3D Motion in Crowds & FAIR Data

At Research Day On Crowd Management

Maik Boltes - 18 February 2025
Forschungszentrum Julich, Institute for Advanced Simulation, IAS-7: Civil Safety Research, Germany

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association




3D Motion in Crowds

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association




Goal

e Increase of Safety, e.g. of escape routes, Comfort, e.g. design of transport
Infrastructures and Performance, e.g. throughput of facilities

e Computer simulations are the most general method for optimizing pedestrian streams

* Reliable empirical data of pedestrian movement are necessary

— Analyze pedestrian dynamics
— Understand PED
— Model design
— Model calibration

— Model validation

[Andrea Portz] [Mohcine Chraibi]
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Body Motion Capturing

Shoulder orientation by

e Single IMU Dette schumann

e Shoulder marker " Eeomes

e 3D cameras

e ML like YOLO*pose
[Deniz Kilic] [Alaa Khater]

Full body motion capture (mocap) system setup: (optical systems
are not usable in crowds due to the missing line of sight to markers)

e Inertial measurement units (IMU) at differentiable segments (measuring):
Accelerometer (acceleration), Gyroscope (angular rate),
Magnetometer (magnetic field)

e Biomechanical model of human skeleton incl. sensor fusion




3D Full Body Motion Capturing Systems

Capturing body motion in crowds
for e.g. shoulder orientation, arm
and foot position, gait, bobbing:

e Describe/Understand effects
like integration into bottlenecks,
physical interaction, passing or
overtaking, body posture inside
dense crowds

e Enable reliable 3D models
e.g. bipedal models or models
considering body orientation
and expansion
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Sensor Fusion

Calibration and Synchronisation

Fusion of data from different sensors needs

1. Spatial calibration by a shared world coordinate
system of extrinsic calib., e.g. for camera grid
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Sensor Fusion

Calibration and Synchronisation

Fusion of data from different sensors needs
2. Time synchronization:

e Manually: abrupt motion, switched light,
best: audio like clapping, record global absolute time
(together with internal time or within video recording)
(no frame accurate sync possible)

e Automatically: for industrial cameras:
shared bus (Firewire), computer software (e.g. PointGrey);
for camcorder: Tentacle, Sony Camera Control Box for RX0

3. Person mapping
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Sensor Fusion

t) = ps(t + At) — ps(t — At
Hybrid tracking system psr(t) = ps( ) — ps( )

usr(t) = us(t + At) — us(t — At)

f(t v — <psr(t)’usr(t)>
© O Tosr (D) Tuse(0)]

ps(t)

Fused trajectory places 3D full body motion
Into camera coordinate system
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[Boltes et al.: A Hybrid Tracking System of Full-Body Motion Inside Crowds, Sensors 21(6), 2108 (2021), DOI: 10.3390/s21062108]



Motivation: high

Passing Bottleneck

e Stand still

e Small steps (low velocity)
before passing bottleneck
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Passing Bottleneck
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[Boomers et al.: How Approaching Angle, Bottleneck Width and Walking Speed Affect the Use of a Bottleneck by Individuals, Sensors (2024), DOI: 10.3390/s24061720]



Impulse Propagation

Medium impulse, elbow distance, prepared
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Phases of impulse propagation (0) no external impact (i) receiving, 01
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[Feldmann et al.: Propagation of Controlled Frontward Impulses Through Standing Crowds, Collective Dynamics 9 (2024), DOI: 10.17815/CD.2024.148]



LoStinCrowds - Locomotion Strategies and
Injury potential in dense pedestrian Crowds

Partner:

Institute of Biomechanics and Orthopaedics
German Sport University Cologne

Duration: 01.01.25 — 31.12.27
PhD student: Carina Wings
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LoStinCrowds - Locomotion Strategies and
Injury potential in dense pedestrian Crowds

Goals:
1. Identifying risk factors for injuries in crowds at bottlenecks
(paper review, data/video review, interviews)

2. Investigating influencing variables
(e.g. density, motivation, gender, height,

age and fitness) on overall body movement
and thus the risk of injuries
within condensing pedestrian streams |

3. Small-scale experiments analyzing
individual factors that modulate
the risk of injury potentials
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Densedynamics - Pulse propagation in dense crowds -
decoding the origin of dangerous dynamics

Partner:
School of Architecture and Civil Engineering

University of Wuppertal
Duration: 3 years, starting in summer 2025
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Densedynamics - Pulse propagation in dense crowds -
decoding the origin of dangerous dynamics

A: Waiting behaviour and collective dynamics
« Active and passive people in experiments

« Under which circumstances do people “wait“?

« How do pedestrians switch between waiting
and moving forward?

« How is the dynamic within the crowd affected?

