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Abstract: Accurate and fast 3D mapping of crime scenes is crucial in law enforcement, and first responders 

often need to document the scenes in detail under challenging conditions and within a limited time. Traditional 

methods often fail to capture the details to understand the scenes comprehensively. This study investigates the 

effectiveness of recent mobile phone-based mapping technologies equipped with a LiDAR (Light Detection 

and Ranging) sensor. The performance of LiDAR and pure photogrammetry is evaluated under different illu-

mination (day and night) and scanning conditions (slow and fast scanning) in a mock-up crime scene. The 

results reveal that the mapping using an iPhone LIDAR in daylight conditions with 5 minutes of fast scanning 

shows the best results, yielding 0.1084 meters of error. Also, the cloud-to-cloud distance showed that 90% of 

the point clouds exhibited under 0.1224 meters of error, demonstrating the utility of these tools for rapid and 

portable scanning in crime scenes. 

Keywords: 3D crime scene mapping; LiDAR technology; photogrammetry; crime scene  

investigation 

 

1. Introduction 

Accurate and reliable 3-dimensional (3D) mapping information is paramount in crime scene in-

vestigations. Once a crime is committed, the crime scene is a witness to illicit acts that occurred in it. 

It contains data and information, besides other forms of evidence, and all should be collected accu-

rately and precisely to ensure that justice is served [1–4]. However, investigators’ initial encounter 

with the crime scene is usually challenging, especially for first responders, who are responsible for 

the preservation of the scene’s integrity, with no contamination being allowed, and all objects on the 

scene that could be of use as evidence must be collected as soon as possible [2,4]. Traditional manual 

measurements tools have been widely utilized to document the crime scene content, such as rulers, 

measuring tapes, and photographs to document all essential aspects of a crime. However, they strug-

gle to capture the whole crime scene details, posing a challenge in terms of practicality, accuracy, and 

total comprehensiveness of the crime scene [8–11]. Moreover, manual easements are time-consuming, 

especially with more extensive scenes, prone to human error, and require the collaboration of a 

properly trained team to finish the work swiftly. 

While traditional tools are used and accepted by legal proceedings, the rapid development of 

3D modeling technologies, particularly LiDAR (Light Detection and Ranging) scanners [1,3] that can 

be found not only in professional-grade scanners but also in more affordable consumer-grade scan-

ners, such as the iPhone built-in LiDAR sensor [5,14–18]. Image-based photogrammetry technology 

also offers a higher level of accuracy with details plus fast speed beyond that provided by the tradi-

tional methods [4,20–24]. LiDAR technology involves emitting laser beams to scan the surveyed area 

and calculating the time it takes the laser beam to return to the sensor. This technology has been used 

vastly in many fields with high accuracy results, and thus it has been studied for crime scene inves-

tigation [1]. On the other hand, photogrammetry employs photography to capture images, combines 

them together, and builds a three-dimensional representation of the photographed area [4,20]. Like 
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LiDAR, photogrammetry has found significant applications in forensic science, where it aids in re-

constructing crime scenes, allowing forensic experts to analyze crime scenes with high spatial accu-

racy, enabling a better understanding of the events that occurred without needing a physical presence 

[4]. Moreover, photogrammetry can be more practical than LiDAR in some cases, since most mobile 

phones have cameras but do not have LIDAR sensors. Although LiDAR and photogrammetry tech-

nologies have been utilized for crime scene applications, they still lack the thorough evaluation of the 

recent iPhone-LiDAR and photogrammetry technologies in a realistic crime scene with challenging 

illumination and scanning time [15,24]. 

In this work, we evaluate the recent mobile phone-based LiDAR and photogrammetry technol-

ogies for a mock-up crime scene as shown in Figure 1, in which an iPhone 15 Pro Max and a LEICA 

BLK360 are used for LiDAR mapping, while the same phone is used for photogrammetric mapping 

for comparison. The LEICA LiDAR is used to compare the point clouds accuracy which is crucial to 

understand the accuracy of 3D maps. The mock-up crime scene was professionally prepared by the 

crime scene investigators and has been utilized for training law enforcement officers in the institution. 

The significance of this study lies in its attempt to enhance the crime scene evidence documentation 

by evaluating the recent mobile 3D reconstruction technologies. 

 

Figure 1. A mock-up crime scene, showing a mannequin, markers, blood spatters, and a LIDAR scan-

ner for ground truth comparison. The scene was prepared by crime scene professionals and has been 

utilized for training law enforcement officers. 

The key contributions of this work are as follows, 

 We extensively review the recent mobile phone-based 3D mapping technologies using LIDAR 

and photogrammetry for the crime scene applications and discuss the challenges and limita-

tions. 

 We evaluate the performance of the LiDAR and photogrammetry technologies for a mock-up 

crime scene with realistic operational conditions, potentially making these tools more widely 

acceptable for use in law enforcement agencies. 
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 We compare the accuracy of point-cloud level maps with an industrial-grade LiDAR, to assess 

the unmeshed and un-smoothed evidence of the scene, which is crucial for legal and judicial 

presentation. 

The outline of this work is as follows. Section two provides recent related literature focusing on 

within five years and identifies the gaps and limitations. Section three presents the LiDAR and pho-

togrammetry mapping technologies with the crime scene setup, the scanning models with four dif-

ferent operational conditions, as well as the tool chains utilized. Section four presents the results and 

discussions. Lastly, Conclusion summarizes the findings, discussing the limitations and recommen-

dations. 

2. Related Work 

2.1. Applications of LiDAR in Crime Scene Reconstruction 

The study by Desai et al. [3] evaluates how accurately handheld LiDAR devices can be used to 

reconstruct crash scenes. The generated point cloud data was extracted from devices like the iPad 

Pro, the FARO Focus 3D X330, and TLS Trimble TX8 to analyze vehicle damage. Their results were 

promising, showing that the iPad Pro scanning took around 15 minutes, compared to 3 hours for the 

other two devices. It also had a maximum root mean square error (RMSE) of 3 cm. This level of pre-

cision falls within an acceptable range for reconstructing crash scenes. Another study involving the 

iPad Pro tablet is by Drofova et al. [4]. 3D Forensic science was the focus of the study, which revolves 

around utilizing 3-D scanning and modeling to assist the investigation. The iPad model used is 11 

Pro, while a photogrammetry software, the Scaniverse Pro software, was used to construct 3D 

wireframe models. According to the researchers, 3D tools provide advantages in court by presenting 

facts appealingly and convincingly. However, they still do not substitute traditional methods but 

instead complement them. 

Kottner et al. [5] focuses on testing the Recon-3D application on an iPhone 13 Pro to capture a 

simulated accident and crime scene. The findings indicate that utilizing iPhone LiDAR with the 

Recon-3D app for reconstructing forensic crime scenes yielded 3D documentation effortlessly, elimi-

nating the necessity for training. It could serve as a substitute for measuring tapes. Nonetheless, the 

study recognizes constraints, such as requiring a defined distance from objects to achieve resolution. 

Moreover, working with LiDAR may present challenges on extremely dark or highly reflective sur-

faces. Canvas 3D Pocket is another iOS app used by researchers in crime reconstruction in the exper-

iment by John et al. [6]. Their results showed an error rate ranging up to 8% compared to the actual 

benchmark dimensions of their mock-up crime scene. They also stated that their proposed applica-

tion is a cost-efficient tool for reconstructing crime scenes. However, other factors must be considered 

when choosing tools, such as case sensitivity and the potential impact of the error, even if it’s small 

on the investigation. 

The study conducted by Beck et al. [7] aimed to enhance crash investigation methods. They uti-

lized data from a LiDAR sensor placed at the center of an automated vehicle. According to their 

findings, LiDAR proves its capability to detect vehicles better than cameras. The research underlines 

how analyzing sensor data from autonomous vehicles can significantly improve crash investigations 

by considering factors like the reaction times of systems and human drivers. Nonetheless, it also em-

phasizes the necessity for new protocols to analyze sensor data effectively. This highlights the im-

portance of efforts among companies, law enforcement agencies, and legal systems to develop these 

protocols. Maneli and Isafiade [8] reviewed existing research on 3D crime scene reconstruction, fo-

cusing on the role of LiDAR scanners in generating 3D maps of crime scenes. Their study revealed 

that LiDAR Scanners can scan accurate crime scenes as well as reduce the chance of scene data being 

contaminated or manipulated. Moreover, portable gadgets such as iPads equipped with LiDAR sen-

sors provide first responders with mobility and flexibility when working at crime scenes. 

