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Abstract

The large-scale parallel processing capability of GPUs is a key technology that enables real-time performance
in large-scale crowd simulation. However, there remains a gap between such high-performance technology and
its application as a practical tool that can assist non-experts in solving real-world problems. This paper proposes
a high-performance crowd simulation system based on a GPU-accelerated Social Force Model and conducts a
user study and analyzes its quantitative and qualitative results to evaluate the effectiveness of its core feature,
real-time interactivity, in addressing crowd management problems. The main contribution of this study is the
formulation of the hypothesis that interactive control with real-time feedback is more effective than static pre-
planning for resolving crowd congestion problems and imposes a lower cognitive load on users, along with the
establishment of an HCI-based evaluation plan to verify this hypothesis. In the user study, participants perform
tasks aimed at solving crowd congestion problems under two conditions—static planning and real-time
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control—and the effectiveness, efficiency, and user experience in each condition are analyzed through both

quantitative and qualitative methods.
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Figure 1: System architecture of the proposed GPU-based crowd
simulator
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Figure 2: Masswe crowd simulation with 50 000 agents in the Itacwon
area.

Table 1: Flow control tools
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Figure 3: Crowd flow control tool. (a) Pedestrian moving along the
default route without control. (b) Installing a barrier to block the road.
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Table 2: Overview of the user evaluation process
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an experiment. (a) Initial state without control tools. (b), (¢) An
example of controlling the flow of the crowd by placing control spheres
in different positions.
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Table 3: Comparison of task performance by condition
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Figure 7: Per-participant comparison of peak density between static
planning and interactive control, where lower peak density indicates
improved crowd safety.
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