« Different space usage of crowd

B: Connection between impulses and body movements
« Movement strategies to recover from external impulses
 |dentification using MoCap Data

* Analyse strategies in “2D crowds"
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FAIR Data
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Controlled Experiments g - 0

_ . . . _ 2 (R Wi

Data: large variety of influencing aspects to dynamic of person, group or crowd .[QT ! W | (L \V U
¥ g 1

e Global static information: e.qg. N e ¥

surrounding: facility design, lighting/wall/floor condition, temperature, humidity, acoustlcs
people: instruction/motivation, distribution of age/gender

e Personal static information: e.qg.
age, gender, disability, body size, weight,
culture affiliation, togetherness, clothes, luggage

e Personal dynamic information: e.g.
physical: (3D) trajectories, motion of body parts
(head, shoulder, gait, eye movement);
mental: physiological response, behaviour
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Logged in as: Maik Boltes (su) Update Profile

Searct
Search

Pedestrian Dynamics Data Archive

Recent Changes Media Manager

Trace: - impulse_crowd - start

Data archive of studies about pedestrian dynamics

Admin

Log Out

Sitemap

This data archive (DOI: s 10.34735/ped.da, re3data: % 10.17616/R31NJMT6) of experiments studying the dynamics of pedestrians is build up by

the W Institute for Advanced Simulation 7: Civil Safety Research of % Forschungszentrum Jiilich with support of projects and partners.

- 1a® 3 '
External Data

For most experiments, video recordings and trajectory data can be found. Furthermore, other data types e.g. motion capturing, pressure, heart rate
or questionnaire data can be found. The automatic extraction of pedestrian trajectories from video recordings was done mostly with our own

pedestrian tracking software s PeTrack. The experiments are listed in chronological order from new to old.

You are very welcome to use our data for further research, as long as you name the source of the data.
If you have further questions feel free to contact & ped-data-archive@fz-juelich.de.
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FAIR Data Approach

uniform data formats help with the subsequent reuse and are also described here.

In order to be able to efficiently use and reuse legacy datasets, we are focusing on adhering to the FAIR data
principles. Learn more about FAIR data and making your own datasets more FAIR. Standardised and
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Be FAIR to Pedestrian Dynamics Data

G <l
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* 45 experiments 'T‘ 'T‘ '1‘ 'T‘

« 1787 runs |
+ 5942 data objects

Open Access

PED Metadata Schema

Fileserver with Pedestrian Dynamics .- : é—"?f : Search & AccessEﬁ}
all Experiments Data Archive = = | - Experiments g
S = | & E «_Single Runs

« Data Objects

' 3 &
¢ PedPy:
Pedesérg?gbzgzamlcs Dashboard

Q Findable: Detailed description by metadata
in a searchable environment

% Accessible: Easy access to data and

saved in a long-term storage

go Interoperable: Use of exchangeable formats
functioning across different systems

é“ Reusable: Metadata includes process of data

creation for easy reproduction of data

" jupyterhub

Z JUPYter  [pSreport s cwom A o

ESt  Viw et Col Kemel Widgets Hep | Pyinon3 ©
B + ¥ 28 4 % PRun B C » Mudown v @

Load trajectories

In [2]: import pathlib
from pedpy import load_trajectory, TrajectoryUnit

POLYGON ( -
(-4 -4, -45, 45 -4 -4),
N (-3.5 -3.5, -3.5 0, -0. 45 0, -0.45
Trajectory Structure Setup Structure 4, -0.5 4, -0.50.05, -3.55 0.05,
-3.55 -3.5, -3.5 -3.5),
(3.5 -3.5, 3.5 0, 0.45 0, 0.45 4,
0.5 4,05005 3.55 0.05, 3.55 -
Standardized metadate and data formats 35 *:% -3:5))

[Boltes et al.:

Be FAIR to Pedestrian Dynamics Data, Collective Dynamics 9 (2024), DOI: 10.17815/CD.2024.163]



Open Science

Open source, open data and open access journal

e Open source framework JuPedSim for pedestrian dynamics simulations:

http://www.jupedsim.org

e Open source software PeTrack for automatic trajectory extraction:
http://ped.fz-juelich.de/petrack

e Open source library PedPy for pedestrian movement analysis:
http://ped.fz-juelich.de/pedpy

o After finishing thesis about experiments the data
published publicly available in the open data archive:
http://ped.fz-juelich.de/da, .../extda

e Support of diamond open access journal Collective Dynamics:
http://www.collective-dynamics.eu/

Member of the Helmholtz Association
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DOI: 10.5281/zenodo.6144559
DOI: 10.5281/zenodo.6320753

DOI:10.5281/zenodo. 7386931
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http://ped.fz-juelich.de/petrack
http://www.jupedsim.org/
http://ped.fz-juelich.de/petrack
http://ped.fz-juelich.de/pedpy
http://ped.fz-juelich.de/da

