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In crime scenes such as burglary and murder, the search for physical trace evidence left 
behind by the suspect is a priority for forensic investigators. A shoe impression is a type 
of trace evidence that can link the crime scene and the suspect. However, 3D shoe 
impressions are often neglected at crime scenes due to the complexities of retrieving 
and preserving the evidence. Shoe impressions are typically retrieved using the 
standard method of casting. Various techniques have been introduced to retrieve 3D 
shoe impressions which are reviewed in this paper, including recently introduced 
techniques that focus on casting using different materials, Structured from Motion 
(SfM), and 3D light scanning. Additionally, this review discusses alternative techniques 
to uncover shoe impressions, including each technique's benefits, drawbacks, and gaps. 
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1. Introduction 
 

Crime scene investigation requires a thorough inspection of the surroundings to search for traces 
of potential evidence such as DNA, fingerprints, ink, hair, nails, gunshot residue, fibre, etc [1-7]. 
According to an Interpol review of shoe and tool marks by Baiker-Sørensen et al., [8] trace evidence 
of shoe impression is more prevalent at crime scenes compared to other forms of trace evidence. 
The evidence of shoe impressions is crucial, particularly in the crimes of trespassing, burglary, or 
murder but it is frequently overlooked. The recovery of shoe impressions can corroborate 
information from other physical evidence and narrow down the number of suspects [9]. Shoe 
impressions are categorised as class evidence that presents class characteristics such as physical size, 
design, and mould characteristics (from the manufacturing process). The presence of random, 
unintentional, and unique damages on the outsole of footwear can serve as individual evidence from 
the crime scene. 

The direct physical contact between the outsole of footwear and a surface forms a shoe 
impression. Shoe impressions are regularly found in the vicinity of entry or exit locations, suspected 
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travel pathways, and any surface or object that may have been walked on (e.g., tabletops, counters, 
and papers on the floor) [10]. Shoe impressions can come in the form of 2D prints and 3D impressions. 
3D impressions are formed when the footprint is visible on malleable surfaces such as soil, mud, and 
snow. 2D prints materialise when there is a transfer of trace residue, such as soil and dirt from the 
shoe’s outsoles onto a flat surface. 

The most common technique to retrieve 2D prints is lifting. This technique transfers residual 
material to another imprinted surface to acquire higher fidelity impressions [10]. Gel lifters and 
electrostatic dust lifters are examples of well-known lifting techniques. As for 3D impressions, casting 
has been the gold standard in forensic investigation for centuries. The most common materials in 
casting are dental stone and Plaster of Paris. 

However, these materials can pose challenges for crime scene technicians. Thus, forensic 
researchers are continuously exploring other ways to obtain 3D shoe impressions. Their studies offer 
various techniques that can assist forensic investigators in more efficiently collecting 3D shoe 
impressions. This paper evaluates these alternative techniques and materials and it incorporates 
valuable insights from a senior superintendent at the Forensic Laboratory of the Royal Malaysia Police 
via a formal interview. Furthermore, the drawbacks, advantages, and gaps of each technique are 
discussed in this paper. 
 
2. Body 
 

Shoe impressions can be located on various indoor and outdoor surfaces at a crime scene. Specific 
techniques are necessary for recovery and retaining shoe impressions from substrates with varying 
characteristics. Recent studies in this niche propose alternative techniques to retrieve 3D shoe 
impressions. Nevertheless, casting is still the preferred technique in forensic investigations. Table 1 
lists a summary of the casting techniques explored in previous studies, including their advantages 
and disadvantages. The details on each technique are discussed in the following sections. 
 

Table 1 
Summary of techniques based on the level of training, time taken, output, advantages, and disadvantages 
Technique Level of training Time taken Output Advantages Disadvantages 
Casting with 
Plaster of 
Paris and 
Dental stone 
(these 
materials are 
standard 
techniques) 

• Scene: Low 
• Lab: Medium 

• On the scene: 
30 to 40 
minutes, 
depending on 
the substrate’s 
condition. 

• In the lab: 48 
hours to dry and 
clean the cast 
before analysis 

Bulky and 
fragile 
artifact 

Plaster of Paris 
and dental 
stone are rigid 
compared to 
other materials 

The drying process is 
time consuming, and 
the efficiency of the cast 
depends on the 
environmental condition 
of the crime scene. 
Plaster of Paris casts are 
often fragile. 
Occasionally, the cast 
breaks while being lifted 
or transported to 
laboratories, resulting in 
the waste of Plaster of 
Paris, time, and effort 

Casting with 
Soap [11] 

• Scene: 
Medium. Soap 
can be handled 
easily. 