Another work, reviewing the latest 3D tools and methodologies in crime scene reconstruction, 

is the work by Galanakis et al. [9]. They conducted a state-of-the-art overview of 3D technology tools 

and their applications in crime-scene reconstruction, including LiDAR technology. According to the 
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study, numerous factors influence the selection of appropriate technology, such as technical require-

ments, convenience of use, cost, plus scanning time. Furthermore, differences between indoor and 

outdoor scenes, as well as scene size, do impact this choice. LiDAR Technology was highlighted in 

outdoor crime scene scenarios, where its usage can be compared to other sensory tools, such as aerial 

photogrammetry. Various crime scene documentation techniques were examined in the study by Be-

rezowski et al. [10], including LiDAR scanners and drone-based photogrammetry. The study showed 

how these scanners captured a scene in five minutes with one user. This time-saving advantage is 

crucial compared to methods involving teamwork. However, the researchers also identify challenges, 

including the need for training, the legal implications, and barriers when implementing such ad-

vanced technologies. 

In the study by Thiruchelvam et al. [11], Unmanned Aerial Vehicles (UAVs) were utilized to 

document crime scenes. Furthermore, an evaluation of 3D reconstruction software was introduced in 

their research, such as Pix4D [42] and Agisoft Metashape. The study recommends using LiDAR and 

photogrammetry technology to enhance the accuracy and detail of crime scene documentation. An-

other study of drones with LiDAR for crime scene reconstruction is by Mishra et al. [12]. According 

to the survey, drones with high-resolution cameras can capture and record crime scenes from differ-

ent angles, resulting in enhanced documentation. According to the researchers, innovative technolo-

gies must be constantly developed to improve criminal investigation. The research by Deshmukh et 

al. [13] investigates the challenges of using LIDAR scanning with virtual reality (VR) for crime scene 

documentation. Results showed that these technologies efficiently enhanced crime scene examination 

since the human eyes could lose the ability to detect every detail in the crime scene. In their research, 

Chase and Liscio [14] examine the use of Recon-3D, an app with Apple’s LiDAR sensor for docu-

menting bullet trajectories. It compared Recon-3D to the Faro Focus S350 laser scanner, and its results 

showed that Recon-3D’s accuracy and repeatability were similar. While the Recon-3D app is user-

friendly and time-efficient, it may occasionally crash during high-resolution scans. However, due to 

the high sensitivity of the forensic field, where no mistakes are accepted, it is recommended that 

further validation and exploration of the tested Recon-3D application be conducted. A study focusing 

on documenting bullet trajectories at crime scenes is the study by Sung et al. [15], which explores the 

BLK2GO LiDAR scanner capabilities. The key findings suggest that although the handheld scanner 

offers mobility besides ease of use, it falls short in data quality and precision, especially when dealing 

with evidence like bullets. Yet, it can be suitable for cases in which high accuracy is unnecessary, such 

as reconstructing general crime scenes [15]. 

Liscio et al. research [16] enhances the understanding of integrating innovative technologies like 

Apple LiDAR using the Recon-3D app in forensic documentation. The study reveals that these tech-

nologies can achieve centimeter-level accuracy in reconstructing 3D crash scenes. However, it also 

highlights potential inaccuracies due to environmental factors and manual measurement errors. 

These insights are vital for forensic professionals considering adopting advanced technological solu-

tions in scene reconstruction. The study by Spreafico et al. [17] evaluates the built-in LiDAR sensor 

of the iPad Pro for its applicability in rapid 3D mapping. Their preliminary analysis reveals that the 

sensor shows promise for quick surveying tasks due to its affordability plus portability compared to 

traditional surveying tools. The study highlights the sensor’s reliable data collection and rapid pro-

cessing capability. In the study by Stevenson et al. [18], the authors evaluate the application of iPhone 

LiDAR using the Recon-3D app for bloodstain pattern analysis (BPA). Traditional BPA methods are 

prone to error and are compared against newer, more accurate 3D technologies. The researchers high-

lighted that Recon-3D offers a cost-effective and accessible alternative for generating 3D crime scene 

reconstructions, showing promising accuracy in determining the area of origin of bloodstains. Table 

1 summarizes these studies. 

Table 1. Comparative analysis of literature on the Applications of LiDAR in Crime scene reconstruc-

tion. 

Authors Year Aim and ob-

jective 

Methodology Findings Limitations/Identified Gaps 
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Desai et al. 

[3] 

2021 To evaluate if 

handheld LiDAR 

devices can accu-

rately map vehi-

cle damage at 

crash scenes, re-

placing survey-

grade LiDAR 

equipment. 

Comparison of 

handheld LiDAR 

data quality against 

Terrestrial Laser 

Scanning (TLS) 

through cloud-to-

cloud comparison 

and point cloud 

registration. 

Handheld iPad LiDAR 

achieved a maximum 

root mean square error 

(RMSE) of 3 cm com-

pared to TLS, which is 

acceptable for forensic 

studies. 

High costs of terrestrial LiDAR. 

Need trained personnel to oper-

ate LiDAR equipment. 

Drofova et 

al. [4] 

2023 To assess 3D 

scanning meth-

ods and photo-

grammetry effi-

ciency for crime 

scene reconstruc-

tion. 

Capture images us-

ing iPad with Li-

DAR and 3D scan-

ner. Model Pro-

cessing using 

Agisoft Metashape. 

LiDAR can replace 

Classic cameras and 3D 

scanners. 

Challenging LiDAR points cloud 

processing, realistic color trans-

formation, textures, and materi-

als reconstruction in 3D or VR. 

Kottner et 

al. [5] 

 

2023 

Evaluate iPhone 

LiDAR’s effi-

ciency in crime 

scene/ crash 

scene reconstruc-

tion. 

Use iPhone 13 Pro 

with Recon-3D 

Quick data acquisition 

High accuracy. Mean 

error of 0.22 cm. 

Point cloud limitations in 

black/reflective materials, color 

accuracy issues 

John et al. 

[6]. 

2023 Evaluate iPhone 

LiDAR’s effi-

ciency in crime 

scene reconstruc-

tion 

Use Canvas App 

with iPad LiDAR 

LiDAR provides a fast, 

cost-efficient, and fair 

margin of error. 

The error range of 0-8% is not 

appropriate in crime scene re-

construction. 

Becket al. 

[7] 

2023 Use LiDAR for 

3D crash scenes. 

 

Use the CARLA 

Simulator to recon-

struct crash scenes. 

Simulations offer a bet-

ter pre-crash picture 

and help identify acci-

dent causes. 

Must ensure that the simulated 

data accurately represent the real 

world. 

Maneli & 

Isafiade 

[8] 

2022 Summarize pre-

vious research-

ers on 3D crime 

scene reconstruc-

tion 

Systematic litera-

ture review (SLR) 

of publications 

from January 2005 

to December 2021. 

3D reconstruction is 

important for (LAE) 

AR / VR technologies 

can enhance crime 

scene reconstruction. 

iPad LiDAR data may require in-

tensive processing. 

Galanakis 

et al. [9]. 

2020 To Compare 3D 

scanners, includ-

ing LiDAR, for 

crime scene re-

construction. 

Used a LiDAR to 

scan mock-up crime 

scenes. Next, the ac-

curacy and level of 

detail of the recon-

structions are eval-

uated. 

LiDAR technology 

helps capture 3D repre-

sentations of the crime 

scene, which is crucial 

in investigation. 

According to the research, Li-

DAR performance can be af-

fected by environmental factors 

(outdoor or indoor settings), 

which require technical 

knowledge of the tools. There is 

no procedure for incorporating 

LiDAR data into existing law en-

forcement agency protocols. 

Bere-

zowski et 

al. [10]. 

