychological forces and realistic subgroup behavior. Musse et al. [19] presented a new 
approach of crowd behavior considering the relationship between groups of individuals and the emergent behavior originated from 
it. In addition they described a multiresolution collision method specific for the crowd modeling. Marco Costa [20] observed 
1,020 groups in an urban environment, and they used the statistic analysis method to investigate the group alignment. They found 
that walking speed was higher in all-male groups. In addition, they stressed that walking speed was slowest in mixed dyads 
because of a deeper reciprocal involvement. Moussaïd [7] analyzed the motion of approximately 1500 pedestrian groups under 
natural condition, and obtained typical group walking patterns in different crowd density. On the basis of the statistic data, they 
improved the social force model by considering the effect of the present of pedestrian groups. Qiu [21] presented a unified and 
well defined framework for modeling the structure aspect of different groups in pedestrian crowds by considering both intra-group 
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structure and inter-group relationships. Based on this framework, an agent-based crowd simulation system was developed and 
crowd behavior simulation was exhibited. Wang [22] proposed a cellular automation model to simulate team-moving behavior in 
bidirectional pedestrian flow. Then they put forward four movement patterns of double-pedestrian teaming. Simulation results 
showed that team-moving produced significant corridor capacity effect, and such effects highly depended on the type of teaming 
behavior. On the basis of the conventional social force model, Guo [23] studied communicative crowd motion occurs under the 
impact of stores. The members consequently formed a trade-off between communicating with other team members and browsing 
stores on street side. On the whole, with regard to the pedestrian group dynamics, most research rested on modeling, which also 
needs empirical data to validate. Thus carrying out the experiment of the pedestrian group movement is important and meaningful. 

Compared with the experiment research on single pedestrian, the research on pedestrian group is faced with some challenges. The 
most important one is that it is hard to get the effective data of pedestrian group movement by the control laboratory experiment. 
What’s more, it is inevitable that the social relationship among pedestrians affects pedestrian movement. Taking the above factor 
into consideration comprehensively, the observed experiment is a good measure to study pedestrian group movement. In this work, 
an observed experiment was carried out in a university campus to investigate the pedestrian group movement.  

EXPERIMENTAL SETUP  

The observed experiment was carried out in March 22, 2013 and the highest temperature of that day was about 10 Celsius, which 
was low temperature, so people wore quite thick clothing. The video shooting time was from 17:00 to 18:00, which is the dinner 
time for the students. The observed place was performed in a 4-meter-width passageway in the campus of university of science 
and technology. Figure 1 shows a diagram of the scenario. In view of the fact that this passage is an important channel towards the 
school canteen, thus groups of students walk together along this passage in the meal time. For most part of students, they spend a 
lot of time studying or working with their friends or partners. Therefore it is easy to observe the cases pedestrians walking in 
group. The students go in the observation area from line CD (or AB) and leave at line AB (or CD). In order to specify the 
equations in the next content, here we marked two coordinates. The participants in this observed experiment are students, aging 
from 20 to 25, and most people’s height is about 160-180cm. The reason why we chose the students as the observed sample was 
that their social relationship was clear and simple. Their status is equal and usual behavior is similar, so the effect of social factor 
is light and can be ignored. In addition a video camera with a resolution of 1440*1080 was located on the seventh floor, 
approximately 20 m above the ground. Because the camera is not possible to mount just above the measurement area, we adopted 
four known points (A, B, C and D) to adjust the distortion caused by lens distortion using direct linear transformation (DLT) [24], 
as shown in Fig.1. The perspective distortion effect caused by the different heights of the participants is inevitable and has to be 
ignored. 

 

Fig. 1. Schematic diagram of the observed scene. 

Because the school is a science technology university, the number of male student is much larger than female. Here we mainly 
focus on male students. One of benefits is easy to obtain observed samples, and the other is to exclude the effect of gender 
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difference. According to the previous research, we have known that the surrounding density of pedestrian group affects 
pedestrian’s velocity, personal space and formation. In this manuscript, our aim is to research the inner movement rules of 
pedestrian group, meantime reduce the interference from the outside factors as far as possible. Thus we choose the male 
pedestrian group in the freely walking circumstance as the observed sample. Here the freely walking circumstance means that 
there is no other pedestrian walking in their surrounding when one pedestrian group walk in the observed region. After getting the 
experiment video, every pedestrian’s location could be obtained by the tracking algorithm and image distortion calibration 
algorithm. Furthermore, pedestrian’s walking velocity, interpersonal distance, offset angle was computed.  