• Lab: Medium 

• On the scene: 5-
10 minutes to 
melt the soap, 
20-25 minutes 
for the cast to 
dry. In total, a 

The study 
did not 
explain the 
physical 
features of 
the artifact 
produced 

Soap is easy to 
handle, with 
shorter time of 
drying process. 
The cast is also 
easily removed 

This technique involves 
the heating and melting 
of soap with heating 
appliances which may 
not be convenient in 
crime scenes 
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maximum of 35 
minutes. 

from the 
impression 

Casting with 
Hot Melt 
Adhesive 
(HMA) [12] 

• Scene: Medium 
• Lab: Medium 

• On the scene: 
The melting of 
glue stick takes 
about 5 minutes 
and 10 minutes 
for the cast to 
dry. 

More 
durable 
and less 
bulky 
artifact 

The cast can be 
dried quickly. 
Plus, the cast is 
more durable, 
less fragile, and 
easily stored 

The melting of glue 
sticks or HMA with 
heating appliances may 
not be convenient in 
crime scenes 

Bio-foam [13] • Scene: 
Medium. 
Appropriate 
amount of 
pressure is 
needed to 
avoid any 
damages to the 
impression. 

• Lab: Medium. 

The study did not 
clearly state the 
amount of time 
required at the 
crime scene. 
However, it takes 
a shorter time 
than other casting 
materials as 
drying process is 
not necessary. 

Indented 
Bio-foam 
blocks 

It does not 
require any 
post-cleaning 
 

Inappropriate pressure 
can destroy the 
impression 

Structure from 
Motion (SfM) 
photogramme
try [14] 

• Scene: 
Medium. 
Training is 
needed to 
capture various 
angles of the 
impression. 

• Lab: Intensive 
training is 
required and 
specialists are 
required in the 
3D model 
making and 
analytical 
comparison. 

• On the scene: 
Approximately 
70 seconds per 
target. 

• In the lab: 
Around an hour 
to build and 
analyse the 3D 
model. 

Printable 
3D model 

SfM is a non-
invasive method 
and the 
procedure is 
simple when 
applied in a 
crime scene. 
The output is 
easily stored 
and 
transferable 

The accuracy of the 
models produced after 
leaving the scene may 
be low, mainly due to 
the surface’s textural 
homogeneity or 
reflections from wet 
surfaces 

3D structured 
light scanning 
[15,16] 

• Scene: 
Intensive 
training is 
required to 
operate the 3D 
scanner. 

• Lab: High level 
of training is 
invested, and 
specialists are 
required in the 
3D model 
making and 
analytical 
comparison. 

• On the scene: 
Preparation 
time before 
scanning varies 
among scanner 
models. 
However, 
impressions can 
be captured in 
less than a 
minute. 

Printable 
3D model 

This is a non-
invasive method 
with simple 
procedures. The 
output can be 
easily stored 
and transferred 

This method may not be 
efficient to examine 
impressions on 
reflective substrates 
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2.1 Conventional Technique – Casting with Plaster of Paris and Dental Stones 
 

According to the interview snippets with the senior police officer, the evidence of shoe 
impressions recovered by casting technique are acceptable in Malaysian courts. However, the casting 
process can be tedious for crime scene technicians. The plaster powder needs to be mixed with a 
specific water-to-powder ratio before pouring the mixture into the impression. On top of that, 
different brands of plaster powder require a unique water-to-powder ratio to ensure the consistency 
of the casting [17,18]. The stirring of the casting materials may be affected by several parameters, 
including stirring speed and period as well as blade angle of the stirrer [19]. 

The most common materials in casting are by-products of gypsum crystal, a soft sulphate mineral 
of calcium dehydrate. It has two variants which are alpha hemihydrates and beta hemihydrates. 
Alpha hemihydrates are commonly known as gypsum cement. This variant has higher compression 
strength and is more substantial than beta hemihydrates. In contrast, beta hemihydrates are weaker 
and softer. Dental stone is alpha hemihydrate, whereas Plaster of Paris is beta hemihydrate. 

