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Introduction 

 

With advances in software and hardware technologies such as photogrammetry and 

scanners, 3D reconstructions of aviation accidents are also becoming possible. The 

reconstructed 3D models have the potential to change the traditional accident 

investigation paradigm by allowing investigators to analyse the accident scene from a 

more macro and holistic perspective without having to physically visit the scene; by 

introducing more new technologies to assist in analysing the cause and restoring the 

accident process; and by better preserving evidence at the scene after the accident and 

reducing the cost of accident investigation training. This paper will analyse the 

challenges faced by accident investigators, current methods of 3D aviation accident 

scene reconstruction, and give examples of the combination of augmented reality and 

3D accident scene reconstruction, machine learning and 3D accident scene 

reconstruction, to analyse their possibilities and potential for development to address 

these difficulties. 

 

The challenge for investigators 

 

The aviation accident investigation often require the cooperation of multiple countries 

and agencies, so a great deal of time and money can be wasted on the travel 

arrangements of investigation experts from all over the world(D’Anniballe et al., 2020). 

The global spread of COVID-19 is also a warning that the challenges investigation 

teams need to face are not only from the accident itself, but also from external factors 

such as the environment. ICAO has issued guidance on accident investigations under 

COVID-19, such as delay in read-out of flight recorders by another State due to travel 

restrictions(Aircraft Accident and Incident Investigation, n.d.), but these measures are 

ultimately only stop-gap measures and may complicate the accident investigation 

process. However, with the increasing diversity of the investigation team, the need to 

adjust work schedules and travel itineraries, the increasing speed of information 



dissemination on the internet and the accelerated pace of life, the accident investigation 

team will be under pressure from the media, stakeholders and public opinion to analyse 

the causes of the accident and to give advice and recommendations more quickly. These 

challenges are impacting on existing accident investigation methods. 

 

current methods of 3D aviation accident scene reconstruction 

 

The investigation of an aviation accident has three main objectives: data collection, data 

analysis and presentation of the results of the analysis(ICAO, 2001). Accident scene 

reconstruction primarily places new demands on data collection, and at the same time 

helps investigators to analyse data from a new perspective.  

 

There are currently two main methods of acquiring data: 3D laser scanner and 3D 

photogrammetry. 3D laser scanners are used to scan the accident site, forming a 'point 

cloud' on the surface of the object, and then using software to create a 3D solid mesh, 

this technique is now maturing, with good solutions such as Leica(Boehler & Marbs, 

n.d.). 3D photogrammetry is used to create 3D models or scenes by taking photographs 

from different angles and overlaying them. For example, Hawkins in 2016 proposed a 

method for reconstructing 3D models of aircraft accident sites using drones and 

photogrammetry(Hawkins, 2016). D'Anniballe had proposed a combination of the two 

methods to reconstruct the accident scene: a 3D map of the entire crash site (including 

the wreckage) is created using aerial photogrammetry, and then a 3D model of the 

wreckage components is created on the ground using a laser scanner(D’Anniballe et al., 

2020). Even in the special case of an accidental aircraft that may sink into the sea, there 

have been studies on methods of acquiring data in the water(Anwer et al., 2017). 

 

As these technologies advance, the accuracy of 3D accident scene reconstructions may 

also gradually increase, making it possible to analyse data with the help of 3D accident 

scene models. Besides, even in different accidents there may be suitable solutions for 

building 3D accident scene models. 



 

AR application with 3D accident scene reconstruction 

 

Augmented reality(AR) is a situation in which real-world and virtual-world contents 

are combined dynamically(Billinghurst et al., 2014; Wu et al., 2013). This technology 

has given the aviation industry a boost and has been used in the design and manufacture 

of aircraft, navigation, maintenance and other aspects(Safi et al., 2019). A very good 

example is that HoloLens, which is used for aviation maintenance. The advantages of 

applying AR technology to accident investigations have already been raised by 

experienced investigators(Sikkema, 2018). After the 3D model of the accident scene 

was created in a virtual world, software such as Unity 3D can be used to create a 3D 

experience, and an iPad or HoloLens can be used as a platform to support the 3D 

experience, enabling the accident scene to be reconstructed in a virtual environment 

and used for subsequent accident analysis(D’Anniballe et al., 2020). 

