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Abstract

To investigate the impact of social groups on waiting behaviour of passengers at railway

platforms a method to identify social groups through the monitoring of distances between

pedestrians and the stability of those distances over time is introduced. The method allows

the recognition of groups using trajectories only and thus opens up the possibility of studying

crowds in public places without constrains caused by privacy protection issues. Trajectories

from a railway platform in Switzerland were used to analyse the waiting behaviour of pas-

sengers in dependence of waiting time as well as the size of social groups. The analysis of

the trajectories shows that the portion of passengers travelling in groups reaches up to 10%

during the week and increases to 20% on the weekends. 60% of the groups were pairs,

larger groups were less frequent. With increasing group size, the mean speed of the mem-

bers decreases. Individuals and pairs often choose waiting spots at the sides of the stairs

and in vicinity of obstacles, while larger groups wait close to the platform entries. The results

indicate that passengers choose waiting places according to the following criteria and rank-

ing: shortest ways, direction of the next intended action, undisturbed places and ensured

communication. While individual passengers often wait in places where they are undis-

turbed and do not hinder others, the dominating comfort criterion for groups is to ensure

communication. The results regarding space requirements of waiting passengers could be

used for different applications. E.g. to enhance the level of service concept assessing the

comfort of different types of users, to avoid temporary bottlenecks to improve the boarding

and alighting process or to increase the robustness of the performance of railway platforms

during peak loads by optimising the pedestrian distribution.

Introduction

The movement of pedestrians is studied in different situations, e.g. evacuations of buildings or

large-scale events, and was analysed in both field and laboratory experiments; for an overview

see [1–3] and the conference series [4, 5]. Most previous studies focused on characteristics of

pedestrian flows and the parameters that influence their movement. The key concepts for
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evaluating a facility regarding pedestrian traffic include the fundamental diagram and the

Level of Service (LOS) concept [6, 7]. The fundamental diagram is used to estimate the capac-

ity of pedestrian facilities and whether heavy congestion occur. The Level of Service concept

allows to rate the comfort at a certain density. While those concepts provide information on

the comfort pedestrians feel and whether the pedestrian load can lead to dangerous situations,

they were designed for environments in which movements occur. Waiting pedestrians were

solely considered while standing in queues, as for example in the LOS presented in [8]; but

obviously the interaction between moving and waiting and therewith standing pedestrians

could have a great influence on the dynamic and must be considered in dependence of the

context. Larger social groups in particular can be an impactful obstacle in pedestrian flows.

This is for example the case at train station platforms, where both moving and waiting passen-

gers are present simultaneously. The first part of this introduction focuses on research on wait-

ing behaviour at train platforms, and the second part addresses aspects of the research on

social groups.

Only limited research has been published to date about pedestrian waiting behaviour and

the factors that influence how and where pedestrians wait at railway platforms and how these

waiting positions influence the pedestrians moving on the platform. Previous studies on this

topic revealed that pedestrians tend to cluster in the vicinity of the platform entries [9–12] and

around obstacles [13]. Seating arrangements are frequently used as waiting place, beginning

with the ones closest to the platform entries [9]. The ticket machines were found to lead to

crowding and congestion [14, 15], especially if placed close to stairs. Even if the stopping posi-

tions of trains are indicated on the overhead signals, passengers tend not walk to the farther

ends of the platform as they do not trust the information or are unaware of its existence [9].

Reference [16] state that a confusing station layout leads to longer passenger waiting times, as

pedestrians tend to arrive to such stations earlier in order to ensure they find their way. More-

over, the type of passengers using the train station platforms has an impact on the distribution

and waiting behaviour. Depending on the purpose of the journey, passengers carry different

amounts of luggage and possess varying degrees of familiarity with the environment. Passen-

gers carrying luggage e.g., become important when the vertical or horizontal gaps between

platform and train are larger [17], as those will increase the boarding time. Commuters often

develop individual strategies [18] to minimise travel times and therefore for example wait in

places where the train car that provides the shortest way at the desired destination is expected

to arrive. This literature review highlights the previous studies on waiting pedestrians in the

context of railway platforms. Those studies made no differentiation whether the pedestrians

were individual persons travelling alone or members of social groups. Such a distinction how-

ever is necessary in order to interpret the findings and to respect the characteristics of individ-

uals and social groups. This differentiation can help to sharpen the findings obtained on

passenger’s waiting behaviour.

Instead of considering a pedestrian crowd as consisting solely of a certain number of sepa-

rate individuals who have no social relation, a crowd is rather to be understood as a gathering

of individuals and small groups that are at the same place at the same time [19–21]. The

dynamics of inter-group behaviour are proposed as social identity theory and self-categorisa-

tion theory by [22, 23]. The effect of group behaviour on pedestrian movements has become a

growing research area. The following will present the main findings of previous studies, which

reveal differences between (moving) groups and individual persons in public environments.