Open Science

Ease collaborations

: [University Tokio, Japan]
[Company SL-RASCH, »
Saudia Arabia] [

[University of New South Wales,

[University of Science and Sydney, Australia]

Technology of China, China]

[Pontificia Universidad Catolica de
Valparaiso, Chile]

[Universidad de los Andes, |

N o
Santiago, Chile] [Monash + Melbourne University,

Melbourne, Australia]

[National Research Council Canada,

Ottawa, Canada] [PAMELA & PEARL

University College London,
United Kingdom]

[Carleton University, Ottawa,
Canada]
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QUESTIONS FOR DISCUSSION

e How much control is needed in experiments?
e Are experiments with people reproducible and thus worth to perform?
 |s open science always the right way to work?

 What is needed next to improve pedestrian models?
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Fair2Ped+ and Fair2Ped (RDM Challenges)

e Experiments database for pedestrian dynamics data

direct connection of single data objects (e.g. video, trajectories)

- 45 experiments — 1787 runs — 5942 data objects
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Fair2Ped+ and Fair2Ped (RDM Challenges)

e Dashboard as user frien
- Search

Export View

m]

Exp. 1D

Download Data

Title
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erowd
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— download
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Run and Data Section

Data Files >
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topview video 1
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{'waiting_time': '10--50", ‘push_intensity': ‘weak’, ‘distance: ‘none,

‘preparstion_subjects': ‘unprepared, 'push_object’ ‘punching bag'}

{"waiting_time': '10--50", ‘push_intensity': ‘mediur, 'distance’; ‘none,
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Page Size:
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Fair2Ped+ and Fair2Ped (RDM Challenges)

e Connection to other metadata repositories

- Enhance visibility — enhance findabilit

(> DataCite
Fabrica

DataCite

Pedestrian Dynamics Data Archive

Info  Settings

[ Create DO
& Export 001 Metadita
State

Resource Type

Year created

Repository

Prefix

Schema Version

71D0Is
RPEE-HEADS: A Benchmark for Pedestrian Head Detection in Crowd Videos
Mohamad Abubaker, Zubayda Alsadder, Hamed Abdelhag, Maik Beltes, Ahmed Alia,

i 024 via Farsc Jilich

Created November 15, 2024 at 11:08:03 UTC. Findable
©

T-Junction

Forsc Jilich, University of Wuppertal, Cologne Uy
009 via Forsc Jilich

Created Hovember 12, 2019 at 13:32:28 UTC. Findable

&

Julich DATA

Search

Sortby Date Updated ~

Sensor-based Gait and Balance Assessment in Healthy Adults: Analysis of Short-Term Training

and Sensor Placement Effects

Clara Rentz, Vera Kaiser, Naomi Jung, Berwin A Turlach, Mehran Turna, Jutta Peterburs, Maik Boltes, Alfons Schnitzler, Katrin Amunts,

Juergen Dukart, Martina Minnerop,

024 via Jilich
Created July 29, 2024 at 10:50:17 UTC. Findable
g

Gender experiments across culture

Mohcine Chraibi, Claudio Feliciani, Milad Haghani, Xizolu JIA, Jian Ma,
blished 2024 via Jilich

Created May 22, 2024 at 09:12:02 UTC. Findable

“

WIKIDATA

HELMHOLTZKG
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v & Dataverses (0)
Datasets (43)

[ Files ©)

Publication Year
2024143)

Author Name
Boltes, Maik (35)
Seyfried, Armin (34)
Holl, Stefan (22)
Rupprecht, Tobias (16)
Winkens, Andreas (15)

More...

Subject
Other (43)

Keyword Term
pedestrian dynamics (43)
experiment (42)

camera tracking (38)
corridor (16)

bottleneck (12)

More...
PoF IV topic
Acquisition bafore PoF IV (2021-2026)
(POF4-898) (43)
PoF Il topic:

Acquisition before PoF 11l (2015-2020)
(POF3-898) (43)

Search~  UserGuide  Support  Logln

11010 of 43 Results 1t sort~

Interruption study 1: Psychological effects of interrupting a video game

Nov 19,2024
Usten, Ezel; Sieben, Anna, 2024, "Interruption study 1: Psychological effects of interrupting a video game", https://doi.org/10.0346/
JUELICH-DATA-BETA/IXSWT, Julich DATA - Beta Training Facility, V1

The goal proximity concept suggests that individuals value their goals more as th , making interruptions more disruptive
and annoying. A study with 61 participants explored early and late interruptions during a computer game task, finding that intarruptions c..

Movement of individuals in a bottleneck

Nov19,2024
Boomers, Ann Katrin; Adrian, Juliane; Boltes, Maik, 2024, "Movement of individuals in a bottleneck”, https://doi.org/10.0346/
JUELICH-DATA-BETA/NYGRUD, Jilich DATA - Beta Training Facility, V1

Experiments to investigate the movement of pedestrians walking individually through a bottleneck. The investigative focus was put on the

approaching angle, the motivation, width and length of bottleneck as well as on the angle of the goal line behind the bottleneck.