TRACKING ALGORITHM 

In this observed experiment, we used the optical flow algorithm to extract pedestrian’s trajectory. The basic principle of optical 
flow method for detecting moving objects is presented as follows. A velocity vector is given for each pixel for one image, and 
there will generate motion field of the image. The pixel point of the image and the true 3D object has a one-to-one correspondence 
at a particular moment, which can be obtained by the projection relation. The image can be analyzed dynamically, according to 
the characteristics of each pixel’s velocity vector. If there is no moving object in the image, the optical flow vector is continuously 
changing in the whole image. When there is a moving object in the image, the velocity vector formed by the moving object is 
different from the one generated the close-by background. Using this method, we can detect the moving object and get its position. 
The optical flow method to detect moving objects has many advantages, which not only carries the movement information of the 
object but also contains plenty of 3D structure information. What’s more this method can detect the motion object without 
knowing any information about scene.  

RESULTS AND ANALYSIS  

In this manuscript, we chose 20 groups of male dyads, 10 groups of male triads, 8 groups of four male pedestrians and 30 groups 
with single male pedestrian. All these observed groups are in the freely walking circumstance, and their movement is basically not 
affected by the outside factors.  

Average Angle and Distance between Group Members 

In order to investigate the pedestrian group movement pattern, we refer to the method in [7]. We defineαij and dij as the angle and 
distance between pedestrians i and j, where i and j belong to the same group and j is its closest neighbor on the right-hand side.  
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Fig. 2. (a) Illustration of the measurement method. (b) Different group formation structure. 

Table 1. Average angle and distance values between group members for each group size 

Group size Neighbor members  dij(m) αij（deg）  

Size=2 p1p2 0.68(±0.16) 89.20 (±15.36) 

Size= 3 p1p2 0.57(±0.10) 102.07 (±20.05) 

 p2p3 0.56(±0.19) 69.00 (±20.05) 

Size=4 p1p2 0.61(±0.10) 110.41 (±15.17) 

 p2p3 0.58(±0.10) 91.99 (±30.03) 

 p3p4 0.57(±0.08) 73.21 (±23.61) 
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Table 2. Average angle and distance values between group members for each group size and density level [7]. 

  Population A (low density) Population B (high density) 
Group size Neighbor members  dij(m) αij（deg）  dij(m) αij（deg）  

Size=2 p1p2 0.78(±0.02) 89.8(±1.12) 0.54(±0.01) 90.3(±0.80) 

Size= 3 p1p2 0.79(±0.05) 97.8 (±5.14) 0.55(±0.01) 107.9 (±2.84) 

 p2p3 0.81(±0.10) 87.1 (±4.46) 0.62(±0.04) 70.6 (±2.55) 

Size=4 p1p2 0.87(±0.06) 99.2 (±6.33) 0.67(±0.02) 102.3 (±5.85) 

 p2p3 0.93(±0.09) 87.7 (±6.54) 0.66(±0.02) 86.0(±4.71) 

 p3p4 0.80(±0.05) 85.4 (±5.01) 0.64(±0.03) 76.6 (±5.09) 

Note: Values between brackets indicate the standard error of the mean. 

In order to compare with Moussaïd’s results, table 2 was also exhibited. Therefore short introduction of Moussaïd’s work is 
necessary. Moussaïd’data mainly has two parts, populations A (low density) and B (high density). While population A was 
observed during the afternoon of a working day, population B was observed on a Saturday in a popular commercial walkway [7]. 

Data in table 1 and table 2 suggest that, in the freely walking circumstance, the average angles are different from the outputs of 
Moussaïd in low density. And the standard errors in the brackets are much larger than Moussaïd‘s results. In fact, in the video, 
except pedestrian walking abreast, we could find that there existed some other group formation structure, such as ladder shaped, 
‘V’-like and so on, which can be seen in Fig. 2 (b). In addition, maybe the methods to calculate αij by us and Moussaïd are different. 
However, the average distance between group members (dij) is 0.1m-0.2m smaller than that of Moussaïd in low density. The 
difference between this paper and Moussaïd’s could potentially be attributed to three causes. The first is the difference of body 
size because the calculation of dij contains part of body; the second is the cultural differences between Eastern and Western 
countries, because different cultures will cause the interpersonal distance’s difference; and the third one is the social relationship 
among group members. In this paper, all the observed pedestrians are college students with the same social status, while Moussaïd 
observed pedestrians after working. On the other hand, the dij and αij we obtained is more consistent with Moussaïd’s results in 
high density. Therefore I suspect that there exists some relationship between dij and αij.. In order to specify the preservation of 
group formation, for each group the dij and αij were recorded in every frame. Then we got the standard error of the mean of each 
group’s dij and its value was about 0.15 m. Such results indicate that in the movement process group members can maintain the 
group structure and the group has certain stability. Therefore we heavily analyze how the group members adjust their movement 
in order to achieve movement consistency of the group. 