2020 To review geo-

matic tech-

niques, such as 

LiDAR and their 

efficacy, in crime 

scene reconstruc-

tion and investi-

gation 

Comparative analy-

sis of geomatic 

techniques and 

studying real-life 

examples and exist-

ing literature. 

LiDAR enhances crime 

scene documentation 

accuracy and resolu-

tion. And high-quality 

3D imaging. 

 

LiDAR and photogrammetry 

need extensive training and data 

processing. 

Also, it is challenging to capture 

reflective surfaces. 

Thir-

uchelvam 

et al. [11] 

2021 Pix4Dsurvey 

with other Li-

DAR Tools for 

crime scene re-

construction. 

Pix4Dsurvey ex-

tracts point clouds 

from combined Li-

DAR and photo-

grammetry data. 

Pix4Dsurvey had better 

results and fewer errors 

compared to the other 

tools. 

Current photogrammetry meth-

ods should integrate with 

Drones and Lidars. 

Research in this field is limited. 
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Mishra et 

al. [12]. 

2015 To improve 

crime scene in-

vestigation using 

drones with Li-

DAR 

Drones and LiDAR 

are used to map 

and photograph 

crime scenes. 

Combining drones with 

LiDAR can effectively 

help in mapping crime 

scenes. 

Bad weather conditions and lim-

ited battery can affect drones’ 

performance. 

Drones and LiDAR have not 

been widely explored in forensic 

science. 

Note: the paper is in 2015. 

Deshmukh 

et al. [13] 

2023 Using 3D map-

ping for crime 

scene reconstruc-

tion enhance-

ment. 

LIDAR scanners 

and the software 

(Unity) to create 3D 

models. 

VR can accurately rec-

reate a crime scene and 

enhance its demonstra-

tion in court. 

According to the author, LiDAR 

scans can be time-consuming. 

The resolution of VR can impact 

the reconstructed 3D model. 

Chase & 

Liscio [14] 

2023 To Evaluate 

Recon-3D and 

FARO Focus 

Accuracy/ effi-

ciency in bullet 

track investiga-

tions. 

Using FARO Focus 

S350 laser scanner 

and Recon-3D app 

on an iPad Pro to 

record bullet tracks. 

The combination of 

Recon -3D with iPad 

Pro provided consistent 

records of the bullet’s 

paths. 

Not being able to use the pro-

posed tool for scanning in differ-

ent situations. 

More validation studies are re-

quired to ensure real-world ap-

plicability. 

 

Sung et al. 

[15] 

2022 To assess how 

well the laser 

Leica BLK2GO 

performs in 

mapping crime 

scenes. 

The research con-

sisted of stages: 

crime scene prepa-

ration, data gather-

ing, and analysis. 

The laser scanner’s reli-

ability is insufficient for 

evidence of bullets and 

trajectory rods. 

However, it is sufficient 

for crime scenes that do 

not require accuracy. 

The handheld laser scanner is 

more affected by noise than the 

RTC360 laser scanner. 

The scanner applies filters; it is 

not suitable for scanning items 

such as bullet cartridges. 

Liscio et 

al. [16] 

2023 To evaluate the 

accuracy of 3D 

crime and crash 

scene documen-

tation using the 

Recon-3D iOS 

mobile applica-

tion integrated 

with Apple’s Li-

DAR sensor. 

The Recon-3D app 

was used with Ap-

ple’s LiDAR sensor 

for 3D reconstruc-

tion in training set-

tings; participants 

performed meas-

urements in simu-

lated crime scenes, 

which were then 

analysed for accu-

racy. 

Recon-3D provides cen-

timetre-level accuracy 

in the 3D reconstruc-

tion of crime scenes. 

Most errors in measure-

ments fell within a 3 cm 

range. 

The study did not control envi-

ronmental variables, which may 

affect accuracy; reliance on un-

controlled settings and manual 

measurements introduced the 

potential for error. 

Spreafico 

et al. [17] 

2021 Evaluate the 

iPad Pro’s built-

in LiDAR sensor 

for large-scale 

3D rapid map-

ping. 

The study tested 

the LiDAR sensor’s 

capabilities in data 

acquisition, 3D po-

sitional accuracy, 

and metric quality 

assessment through 

practical applica-

tion settings. 

The iPad Pro LiDAR 

sensor shows promise 

for rapid surveying and 

can rapidly acquire reli-

able 3D point clouds. 

The device offers a 

cost-effective, portable, 

quick data processing 

alternative to tradi-

tional survey instru-

ments. 

Further studies are required 

across various environments to 

assess the sensor’s applicability 

and performance fully. The 

study did not explore the sen-

sor’s performance under differ-

ent environmental conditions or 

compare it extensively with 

other professional surveying 

technologies. 

Stevenson 

et al. [18] 

2024 To assess the ef-

fectiveness of 

iPhone LiDAR 

and Recon-3D 

application in 

bloodstain pat-

tern analysis 

(BPA) for crime 

Utilization of iPh-

one LiDAR with the 

Recon-3D applica-

tion to create 3D 

point clouds of 

crime scenes, which 

were then analysed 

for accuracy in de-

termining the area 

Recon-3D and iPhone 

LiDAR provided accu-

rate and affordable 

means for crime scene 

documentation and 

bloodstain pattern anal-

ysis. The technology ef-

fectively determined 

the area of origin of 

The study was limited by its fo-

cus on specific controlled envi-

ronments, and it did not test the 

application’s effectiveness across 

different environmental condi-

tions or with varied types of 

bloodstain patterns that might 

occur in real-world scenarios. 
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scene investiga-

tions. 

of origin of blood-

stains. 

bloodstains with accu-

racy comparable to that 

of more traditional 

methods. 

2.2. Applications of Photogamttery and Other 3D Tools in Crime Scene Reconstcution 

Yu et al. [19] explored the use of virtual reality (VR) utilizing 3D imaging and photogrammetry 

methods to improve crime scene investigations, mainly focusing on the difficulties in capturing and 

reconstructing indoor scenes. They introduced a Dundee Ground Truth imaging protocol that in-

volved digital cameras with Structure from Motion (SfM) Photogrammetry to create VR environ-

ments. The study showed that although quicker approaches, such as the K-model can speed up crime 

scene processing, better accuracy is achieved using controlled methods like the Dundee GT protocol. 

Another research on stereo photogrammetry with the Leica BLK3D device for reconstructing 3D 

crime scenes was done by Bohórquez et al. [20]. They compared single stereo pair (SSP) and two 

stereo pairs (TSP) modes, comparing them with a TLS survey for validation, highlighting their effec-

tiveness in collecting on-site data and reducing processing requirements. They also found that the 

impact of human error on the photogrammetry on both single and two stereo pairs and the perfor-

mance in crime scene maps was minimal, confirming its reliability for swift and precise crime scene 

documentation and reconstruction. 

A framework for creating high-resolution 3D models of crime scenes using aerial photogram-

metry was introduced by Becker et al. [21]. The importance of using photogrammetry for creating 3D 

models was highlighted, emphasizing how enhance the quality of evidence can aid in making a better 

judicial decision. Liao [22] explored the integration of close-range photogrammetry, reality, and pan-

oramic techniques. The study objective was to document crime scenes, emphasizing the need for a 

comprehensive strategy in virtual crime scene reconstruction, also identifying the gaps in equipment 

and training requirements. Furthermore, it highlighted the capabilities of photogrammetry and vir-

tual reality in reconstructing crime scenes, offering a comprehensive 3D model that can aid in thor-

ough investigations and courtroom comprehensiveness of such scenes. Abate et al. [23] highlights 

how practical it is to use a camera to document the contamination level at crime scenes. They used 

Ricoh Theta SC 360s camera, which could create quick 3D models and assess contamination levels 

accurately. Although the camera could capture the scene characteristics, it showed limitations in re-

constructing smaller objects. 