Depending on the group size and the density conditions social groups are expected to walk in

specific manners: small groups of two to three members tend to walk side by side in low den-

sity environments [24] and form lines perpendicular to the groups walking direction, causing

such groups to occupy a large area. With increasing density and therewith limited available
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space, groups adapt their walking behaviour and move in “V” or “U”-like formations [24–26].

Usually the central pedestrian in those configurations walks in the rear, ensuring the groups

communication. Large groups split up into smaller subgroups, since communication with all

group members becomes impossible [24]. Groups are slower than individuals and with

increasing group size the velocity of the group members reduces; this was observed regardless

of the density [26–28]. However, in high density conditions the velocity differences between

members of social groups and individual persons become smaller, as groups give up their

social interaction in favour of collision avoidance and start walking in single file [28]. [29, 30]

analysed group sizes of free-forming small groups and found that each group size is less fre-

quent than the next smaller group size.

In field observations social groups can be identified by the relation of their members. This

relation is indicated by communication that is composed of oral and non-verbal elements such

as gestures, body language and eye contact. Recent technical achievements in data collection

(c.f. [31, 32]) enabled the collection of large trajectory data sets, which prompted the develop-

ment of methods to analyse the movement of social groups. For example [24, 26–28, 33–35]

use video recordings and trajectory data from public spaces to analyse and develop dynamical

models for the movement of pedestrians in groups. The combination of video recordings and

trajectory data offers the possibility to generate an annotated data set, in which information

extracted from the videos, e.g., the visual identification of socially related pedestrians, can be

transferred to the trajectories. Such an approach enables the analysis of the data of known

social group members with respect to interpersonal distances, motion direction or angles

between the group members velocity vectors. However, all these studies focus on pedestrians

that are walking. A method using trajectory data applicable for waiting pedestrians was pro-

posed by [36]. Social groups at train station platforms were identified based on their space and

time relation. Pedestrians who showed a pairwise distance of below 1.5 m for 90% and a dis-

tance below 1 m for 40% of the time they spend at the platform were considered to be a social

group (see also section Methodology). The study was performed with data collected in the first

phase of the COVID-19 pandemic in 2020 and analysed with respect to contact tracing and

distancing rules.

Up to 70% of pedestrians moving in urban environments can be assigned to social groups

[24, 37], during events (such as sport events or public celebrations) the portion can be even

higher [25]. It than follows that the presence of social groups impacts the dynamics of pedes-

trian flows. Simulations indicate that large groups behave as moving obstacles [38]. [39] found

that social groups walk slower, further and maintained closer proximity than non-group mem-

bers. The presence of social groups influenced other pedestrians to walk faster and at a greater

distance (even in counter-flow) in order to avoid moving inside the group. The characteristics

of movement and walking configurations of social groups were also found to impact the evacu-

ation processes. [40] reports on a positive effect on the evacuation time when groups are pres-

ent, as self-ordering processes were observed in the crowd at the exits. However, [41]

performed egress experiments in which the presence of groups resulted in longer egress times,

as members of social groups took longer to respond and move in the direction of the exits.

The findings of the studies presented above highlight the influence of social groups on the

dynamic of crowds. It is expected that this also applies in the context of railway stations where

both moving and waiting passengers are present. It is therefore of great interest to examine the

influence of social groups on the capacity of pedestrian facilities such as railway platforms as

well as in bottleneck situations like in the boarding and alighting process. Moreover, pedestri-

ans that are members of social groups are expected to use the available space differently. A cur-

rent application of the results of such an analysis is the detection of offenders against the social

distancing rules during the COVID-19 pandemic. While members of social groups, e.g.,
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families, are allowed to have close contact, strangers are obliged to keep a distance from one

another in order to reduce the risk of infection. To identify situations or regions in which the

mandatory distance is not kept, the identification of social groups and individuals is essential.

This paper seeks to fill the gap between existing studies on pedestrian waiting behaviour

and research on social groups. Since only limited research has been published concerning the

detection and analysis of characteristics of non-walking social groups, this article presents a

method to identify social groups at train station platforms, where both moving and waiting /

standing behaviour is present. Based on the proposed method of group detection, the waiting

behaviour of pedestrians at train station platforms is analysed. The use of trajectory data, in

contrast to video recordings, ensures a privacy conserving methodology. The method is

applied to data from a railway platform in Switzerland. The portions of pedestrians travelling

in groups and the distribution of group sizes are analysed and the differences between mem-

bers of social groups and individuals are discussed with respect to mean speed and choice of

waiting places.

