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RESUMO

O avancgo das tecnologias tridimensionais (3D), associado a inteligéncia artificial (IA), tem revolucionado o
campo das ciéncias forenses, permitindo analises mais precisas, imersivas e interativas das cenas
criminais. Essa integragéo tecnolégica tem ampliado as possibilidades de visualizagao e interpretacdo de
evidéncias, fortalecendo tanto o processo investigativo quanto o ensino e a formacao pericial. Nesse
contexto, o presente trabalho propde a criagdo e validagdo de um protétipo de reconstrugéo forense
imersiva, desenvolvido em ambiente tridimensional, com o intuito de reproduzir de forma interativa um caso
real de atropelamento, integrando modelagem 3D, simulagéo fisica e IA conversacional. O principal objetivo
do estudo é demonstrar a viabilidade de um sistema interativo capaz de recriar digitalmente a dindmica de
um acidente e de promover aprendizado baseado na investigacdo. Além disso, busca-se avaliar o potencial
educativo da interacdo com um agente inteligente, um legista virtual, capaz de mediar o raciocinio pericial e
auxiliar na compreensdo das evidéncias. O trabalho também objetiva destacar o uso de tecnologias
emergentes como ferramentas de apoio as praticas forenses e de ensino, reforcando o valor experimental
da simulagdo computacional. A metodologia adotada envolveu a integracao de trés plataformas principais: o
Blender, utilizado para criagao, texturizagao e otimizagdo dos modelos tridimensionais; o Unity, responsavel
pela simulagao fisica, movimentagédo dos elementos e interagdo em tempo real; e o ConvAl, plataforma de
IA usada para o desenvolvimento do NPC legista, alimentado pelo modelo de linguagem Gemini-1.5-Flash,
da Google DeepMind. O NPC foi programado para responder a perguntas, levantar hipdteses e
correlacionar evidéncias com principios biomecanicos e forenses, fundamentando-se no estudo VIRTOPSY
(Thali et al., 2005), referéncia internacional em reconstru¢cdes periciais tridimensionais.Os resultados
demonstraram que a simulagdo conseguiu reproduzir de forma fidedigna a cena do atropelamento, incluindo
veiculo, vitima e pontos de impacto, além de permitir ao usuario explorar a sequéncia dos eventos sob
orientagdo do NPC legista. Esse personagem atuou como mediador do processo investigativo, oferecendo
explicagbes técnicas, narrativas didaticas e feedback continuo, o que promoveu um ambiente de
aprendizado ativo e imersivo. As métricas observadas, como o engajamento dos usuarios e a capacidade
de reter informagdes durante a interagéo, ainda em fase de teste e prototipacéo, indicam potencial ganho de
aprendizado e maior compreensdo da dindmica forense, sugerindo resultados promissores para futuras
aplicagbes educacionais e periciais. Conclui-se que a combinagdo entre modelagem 3D, fisica



computacional e IA conversacional constitui uma ferramenta poderosa para ensino e pratica forense,
proporcionando novas formas de analise e reconstrugao digital. O projeto refor¢a o potencial educacional e
experimental das tecnologias imersivas e sugere, como continuidade, a integracdo com realidade virtual,
aprimoramento da modelagem biomecénica e aplicacdo de testes de usabilidade para avaliar de forma
quantitativa o impacto na imers&o e no aprendizado.
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ABSTRACT

The advancement of three-dimensional (3D) technologies, combined with artificial intelligence (Al), has
revolutionized the field of forensic science by enabling more precise, immersive, and interactive analyses of
crime scenes. This technological integration has expanded the possibilities for visualizing and interpreting
evidence, strengthening both investigative processes and educational training in forensic practice. In this
context, the present study proposes the creation and validation of an immersive forensic reconstruction
prototype, developed in a tridimensional environment, designed to interactively reproduce a real hit-and-run
case by integrating 3D modeling, physical simulation, and conversational Al. The main objective of this
research is to demonstrate the feasibility of an interactive system capable of digitally recreating the dynamics
of an accident while fostering investigation-based learning. Additionally, it seeks to evaluate the educational
potential of interacting with an intelligent agent, a virtual pathologist, capable of mediating forensic reasoning
and assisting in the comprehension of evidence. The project also aims to highlight the use of emerging
technologies as supportive tools for forensic and educational practices, reinforcing the experimental value of
computational simulation. The adopted methodology involved the integration of three main platforms:
Blender, used for the creation, texturing, and optimization of tridimensional models; Unity, responsible for
physical simulation, movement, and real-time interaction; and ConvAl, an Al platform employed to develop
the NPC pathologist, powered by the Gemini-1.5-Flash language model from Google DeepMind. The NPC
was programmed to answer questions, formulate hypotheses, and correlate evidence with biomechanical
and forensic principles, based on the VIRTOPSY study (Thali et al., 2005), an international reference in 3D
forensic reconstructions. The results demonstrated that the simulation successfully and accurately
reproduced the hit-and-run scene, including the vehicle, the victim, and the impact points, while allowing
users to explore the sequence of events under the guidance of the NPC pathologist. This character acted as
a mediator of the investigative process, providing technical explanations, didactic narratives, and continuous
feedback, which fostered an active and immersive learning environment. The observed metrics, such as
user engagement and information retention during interaction, still in the testing and prototyping phase,
indicate potential learning gains and enhanced understanding of forensic dynamics, suggesting promising
outcomes for future educational and forensic applications. It is concluded that the combination of 3D
modeling, computational physics, and conversational Al constitutes a powerful tool for forensic education
and practice, providing new methods for digital analysis and reconstruction. The project reinforces the
educational and experimental potential of immersive technologies and proposes, as future work, the
integration with virtual reality, enhancement of biomechanical modeling, and the implementation of usability
testing to quantitatively assess immersion and learning impact.
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