Another study on the use of photogrammetry technology in criminal investigation was con-

ducted by Chapman and Colwill [24], utilizing Agisoft software to generate 3D models. It pointed 

out that, while this method has its limitations, especially when dealing with shiny surface analysis, it 

can be used in addition to traditional techniques such as Terrestrial Laser Scanners (TLS). Notably, 

photogrammetry can speed up the documentation process by allowing 3D recordings that are less 

intrusive and can be done using equipment already available to most forensic teams. Sazaly et al. [25] 

explored the use of micro-unmanned Aerial Vehicles (UAVs) with Terrestrial Laser Scanning (TLS) 

for indoor crime scene reconstruction through 3D photogrammetry. Utilizing a simulated crime 

scene, the study assesses this approach against traditional methods, concluding that integrating mi-

cro-UAVs besides TLS provides highly accurate 3D models. This makes UAVs a practical option for 

detailed and efficient crime scene documentation that maintains the scene’s integrity. However, the 

study focused on a small sample size and limited the comparison to only TLS. 

The study by Kanostrevac et al. [26] highlighted that aerial photogrammetry faces challenges in 

heavy forests, and thus LiDAR is more accurate and useful in archaeology and environmental stud-

ies. The research focused on LiDAR’s ability to generate detailed terrain models in areas obscured by 

dense vegetation, which are quite relevant to forensic science, especially in reconstructing outdoor 

crime scenes. By selecting the most suitable technology based on the specific environment require-

ments of the crime scene, the accuracy of forensic investigations and the effectiveness of evidence 

presentation in legal scenarios can be significantly enhanced. Flanagan et al. [27] introduce a practical 

application of perspective grid photogrammetry for crime scene reconstruction in their study. This 
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method utilizes a simple grid system to quickly derive spatial measurements from crime scene pho-

tographs, significantly reducing the time required on-site. The approach is particularly beneficial in 

environments where rapid scene processing is crucial due to adverse conditions. They provide a val-

uable tool for forensic professionals by simplifying measurement techniques without significantly 

compromising the accuracy. 

Sirmacek et al. [28] investigated the use of iPhone cameras to create 3D urban models, comparing 

these with high-accuracy terrestrial laser scanning (TLS) data. Their study highlights a promising 

mean error of 0.11 meters between the models, suggesting the potential for using consumer-grade 

technology in professional geoscience applications. Nonetheless, they emphasize further refinement 

to improve data accuracy and reliability. The study by Norahim et al. [29] presents an innovative 

approach for reconstructing 3D models of accident scenes using UAVs, which is pivotal in reducing 

the time taken for accident investigations, thus alleviating traffic congestion. Their research evaluates 

the efficiency of various UAV flight patterns, circular, double grid, and single grid, in creating 3D 

models. The study tests these methodologies across different settings and altitudes, finding that the 

circular method at 5 meters altitude with ground control points (GCP) yielded the highest accuracy, 

as measured by the lowest RMSE value of 0.047 m. This work could have profound implications for 

rapid and precise accident scene analysis, offering a significant advancement over traditional meth-

ods, which often involve more time-consuming and less accurate processes. 

The study by Maiese et al. [30] discusses the integration of camera and LiDAR sensors in forensic 

pathology for 3D autopsy documentation, highlighting the limitations of traditional two-dimensional 

imaging. This new method enhances detail capture, necessary for medico-legal accuracy, by preserv-

ing spatial integrity through three-dimensional models. Their study validates the superiority of 3D 

models over conventional methods, offering more straightforward and precise visual evidence for 

forensic investigations. This advancement can potentially improve documentation practices and ed-

ucational applications within forensic pathology. As highlighted in the study of Carew et al. [31], the 

integration of 3D imaging and printing technologies is revolutionizing the field of forensic science, 

particularly in the reconstruction of crime scenes. This emerging domain, 3D Forensic Science (3DFS), 

combines various established techniques, such as forensic radiography, medicine, and anthropology, 

with the advanced capabilities of 3D modeling to enhance the precision of forensic evidence. The 

authors argue that 3DFS significantly contributes to the criminal justice system by improving the 

robustness and accuracy of crime reconstructions, which are increasingly utilized in courtrooms to 

support the presentation of evidence and expert testimony. They emphasize the necessity of defining 

this distinct field, developing best practices, and setting standards to maximize its efficacy and relia-

bility in legal contexts. 

As outlined in the study [32] by Bostanci, digital reconstruction of crime scenes using advanced 

computer vision techniques with 3D modeling tools allows for a more nuanced exploration of the 

crime environment. This approach not only enhances the visual representation of spatial relation-

ships and evidence placement but also aids in preserving the integrity of the crime scene, thereby 

augmenting the traditional methodologies of crime scene investigation. These technologies facilitate 

a detailed examination that can be pivotal in solving crimes by providing insights that might not be 

evident through standard 2D images and manual sketches. Table 2 summarizes these studies. 

Table 2. Comparative analysis of literature on the applications of photogrammetry in crime scene 

reconstruction. 

Authors Year Field Methodology  Findings Limitations/Identified 

Gaps 

Yu et al. 

[19] 

2023 Enhance in-

door crime 

scene investi-

gations with 

VR. 

Use DSLR for SfM 

Photogrammetry. 

VR enhances scene 

reconstruction. 

Lack of detailed compari-

son of the Performance of 

the technology under dif-

ferent environmental set-

tings. It does not address 

the required user training 
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and experience to use the 

technology. 

Bohórquez 

et al. [20] 

2023 Compare 

BLK3D with 

TLS for crime 

scene recon-

struction. 

Comparison be-

tween Photogram-

metry using BLK3D 

and TLS LiDAR 

scanner using stati-

cal measurements 

and testing. 

BLK3D is efficient 

for on-site data col-

lection. 

Human Errors have 

an insignificant ef-

fect on the accuracy 

of the BLK3D Photo-

grammetry device. 

Lack of testing under dif-

ferent environment set-

tings. Lack of assessment 

of the quality of the pro-

duced point clouds. Two 

Professional Grade De-

vices with different tech-

nologies were compared. 

Becker et 

al. [21] 

2018 Develop a 

framework for 

3D crime scene 

reconstruction. 

Terrestrial and aerial 

photogrammetry. 

Effective high-reso-

lution 3D modelling. 

The Framework focuses 

on photogrammetry with-

out comparing it with 

other technologies like Li-

DAR. Various Tools were 

studied without analysing 

cost, efficiency, and ease 

of use. 

Liao [22] 2015 Combine VR 

and photo-

grammetry for 

detailed recon-

struction. 

VR, close-range pho-

togrammetry, and 

panorama tech-

niques. 

Potential for accurate 

complex scene docu-

mentation. 

Lack of Comparison with 

LiDAR technology. The 

paper could benefit from 

exploring how the studied 

technologies could per-

form under various envi-

ronmental settings. 

Abate et 

al. [23] 

2017 Enhance 3D 

documenta-

tion of con-

taminated 

scenes. 

Low-cost spherical 

panoramic camera. 

Ricoh Theta SC 360 

camera to create 3D 

Visuals of a mock-up 

crime scene 

Promising documen-

tation results using 

the affordable cam-

era but struggled to 

document minor fo-

rensic evidence. 

Limitations in the technol-

ogy in reconstructing 

small objects accurately. 

Lack of comparison with 

other 3D reconstruction 

technologies. The study 

overlooks how varying 

environmental conditions 

could affect the cameras’ 

effectiveness. 

Chapman 

and Col-

will [24]. 

2019 Assess photo-

grammetry as 

an alternative 

to laser scan-

ning. 

Digital camera and 

Agisoft software. 

Effective 3D model 

capture of crime 

scenes when using 

Photogrammetry 

Limitations of photogram-

metry and challenges with 

reflective and detailed ob-

jects. Required training 

using the photogramme-

try software, as well as 

cost and processing 

power, was not explored. 

Sazaly et 

al. [25] 

2023 To enhance the 

speed and ac-

curacy of 

crime scene 

documenta-

tion using mi-

cro-UAVs inte-

grated with 

TLS. 

Simulated crime 

scene data collection 

using micro-UAVs 

and TLS, compared 

against traditional 

tools like Vernier 

Callipers. 

Integrating UAV and 

TLS data produces a 

precise 3D model 

with an RMSE of 

±0.217 cm, demon-

strating effectiveness 

for confined spaces. 