Velocity of Group Member 

Velocity is an intuitional parameter to study pedestrian movement, which is also important for group movement. Fig. 3 illustrates 
the mean velocities of the observed participants, including single pedestrian and group member. Each pedestrian’s velocity can be 
calculated by equation 1. 

v(i,t) = (x(i,t +Δt)− x(i,t))2 + (y(i,t +Δt)− y(i,t))2

Δt
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   (1)	
  

Here t is current frame’s index, and x(i,t), y(i,t) are the x, y coordinates of pedestrian i in the current picture. tΔ is equal to 10, that 
is to say the time period is 0.33s. Because there are 30 frames in one second, the time period of one frame is 0.033s and that of ten 
frames is 0.33s. By each group member’s average velocity, we can obtain pedestrian group’s average velocity. 
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Fig. 3. The velocity of different group. NO.1 person, NO.2 person, NO.3 person and NO.4 person are the first person, second 
person, third person and fourth person of the group. And 1-20 are the dyads group, 21-30 are the triads group, 31-38 are the 4 

persons groups.  

Compared with single pedestrian’s velocity in the freely walking circumstance, group member’s velocity obviously decreases. As 
Fig. 3 is shown, most of single pedestrian’s velocity is higher than 1.25 m/s, and even some pedestrian’s velocity reaches 1.9 m/s. 
The average velocity of all the groups with 2 persons or 4 persons is about 1.2 m/s, while the average velocity of all the groups 
with 3 persons is 1.3 m/s. All the pedestrians observed here are in the freely walking circumstance, but when pedestrians walk in 
group, his velocity will decrease. From this view, it proves that the social factor indeed influences on pedestrian movement. On 
the whole, for different group size, the average velocity difference is very small. Because each pedestrian group that we observe 
here walks in a freely walking circumstance, and pedestrian’s movement has been little affected by the surrounding environment. 
Thus the effect of group size towards pedestrian velocity is not very evidence. However, for the same group size, the velocity of 
different group has some distinct difference. For the dyads group, triads group, 4 persons group, the average velocity differences 
are 0.8 m/s, 0.6 m/s, 0.4 m/s respectively. It reflects that the movement characteristic of different pedestrian is different in the 
freely walking circumstance. What’s more, the larger the group size is, the smaller the velocity difference of different group is. 
For a certain group, no matter how large the group size is, the group velocity fluctuates near the group’s average velocity, and the 
fluctuation region is about 0.2 m/s. The small fluctuation proves that pedestrian can have a good control of his velocity. 

Group Alignment  

When the researchers study the pedestrian group, they usually adopt alignment level to characterize the movement of pedestrian 
social group [20]. In the common sense, when the alignment level is better, it can be regarded that the group’s cohesive force is 
large and the group’s stability is good. As displayed in Fig. 4, each group member locates in the place with some distance from the 
group location center, therefore the alignment level is the average of all these distance. Here we use the parameter Palignment to 
measure the alignment level. Using the Eq. (2), Eq. (3) and Eq. (4), Palignment can be obtained.	
  

	
  

Fig. 4. The black solid circles indicate group members and the red solid triangle expresses the group location center. Pi represents 
person i, and di stands for the distance from person i to the group location center. 
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Where xi is the x coordinate of group member i, yi is the y coordinate of group member i, xcenter is the x coordinate of the center 
point of the group, ycenter is the y coordinate of the center point of the group. 	
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Fig. 5. The alignment level of different group. 1-20 are the dyads group, 21-30 are the triads group, 31-38 are the 4 persons 

groups. 

As indicated in Fig. 5, there exist some obvious differences among the alignment level of different group size. The alignment level 
of the dyads group is relatively small, and most of them are below 0.35 m. However the alignment of the triads group and four 
persons group are about 0.4 m and 0.55 m respectively. In addition, no matter how large the group size is, if the pedestrian is far 
away from the center of the group, it will bring inconvenience to communicate with other pedestrian in the same group. Therefore 
the Palignment value will not increase without limit. 