Data sources

The tracking data used in this study was provided by the Swiss Federal Railways (SBB AG) and

was collected at platform 2/3 of the station Zürich Hardbrücke, Switzerland. This train station

platform is equipped with stereo sensors tracking the movement of pedestrians inside the area

of observation with 10 frames per second. The data consists of an unique ID number for each

pedestrian, a timestamp and the x and y coordinates of the pedestrian’s position at the given

timestamp. As only the trajectories are recorded the data is fully privacy conserving and no

information can be accessed that would allow to identify any individual pedestrian. The data

was collected between 1st and 28th of February 2020 during the afternoon peak hours from 4 p.

m. to 7 p.m. The data set thus consists of 8 weekend days and 20 workdays. The chosen time

interval does not intersect with any measures introduced during the Covid-19 pandemic. The

afternoon peak hours were selected with respect to comparability due to the fact that in these

hours the passenger amount is usually high during both workdays and weekends and the most

passengers travelling in social groups were expected. While the morning peak hours are often

assigned to individual travel to e.g. work places, in the afternoon peak hours social activities

are more likely. The observed area covers about 50 metres, see Fig 1. The platform is con-

structed symmetrically with an information board in the central area and stairways and eleva-

tors to both sides. The direction of movement of passengers entering the platform is indicated

with arrows at the stairs and elevators in Fig 1.

Data quality

In order to assess the quality of the data, the starting and ending points of trajectories were

checked for plausibility. Due to the setup of the measurement area, trajectories are expected to

Fig 1. Spatial structure of the measurement area at the railway platform of Zürich Hardbrücke. Arrows indicate

the movement direction for pedestrians entering the platform. The measurement area covers approximately 50 m of

the platform.

https://doi.org/10.1371/journal.pone.0282526.g001
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begin and end either at the platform entrances, the platform-train interfaces or at the sides of

the measurement areas. Approximately 90% of all starting points of trajectories fulfil these

requirements; the same applies to the ending points. However, in order to have a “complete”

trajectory, both beginning and ending are required to be at the expected positions. This is the

case for about 75-80% of the trajectories. Incomplete trajectories were caused by pedestrians

being lost by the tracking system for one or more frames, as a new ID number is assigned

upon re-detection (cf. [42]). Nevertheless, those data are included in the analysis but the prob-

ability that the corresponding pedestrians are assigned as members of social groups is

decreased. Due to technical reasons, the tracking data is mirrored horizontally.

Methodology

In manual field observations or by watching video recordings social groups can be identified

by their social interaction, observable through e.g. verbal communication, eye contact and ges-

tures (cf. [26]). This is not possible when working with trajectory data only. Nonetheless there

are many research questions where a differentiation between social groups and individuals is

crucial.

A method on group detection in railway environments was previously introduced by [36]

and used to perform contact tracing and analyse the distancing rules during the first phase of

the Covid-19 pandemic. Their method uses a sparse graph in which the trajectories of the

pedestrians as well as all events in which two pedestrians had a distance smaller than a prede-

fined threshold of 2.5 m are memorized. Hence, the distances between each pair of pedestrians

that is present simultaneously at the platform have to be calculated. The calculation of dis-

tances between N pedestrians scales with N2 and is therefore very time-consuming for large N

[43]. While the distance calculation between all pedestrians is necessary for the analysis of

Covid-19 distancing rules, it is not in the context of social group assessment. As members of

social groups are expected to keep closer contact to each other than to non-group members, it

is not necessary to calculate the distances between all pedestrians that are present at a given

time. It is sufficient to determine the persons standing nearest to one another in every frame

by applying Delaunay Triangulation which has a complexity OðN � logðNÞÞ (cf. [44, 45]) and is

therewith far more time efficient. Therefore, this paper proposes an adapted method to recog-

nise social groups in trajectory data by analysing the distances and the stability of the distances

between neighbouring persons which avoids the calculation of N2 distances.

Train station platforms are places where boarding and alighting passengers are present.

Alighting passengers usually leave the train platforms in a straight path, which makes it almost

impossible to determine socially related pedestrians, even if video recordings were available.

However, boarding passengers wait for a certain amount of time and can therefore be observed

over longer time intervals. Hence, the identification of social groups is restricted to boarding

passengers. The categorisation was performed by determining the start and end points of the

trajectories: a boarding passengers trajectory starts at a platform entry and ends at a train door.

A detailed discussion and analysis of that matter can be found in the authors’ previous work,

see [46]. All trajectories that are shorter than 20 seconds were not included in the analysis, as

this time interval was identified as minimal observation time needed for visual analysis (see

section Parameter Study and Validation).

