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Crowd Simulation in Virtual Cities
by Tracking Pedestrians
Toyokazu ITAKURA
Abstract

We’'re walking and living in urban space. The term “urban space” has a lot of
meanings from a whole city to a room in a building. In this research, “urban
space” means a few floors in the building, where hundreds of pedestrians are
walking. Pedestrians are walking along the spatial structure of the city and
having various interactions with others.

A lot of simulations in virtual cities were done for each purpose so far. In
case of simulations focusing on relatively large urban area, it is difficult to
simulate pedestrians’ local interactions with others or environments. In the
simulation including avatars controlled by users, a simulation model which can
deal with exact interactions even in large urban area is needed. But,
conventional models did not focus on both the walkers’ movements from one
spot to another in a city and their local interactions.

To solve this problem, we tried to construct the simulation model with
accurate tracking data in large urban area. As the accurate tracking data, we
used pedestrians’ tracking data extracted from the images of the ceiling
cameras in Kyoto Station of Kyoto City Subway Line. We built a model of a
pedestrian walking in a city. According to the model, the tracking data was
analyzed. We analyzed transfer probabilities between spots and interactions
among pedestrians and environments. The knowledge we found in analyzing
was listed below.

- The transition probabilities between spots in the urban area depend on the
several spots in which pedestrians passed in the past. And they are represented
as N-th Markov Model.

- The probabilistic choices of detailed routes between spots are also depend
on the several spots in which pedestrians passed in the past.

- We reproduced 2D tracking data on 3D virtual city. By reproducing the
data, interactions with surrounding walkers are got as the probabilities to



execute the interactions, and interactions with surrounding environments are
got as the simple rules.

Based on the knowledge, we shaped the pedestrian model to the detailed
model enabled to be implemented The detailed simulation model by accurate
pedestrians’ tracking data is constructed with 4 stages below.

. transfer probabilities between spots

1. probabilistic choices of routes between spots

I11.  choices of routes according to surrounding

V. interactions with other pedestrians and environments
In 1 and Il, pedestrians transitions based on the probabilities stages are
realized. And in 11l and 1V, their interactions according to surrounding walkers
and environments are also realized.

After the implementation of the model, we evaluated the model. As a result
of the evaluation with comparing to another data from the image of the camera,
we confirmed that the model reproduced the crowd during the business hours.

In this research, we analyzed the pedestrians’ accurate tracking data in the
large urban area, and constructed the simulation model based on results of
analyzing the data. The simulation model is the model used for 3D virtual city
in which users participate to control avatars. The contributions in this research
are listed below.

- Construction of simulation model with pedestrians’ tracking data

It was difficult to realize the simulation focusing on both the transference
between spots in a large urban area and the local interactions with other
walkers and environments. In this thesis, we use the accurate tracking data in
large area, and the simulation model which can cover both the transference
between spots and the local interactions is realized.

- Analyzing interactions by reproducing tracking data on 3D virtual city

To reproduce 2D tracking data on 3D virtual city, it becomes possible to get a
pedestrian’s view. With this characteristic, pedestrians’ interactions can be
analyzed in more actual situation.
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