Relationship between Density and Velocity 

If we ignore the social factors’ effect and regard each pedestrian as a single individual, the other pedestrians in the same group 
will influence the individual’s movement. For a certain pedestrian, owing to other pedestrian’s existence in the same group, it will 
produce density effect to this individual. It means that pedestrians in the same group will affect each other’s movement. In order 
to explore this problem, we want to find the relationship between group density and group velocity. Thus we need a new 
definition of pedestrian group density, which also can be regarded as the internal density of pedestrian group. The groups we 
observed were in the freely walking circumstance, no other pedestrian affects the group movement. There was no pedestrian right 
ahead of each group member, so group member’s movement is mainly affected by the lateral pedestrians. Therefore we can use 
the one dimensional lateral density to express the whole density. Referring to the method of using the headway to define density, 
we use the closest distance to compute one pedestrian’s surrounding density, shown as Eq (5). Owing to the difference of group 
member’s condition, we divided group members into five categories, seen Fig.6. 
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Fig. 6. Five categories of group member. The solid circles, the solid triangles, the solid squares, the hollow triangle and the hollow 
square are the first, second, third, fourth and fifth category. 
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(5)	
  

Here N is the set of person i’s neighbor. 
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Fig. 7. The density and velocity of different group size 

The Chinese’s body size is about 0.25mby 0.45m [25], and the distance between two persons are about 0.45m or larger. Thus most 
of pedestrian’s density is smaller than 2.5m-1. From Fig.7, it can be found that with the density’s increasing pedestrian’s velocity 
shows little change. What’s more the velocity of five categories of pedestrian has no evident difference. Most of pedestrian’s 
velocity fluctuates near 1.2m/s. It indicates that the lateral neighbors have little influence on one pedestrian’s movement. This 
result is quite similar with the conclusion in [26], where regarded that lateral interference did not have a strong influence on the 
fundamental diagram in the considered density range. Thus we can take all the group members as one whole entity, which has the 
same movement dynamics. On the whole, the law between density and velocity of pedestrian group is more complicated than the 
situation of pedestrians without group. The rule is influenced by not only the surrounding pedestrian density but also the 
communication among the group members.	
  

Owing to cohesive force of pedestrian group, it promotes greater coherence in the pedestrians’ movement in the same group. Just 
as we often see, if one pedestrian changes direction, the other pedestrians in the same group will adopt the same movement pattern. 
This is quite different from the situation that two individuals without social relationship walk abreast. It means that pedestrian 
group decreases the freedom of pedestrian’s movement. In other words, it also proves that the whole pedestrian group has 
consistency in movement. In order to illustrate the coordination and consistence of group movement, it is important to deeply 
analyze pedestrian group movement process. 
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Velocity Evolution of Group Member 

For a certain pedestrian group, every 10 frames, every pedestrian’s instantaneous velocity can be calculated. Furthermore the each 
pedestrian’s velocity evolution process is obtained. Here for different group size, we choose one group’s result as illustration. 
From Fig.8, it can be seen that pedestrian’s instantaneous velocity presents the change trend of the sine function. It’s the 
pedestrian’s walk pattern causing such result. It is known that, people walk on their two legs with an upright body posture. What’s 
more, the previous researches prove that pedestrian swing in the walk process. Besides pedestrian’s one step is a tiny process and 
there will produce different instantaneous velocity in such a process. No matter how large the group size is, each group’s average 
instantaneous velocity keeps still and the fluctuation is about 0.2m/s near the average value.
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Fig. 8. The time series of group member’s velocity of different group size. NO.1 person, NO.2 person, NO.3 person and NO.4 
person are the first person, second person, third person and fourth person of the group.  

In addition, the pedestrians in the same group have the consistent change trend of the instantaneous velocity. This is result from 
interactions among several factors, including step frequency, step length and the foot which steps. Though group members’ step 
lengths are different, they have to adjust their step frequencies so as to keep the similar velocity. On the other hand, if one group 
member steps on the right foot and the other group member steps on the left foot, there occurs lateral collision. Therefore it is hard 
to keep velocity consistent. This is why the larger the group size is, the harder consistent velocity change emerges and keeps. In 
addition, the change period is relatively stable, about 15 frames to 20 frames, i.e. 0.5s to 0.667s. It is about 1.5 Hz to 2 Hz, which 
is in line with pedestrian’s step frequency. Once again this finding shows that the change trend of pedestrian’s instantaneous 
velocity is closely related with pedestrian’s walk pattern. 