Challenges include han-

dling reflective surfaces 

and poor lighting; further 

research is needed to ad-

dress these issues. 
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Kanostre-

vac et al. 

[26] 

2019 To compare 

LiDAR and 

photogram-

metric DEMs, 

assessing their 

pros and cons. 

Analysis of DEMs 

for height differ-

ences, slope, and ter-

rain profiles using 

Microstation and 

ArcGIS. 

LiDAR provides bet-

ter terrain detail in 

dense vegetation, 

which is suitable for 

archaeological explo-

rations. Photogram-

metry is less effec-

tive under canopy 

cover. 

There is limited detail in 

photogrammetric models 

under dense vegetation; 

further comparative stud-

ies are recommended. 

Julie 

Flanagan 

et al. [27] 

2011 To demon-

strate the use 

of perspective 

grid photo-

grammetry for 

efficient crime 

scene recon-

struction. 

A simple grid setup 

within the crime 

scene captures and 

extrapolates spatial 

measurements from 

photographs, utiliz-

ing perspective grid 

photogrammetry. 

The method allows 

rapid measurement 

of crime scene di-

mensions, reducing 

the time required on 

scene and improving 

efficiency in hostile 

or challenging envi-

ronments.  

The accuracy of measure-

ments can be affected if 

the grid is not parallel to 

the camera’s sensor plane; 

the technique might not 

work well on uneven sur-

faces or where three-di-

mensional data is re-

quired. 

Sirmacek 

et al. [28] 

2014 Evaluate the 

accuracy and 

feasibility of 

using iPhone 

images for au-

tomatic 3D ur-

ban model up-

dating. 

Comparison of 3D 

point clouds gener-

ated from iPhone im-

ages with high-accu-

racy terrestrial laser 

scanning (TLS) data. 

iPhone cameras can 

create accurate 3D 

models with a mean 

error of 0.11 meters, 

suitable for rapid up-

dates in urban map-

ping. 

Further research is needed 

to refine the alignment 

processes and reduce out-

liers. The study also indi-

cates the necessity for im-

proved accuracy and reli-

ability in data generated 

from smartphone images. 

Norahim 

et al. [29] 

2023 To enhance the 

efficiency and 

accuracy of ac-

cident scene 

reconstruction 

using UAVs. 

UAVs with various 

flight patterns are 

used to reconstruct 

3D models of acci-

dent scenes. 

The circular flight 

method at 5 meters 

altitude with ground 

control points pro-

vided the highest ac-

curacy, evidenced by 

the lowest RMSE. 

The study does not ad-

dress the performance of 

the technology under dif-

ferent environmental con-

ditions, or the specific 

training and experience 

required by users. 

Maiese et 

al. [30] 

2022 Introduce Li-

DAR sensor 

technology for 

3D autopsy 

documenta-

tion in forensic 

pathology. 

Use LiDAR sensors 

and 3D modelling 

tools (e.g., MeshLab) 

in autopsies. 

3D models enhanced 

the documentation, 

allowing for precise 

and reproducible 

measurements of au-

topsy findings. 

There is limited discus-

sion on the challenges of 

integrating new technol-

ogy into routine forensic 

procedures. 

Carew et 

al. [31] 

2021 To establish 

3D Forensic 

Science (3DFS) 

as a distinct fo-

rensic field, 

enhancing 

crime recon-

struction and 

evidence 

presentation 

through 3D 

technologies. 

Reviews the use of 

3D imaging, model-

ling, and printing in 

forensics, exploring 

its integration within 

the criminal justice 

system. 

3DFS significantly 

improves the accu-

racy of crime recon-

structions and sup-

ports the judicial 

process by advocat-

ing its recognition as 

a specialized field. 

Highlights the need for 

standardized practices 

and further research to 

prevent potential misrep-

resentation of 3D recon-

structions. 
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Gazi Er-

kan Bos-

tanci [32] 

2015 To improve 

crime scene in-

vestigation us-

ing 3D recon-

struction tech-

niques. 

Capturing crime 

scene images and 

videos, then generat-

ing 3D models using 

computer vision and 

3D modelling tools. 

Effectively create re-

alistic 3D crime 

scene reconstruc-

tions that provide 

more detail than tra-

ditional 2D methods. 

Issues with model accu-

racy are due to imaging 

distortions, the high cost 

of 3D scanning equip-

ment, and computational 

requirements. 

2.3. Summary and Implications 

The literature highlighted the impact of various 3D modeling technologies, including LiDAR 

and photogrammetry criminal investigation procedures, crime scene documentation, and evidence 

integrity preservation. Studies have also shown that built-in LiDAR capabilities of handheld devices 

like the iPhone Pro and iPad Pro can swiftly reconstruct crime scenes using point clouds produced 

from the LiDAR sensors and the iPhone camera with the help of various applications and devices 

and cloud processing. For instance, Desai et al. [5] demonstrated how an iPad could complete a whole 

scan in 15 minutes while the same scene could take hours to be completed when done by a profes-

sional grade scanner, with accuracy suitable for legal procedures. 

Moreover, photogrammetry is increasingly employed for crime scene reconstruction, playing a 

crucial role in courtrooms to illustrate the complex crime scenes effortlessly, as shown in the study 

by Drofova et al. [6]. Their analysis revealed that using the images obtained from the iPad in conjunc-

tion with photogrammetry software to create 3D models can be used to support evidence. Likewise, 

the current research examines how the built-in LiDAR technologies in mobile phones perform when 

compared to traditional techniques, as shown by Kottner et al. [5]. The study also demonstrated the 

practicality of portable handheld devices without proper training. Moreover, the usage of 3D tech-

nologies was explored in various forensic science fields, such as vehicle collision accidents as in Beck 

et al. [7], analyzing the interaction of vehicles, which is usually challenging when using traditional 

methods. 

Nevertheless, despite the promising results that were shown in the literature, various gaps need 

to be addressed: 

 There is a lack of studies directly comparing the efficiency and practicality of LiDAR versus 

photogrammetry to establish a ground for forensic science application. 

 There is insufficient field testing to implement these technologies in various environmental set-

tings. 

 There is limited research on how well these technologies perform if individuals lack training in 

these technologies, like first responders. 

3. Methodology 

3.1. Research Design 

The adopted study design is a comparative experimental design in which a controlled experi-

mental design is combined with a comparative analysis. The controlled experimental design involves 

the manipulation of two independent variables, 

 Scanning duration of five (fast) and ten (slow) minutes 

 Illumination condition of day and night 

which are to observe their causal effects on the dependent variables (the accuracy of the recon-

structed 3D models), using accuracy metric of the mean absolute Error (MAE). Three models are 

compared, 

 Model 1: iPhone LiDAR with Recon-3D application 

 Model 2: iPhone camera with Pix4D solutions 

 Model 3: Ground truth measurements and 3D map, measurements of designated markers and a 

Leica scanner BLK360 Second Gen., which are used as the ground truth 3D map. 
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The assumptions in the study include the consistency of the iPhone LiDAR application and the 

recon-3D application’s performance across different scanning setups, on which a fixed resolution of 

5 mm is selected. Except for the controlled variables, the environmental conditions are assumed to be 

similar across all scanning setups. Lastly, using a laser ruler and a measuring tape, the distance meas-

urements between the reference markers placed on the ground are considered accurate and reliable. 

3.1. Mock-Up Crime Scene Setup 

An indoor mock-up crime scene was prepared at Naif Arab University for Security Sciences 

(NAUSS), featuring elements like a dummy, imitation evidence markers, and blood spatters as pre-

viously shown in Figure 1. Two AprilTag markers were strategically positioned facing each other at 

the crime scene as reference markers on the wall, with 4.18 m between them, for the 3D reconstruction 

scaling procedure when using the Recon 3D application. Moreover, five markers were strategically 

placed near areas with evidence. The distance between these markers set is detailed in Table 3, which 

was accurately measured using a laser ruler as shown in Figure 2. 

 

Figure 2. A laser ruler and tape measure are used to measure between markers. 

Table 3. Actual Measurements between the five markers. 