Due to the differences in the materials’ compression strength, Plaster of Paris typically falls 
behind in preference for application. Previous articles show that dental stone is more preferred by 
forensic experts as casting material as compared to Plaster of Paris [17,18,20]. Dental stone is easily 
accessible from dental supply companies. Moreover, this casting material produces casts with 
superior quality without the need to apply fixatives (i.e., hairspray) before casting. 

The senior superintendent of Royal Malaysia Police noted that Plaster of Paris is the standard 
material for casting in forensic investigation. However, the cast output can be bulky, making it 
difficult to store the evidence. In addition, the application of Plaster of Paris is time-consuming which 
is not preferable for forensic investigators. The setting of the cast requires 30 minutes prior to its 
collection and transportation to the lab. An additional 48 hours is needed to dry the cast. A dry cast 
allows forensic professionals to collect trace residues from the cast and analyse the shoe impression. 
This drawback drives forensic professionals to seek alternative techniques for acquiring 3D shoe 
impressions. 

In 2011 research by Cohen et al., [19] different techniques of mixing dental stones powder with 
water were explored to improve the casting technique. The mixing of dental stone with water is 
performed using zip lock bags, bottles, and a bucket. The use of zip lock bags is convenient for forensic 
investigators with lesser time for cleaning after the mixing process. Mixing in a zip lock bag is the 
preferred route due to its convenience and the lack of need to clean up afterwards. 

Cohen et al., [19] tested different techniques to mix the dental stone powder with water to 
improve the casting method. The authors simulated experimental shoe impression using three 
methods that integrated the dental stone powder with water, using a bottle, a bucket, and a zip lock 
bag. The most common method used is mixing the powder using zip lock bags due to its convenience. 
However, vigorous mixing of the powder and water in a bottle gave the fastest result for a uniform 
mix in 40 seconds. 

In addition, no post-cleaning was required, unlike mixing the powder in a bucket. Despite the 
presence of minute air bubbles on the cast, the method of mixing the powder and water in a bottle 
produced better results compared to the other techniques. The convenience and reliability of mixing 
in a bottle are on par with mixing in a zip lock bag. 
 
2.2 Casting with Other Materials 
 

Retrieving 3D shoe impressions with Plaster of Paris and dental stones can be time-consuming 
and tedious. Hence, alternative casting materials have been explored by several researchers. Malviya 
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et al., [11] studied the application of soap as casting material to retrieve 3D shoe impressions on wet 
mud. Besides its simplicity, it was discovered that soap powder could conform to any shoe shape or 
design which provides greater details than other material. Although the statistics of the findings 
demonstrate good casting outcomes, it is difficult to assert that using the term 'better' to highlight 
its fantastic results compared to other materials because the only casting material used in the study 
was soap. 

Standard materials, such as plaster of Paris and dental stone, should be included in the study to 
support the claim that soap provides better shoe impressions than other materials. Casting with soap 
powder requires around 20 to 25 minutes to solidify and evaluate the details of the impression, which 
is significantly faster than Plaster of Paris or dental stone. However, the disadvantage of utilising soap 
as a casting material is that the soap powder needs to be melted with a Bunsen burner before pouring 
it over the shoe impression. 

A 2021 study by Shrivastava et al., [12] describes a technique to cast experimental shoe 
impressions with hot melt adhesive (HMA) on wet mud, slightly dry mud, sand, and soil on 
construction sites. It was revealed that the material is durable, fast setting time (within 10 minutes) 
and it takes up lesser space than Plaster of Paris. The shoe impressions produced using HMA showed 
outstanding results on various surfaces. In addition, HMA cast is easier to store and transport as 
compared to Plaster of Paris and dental stone. 

Like soap, this material requires melting by exposure to heat, which can be a limiting factor for 
its application. The melting procedure would be challenging given the complexities of crime scenes, 
locations, and circumstances in forensic investigations. As a result, traditional materials that do not 
require melting are more favourable in certain situations compared to alternative materials (i.e., soap 
and HMA). Nonetheless, such alternative materials should be considered for future cases when 
required. 

A study by Petraco et al., [13] explored shoe impressions casting on snow with commercially 
available bio-foam blocks. The authors recommended connecting the cardboard to one side of the 
league and placing the other side on the impression. Manual pressure should then be applied as 
usual. A suitable pressure is necessary to avoid disruptions of the impression. 