Mixed-method study on lay people’s assaciations with the term “mass panic” and alternative terms

Nov 19, 20:
Ligering, Helena; Sieben, Anna; Tepeli, Dilek, 2024, on lay ' the term “mass panic”

and alternative terms", https://doi.org/10.0346/AJUELICH-DATA-BETA/WLTG2Z, Jillich DATA - Beta Training Facility, V1

In the context of crowd accidents, terms associated with panic or animalistic behavior are used in various languages. To approach this question
for the German language, a aq and interviews) was conducted. The terms investigated were.

Influence of gender in single-file movement

Nov 19, 20:
Subaih, Rudina; Ghraibi, Mohcine, 2024, Influence of gender in single-file movement", https://doi.org/10.0346AJUELIGH-DATA-
BETA/ZMFAUS, Jiilich DATA - Beta Training Facility, V1

Single-File experiment on an oval shaped track with anly male, only female and mixed configuration.

Studies for validating tracking algorithms based on IMU data with 3D camera data

Nov19,2024
Schumann, Jetts; Les, James, 2024, “Studies for validating tracking algorithms based on IMU data with 3D camera data”, https://
doi.org/10.0346 AJUELICH-DATA-BETA/IQUUHY, Jiilich DATA - Beta Training Facility, V1

Laboratory studies have been conducted where the movement of a single participant was recorded with inertial measurement units (IMU) and
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Fair2Ped+ and Fair2Ped (RDM Challenges)

e Database relies on information collected by us ©
- Document legacy datasets / experiments

- Document new datasets from the beginning on
e This was created to facilitate your daily work

- Small hands-on tutorial planned (January / February 2025)

- Rocketchat Channel for errors caught, questions and feedback

2> USEIT ©

-
A
|
R

% Dashboard of Experiments Database

Intranet: https://ped.fz-juelich.de:8000

IJ JULICH

Member of the Helmholtz Association Forschungszentrum



WHERE WE LEFT OFF... (AFTER 2"° RDM CHALLENGE)

e Metadata schema for database F
e Filled with experimental metadata (30 experiments / 1482 runs)
e Only metadata without connection to data
e Only accessible through database

e Standardized and coherent and trajectory and geometry structure

e Gathered user feedback I

e Only sample datasets transformed

IJ JULICH

Member of the Helmholtz Association Forschungszentrum



WORKING FIELDS FOR RO

Ios

<

DataCite  Juich DaTA WIKIDATA  HELMHOLTZKG
“ ¢

E <----

Pedestrian Dynamics
Data Archive

https://ped.fz-juelic

Member of the Helmholtz Association

UND 3

X

— Jupyterhub

- k] e |l ] - &

3rd RDM Challenge
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DATA ACCESS

e Connect single data objects to the database

- 5942 data objects are now accessible
(trajectories, mocap, geometries, videos, questionnaires, pressure, mood) E

e Facilitate search and access through a web front-end

- Dashboard has been built with search functions
through experiments, runs and data types

e Enabling direct access to each data object

- Direct data access possible by URL or R
through dashboard export (data or table)

% Dashboard of Experiments Database

Intranet: https://ped.fz-juelich.de:8000

IJ JULICH

Member of the Helmholtz Association Forschungszentrum



DATA ANALY SIS CONNECTION

Irect access to analysis tools (e.g. PedPy)

Search, visualize & analyze

Possibility to process large amounts of prefiltered
data for i.a. machine learning applications

4 run_name ~ | @ date n~ I a8¢ wkt_geometry. - | ¢ notet ¥ I 173 status, v | 43 parameters - l
28071 2021-10-09 E 145 POLYGON (357195, 3.57 -0.61, 1.49 -0.5, 143 -097, -1 {"group_color™:"green"setup_on_platform":"empty","stairs_on_platforn
bi_corr_400_b_07 2023-06-22  13:24:00 926 POLYGON ((-13-2,-136,136,13-2,-13-2), (55,55, 4l ("participant information":“choose your exit based on your wristband col
Tue_04_p noW_SF.05.s.sbp  2022-04-26  10:41:00 1 POLYGON ((-1-0.89, 3-089, 34, -14, -1-0.89)) 207 {"force*"strong","height":*shoulder" "orientation""back","feet":"parallel
bi_corr_400_b_08 2023-06-22 13:29:00 926 POLYGON ((-13-2,-136,136,13-2,-13-2), (-6 4,6 4,1 417 (participant information":"choose your exit based on your wristband col
bi_corr_400_b_09 2023-06-22 13:48:00 926 POLYGON ((-13-2,-136,136,13-2,-13-2), (55,-55, - 41 ("participant information":"choose your exit based on your wristband col.
bi_corr_400_b_10 2023-06-22 1355100 926 POLYGON ((-13-2,-136,136,13-2,-13-2), (65,55, |1 411 ("participant information":“choose your exit based on your wristband col
Tue_04_p_noW_SF 0B_s.s.bp  2022-04-26  10:42:00 1 POLYGON ((-1-0.89, 3-0.89, 34, -14, -1-089)) 2¢ (*force":"strong","height":shoulder""orientation":"back","feet":"parallel
Tue_05_m_noW_ME_O1w.sbp 2022-04-26 10:49:00 1 POLYGON ((-1-0.89,3-0.89,3 4,-14,-1-089)) 1w ket
Tue_05_m_noW_ME_02 w. s b p 2022-04-26 1 POLYGON ((-1-0.89, 3 -0.89, 34, -14, -1-0.89)) e