Marker Pair Markers Actual Measures (M) 

1 1-2 2.519 

2 1-3 1.893 

3 1-4 2.288 

4 1-5 2.505 

5 4-5 0.753 

3.2. Hardware and Software Technology Utilized 

The scanning method involves creating three models, by utilizing an iPhone equipped with Li-

DAR technology and the Recon 3D app (Model 1), a photogrammetry model using iPhone with 

PiX4Dcatch [42] for data collection and Pix4Dmapper [42] for the processing (Model 2), and a second-

generation Leica scanner BLK360 model (Model 3) as the ground truth, which are summarized in 

Table 4 with more details. The first model uses iPhone’s built-in LiDAR sensor to scan the scene with 

four different scanning settings at a 5.0 mm resolution specified in the Recon-3D application settings. 

The second model uses Pix4Dcatch with the Pix4Dmapper or photogrammetry using the same four 

scanning settings. However, Pix4Dcatch does not have resolution settings. When comparing resolu-

tions between LiDAR and photogrammetry models, it is essential to understand that these technolo-

gies use different methodologies to capture and process data, leading to differences in the type and 

detail of their results. Photogrammetry could offer minute details, as low as 0.097 mm per pixel at 1 

meter away from the target and as high as 0.486 mm per pixel at 5 meters away using the iPhone 15 

Pro Max. Thus, various factors should be considered, such as the distance to the subject, the camera’s 

specifications, and environmental conditions like lighting and texture. The third model is the Leica 
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BLK 360 G2 reference model. It compares the efficiency of the best scan from the first and second 

models using the ICP (Iterative Closest Points) algorithm to align the 3D models and CloudCompare 

was utilized for pointwise evaluation. 

Table 4. Summary the scanning models for LiDAR, photogrammetry, and ground reference. 

3.3. Model 1: LiDAR with an iPhone and Recon 3D App 

The LiDAR scanner on the iPhone is used together with the Recon 3D app to evaluate how ac-

cessible it is and what limitations it might have. The scan processing was done on the cloud as well 

as on the device. The first and second scans were done methodically, moving from top to bottom 

while circling the room in overlapping paths, all completed within ten minutes for the first model. 

Next, the scanning time was shortened to just five minutes for the second model. The five-minute 

scan was processed on the device, whereas trying to process the ten-minute scan caused the applica-

tion to crash. Hence, the processing was done on the cloud. These scans took place at noon under the 

light to ensure sufficient lighting conditions. Scanning from top to bottom in an overlapping manner 

ensured comprehensive coverage. Avoiding using flash during scanning while relying on sunlight 

was intentional in testing LiDAR capabilities. During the third and fourth rounds of scanning the 

crime scene, a significant change was made. The scanning was done at night using iPhone’s built-in 

flash, completed in ten minutes for the fourth scan, and then the time was shortened to five minutes 

for the final scanning. Likewise, the five-minute scan was done on the device, while the ten-minute 

scan had to be processed on the cloud. The adjustment in the nighttime scans aims to assess how 

effective the scanning process is under these conditions and determine whether using flash lighting 

could improve the quality of data collection or if it was unnecessary, particularly considering LiDAR 

technology. 

3.4. Model 2: Photogrammetry with PiX4Dcatch and Pix4Dmapper 

The Photogrammetry approach was conducted using Pix4Dcatch, which is designed to automat-

ically capture images through the phone. It is installed on the iPhone 15 Pro Max to ensure con-

sistency between the models. The application collects the images that will be used to reconstruct the 

3D Models using Pix4DMapper. The data collection phase involved scanning the mock-up crime 

Model Device Technol-

ogy/ Appli-

cation 

Purpose of use Scan-

ning 

Dura-

tion 

Illumi-

nation 

Condi-

tions 

Key Differ-

ences 

Model 

1 

iPhone 

15 Pro 

MAX 

LIDAR, 

Recon-3D 

App  

To create 3D mod-

els using a built-in 

LiDAR scanner and 

Recon-3D applica-

tion. 

Five/ 

Ten 

Min. 

Day 

/Night 

Utilizes LiDAR 

for portable and 

quick data col-

lection. 

Model 

2 

iPhone 

15 Pro 

MAX 

Pix4Dcatch, 

Pix4Dmap-

per for pho-

togramme-

try 

To perform photo-

grammetry and 

generate 3D models 

from images cap-

tured using 

Pix4Dcatch. 

Five/ 

Ten 

Min. 

 

Day 

/Night 

Provides de-

tailed textures 

and colours, de-

pending on im-

age quality and 

lighting. 

Model 

3 

Leica 

BLK360 

2nd 

Genera-

tion 

LiDAR 

Scanning. 

To use a profes-

sional grade LIDAR 

as a baseline refer-

ence.  

Ten 

Min. 

Day High precision 

in 3D recon-

struction, less 

sensitive to 

lighting condi-

tions. 
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scene with four scenarios. The same person conducted all scans to ensure consistency in data collec-

tion. The first scan was conducted under daylight, with 10 minutes allocated for the scanning process. 

The aim was to establish a baseline for daylight scanning efficiency and reconstruction accuracy. The 

second scan was conducted under the same daylight conditions, while the scanning duration was 

reduced to 5 minutes. The third scan aimed to assess the 3D model under nighttime conditions using 

only the built-in flash. Also, the scanning duration was 10 minutes, as the first scan was used to com-

pare the impact of the lighting condition upon the 3D Models between the third and the first scan, 

considering that the duration was constant for both scans. The fourth scan was conducted under the 

same lighting conditions as the third at night. The scanning duration has been reduced to 5 minutes 

to assess the impact of the scanning duration upon the model that is done under the same lighting 

condition. Each scan followed a structured approach involving three rounds of circular motions in 

overlapping paths around the scene to capture the scene from multiple angles, which are 1) medium 

distance with 2 - 3 ft away from the target, providing a balanced scene perspective, 2) closer distance 

to the ground to capture details closer to the surface, and 3) higher distance using a selfie stick to 

ensure complete coverage. After completing the scanning processes, all data was collected through 

Pix4Dcatch, including the captured photos, metadata, and location data. It was exported as a ZIP file 

and processed through Pix4DMapper to reconstruct the 3D models. The resulting point clouds were 

then exported in LAS format, so that CloudCompare software was utilized for point-wise evaluation. 

3.5. Model 3: The Leica BLK360 Second Generation 

As a ground truth, a Leica BLK360 G2 is used to scan the same area that lasted 10 minutes. The 

scanning processing involved moving the scanner in multiple positions to ensure proper scene cov-

erage while preventing blind spots. The scanned model data was stored in LAS format, a compatible 

format with CloudCompare software for analysis and comparison. 

3.5. Scanned Models Accuracy Assessment 

The accuracy of the constructed 3D models is assessed using two methods: 1) using the reference 

markers and 2) using the point-cloud comparison. A simple Mean Absolute Error (MAE) metric is 

computed for the reference markers, which calculates the absolute difference between predicted val-

ues from the 3D models and the actual values measured by a laser meter. Figure 3 shows the pre-

dicted values computed from CloudCompare. We repeated the predicted measurements three times 

for each maker pair and then calculated the average error for each repetition to enhance the accuracy. 

The overall MAE for each scan is calculated by averaging the MAE values across all maker pairs. We 

need to use the raw format to evaluate the quality of our scans, that is, e57 file format from the recon-

3D application and the LAS format from Pix4Dmapper. These raw formats can assist us in visually 

inspecting the models on CloudCompare and precisely measuring the models’ dimensions while en-

suring that no editing was done to enhance them visually. Each scan will be assessed to confirm that 

it contains key elements, including the makers and AprilTags. The models must be aligned to the 

reference model for the point-cloud comparison. The Iterative Closest Points algorithm aligned the 

models, thus enabling the calculation of the point-wise errors. 
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Figure 3. Makers Pairs Measurements using CloudCompare. 