Too little pressure can cause difficulty for the bio-foam to cast the impression, meanwhile 
excessive pressure can destroy the impression. The testing was performed by casting multiple shoe 
impressions and grading the casts qualitatively. The article presented the results visually in a 
summary format. The cast helps to identify class and random characteristics. Furthermore, this 
technique can cast shoe impressions on other surfaces, such as sand, dry dirt, or mud. It is 
recommended that additional research on different surfaces to be performed using this casting 
technique. 
 
2.3 Structure from Motion (SfM) Photogrammetry 
 

The forensics community is leaning towards non-invasive methods to prevent damage to shoe 
impressions. Various alternatives to retrieve shoe impressions have been proposed, including the 
Structure from Motion (SfM) photogrammetry technique [21]. The technique of photogrammetry is 
viable using metric or non-metric cameras [22]. Metric camera is typically used for mapping purposes, 
whereas non-metric camera may be video and digital cameras [22]. 

SfM method involves the photography of the impressions in top view, from various oblique angles 
as well as several divided segment from top view. The key to photographing the impressions using 
the SfM technique is to ensure that the captured images overlap with one another. An essential 
criterion with this technique is the need to capture at least 20 images that can be digitally repurposed 
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into a 3D format. Acquiring 3D shoe impressions with SfM requires less time than physical casting. 
While a digital SLR camera is desirable, a smartphone camera is sufficient for technical development 
[14]. 

Nonetheless, according to the senior superintendent, utilising a personal smartphone camera in 
a crime scene investigation can lead to a legal dispute. The attorneys may question the chain of 
custody on the shoe impression photographs, as obligated by the Evidence Act of 1950. The act 
stipulates that the camera in question must not be tampered with for other reasons; hence no 
personal camera or smartphone can be used in a formal investigation. The application of 
smartphones is only allowed when the device is listed as a property of the police force. 

Although a short period of time is needed by investigators to capture the images of the shoe 
impressions at the crime scene for SfM, they require more time to render the 3D impressions in the 
lab using the ‘DigTrace’ software [23]. The software imports all the overlapping photos from various 
oblique angles to create 3D point cloud models with x, y, and z coordinates for each point cloud. 
Furthermore, the software records precise RGB values in each separate point cloud, allowing 3D 
models to reveal colour depth points which facilitate analysis of the impressions. The SfM technique 
has proven to provide consistent and reproducible outcomes [21]. 

In indoor crime scenes, shoe impressions can be found on discarded or spilt food items, paper 
towels, body parts, or any surface (e.g., carpets, floors, tables, etc.). In a 2021 study by Larsen et al., 
[24] experimental shoe impressions on a carpet were recovered with SfM. The shoe imprints in the 
study were created from a pressure equivalent to the weight of two adults and the carpet's ability to 
keep 3D information in an impression rather than transmitting any trace evidence. 

It was proved that SfM photogrammetry can recover latent 3D traces in a standard 
polypropylene-based carpet, providing an alternative or supplementary technique to more common 
recovery techniques such as 2D photography. This finding proved that SfM could retrieve shoe 
impressions at indoor and outdoor crime scenes. 

However, SfM requires intensive training for IT skills of rendering and comparing 3D models. The 
3D models enable easy storing, dissemination, and quantitative analysis of impressions [8]. 
Therefore, further studies are required before SfM can be accepted as a common practice to retrieve 
shoe impressions. 
 
2.4 Structured Light Scanning 
 

Nowadays, the forensics community prefer straightforward and modernised techniques to 
recover evidence. Driven by Industry Revolution 4.0, the path forward is to adopt digitalised systems 
to retrieve and store forensic evidence. Another contemporary technique for capturing 3D shoe 
impressions involves the use of 3D structured light scanning, which is commonly adopted in other 
research areas, such as architecture and anthropology [25-27]. This method produces 3D models 
which can be printed using 3D printers [28]. This scanning technique. 3D scanning gives greater 
impression details to capture minute trace evidence while minimising perspective distortion effects 
that are common with standard photographic techniques [29]. 