Tue_05_m_noW_ME_03 w.s b p 2022-04-26 1 POLYGON ((-1-0.89,3-0.89, 3 4,-14,-1-0.89))

Tue_05_m_noW_ME_04 w_s_b_p 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 34, -14, -1-0.89))

Tue_05_m_noW_ME_05_m_s_b_p 2022-04-26 1 POLYGON ((-1-0.89,3-0.89, 34, -14,-1-089))

Tue_05_m_noW_ME_06_m_s_b_p 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89,34,-14,-1-089)) 1 ‘medium?” "height":"shoulder,"orientation":"back","feet":*paral
Tue_06_m_noW_AS_O1w_s bp 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 3 4,14, -1-089)) 20! +*weak® "height*:"shoulder","orientation"“back" “feet":"parallel’,
Tue_06_m_noW_AS_02 w_s b_p 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 34,14, -1-089)) c ‘weak","height":*shouider” "orientation":"back","feet":"parallel",
Tue_06_m_noW_AS_03_m_s. b p 2022-04-26 1 POLYGON ((-1-0.89, 3-089, 3 4, -14, -1-0.89)) *medium’"height":*shoulder" "orientation":"back", feet""paralk
Tue_06_m_noW_AS 04 s s bp 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 34, -14, -1-089)) strong*,"height

Tue_07.m_noW_A70Lw. s bp  2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 3 4, -14,-1-0.89)) “weak",

Tue_07m_noW_A702_m_s b_p  2022-04-26 1 POLYGON ((-1-0.89, 3 -0.89, 34, -14, -1-0.89))

Tue_07.m_noW_A7.03.s.s bp  2022-04-26 1 POLYGON ((-1-0.89,3-0.89, 3 4,-14,-1-089))

Tue_08_m_noW_ME_01w_s_b_p 2022-04-26 1 POLYGON ((-1-0.89, 3 -0.89, 34, -14, -1-0.89)) back” "feet":"parallel",
Tue_08_m_noW_ME 02 w.s b p 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 3 4,-14,-1-089)) i ulder”"orientation""back", “feet":*parallel®,
1.00_main 2015-04-30 1 POLYGON ((1.04 -2.25, -0.9 -2.25, 1.38 -2.25, -1.6 -2.23 individual w 417 ("walking_direction":*counterclockwise")

1.01_main 2015-04-30 16 POLYGON ({104 -2.25, 0.9 -2.25, -1.38 -2.25, {*walking_direction":*counterclockwise*)

1.02_main 2015-04-30 39 POLYGON ((1.04 -2.25, -0 -2.25, -1.38 -2.25, (*walking_direction":*counterclockwise")

1.03_main 2015-04-30 29 POLYGON ({104 -2.25, -09 -2.25, {*walking_direction®:*counterclockwise*)

1.04_main 2015-04-30 6 POLYGON ({104 -2.25, -09 -2.25, {*walking_direction*:*clockwise"}

1.05_main 2015-04-30  09:1 2 9-225, {*walking_direction®;*counterclockwise®}

1.06_main 2015-04-30  09:21:00 n 9-225,-138-2.25, 16 -2.23 40 {"walking_direction":*counterclockwise")
Tue_08_m_noW_ME_03 w.s bp 2022-04-26  11:05:00 1 POLYGON ((-1 - 89,3 4,-14,-1-089)) 207 (force™: we ‘shoulder” “orlentation®:"back","feet":"parallel",
28080 2021-10-09 12:38:00 40 POLYGON ((3.57 -0.51, 1.49 -0.5, 1.43 -0.97, -1.345 -0.97, 4 (“group_color*:*blue*,"setup_on_platform®:"wall*,"stairs_on_platform_at
Tue_08_m_noW_ME_04_m_s b p 2022-04-26  11:05:00 1 POLYGON ((-1-0.89, 30,89, 3 4,14, -1-089)) 20 {“force":"medium", *height":*shoulder","orientation":"back","feet":"parall
Tue_08_m_noW_ME_05.s s b p 2022-04-26 1 POLYGON ((-1-0.89, 3-0.89, 3 4, 14, -1-089)) 205 (“force":"strong","height":shoulder""orientation":"back","feet":"parallel
1.07_main 2015-04-30 39 POLYGON ((1.04 -2.25,-09 -2.25, -1.38 -2.25, -1.6 -2.23 same stepr 407 ("walking_direction®:*counterclockwise"}