Step Frequency of Group Member  

By the artificial processing method, the time that one pedestrian step is easy to get and we also obtain the pedestrian’s step 
frequency. The Fig. 9 describes each pedestrian group’s step frequency. The step frequency of single pedestrian is higher than 2.0 
Hz, and some reaches 2.7 Hz, which is a little higher than the experimental data [27]. However, most of pedestrian’s step 
frequency is about 1.9 Hz. Because the group member’s movement is affected by each other, the pedestrian with high step 
frequency has to slow down and achieves the whole group’s consistency and comfort. In addition, it is easy to find that the 
average step frequency, i.e. 2 Hz, is consistent with the velocity change period. However there exist some lower step frequency 
(1.5 Hz) and higher step frequency (2.55 Hz). So the individual difference is obvious. But for the pedestrians in the same group, 
the step frequency difference is small, that is to say individual difference in the same group is weakened. Because there exits some 
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difference among group members, it is natural that their step length is different. In order to keep their velocity consistent, they 
have to adjust their step frequencies. In addition, with the increasing of the group size, the individual difference in the same group 
becomes smaller. The reason I infer is that if the step frequency difference of the large group size is too large, some pedestrians 
are easier to separate from the group. 
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Fig. 9. The step frequency of group member of different group. NO.1 person, NO.2 person, NO.3 person and NO.4 person are the 
first person, second person, third person and fourth person of the group. And 1-20 are the dyads group, 21-30 are the triads group, 

31-38 are the 4 persons groups. 

Offset Angle of Group Member 

The velocity and step frequency can reflect group movement consistency from the magnitude point. Thus it is necessary to explore 
group movement consistency. In order to study the consistency of pedestrian movement direction in the same group, we define a 
new parameter-offset angle, referring to Eq. 6. As described in Fig. 10, when one pedestrian entered the observed area, he had a 
start point. And when he left the measurement area, he had an end point. Owing to pedestrian’s walking habit or some external 
factors, it is inevitable that there has some offset in the lateral direction. Therefore, there produces an offset angle during the 
walking process. It is well accepted that when your friend or partner suddenly changes the movement direction, it is probably that 
you follow him or her at once. Therefore this parameter is used to illustrate group member’s following behavior.	
  

	
  

Fig. 10. The definition of pedestrian’s offset angle.	
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Here x(i,start), y(i, start) are the x and y coordinates of person i when we start to track, and also x(i,end), y(i, end) are the x and y 
coordinates of person i when we end tracking. In fact, this parameter is used to express pedestrian motion gradients. 	
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Fig. 11. The offset angle of pedestrian. NO.1 person, NO.2 person, NO.3 person and NO.4 person are the first person, second 
person, third person and fourth person of the group. And 1-20 are the dyads group, 21-30 are the triads group, 31-38 are the 4 

persons groups. 

From the above figure, there is minor difference between single pedestrian’s offset angle and group member’s offset angle. With 
the group size’s increasing, the difference of group member’s offset angle in the same group becomes smaller. Because the group 
members in large group size are easier to separate from other group members their desire to keep together is stronger. The finding 
shows that the group members have similar offset angle, which illustrates that the group members have a consistent movement 
direction. With regard to the appropriate value of the offset angle, here it is smaller than 10 degree. It is mainly because that group 
members walk in the passageway and there is no other attractive factor inducing them to change movement direction. For the 
large group size, it is found that the pedestrians in the two sides of the group are quite easier to emerge the offset. It results from 
the relatively large freedom of the pedestrians in the margin region. 

SUMMARY 

Social interaction and group coordination are important factors in pedestrian dynamic simulation. While the previous research 
proves that pedestrian prefers to walk in group, i.e. move with couples, friends or family members. At this time, group members’ 
movement is also affected by the social factor, and is more complex than isolated individual’s movement. Owning to the lacking 
of pedestrian group research, in this manuscript we carried out an observed experiment in a university campus to investigate the 
movement characteristic of group members. Here we chose 20 groups of male dyads, 10 groups of male triads, 8 groups of four 
male pedestrians in the freely walking circumstance.  

Compared with single pedestrian’s movement, the velocity and step frequency of group member is smaller. The reason causing 
such results includes two aspects, one is the limitation of group member’s surrounding space, and the other is the communication 
among the group members. For different groups, the difference in velocity, step frequency and offset angle is obvious. It mainly 
stems from the difference of pedestrians. However, for the same group, there has a little diversity in velocity, step frequency and 
offset angle, which indicates that group members spontaneously adjust their movement overcoming the difference of pedestrians 
in order to keep the movement consistent. On the other hand, the group members have similar offset angle, and most are smaller 
than 10 degree. It is mainly because that group members walk in the passageway and there is no other attractive factor inducing 
them to change movement direction. All these results will be a support for the future modeling research. 
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