Since the group detection method identifies group members based on their distances from

one another, the applicability is limited to low density environments.

In consideration of the goal of determining members of social groups, which will be charac-

terised by reasonably small distances, two different thresholds are defined for the distance

between two pedestrians. A value of 1.5 metres was chosen as the maximum distance between
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persons for a contact (dcontact� 1.5m) which was also established as social distancing threshold

in numerous European countries during the Covid-19 pandemic and is the maximum of the

probability density of the pairwise distances in the data set. In order to regard the personal dis-

tance a value of 1 m is used (dpersonal� 1m) as pedestrians that are comfortable to be inside

each others personal space over a longer period are most likely related in a social way.

Hence, tcontact is determined as the number of frames t for which holds

k~XiðtÞ � ~XjðtÞk � 1:5m ¼ dcontact ð1Þ

and tpersonal as the number of frames for which is

k~XiðtÞ � ~XjðtÞk � 1m ¼ dpersonal ð2Þ

with ~XiðtÞ being the position of pedestrian i at time t, for pedestrian j respectively. In words,

tcontact translates to the number of frames in which the given pedestrians i and j are at a dis-

tance of 1.5 m or less from one another, and tpersonal as the number frames for which the dis-

tance is smaller than 1 metre. Since the two pedestrians i and j do not necessarily have to arrive

and depart at the same time, the time in which both pedestrians i and j are inside the measure-

ment area simultaneously, is calculated as

tsim ¼ minfti;N ; tj;Ng � maxfti;0; tj;0g ð3Þ

with ti,0 representing the first frame and ti,N the last frame in which pedestrian i is inside the

measurement area; for pedestrian j respectively.

Following [34, 36] the pedestrian pairs identified based on the small distances between

them, will be checked for the following relations:

tcontact � a � tsim ð4Þ

tpersonal � b � tsim ð5Þ

The values for α and β are determined in a parameter study in the following section. If both

Eqs (4) and (5) are fulfilled, the corresponding pedestrians i and j are considered to belong to

the same social group. Groups with more than two members are detected by combination of

pairs.

Parameter study and validation

To determine a suitable parameter set for α and β and to validate the social groups found by

the proposed method a ground truth of IDs that are members of social groups was established.

To do so, the trajectory data of one example time interval of three hours was visualised as a

video with JPSvis, which is the visualisation tool of the software JuPedSim [47].

Two persons, who had no knowledge of the group detection, were asked to individually

note all ID numbers of pedestrians, who they believe to be members of social groups. No spe-

cific instructions to the determination of groups were given, but both persons were asked for

their strategy afterwards. The test persons identified group members based on simultaneous

movements, similar waiting locations and close proximity over longer periods of time. It was

monitored whether a certain person entered or left the area of observation along with others,

or if the person stayed close to others during the time at the platform. A collective change of

waiting positions was also used as indication of group affiliation. However, the visual recogni-

tion of groups based solely on trajectories is not a trivial procedure. In order to guarantee reli-

ability, the results of the two test persons were compared. The first test person noted 154 IDs
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as members of social groups, the second 153 IDs. In total 146 IDs were listed by both testers,

which means they agreed in 90.7% of the cases. The IDs identified by both persons were used

as ground truth for the parameter study. Therefore, all ID numbers that are not part of the 146

IDs found by both testers were considered to be individuals and in case one of those was

found by the group detection method, it was assumed to be a false positive.

A parameter study was then performed to determine suitable values for α and β. Hence,

suitable parameters are determined based on two constrains. The aim was to find a set of val-

ues for which a large number of members of social groups can be detected, however, the num-

ber of false positive detections should be zero, as those would correspond to pedestrians that

are likely individuals but erroneously marked as group members.

The values of α and β were varied between 0 and 1 in steps of 0.05. For each set of values,

the group detection was performed based on Eqs (4) and (5). All IDs that were identified for a

certain parameter set were than checked against the ground truth in order to determine any

false positive. The numbers of false positives increased with decreasing values for α and β (cf.

darker colours in Fig 2a)). As the aim was to avoid false positives but to find a large number of

group members, the numbers of identified group members for the corresponding parameters

are illustrated in Fig 2b, with the red area marking the sets of parameters for which the number

of false positives is zero. Therefore, the best parameter set will be identified as {α, β} = argmax
(N(members), whereN(falsepositive) = 0), which corresponds to the set that produces the maxi-

mum number of found groups members within the red area. From this it can be seen that the

best results are achieved with α = 0.85 and β = 0.4. In words, pedestrians are assumed to belong

to a social group, if they have a distance smaller than 1.5 m to at least one member of the group

for 85% of the time that they are simultaneously inside the measurement area and a distance

smaller than 1 m for 40% of that time. The work of [36] proposed values of 90% and 40%,

which can therewith be confirmed within 5% by the performed parameter study. This parame-

ter combination allows for a maximum of 107 IDs to be correctly identified as group members

without any false positives. This corresponds to about 73% of the group members determined

by the testers. Considering the overall data quality, which exhibits about 75-80% of complete

trajectories (cf. section Data Quality), these results are satisfactory, as incomplete trajectories

will interfere with the group detection method and prevent the correct assignment of group

membership.