1.08_main 2015-04-30 39 POLYGON (104 -2.25, -0.9 -2.25, -1.38 -2.25, 417 {"walking_direction*:"counterclockwise"}

1.09_main 2015-04-30 32 {*walking_direction":*counterclockwise")

1.30_main 2015-04-30 1% {"walking_direction":"counterclockwise"}

1.1_main 2015-04-30 1 {*walking_direction*:"counterclockwise*)

2_00_main 2015-04-30 :19:00 1 407 {*walking_direction*:*counterclockwise®)

entrance_2 2023-06-19  16:17:00 319 POLYGON (75,7 -2, -3 -2, -35,75), (-0.22 144, -0.17 experiment 4c! ("participant_information":*your favorite artist is playing at the concert a
28090 2021-10-09  1245:00 40 POLYGON ((3.57-0.51, 149 -0.5, 1.43 -0.97, -1.345 -0.97, 407 {“group_color":"blue” "setup_on_platform":*wall" "stairs_on_platform_at

Member of the Helmholtz Association
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REPOSITORY CONNECTION

Mirror our metadata to other repositories & enhance findability
of our data and metadata

- APIs applied to transfer metadata from database to JulichData and DataCite

DataCite Jillich DATA WIKIDATA HELMHOLTZKG

JULICH Search~  UserGuide  Support  Login

{2 DataCite e szomrom SHTestData
Fabrica e
Pedestrian Dynamics Data Archive U 3 Dataverses (0) 14010 of 43 Results 1 Sort~ @6

effects of avideo game

v |5 Datasets (43]
Info Settings Prefixes DOIs @) Interruption study 1: Psychological effects of interrupting a video game
= Dataset Metrice

= Files (0) Nov 19,
Publication Year Usten, Ezel; Seben, Anna, 2024, Interruption study 1: Psychological effects of nterrupting a video game", hitps://doi.org/10.0346/

- 2024043) JUELICH-DATA-BETAIXSWT, Jilich DATA - Beta Training Facility, V1
Sesripien . "
Author Name The goal proximity concept suggests that individuals value their goals more as they approach completion, making interruptions more disruptive - e e
- Sottes, Nk (35) and annoying. A study with 61 participants explored early and late interruptions during 2 computer game task, finding that interruptions c... oo
b Sort by Date U ted +
e 71DOIs matelpdate Seyfried, Armin (34) v ©of individusts ina battlenack 5«
- lovement of individuals in a bottlenecl g s i
: : Hol, Stefan (22
RPEE-HEADS: A Benchmark for Pedestrian Head Detection in Crowd Videos ol Stefan (22) N Novis, Kepwrd - .
Mohamad Abubaker, Zubayda Alsadder, Hamed Abdelhaq, Maik Boltes, Ahmed Alia, Rupprecht, Tobias (16) % N ; . . . b hog b s i g 01
. . Collaction published 224 v Forschuasgezentrurm Jeikch Winkens, Andreas (15) Boomers, Ann Katrin; Adrian, Juliane; Boltes, Maik, 2024, "Movement of individuals in a bottleneck', https://doi org/10.0346/
esource Type Crested November 15,2024 at L10&03 UTC. Findable More JUELICH-DATA-BETA/NYGRUD, Jilich DATA - Beta Training Facilfty, Vi e
-
Zhe Experiments to investigate the movement of pedestrians walking individually through a bottleneck. The investigative focus was put on the
Subject approaching angle, the motivation, width and length of bottleneck as well as on the angle of the goal line behind the bottleneck T | Mo
Year created Other (43) PO "
T i oy
Junction Mixed-method study on lay people’s associations with the term “mass panic” and alternative terms
Farschungszentrum Jilich, University of Wuppertal, Cologne University, Keyword Term s
Collection published 2009 via Forschungszentrum Jilich pedestrian dynamics (43) v o
Created November 12,2019 at 13:3228 UTC. Findable experiment (42) Ligering, Helena; Sisben, Anna; Tepel, Dilek, 2024, "Mixed-method study on lay peaple’s associations with the term “mass panic”
4 r camera tracking (38) and altemative terms”, https://doi org/10.0346/JUELICH-DATA-BETA/WLTG2Z, Jilich DATA - Beta Training Facility, Vi Gt
corridor (16) Inthe context of crowd accidents, terms associated with panic or animalistic behavior are used in various languages. To approach this question
. bottieneck (12) ouv
. Sensor-based Gait and Balance Assessment in Healthy Adults: Analysis of Short-Term Training for the German languags, s (consisting of and interviews) was conducted. The terms investigated were. oh
epository
L and Sensor Placement Effects More.
Clara Rentz, Vera Kaiser, Naomi Jung, Berwin A Turlach, Mehran Turna, Jutta Peterburs, Maik Boltes, Alfons Schnitzler, Katrin Amunts, PoF IV topic '”ﬂ“e”"""f gender in single-file movement
Juergen Dukart, Martina Minnerop, D Novis
o " . Acquisition before PoF IV (2021-2026)
Collection published 2024 via Forschungszentrum Jilich (Porea08) () Subaih, Rudina; Chraibi, Mohcine, 2024, "Influence of gender in single-file moverment”, https//doi org/10.0348 JUELICH-DATA- -
50 . Findabl -
Prefix Created July 29, 2024 at 10:50:17 UTC. Findable BETA/ZMFAUS, Jilich DATA - Beta Training Facilty, V1. o
= .
ingle-File experiment on an oval shaped track with only male, only female and mixed configuration. Comtraner
PoF lll tople Single-File exp I shap J with only male, only femal fig
Acquisition before PoF 1l (2015-2020)
Schema Version Gender experiments across culture (POF3-698) (43) Studies for validating tracking algorithms based on IMU data with 3D camera data
Mohcine Chraibi, Claudio Felciani, Milad Haghan, Xizolu JiA Jian Ma, DN Novis R
Collection published 2024 via Forschungszentrum Jilich . =
Crastod My 22, 2004 st 0912 UTC. Fidable Schumann, Jette; Lee, James, 2024, "Studies for validating tracking algorithms based on IMU data with 3D camers data’ https:/ —
- doi org/10.034B/JUELICH-DATA-BETA/IQUUHY, Jilich DATA - Beta Training Facility, V1 -