The 3D scanner emits a laser beam onto the 3D impression. Light deformation occurs due to 
ridges and depth differences in the impression. The camera of the 3D scanner then extracts the 3D 
surface form based on the distortion of the structured-light pattern induced by the scanned object's 
non-planar surface [30]. As the 3D scanners beam a laser light onto the impression, it captures 
coordinate data to determine the distances to the mark according to the differences between the 
emitted and return signal as well as the time of the round-trip of light [31]. 
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Numerous researchers have applied 3D structured light scanning to retrieve shoe impressions. 
Montgomerie et al., [15] used Artec Spider Structured-Light Scanning (SLS) device, an operational 
scanner that an Australian forensic agency favours. The study aimed to validate the adoption of 3D 
structured light scanning to retrieve shoe impressions. The pictures of the scanned shoe impression 
were imported into the Artec Studio 12 Professional (v. 12.1.5.1) program, which in turn generated 
a 3D model from a large number of frames from the 3D scans. The study established the precision 
and reproducibility of scanning as a suitable acquisition technique for class characteristics. 

Moreover, Thompson and Norris [16] used 3D light structured scanning with PicoScan as the 3D 
scanner as shown in Figure 1. The study focused on the capacity of structured light scanning to 
recover footwear impressions from various substrates. The authors evaluated whether the 3D scans 
of the shoe impressions and outsoles can be compared with commonly accessible computer 
software. It was discovered that the process of scanning the impressions and post-processing tasks 
require 90 minutes, which is faster than casting technique. 

However, the technique is not reliable for comparison. Therefore, future research is 
recommended to develop a higher precision technique for comparing scanned footwear to footwear 
impressions. Additionally, the study indicated that alternative light, such as blue light, may be 
employed as a laser instead of white light. Blue light has a smaller bandwidth and is more resistant 
to environmental variables. 
 

 
Fig. 1. Scanned photos of shoe impressions on sand and soil with PicoScan 

 
3. Conclusions 
 

The techniques in this review are not intended to replace current practices to recover shoe 
impressions. However, these techniques can be considered as alternative techniques. Modern 
techniques, such as SfM and 3D structured light scanning, demand intensive training of the 
investigators. Continuous research and simulations of retrieving shoe impressions should be 
prioritised to improve the practicality of the reviewed alternative techniques. Furthermore, 
optimising the techniques to retrieve shoe impressions is essential to duplicate the success rate of 
experimental shoe impressions in actual crime scene cases. 
 
 
 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 37, Issue 2 (2024) 104-112 

111 
 

Acknowledgement 
The authors would like to acknowldege Universiti Teknologi MARA (UiTM), Malaysia for funding 
under the Geran Penyelidikan Khas (600-RMC/GPK 5/3 (161/2020)) and individuals who were directly 
or indirectly involved. 
 
References 
[1] Ng, Win Son, Siew Chin Neoh, Kyaw Kyaw Htike, and Shir Li Wang. "Particle Swarm Feature selection for microarray 

Leukemia classification." Progress in Energy and Environment 2 (2017): 1-8. 
[2] Assis, Alexandro ML, Cristiane V. Costa, Meclycia S. Alves, Jeane CS Melo, Vitória R. de Oliveira, Josealdo Tonholo, 

A. Robert Hillman, and Adriana S. Ribeiro. "From nanomaterials to macromolecules: Innovative technologies for 
latent fingerprint development." Wiley Interdisciplinary Reviews: Forensic Science 5, no. 2 (2023): e1475. 
https://doi.org/10.1002/wfs2.1475  

[3] Sabri, Adlina Syafura Ahmad, Hamizah Md Rasid, Reena Abd Rashid, Umi Kalsum Abdul Karim, Mohamed Sazif 
Mohamed Subri, and Mohamed Izzharif Abdul Halim. "Elemental Analysis of Printing Ink with the Application of 
Laser-Induced Breakdown Spectroscopy (LIBS)-A Review." Journal of Advanced Research in Applied Sciences and 
Engineering Technology 32, no. 2 (2023): 370-387. https://doi.org/10.37934/araset.32.2.370387  

[4] Davis, Cavalera, Putri Nabihah Abdul Khofar, Umi Kalsum Abdul Karim, Reena Abd Rashid, Mohd Muzamir Mahat, 
and Mohamed Izzharif Abdul Halim. "Critical assessment on structural analysis of scalp hair using scanning electron 
microscope (SEM) and compound microscope." Materials Today: Proceedings 29 (2020): 244-249. 
https://doi.org/10.1016/j.matpr.2020.05.538  

[5] Mitu, Bilkis, Migdalia Cerda, Radovan Hrib, Václav Trojan, and Lenka Halámková. "Attenuated Total Reflection 
Fourier Transform Infrared Spectroscopy for Forensic Screening of Long-Term Alcohol Consumption from Human 
Nails." ACS Omega 8, no. 24 (2023): 22203-22210. https://doi.org/10.1021/acsomega.3c02579  

[6] Halim, Mohamed Izzharif Abdul, Muhd Fauzi Safian, Ezlan Elias, and Siti Shafiah Shazali. "Identification of gunshot 
residue from trace element by using ICP/OES identifikasi residu tembakan pistol daripada unsur surih menggunakan 
ICP/OES." In 2013 IEEE Symposium on Computers & Informatics (ISCI), pp. 231-235. IET, 2013. 