 

The most obvious advantage of AR is the increased flexibility it allows for cooperation 

in accident investigations. The investigators do not need to travel long distances to a 

fixed meeting place, saving travel time and ensuring the safety of investigators: they do 

not need much contact with each other and do not have to touch the actual accident site, 

at the same time, by reconstructing the accident site in a virtual world, data can be stored 

for a long time and shared online, making information exchange and cooperation more 

fluid and rapid. During the investigation, the data can also be updated at any time to 

supplement the investigator's knowledge of the overall accident scene situation, if new 

pieces or information are found missing during the wreckage clean-up process, they can 

be superimposed on the 3D model at any time, although this may take more time to re-

creation the model. 

 

The other advantage of AR in accident investigation is the long-term preservation of 

accident evidence and the reduction of investigator training costs. Evidence at an 



accident scene could be damaged to some extent by secondary fires, local weather (e.g. 

rain may damage ground evidence) or even human factors, and the destruction or loss 

of evidence can have an impact on the analysis of the cause of the accident. However, 

if the accident scene can be scanned and reconstructed in a timely manner, a large 

degree of evidence can be preserved for ready analysis by investigators. At the same 

time, the preserved scenes can be applied to investigator training after a simplification 

process, which eliminates the need to reconstruct accident scenes for investigator 

training, protects the safety of instructors and students, and reduces the cost of 

training(Sikkema, 2018). 

 

Machine learning and 3D accident scene reconstruction 

 

Machine learning can build models based on sample data (known as 'training data') in 

order to make predictions or decisions without being explicitly programmed, and this 

technique is now used in a wide range of disciplines(Jordan & Mitchell, 2015). In 

combination with 3D accident scene reconstruction, machine learning could be used to 

improve the accuracy of models(Rusu et al., 2009), and to assist in the analysis of 

accident processes and impact attitudes on the other. In this section, the focus is on 

analysing the implementability and potential of the latter. 

 

In the event of a crash, conducting an accident scene reconstruction is a process of 

analysing the motion of an aircraft during a crash sequence and calculating the 

acceleration of the aircraft during the principal impact. In the field of traffic accidents, 

the use of 3D modelling to analyse the process of a car impact and the forces applied is 

now well established(Zhang et al., 2008). In the field of aviation, Michael carried out a 

study in 2009 to calculate the acceleration of the aircraft during the impact, so it is 

possible to reproduce the loading process by calculating the flight data found in the 

aircraft recorder(Dobbs, 2010). But at the same time this work is heavily programmed 

and computationally demanding. If machine learning can be used to build a model for 



analysing aircraft impact attitudes using past accidents or tests as training data, it has 

the potential to effectively improve the efficiency of future accident investigations. 

 

Conclusion 

 

By creating a 3D accident scene model, the information from the actual accident scene 

is converted into data and information in the virtual world, which means that the 3D 

model could be a new platform for accident investigation. Firstly, the model can be 

projected into the actual space again through the combination of AR technology, 

creating a "scene" for investigators to investigate accidents anytime and anywhere. The 

data can be stored for a long time and used in subsequent investigator training to protect 

the safety of students and reduce training costs. Then, through a combination with 

machine learning, past accident scenes data could be datamined and used as a training 

set to build analytical models, which can help to assist in the analysis of aircraft impact 

attitudes and restore the aircraft accident process in subsequent accident investigations. 

These two are just examples of the further applications of 3D accident scene modelling, 

which may also bring additional benefits to accident investigations if other techniques 

and models can be combined in a sensible way. Although the technology is not yet 

mature, as technology advances, it is believed that 3D accident scene reconstruction 

and further applications could be an effective solution to the challenges faced by 

investigators. 
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