4. Results and Discussion 

4.1.1. Model 1: LiDAR with an iPhone and Recon 3D App Results 

During the first scan, which took ten minutes, 1,312,097 point-clouds were gathered. The scan, 

which was done during the daytime, Had an overall MAE of 0.029m. This level of precision indicates 

that LiDAR technology maintains accuracy in capturing scene dimensions and spatial relationships 

during longer sessions. In the second scan, which lasted for five minutes during daytime, the gath-

ered number of point clouds significantly increased to 2,111,092 and resulted in an overall MAE of 

0.012m. The improved accuracy is due to the increased density of the collected point clouds. This 

accuracy effectively captures detailed 3D data for Crime scene investigation purposes, especially 

when timing is critical for forensic investigations where swift, yet accurate results are required. While 

it may seem logical that a longer scanning duration using LiDAR would gather more point clouds. 

However, when implemented, the prolonged scanning (ten minutes) caused a reduced number of 

registered point clouds, leading to lower mapping accuracy. The mobile Recon 3D app crashed to 

process the dataset, and the cloud system was utilized for the processing. It seems like the Recon 3D 

program performs the point-clouds registration very conservatively, rejecting many point clouds as 

outliers, particularly if there is high distance variation between the camera and the surface. The third 

scan, which took place at nighttime for over ten minutes using the built-in flash of the iPhone, gath-

ered a total of 1,143,808 point-clouds. However, this process required a processing time of approxi-

mately 9 hours and 40 minutes over the cloud. Despite the low light conditions, this scan achieved 

MAE of 0.021m, like the first scanned model, which also lasted ten minutes in the daytime. This ele-

vated level of accuracy was achieved in a pitch-dark environment, and using the iPhone flash in this 

setup shows how the built-in iPhone flash features are beneficial where lighting conditions may not 

always be ideal. 

The last scan was also from nighttime, but the scanning duration was reduced to five minutes 

with the iPhone flash on. It generated the highest number of point clouds of 2,374,383. Surprisingly, 

achieving MAE of 0.0066m, indicating an exceptionally high level of accuracy. This notable increase 

in point cloud size and the low MAE value suggests that quick scanning with iPhone flash can result 

in exact and detailed 3D models, which is valuable for documentation and analysis in low-light sce-

narios. However, it should be noted that this scan, while performing well regarding the accuracy 

measurements, the actual scene color and visual representation had a lot of discrepancies across the 

different areas in the scene; also, shadows and some objects were not aligned properly. Figure 4 
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shows the texturized LiDAR mapping results, comparing the four scenarios. The result from 

Scenario 4 shows the most accurate 3D map due to the less sunlight interference in the LIDAR sensor, 

but the visual representation was poor due to the use of flashlight. Scenario #2 shows the most opti-

mal performance balancing the map accuracy and visual representation of the scene. 

 

Figure 4. 3D map results of Model 1 using LiDAR with four different scanning scenarios. Although 

the nightime scans are visually poor, their maps are more accurate due to the minimal sunlight 

interference. 

4.1.2. Model 2: Photogrammetry with an iPhone and pix4d catch 3D App Results 

The first scan was conducted during daytime for 10 minutes and 1,483 images were captured 

with 8,450,137 point-clouds registered. It had an overall mean absolute error (MAE) of 0.017m, which 

could be considered the highest accuracy achieved among all four scans of the photogrammetry ap-

proach. In the second scan, the duration was reduced to 5 minutes, capturing 745 images, which 

reduced the gathered point clouds to 4,546,991, resulting in an overall error (MAE) of 0.020m. This 

result is expected since the scanning duration has been reduced, which affected both the collected 

point clouds and produced lower performance than the scan done under the same lighting conditions 

with a longer duration (the first scan). The third scan was done during the nighttime to assess the 

effect of the lighting conditions on the 3D model results, while maintaining the same duration as the 

first scan (10 minutes), resulting in 994 images with 2,219,352 point-clouds. The resulting error was 

0.030m, showing that the poor lighting conditions degrade performance. The fourth scan was done 

during the nighttime, while the scanning duration was reduced to 5 minutes, capturing 483 images 

with 1,529,689 point-clouds. It had an overall error of 0.032m. In this scan, the darkness during the 

nighttime lighting conditions and reducing the scanning duration collects fewer point clouds, signif-

icantly reducing the accuracy. Figure 5 compares the mapping results from photogrammetry, show-

ing that Scenario 1 has the most accurate map in terms of accuracy and visual representation, whilst 

Scenario 4 has the worst performance. 
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Figure 5. 3D map results of Model 2 using photogrammetry with four scanning scenarios, showing 

the best results in daytime. 

4.1.3. Comparison of Model 1 and Model 2 

Figure 6 presents the comparative analysis of Model 1 (LiDAR) and Model 2 (Photogrammetry) 

using the MAE values of marker pairs for four scanning scenarios. The data indicates that Model 1 

consistently demonstrates lower MAE values than Model 2, affirming its accuracy and consistency. 

Interestingly, Scenario 1 scan (10 mins, daytime) of Photogrammetry Model showed better accuracy 

than the LiDAR model, which is due to that the photogrammetry model registered more point clouds, 

while the LiDAR sensors’ prolonged scanning resulted in rejecting data and a reduction in the 

model’s point clouds. Another reason can be the extensive sunlight interference in LiDAR sensing in 

daytime. This is confirmed that LiDAR map from Scenario 4 (5 mins, nighttime) showed the best 

accuracy due to the lowest sunlight interference at nighttime. However, the textured LiDAR map was 

visually poor due to the poor image quality. Therefore, Model 1 from Scenario 2 was chosen for point-

wise comparison with the Leica BLK360 G2 reference model. Regarding the third and fourth scans, 

Model 1 maintained a lower MAE across marker pairs than Model 2, indicating that the LiDAR model 

performed better in pitch-dark settings by relying on the iPhone’s built-in flash. 
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Figure 6. Comparison of MAE for Model 1 (LiDAR) and Model 2 (Photogrammetry) across 4 scanning 

scenarios (the lower the better), showing the best LiDAR result at nighttime with fast scan, while the 

best photogrammetry at daytime with slow scan. 

The LiDAR model generally achieved lower overall MAE values, with the differences between 

the scans becoming more pronounced in reduced-light conditions. In such scenarios, photogramme-

try scans struggled to maintain accuracy, leading to an increase in overall MAE. Conversely, the Li-

DAR model’s overall MAE clearly showed that prolonged 10-minute scanning time, whether in the 

daytime (as demonstrated in Scenario 1) or at night (as shown in Scenario 3), results in decreased 

accuracy compared to the shorter-duration scans of 5 minutes (as shown in Scenarios 2 and 4) due to 

the previously mentioned explanation of Recon 3D point clouds registration problem. 

From our analysis of LiDAR Model 1 and Photogrammetry Model 2 in different scanning sce-

narios, the 2nd LiDAR scan of Model 1 was chosen as the best-scanned model since it achieved a 

balance between accuracy and visual quality. This scan, which took five minutes to complete during 

the daytime, captured double the number of point clouds compared to the longer ten-minute dura-

tion of the 1st LiDAR scan of Model 1. The higher point density increased accuracy and showed good 

visual quality since it was conducted in the daytime with natural lighting. In contrast to the 3rd and 

4th LiDAR scans of model one that were performed at night, they had issues like ghosting, missing 

parts, and color inaccuracies. The chosen scan offered a precise and visually appealing representation 

of the mock-up crime scene. On the other hand, when comparing the chosen 2nd LiDAR scan of 

Model 1 with the most accurate scan of the photogrammetry Model 2, the first scan lasted for ten 

minutes, doubled the amount of scanning time, and had a higher MAE of 0.0166 compared to 0.012. 

Moreover, the scene had various missing parts, though it produced a denser point cloud as shown in 

Figure 5(a). 

The chosen model (2nd LiDAR Scan of Model 1) was compared to the reference Model (Leica 

BLK 360 G2 Model 3). First, the ICP algorithm was applied to align two point-clouds, which is re-

quired for model comparisons [40]. Figure 7 shows the heatmap of cloud-to-cloud distance errors, 

presenting more detailed accuracy of the map. Based on the heatmap histogram, around 90% of the 

point clouds have an absolute distance of 0.1224m between them. This indicates the distance differ-

ence and how close the point clouds are from the aligned model one of the iPhones LiDAR from the 

Professional grade Leica BLK360 scanner. A relatively higher distance was noted in the middle of the 

heatmap of the aligned models because some blind spots existed in the Leica BLK 360 scanned model, 

which can be shown in green. It can also be seen the highest discrepancies between the C2C distance 
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are displayed at the scanned edges on which the difference ranges between 0.58 to 0.66 meters, as 

shown in red in the model heat map, which was not the focus of our scanning when reconstructing 

the crime scene since it does not contain any relevant evidence. This visual representation highlights 

where the alignment is solid or weak, giving us an insight into how well our aligned iPhone model 

is compared to the reference Leica mode. 