The method reaches its limits in crowded situations where higher densities are present over

longer time intervals. In those cases, the close distance between pedestrians is not necessarily

Fig 2. Parameter study. a) Number of false positive in the detection of group members by different values of α and β. White colours indicate that no

false positives were found. b) Number of detected members of social groups. Light colours show high numbers of found members. The red area

highlights the sets of parameters where the number of false positives in a) is zero.

https://doi.org/10.1371/journal.pone.0282526.g002
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caused by social interaction but rather by limited available space. Due to the distance thresh-

olds of 1 m and 1.5 m, the method can result in incorrect group assignment if the local density

exceeds 0.5 − 1.0 1/m2. If those densities remain over longer time intervals, crowding can be

mistaken for social relation. The afternoon peak hours analysed in this study do not exhibit

densities that exceed these threshold for longer time intervals. This will likely only occur in

highly crowded situations, as e.g. in the context of public events. As the introduced method

was developed for low density situations, no prediction can currently be made to what extent

members of social groups preserve their close proximity in high density environments. It is

expected that at least the distance thresholds and the parameters α and β need to be adjusted in

order to correctly determine social groups. It may be necessary to include additional criteria,

like for example the simultaneous movement of nearby pedestrians. However, the correlation

of movement will not allow to expand the group detection to alighting passengers, since their

walking paths inside the area of observation are generally similar and too short to allow assess-

ment of group membership. In environments where pedestrians continuously move the corre-

lation of group members can be expected to be higher than to unrelated pedestrians, even in

increasing densities. In the context of train station platforms passengers spend most of their

time waiting and therefore do not move, which will increase the correlation between (socially)

unrelated neighbours in situations of limited available space (e.g. at a fully crowded platform).

Speed calculation and waiting

The identification of waiting passengers on train platforms using trajectory data can be

achieved by analysing their speed of movement or lack thereof.

The speed of a pedestrian at a given time is calculated as the movement of a pedestrian in a

time interval Δt. With~xiðtÞ the location of the pedestrian at time t, the speed can be calculated

as:

viðtÞ ¼
j~xiðt þ Dt0=2Þ � ~xiðt � Dt0=2Þj

Dt0
ð6Þ

In this study Δt = 50 frames, corresponding to 5 seconds, was used. To determine if a given

pedestrian can be considered as waiting, a threshold of vi(t)< 0.4 m/s was applied. This

threshold was picked as the local minimum of the velocity distribution of the data set, which

shows two peaks: One peak at mean speeds of approximately 0.2 m/s; the other at 1.2 m/s. The

first peak mainly relates to boarding, the second to alighting passengers. The velocity distribu-

tion can be found in the author’s previous work [46].

Results and discussion

The group detection introduced in the previous section was used to analyse the differences in

terms of numbers, mean speed and waiting positions between social groups and individuals at

the train station platform in Zürich Hardbrücke (Switzerland). Due to recording errors, e.g.,

loss and re-detection of pedestrians, as well as to pedestrians leaving and re-entering the sensor

area, the number of IDs in the sensor area is probably higher than the total number of pedestri-

ans and might differ from passenger counts with other methods. However, in order to improve

the readability of the following sections of this paper, the terms “passenger” or “pedestrian” are

used as synonyms for “ID”.

On workdays between 9000 and 11000 passengers were detected in the observation area

during the afternoon peak hours, cf. Fig 3a. On weekends the pedestrian load at the platform

was lower and ranged between 4000 and 5000 passengers. The percentage of pedestrians that

were identified as members of social groups by the method outlined in section Methodology
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ranged between 9 and 11% on workdays and rose to 14-20% on weekends, cf. Fig 3b. Weekday

passenger traffic was dominated by individual passengers commuting to their work places,

while during the weekends social activities played an important role. Due to the presence of

data errors, e.g. incomplete trajectories, the actual number of members of social groups will be

higher than the number of detected groups. While the percentage of pedestrians who are mem-

bers of social groups varies depending on workdays or weekends, the distribution of group

sizes, as shown in Fig 4 does not. In case of discontinuous trajectories (more than one ID num-

ber assigned to the trajectory of one pedestrian) the number of group members could be over-