Laboratory studies have been conducted where the movement of a single participant was recorded with inertial measurement units (IMU) and







SUMMARY

e Enlarge and extend experiments database for pedestrian dynamics data
45 experiments — 1787 runs — 5942 data objects

 Dashboard as user friendly database front-end
Search — download — process — analyze

e Connection to other metadata repositories

Enhance visibility — enhance findability

O — > T

IJ JULICH

Member of the Helmholtz Association Forschungszentrum



Controlled experiments

« Selective analysis of parameters
without undesired influences

 Variability of the
experimental procedure

» Generation of desired situation
like high densities seldom seen
In field studies

 Possibility to extract requested
data like microscopic trajectories
at high quality in space and time

* Privacy issues manageable
by declaration of consent

Forschungszentrum



Controlled experiments
Collecting the data is expensive

(fee for participants, build structure)

Situation is artificial so that transferability
to real life has to be justified

Some parameters influencing pedestrian
dynamics are difficult to set up artificially

For microscopic data the space and time
Is limited to the experimental area

But: extraction of meaningful general findings is much harder forfield.studies

9 JULICH

Forschungszentrum



3D full body motion capturing systems

Advantages (depending on system):
self-contained (e.g. local storage)
light weighted

wireless control

— no visibility from ou
— usable inside crowc

Disadvantages (IMU
Capturing only
relative movement
— drift in space

l) JULICH

Forschungszentrum



) [Feldmann et al.: Forward propagation of a push
P reS S u r e p a,d S through a row of people, Safety Science 164,
106173 (2023),
DOI: 10.1016/j.ss¢i.2023.106173]
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Other systems

Heart rate variability sensors
Electrodermal activity sensors
Emotional response systems
Happy-or-not terminals

Wie haben Sie sich in diesem
Experiment gefiihlt?

/.
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YeBRiERsoth Low Energy (BLE) Scanner

Grid of Raspberry Pi’'s scanning for BLE devices
1. Pedestrian density estimation scanning all BLE devices (e.g. smartphones)

2. Large-scale tracking and measurement of dwell time scanning specific BLE
devices (e.g. beacons handed out to people)

[Claudio Feliciani & Tobias Arens: - —
Github: Open-Source Python code Blescan
https://github.com/Crowd-Management-Japan]

E—avsa
BEEX VL

R

Live relative density heatmap at entrance of business fair



Trajeqtotlas 0y Field trackina Suetom

Tracking system from ASE
consisting of overlapping grid
of 33 stereo cameras
covering 1000 m?

at city train (S-Bahn) platform
of Frankfurt central station
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LoStInCrowds - Locomotion Strategies and

Injury potential in dense pedestrian Crowds

Identifying risk factors for injuries in crowds at bottlenecks
paper review, data/video review, interviews)