 

Figure 7. Cloud-to-cloud distance heat map (in meters) (left) and related histogram showing most 

point clouds (90%) fall under 0.12m of error (right). The regions of high errors are from the sensing 

boundary or blind spots during the scanning. 

4.3. Discussion 

This study evaluates LiDAR and Photogrammetry in indoor crime scene scenarios while high-

lighting their effectiveness in creating 3D models for forensic analysis. Like the findings by Desai et 

al. [30], our study confirms that handheld LiDAR devices like those found in mobile phones can 

swiftly and effectively capture crime scenes. Our findings support their results on how LiDAR scan-

ners can achieve acceptable precision levels for crime scene investigations. Furthermore, the swift 

documentation ability highlighted by Berezowski et al. [10] was also evident in our results, showing 

how iPhones with LiDAR scanners can efficiently gather point clouds under optimal lighting condi-

tions. 

However, despite the fast data acquisition, there exist challenges with LIDAR in terms of sensi-

tivity to various lighting conditions, affecting collected data integrity as well as efficiency, resulting 

in missing point clouds as shown in the different scans where several point clouds were missing. Our 

observation about the limited details of the crime scene, and the discrepancies in the color and the 

alignment in low-light conditions, raises concerns like those in the paper by Chase and Liscio [14], 

which should be taken into consideration when trying to interpret LiDAR data in forensic investiga-

tions. While our study did not explicitly focus on the accuracy of closeup scans of evidence found in 

the crime scene, we did scan a small area covering a few objects of interest, a footprint, spatters of 

blood, and a scissor, all found in our mock-up-crime scene, as shown in Figure 8. With a single scan 

attempt using Recon-3D with 1 mm resolution, the scan took 1 minute with 1.9M point clouds. This 

resulted in obtaining the highest possible resolution details achievable by the application, with only 

a few point clouds missing at the scan corners. Still, the objects of interest in the scene were fully 

reconstructed in 3D. This close-up reconstruction will be particularly effective in outdoor scenes such 

as muddy ground where 3D reconstruction of evidence is critical. 
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Figure 8. A 3D reconstructed footprint as a piece of evidence in the scene. 

Also, it should be mentioned that the visual representations sometimes showed discrepancies 

across the different areas in the maps, resulting in shadows and some objects not aligned properly as 

shown in Figure 9. Maintaining the integrity of 3D models is also critical when dealing with criminal 

cases. Our research incorporates LiDAR and photogrammetry technologies for their accuracy in cap-

turing crime scene details, thus reducing the chances of tampering with data during the investigation 

process. According to Maneli and Isafiade [8], the accuracy of these reconstructions is essential, as 

any unauthorized changes or contamination in data quality could affect their admissibility as evi-

dence in the courtroom. In addition, digital documentation of crime scenes not only assists first re-

sponders when dealing with crime scenes but also helps in preserving the collected evidence integrity 

for further investigation, which usually comes in handy in later proceedings, according to Galanakis 

et al. [9] incorporating 3D digital tools in law enforcement enhances the durability of crime scene 

documentation by enabling examinations beyond the initial phase of crime scene documentation. 

This feature proves vital when preserving the physical crime scene, which is not feasible over time. 

Equally important aspect is the incorporation of the hashing mechanisms, such as MD5 or SHA1, to 

preserve the integrity of the 3D digital map obtained. This will ensure the Chain-of-Custody of the 

3D reconstructed maps. 

 

Figure 9. Failed image alignments in a maker on the floor and an April Tag on the wall. 

5. Conclusion 

This study investigated how mobile phone-based LiDAR and photogrammetry technologies can 

be used in reconstructing 3D indoor crime scene with a focus on the accuracy and visual quality of 

the maps. The results show that the built-in scanner in the iPhone 15 Pro Max could capture the crime 

scene in detail with acceptable accuracy for forensic purposes. Nevertheless, the level of scan detail 

varies depending on lighting conditions and scanning time. The LiDAR and Recon 3D app produced 
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detailed point clouds with minimal errors, especially during short five-minute scans. However, is-

sues with color, object shadow, and improper alignment were observed in low-light settings. On the 

other hand, photogrammetry could also create denser point clouds, highlighting its use when visual 

detail is more important than dimensional precision. If the lighting condition is benign, the photo-

grammetry system can provide a comparable accuracy to the LiDAR based solution. The research 

revealed the limitation of LiDAR with Recon-3D, causing the data saturation problem for extended 

period of scanning, potentially impacting the results of the crime scene documentation. Also, discrep-

ancies in color and alignment observed in low-light scans indicate limitations in the capabilities of 

smartphone-based LiDAR technology. Future work is to investigate the recent advancements in 3D 

rendering techniques, such as Gaussian Splatting, to reconstruct realistic and large-scale crime scenes. 

Also, the integrity of the 3D models should also be preserved by incorporating checksum calculations 

in the model. 

5.1. Recommendations for Practical Implementation 

Using a combination of documentation techniques and technologies, when possible, employing 

a range of documentation methods, such as LiDAR, photogrammetry, and conventional photog-

raphy, can improve the documentation results. The photogrammetry ability to create denser point 

clouds combined with LiDAR capability to create visually appealing scans that are accurate in spatial 

measurement can enhance the results of the documented evidence and act as supporting evidence in 

addition to the widely used traditional photography. This approach ensures that each technology’s 

unique strength is maximized. 

 Promoting the development of LiDAR sensor applications on iOS devices: since Recon 3D is one 

of the first applications that utilizes LIDAR technology on iPhones/iPads for forensics sciences 

purposes, and it demonstrated a relatively low RMSE compared to a professional grade Leica 

Scanner, there is a potential for other developers to create similar applications on the iOS devices. 

Moreover, to gain interest among researchers and developers in using smartphone-based LI-

DAR, it is advisable to include a viewing feature within the current study, which uses Recon-3D 

or other developed applications in the future. This feature should enable free viewing and shar-

ing of 3D models without requiring users to register or subscribe. 

 Preserve Models Integrity: while this topic is not the focus of this study, it is crucial to highlight 

the importance of preserving the accuracy of scanned models, mainly when such models can be 

used not only as supporting evidence of the crime scene environment and content, but also as 

virtual tours for the court, to comprehend better the crime scene content, dimensions, and activ-

ities. 

 Ensure the integrity of the reconstructed models is preserved. Checksum Mechanisms should 

be incorporated to validate that the scanned data models are unaltered from their original state 

when the scan was done. This ensures that any modifications can be identified, preserving the 

model’s integrity. A proposed approach is integrating checksum calculations in the scanning 

application, whether the Recon-3D application or PIX4D. Additionally, data transmission is se-

cured by employing encryption to ensure the model’s data while uploading it to the cloud. Since 

Recon-3D already transfers data to the cloud, it is essential to specify the security measure im-

plemented when the transfer is done. 
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Abbreviations 

The Following Abbreviations are used in this research. 

3D Three Dimensional. 

AV Automated Vehicles. 
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BLK360 Leica BLK360 Imaging Laser Scanner. 

C2C Cloud to Cloud. 

ICP Iterative Closest Point Algorithm. 

iOS iPhone Operating System. 

LiDAR Light Detection and Ranging. 

MAE Mean Absolute Error. 

PIX4D PIX4D Software for Photogrammetry. 

RMSE Root Mean Square Error. 

SfM Structure from Motion. 

SLR Systematic Literature Review. 

TLS Terrestrial Laser Scanning. 

UAV Unmanned Aerial Vehicle. 

VR Virtual Reality. 

GCP ground control points. 
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