estimated. In order to avoid this, the group size is determined as the maximal number of

members present simultaneously. About 55% to 70% of all pedestrians assigned to social

groups are members of pairs and approximately 20% of groups of three. Groups with four and

more members are less frequent. In accordance with [29], smaller groups are more frequent

than bigger groups and each size is less frequent than the next smaller group size. A similar

analysis of distribution of group sizes was performed by [36] for the time of the first phase of

the Covid-19 pandemic in the Netherlands. Comparable to the results for the station in Swit-

zerland more passengers are traveling in groups during the weekends, this seems to be inde-

pendent of pandemic regulations. Groups with three or members are, however, less frequent

in the work of [36] which is also expected due to the pandemic restrictions and contact regula-

tions considered. In order to determine whether or not individuals and members of social

groups show different characteristics in terms of platform usage, the mean speed and waiting

places were analysed with respect to group sizes. Since the distribution of group sizes is not

affected by weekends and in order to increase the available data of social groups, the data set

was accumulated over all days and analysed based on the group sizes. In total 15558 passengers

were assigned to groups with two to three members, 1602 to groups with four to five members

and 359 passengers to groups with six or more members.

Using Eq (6), the instantaneous speed and its mean were calculated for each pedestrian. In

order to analyse the differences in mean speed distribution of group members and individuals,

histograms of the mean speed are shown in Fig 5 for (a) individuals, (b) groups of two to three

members, (c) groups with four to five members and (d) groups with six or more members.

The presence of different types of users, namely boarding and alighting passengers, causes the

distribution of mean speed to differ significantly between boarding and alighting [46]. It is

noted that only boarding individual are considered in Fig 5a. While the average mean speed is

Fig 3. Number of passengers and members of social groups. a) Number of pedestrians during afternoon peak hours from 4 p.m. to 7 p.m. in February

2020 at Zürich Hardbrücke. b) Percentage of passengers who are members of a social group detected by the group detection method. Weekends are

marked as blue bars.

https://doi.org/10.1371/journal.pone.0282526.g003
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Fig 4. Distribution of group sizes as percentage of the number of passengers assigned to social groups. Each group size is less frequent than the next

smaller group size.

https://doi.org/10.1371/journal.pone.0282526.g004

Fig 5. Mean speed of passengers during afternoon peak hours. (a) Individuals (boarding only) (b) Members of pairs and trios c)

Groups with 4-5 members (d) Groups with 6 or more members. With increasing group size, the mean speed decreases.

https://doi.org/10.1371/journal.pone.0282526.g005
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0.24 m/s with a standard deviation of 0.33 for members of pairs and trios, the mean value for

groups of 4-5 members is 0.1 m/s with a standard deviation of 0.1. For groups with six or more

members the speed is only 0.08 m/s with a standard deviation of 0.07. Comparing the histo-

grams, it becomes apparent that the mean speed decreases with increasing group sizes.

Fig 6 illustrates the trajectories of pedestrians in an exemplary six-minute interval. Trajecto-

ries of individuals are marked in grey, while the three groups present on the platform in this

time interval are highlighted in colour: the group of two in blue, of three in black and the five-

member group in red. Due to the chosen time interval, pedestrians’ trajectories do not neces-

sarily cover their complete journey through the platform. For example, the two groups with

two (blue) and three members (black) enter and leave the platform in the considered time

interval, causing their trajectories to begin at the stairs and end at a train door. The group with

five members (red), on the other hand, was already located at the waiting spot in front of the

entrance at the beginning of the selected time interval. Therefore, the trajectories show their

waiting positions and the way towards the train, but not the path they chose to enter the plat-

form. Waiting passengers close to obstacles influence moving pedestrians to walk closer to the

platform edges. Therefore, walking ways can be identified as an accumulation of trajectories in

the regions in the vicinity to the safety line. The trajectories of individuals (grey) indicate the

detours in the regions where social groups are waiting. This is especially prominent with the

five-person group, which is waiting in front of the entrance at the right-hand side. Similar

detours are observable with the waiting pair (blue). However, due to the lesser space require-

ments of smaller groups, the impact is smaller. The group of three (black) is waiting at the rear-

ward side of the elevator and therefore seems to have no significant influence on travel paths.

In order to spatially determine differences in the choice of waiting places, a comparison of

waiting places of individuals and groups is illustrated in Fig 7. Here, the places where passen-

gers belonging to each group size exhibit a speed below the threshold for waiting were mapped.