1.
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Crowd crushes, or crowd accidents, have been a matter of concer for event organisers,
transport operators and local authorities for decades. They represent the worst scenario for
crowd managements, with possible hundreds of deaths and injuries. Many events failures
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led the organisers to courts, and some of these events, such as the Love Parade disaster in ' U I I c
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LoStinCrowds - Locomotion Strategies and

Injury potential in dense pedestrian Crowds

2. Investigating influencing variables (e.g. density, motivation, age and fitness)
on overall body movement and thus the risk of injuries

within condensing pedestrian streams

Variation: density, motivation, age composition

Study: influence of individual characteristics:
physical fitness, age, gender, height
on locomotion strategies
Capturing: head trajectories,
MoCap data from 20 neighbouring
persons inside crowd of 50 people,
force between people (force suit)
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LoStinCrowds - Locomotion Strategies and

Injury potential in dense pedestrian Crowds

3. Small-scale experiments (max. 5 people) analyzing individual factors
that modulate the risk of injury potentials

Variation: force (location, direction, temporal characteristic)

Study: movement patterns provoked and reconstructed
by externally applied contact forces

(with respect to physical fithess, age, gender, height)

Capturing: MoCap data, force to people,
ground reaction forces (force plates)

[Thomas Chatagnon]




Densedyriaimics

A: Bottleneck

B: Impulspropagation

Parameter

Variationen

Engstellenbauweise

Wand (ca. 2 m hoch), Schleuse (ca. 1,2 m hoch)

Engstellenbreite

Wand: 0,4 m - 1,2 m, Schleuse: fix 0,5 m

Motivationslevel

niedrig, mittel, hoch

Offnen der Engstelle

permanent, regelmafig (1x pro s), unregelmagig (alle 1-5 s)

Stérung

keine, einzelne Personen gehen durch Menge (nach links, rechts, hinten), Anweisungen:
z.B. Langsam gehen

Anzahl Engstellen

wenn Schleuse: ein oder zwei Schleusen nebeneinander

Tabelle 3: Mégliche Variationen des Experiments zu

Impulsausbreitung.

Parameter

Variationen

Aufstellformation

verschiedene 2D Formationen

Richtung des
Stolles

von rechts, links, vorne, (hinten)

Starke des Stolles

schwach, mittel, stark

Abstand zwischen

kein Abstand, Ellenbogenabstand,

Probanden regelmaRig, unregelmafig
Vorbereitung der vorbereitet (sofort), unvorbereitet
Probanden (nach Wartezeit)

Durchmischung der | nur Manner, nur Frauen, gemischt
Probanden Groéfle / Gewicht ahnlich, gemischt

Abbildung 12: Sketch einer Aufstellformation
des Experiments zur Impulsausbreitung mit

00. Monat 2017

Andeutung der méglichen Stol3richtungen.

Seite 64

/.

JULICH

Forschungszentrum



[Boltes et al.: Collecting pedestrian trajectories,
Neurocomputing 100, 127 - 133 (2013),
DOIl: 10.1016/j.neucom.2012.01.036]

Camera system

Camera recordings allow the extraction of trajectories
of head (and shoulders) and a qualitative validation

3D devices like stereo cameras enable 3D tracking
(e.g. stairs, height variation like bobbing)



Caimera system

ersons‘ height needed for calculating trajectories in real world:

oding options:

olor code mapping to height range
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. . [Project BaSiGo, bidirectional corridor, DOI: 10.34735/ped.2013.5]
Usinalgg)tﬁ%qlMglqlaMb%H@If&na. Framework to A ‘ g = —-——=
1. Immersive analysis of empirical data i e |
derived from pedestrian experiments
to perceive the situation as part of the crowd
by adopting the perspective of an individuum:
= e.g. experiencing visual restrictions or
= proximity
2. Performing VR-based studies with
authentic populated immersive environment
and social reactions of surrounding people

IJ JULICH
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VR-Driven Visual Ana. Framework to Advance PD Research

Visualization library: Unreal Engine
(deployable to HMD or room-sized VR)

Input data:

Geometry

Head trajectory (no shoulder orientation)
Individual information:

height, weight, shoulder width,
gender, age

Dataset used for test and expert review:
Crowd Management Experiment within
CroMa exp. (DOI: 10.17815/CD.2023.141)




VR-Driven Visual Ana. Framework to Advance PD Research

Character representations for virtual agents:
Cylinders (most abstract only showing measured data) .
Mannequins (abstract but human like extension) Ii '
Human characters (highest perceived presence)
Color: gender (red: female, blue: male)




VR-Driven Visual Ana. Framework to Advance PD Research

Perspective:
Exocentric view
(free fly or
balcony with(out) railing)
Egocentric view

(free movement or point of view from another person)

Height (cm):0
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