Pedestrian flow characteristics upstream of bottleneck:
An empirical evaluation using fundamental diagrams
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Introduction

As a basic tool to explore pedestrian flow characteristics, pedestrian fundamental diagrams (PFDs) have been investigated by a
considerable number of previous studies. However, whether a PFD for an area upstream of a bottleneck differs according to the bottleneck
properties (e.g., width, passing rule, and capacity), and how the PFD represents the unique characteristics of the corresponding walking
behaviors of the crowd are not yet comprehensively understood. Through a series of laboratory experiments, this study derived new findings on
pedestrian flow characteristics and walking behavior upstream of a bottleneck through the comparison of PFDs derived using a simplified
| Voronoi diagram method.

Experiment & Measurement Method of PFD

« Experiment Scenarios
4 conditions combined with 3 bottleneck widths (0.8m, 1.0m and 1.2m)

(a) Uncontrolled (UC)
(b) Departure Control Slow (DS)
(c) Departure Control Fast (DF)
(d) Stairway (SW)

» Voronoi Diagram Approach

This approach was reported to be able to reduce the density scatter and at
the same time improve the resolution of data with higher sampling rate. The
basic idea is that at each frame or during a short enough time period a
bounded Voronoi cell area, 4;, can be obtained for each person i. Then, the
density and velocity for a measurement area can be defined as:
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Fig. 1 (a) Experiment configuration, (b) snapshot from experiment site p; is the density in cell 4;, 7; is the instantaneous speed of person i during At
\_ (c) Example of Voronoi diagrams produced from experiment data (p)y, (v), and (q),, are Voronoi density, speed and flow of pedestrians group )

Analysis Results
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» Impact of Bottleneck Type & Width

PFDs were separately compared between different scenarios to explore
the impact of bottleneck type and width. Findings can be concluded as:
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Findings from the comparison can be summarized as:
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