For this purpose, the measurement area was divided into tiles with a size of 0.5 by 0.5 metres,

in accordance to the average human shoulder widths [7]. The waiting occupation Owait of a tile

with the length Δx and the midpoint~x0 can be calculated as

Owait ¼
1

Nf

XNf

f¼0

XN

i

Z~x0þD~x=2

~x0 � D~x=2

d ~xi;f � ~x
� �

d~x ð7Þ

with~xi;l the position of a waiting pedestrian i at the time f, Nf the number of frames, N the

number of pedestrians and δ(x) the Dirac delta function. In words: If a pedestrian assigned to

the specific group size is considered as waiting in a certain frame, the value attributed to the

Fig 6. Trajectories of pedestrians at the platform in an exemplary six-minute interval. Trajectories of groups are indicated in colour. Group of two

in blue, group of three in black and group of five in red.

https://doi.org/10.1371/journal.pone.0282526.g006

PLOS ONE Identification of social groups and waiting pedestrians at railway platforms

PLOS ONE | https://doi.org/10.1371/journal.pone.0282526 March 15, 2023 11 / 17

https://doi.org/10.1371/journal.pone.0282526.g006
https://doi.org/10.1371/journal.pone.0282526


tile which the pedestrian is occupying is increased by one. By dividing the resulting values by

the total observation time (in this study 3 hours on 28 days, which corresponds to 3024000

frames), the measure gives the percentage of time each tile is occupied by a waiting pedestrian.

The direction in which a pedestrian enters the platform from stairs or the elevators is marked

with white arrows. Individuals travelling via Zürich Hardbrücke railway station often choose

waiting places close to the sides of stairways or elevators and even wait at the places between

the rearward sides of the two stairways in Zürich Hardbrücke (cf. Fig 7a, between x = -15 m

and x = -25 m). Groups of two and three show a similar choice of waiting spots, often tending

to wait closer to the platform entries (Fig 7b). With increasing group sizes, the preferred wait-

ing places are often chosen in direct vicinity to the entry ways (see Fig 7c and 7d), while the

rearward sides of stairs are only seldom used. Possible reasons for the lower mean speed in

larger groups and the tendency to choose waiting places in front of the entries are difficulties

in agreements for waiting place optimisations. Social groups choose waiting places that ensure

communication between the group members. Therefore, larger groups tend to form circles,

which guarantee eye contact between the members. Comparable to the movement of groups in

lines perpendicular to the walking direction, cf. [24–26], this leads to higher space require-

ments. While the area in front of the entry ways at Zurich Hardbrücke is wide enough for a

Fig 7. Waiting places of social groups and individuals. (a) individuals (b) groups with 2-3 members (c) groups with 4-5 members (d) groups with 6 or

more members. Coloured areas indicate the occupation by waiting passengers as percentage of the total observation time.

https://doi.org/10.1371/journal.pone.0282526.g007
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larger group, the way to the less frequented rearward sides of the stair ways necessitates the

passing of the narrower parts of the platform. In order to change the waiting place of a group

from the entry ways towards less crowded and frequently used places, an active agreement

within and a coordination of the group members is needed.

Since the group size is not necessarily the only factor that influences the choice of waiting

places, in the following it is analysed how the waiting position is related to the waiting time.

The total waiting time for each pedestrian is calculated as the sum of all frames in which the

criterion vi(t)< 0.4m/s is meet. Similar to Fig 7, the waiting positions of pedestrians were

mapped on a grid with tiles with a size of 0.5 by 0.5 metres and the portion of the total observa-

tion time is given. The results of the mapping are presented in Fig 8, these are given regardless

of group membership but with respect to the total waiting time of passengers. Passengers wait-

ing up to 2 minutes chose locations close to the entry ways (Fig 8a), as those are meant for pas-

sengers that arrive only shortly before the train they intend to board. With increasing waiting

time (2-5 minutes in Fig 8b and 5-10 minutes in Fig 8c) obstacles with the possibility to lean

against, for example the sides of the stairs or the information boards, are used for waiting. Pas-

sengers with long waiting times (10 minutes and longer), (Fig 8d) mainly chose waiting places

in rearward areas behind the elevators (x> 0 m or x< −40 m) or between the two stair ways

Fig 8. Waiting places of passengers depending on total waiting time. Waiting places of passengers that wait a) up to 2 minutes b) 2-5 minutes c) 5-10

minutes d) 10 and more minutes. Pedestrians with short or intermediate waiting times chose waiting places at the sides of stairs and close to obstacles,

with increasing waiting times the rearward sides of stairs are used more frequently.

https://doi.org/10.1371/journal.pone.0282526.g008
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(−25 m< x< −15 m). These are the places that are least frequently used by walking pedestri-

ans and therefore the least disturbed. Passengers tend to wait in places that allow to turn in the

direction of the next intended action. In most cases in the context of railway platforms this is

the boarding process.

