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ABSTRACT

Deploying autonomous agents in safety critical domains, such as
emergency evacuations, requires them to reason about and predict
the often uncertain behaviour of humans. This paper presents Yana-
pay, a simulation toolkit designed to evaluate the decision-making
strategies of autonomous Search and Rescue (SAR) agents oper-
ating in a transportation hub. Yanapay applies social psychology
principles to simulate complex human behaviours, such as group
dynamics and social identity. The toolkit enables researchers to
design and benchmark agent architectures that reason about these
social factors and predict human intent, for instance, which civil-
ians are likely to aid in evacuation efforts. Yanapay automates the
simulation workflow, allowing researchers to systematically eval-
uate and compare the performance of different strategies across
diverse scenarios. A video demonstrating the tool is available at
https://youtu.be/erLsxmFtHzs.
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1 INTRODUCTION

Emergency evacuations can be modelled as complex multi-agent
environments where human behaviour is uncertain and difficult
to predict. Autonomous systems have increasingly been used in
these settings to assist in evacuation efforts [2]. By collaborating
with humans on the scene, these systems can significantly enhance
the speed and safety of evacuations [15]. However, the develop-
ment of such systems presents challenges related to modelling and
reasoning about collaboration with humans [7].
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These systems must be rigorously tested across diverse scenarios
while accounting for complex human behavioural factors. While
existing simulation frameworks focus either on technical system
validation or human behaviour modelling [3, 14], there is a gap
in tools that support the systematic evaluation of socially-aware
decision making. Agent-based simulations can help address the com-
plexities of modelling human behaviour [11]. However, the process
of setting up these simulations, running experiments across diverse
conditions, and analysing the results can be time-consuming [12].

To address this gap, we present Yanapay', an agent-based sim-
ulation toolkit? designed to support researchers in evaluating au-
tonomous agents in emergency evacuations of transportation hubs.
Yanapay enables researchers to design and benchmark socially-
aware Search and Rescue (SAR) agents that can reason about hu-
man intent and can collaborate with them. For instance, agents can
predict which civilians are likely to act as ‘zero-responders’ (sur-
vivors who mobilise to help others) and task them to assist fallen
victims (incapacitated by injury). The toolkit automates the simula-
tion workflow to systematically evaluate and compare strategies
under different scenarios.
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Figure 1: Snapshot of the simulation environment depicting
a SAR robot (green) navigating a transportation hub during
an evacuation. The robot identifies a fallen agent (orange)
and recruits a zero-responder (blue) for assistance.

“Yanapay’ means ‘to help’ in Quechua, an indigenous language of Peru
2The Yanapay source code can be downloaded from the GitHub repository at https:
// github.com/ kangkelidis/ robot- assisted-evacuation
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Figure 2: Diagram of the main entities of the Yanapay toolkit.

2 RELATED WORK

Simulations are extensively used as a research tool in software
engineering [4]. Due to the nature of emergencies, using simula-
tions allows us to explore multiple configurations and scenarios
safely, ethically, and in a cost-effective way [13]. On the one hand,
simulation tools for emergencies using autonomous systems, e.g.,
Dronology [3] focus on simulating the software system itself or
a single human participant rather than group behaviour. On the
other hand, social psychology researchers use agent-based mod-
els to capture people’s behaviour [14] but without representing
autonomous systems. Mass casualty incident simulators primarily
address medical or operational aspects, such as triage [5], rather
than focusing on Human-AI collaboration. Yanapay combines these
streams by introducing a platform that integrates the socio-cultural
dynamics of human crowds with the decision-making strategies of
SAR robots, specifically, modelling how robots can recruit civilian
zero-responders to assist in the evacuation of a transportation hub.

3 THE YANAPAY TOOLKIT

Yanapay builds upon the IMPACT+ model, an extension of the IM-
PACT model [14], which was engineered by domain experts in
social psychology and validated against data from real-world evac-
uation drills to simulate human behaviour in a transportation hub
during an emergency evacuation [8]. Yanapay models agents with
internal cognitive states derived from social psychology. Agents
maintain a belief state representing their perception of danger;
environmental or social cues trigger a desire to evacuate. If they
do not decide to evacuate, agents move randomly through the
space. Agents are assigned demographic attributes, specifically age,
gender, cultural group, familiarity, and compliance. Decisions are
driven by group leaders who guide their members; once a leader
decides to evacuate, the entire group follows. This creates realis-
tic bottlenecks as members seek each other before exiting. High
agent concentration increases the likelihood of accidents, causing
agents to fall. This state persists for a set duration, which is short-
ened if assistance is provided by distinct agent types: group leaders
(who guide agents), first-responders (who trigger evacuations), or
zero-responders (civilians who assist victims based on shared social
identity). The SAR robot aims to leverage this behaviour to speed
up evacuation times.

Figure 1 depicts the SAR locating and assisting fallen agents.
Operating distinctly from civilian group leaders, it must decide
whether to request help from a zero-responder or from a first-
responder. This allows researchers to plug in and compare different
prediction models without modifying the underlying simulation
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engine. For instance, researchers can implement strategies based
on social psychology, where the robot evaluates shared identity
markers, subject to privacy safeguards in real-world deployments,
to predict if a civilian is likely to comply with a request for help [6].

As seen in Figure 2, Yanapay automates the generation and par-
allel execution of simulations based on user-defined scenarios (e.g.,
varying crowd and robot density) and SAR robot strategies. The Sim-
ulation Manager orchestrates experiments, using PyNetLogo [10]
and Flask [9] to bridge the Simulation Model (implemented in NetL-

ogo [1]) with Python-based strategy controllers. This design allows
researchers to define SAR behaviours in Python while using NetL-

ogo’s capabilities. Upon termination, the Results Analyser processes
the results of the experiments to generate statistical comparisons
and visualisations of the strategies’ performance, as illustrated by
the evacuation time distributions in Figure 3.

The demonstration presents a scenario where a configurable
number of SAR robots are deployed to assist scarce first-responders,
aiming to speed up the evacuation of a transportation hub. Yanapay
allows researchers to test various decision-making strategies to
optimise the autonomous agent’s response to unpredictable human
behaviour. If the robot incorrectly tasks a civilian who refuses
to help, the evacuation is delayed due to the wasted attempt and
the subsequent delay in alerting a first-responder. Conversely, if
the robot relies too heavily on first-responders, the evacuation
time increases because professionals are a scarce resource and the
potential of zero-responders remains underutilised.

tises

Figure 3: Predefined scenarios showing evacuation times.
Rank by median values, from left to right: no SAR robot,
always asking for help, random decision, always calling for
help, predicts the chance of a passenger accepting to help.

4 CONCLUSION AND FUTURE WORK

In this paper, we introduced Yanapay, a toolkit providing a standard-
ised environment to benchmark autonomous decision-making in
emergency evacuations of transportation hubs. Yanapay addresses
the challenge of simulating human behaviour in environments
where SAR robots must reason about social dynamics to minimise
evacuation times. The toolkit automates the workflow for setting
up, executing, and analysing simulations, enabling researchers to
systematically benchmark strategies for the SAR robots.

The current implementation is constrained by the simplifications
of human behaviour inherent in the IMPACT model. Additionally,
the robot’s current decision logic considers only the nearest candi-
date; future iterations will implement a prioritised ranking system.
We also aim to refine the model to simulate the complex crowd
dynamics where fallen agents act as obstacles that may reduce
congestion at exits, affecting total evacuation times.
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