Pedestrians waiting in front of the entrances are likely to interfere with the passenger flow

at the platform, since they narrow the available space for passing pedestrians in an area where

the most movements occur. As shown in both Figs 7 and 8 this is likely the case for passengers

that are members of larger social groups or that only wait for a short time. This information

can be used to optimise the distribution of waiting passengers at railway platforms. Passengers

with short waiting time arrive with little head time to the trains and will therefore choose wait-

ing spots close to the entrances. However, social groups likely wait in those areas because of

their higher space requirements. The planning of infrastructure modifications would thus do

well to consider the requirements of social groups in order to achieve even passenger distribu-

tions and ensure the flow at the platform entrances. This is also important for the assessment

of comfort of waiting passengers by e.g. level of service concepts.

The discussion of the results of the previous sections leads to the subsequent findings: Pas-

sengers tend to choose their waiting places in accordance with the following criteria: (a) short

walking distances, (b) possibility to turn towards the next intended action (most likely the

boarding process), (c) being undisturbed by other passengers or avoiding disturbing others

and (d) ensuring communication. These are very similar to the criteria determined in the con-

text of an inflow in a confined space (like an elevator) [48], where flow avoidance, distance

cost and boundary preferences were suggested. The ranking of these criteria and therewith the

assessment of comfort differs with varying types of passengers. Passengers with short waiting

times choose places with short walking distances close to the expected stopping position of the

trains. With longer waiting times the criterion of undisturbed waiting places becomes more

important and out-weights the preference of the shortest distances. However, in contrast to

individuals, communication is the dominant criterion for social groups. Therefore, social

groups do not necessarily wait in places where they do not disturb others. In order to ensure

eye contact and communication to all group members, waiting social groups form circles and

therefore have higher space requirements, leading them to act as obstacles for passing

pedestrians.

Conclusion

This paper presented a method that allows the identification of social groups in trajectory data

of waiting and standing pedestrians. Social groups were identified by thresholds for inter-per-

sonal distances that are present over certain time intervals. In the case of a train station plat-

form, two pedestrians are considered as belonging to a social group, if their distance to one

another is smaller than 1.5 m for 85% of the time in which they are simultaneously inside the

observation area and smaller than 1 m for 40% of that time. The percentages of the time that

are needed for pedestrians to be considered as a social group were determined by a parameter

study and were checked against a ground truth for validation. The ground truth was estab-

lished by a visual analysis performed by two independent test persons. However, these parame-

ters need to be reconsidered and validated for different scenarios, e.g. in shopping malls or

public gatherings where different dynamics are occurring. The group detection is suitable for

scenarios with low densities; the applicability in dense environments cannot be guaranteed as

in those cases small distances between pedestrians are caused by congestion or limited avail-

able space.
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The group detection method was applied to a data set taken from the afternoon peak hours

during February 2020 in Zürich Hardbrücke, Switzerland. During working days about 9-10%

of the pedestrians waiting at the train station platform were members of social groups; the por-

tion increases to up to 20% during weekends. The most frequently observed group size was

pairs, each size is less frequent than the next smaller size. Distributions of group sizes showed

no correlation to whether it was a working day or weekend day. With increasing group size,

the members mean speed decreased. While individuals often waited at the sides of stairs and

elevators, social groups were found to be more likely to choose waiting places that provide

enough space for members to position themselves in such a way that enables communication

within the group. Typically, this is the case in the vicinity of the platform entrances. This

behaviour was shown to be more prominent with increasing group size. Moreover, waiting

places were influenced by the total waiting time of the passengers. Pedestrians with short wait-

ing times (less than 2 minutes) waited close the entrances. For longer waiting times places at

the undisturbed rearward sides of the stairs were used.

The waiting places chosen by individuals and groups highlight the different needs in terms

of comfort. The waiting places were chosen based on a ranking of the criteria of short walking

distances, the direction of the train arrival, undisturbed waiting places and ensured communi-

cation. Depending on the types of users and the waiting time those criteria were prioritised dif-

ferently. Passengers with long waiting times prefer undisturbed waiting places even if the

distance was longer. While individuals chose undisturbed waiting places in areas where they

do not hinder the movement of others, social groups prioritised the possibility to communi-

cate even if the position was close to the highly frequented entry way. The results could be

used to assess the comfort of different types of users by level of service concept including wait-

ing passengers and to optimise space usage at railway platforms by increasing the robustness

of performance during peak load by optimising the pedestrian distribution.
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Software: Mira Küpper.
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27. Zanlungo F, Brščić D, Kanda T. Pedestrian group behaviour analysis under different density conditions.

Transportation Research Procedia. 2014; 2:149–158. https://doi.org/10.1016/j.trpro.2014.09.020
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