[7] Aditi, Gaurav Kumar Singh, and Spriha Sharma. "Forensic Analysis Of Dyed Textile Fibres With Various Analytical 
Techniques: An Updated Review." Journal of Pharmaceutical Negative Results (2023): 2812-2823. 

[8] Baiker-Sørensen, Martin, Koen Herlaar, Isaac Keereweer, Petra Pauw-Vugts, and Richard Visser. "Interpol review of 
shoe and tool marks 2016-2019." Forensic Science International: Synergy 2 (2020): 521-539. 
https://doi.org/10.1016/j.fsisyn.2020.01.016  

[9] Andaló, Fernanda A., Fatih Calakli, Gabriel Taubin, and Siome Goldenstein. "Accurate 3D footwear impression 
recovery from photographs." In 4th International Conference on Imaging for Crime Detection and Prevention 2011 
(ICDP 2011), pp. 1-6. IET, 2011. https://doi.org/10.1049/ic.2011.0121  

[10] Hammer, L. "Footwear Marks." Encyclopedia of Forensic Sciences (2013): 37-42. https://doi.org/10.1016/B978-0-
12-382165-2.00278-6  

[11] Malviya, Akshita, Anarmika Sharma, and Pinky Nishad. "New Technique for Casting Three-Dimensional Shoeprint 
in Wet Mud." International Journal of Research Publication and Reviews 2, no. 9 (2021): 349-352. 

[12] Shrivastava, Khushi, Pinky Nishad, Anamika Sharma, and Ashutosh Tripathi. "Casting of Track Impressions Using 
Glue Gun Stick or HMA." International Journal of Research Publication and Reviews 2, no. 8 (2021): 855-863. 

[13] Petraco, Nicholas, Hal Sherman, Aurora Dumitra, and Marcel Roberts. "Casting of 3-dimensional footwear prints in 
snow with foam blocks." Forensic Science International 263 (2016): 147-151. 
https://doi.org/10.1016/j.forsciint.2016.03.033  

[14] Larsen, Hannah, Marcin Budka, and Matthew R. Bennett. "Technological innovation in the recovery and analysis of 
3D forensic footwear evidence: Structure from motion (SfM) photogrammetry." Science & Justice 61, no. 4 (2021): 
356-368. https://doi.org/10.1016/j.scijus.2021.04.003  

[15] Montgomerie, Casey, Domenic Raneri, and Philip Maynard. "Validation study of three-dimensional scanning of 
footwear impressions." Australian Journal of Forensic Sciences 54, no. 1 (2022): 119-132. 
https://doi.org/10.1080/00450618.2020.1789222  

[16] Thompson, T. J. U., and Paul Norris. "A new method for the recovery and evidential comparison of footwear 
impressions using 3D structured light scanning." Science & Justice 58, no. 3 (2018): 237-243. 
https://doi.org/10.1016/j.scijus.2018.02.001  

[17] Suhandani, Mardy, Poppy Puspitasari, and Jeefferie Abd Razak. "Impact, hardness and fracture morphology of 
Aluminium alloy (Al-Si) filled cobalt oxide nanoparticles at various stir casting temperatures." Malaysian Journal on 
Composites Science & Manufacturing 5, no. 1 (2021): 11-20. https://doi.org/10.37934/mjcsm.5.1.1120  

https://doi.org/10.1002/wfs2.1475
https://doi.org/10.37934/araset.32.2.370387
https://doi.org/10.1016/j.matpr.2020.05.538
https://doi.org/10.1021/acsomega.3c02579
https://doi.org/10.1016/j.fsisyn.2020.01.016
https://doi.org/10.1049/ic.2011.0121
https://doi.org/10.1016/B978-0-12-382165-2.00278-6
https://doi.org/10.1016/B978-0-12-382165-2.00278-6
https://doi.org/10.1016/j.forsciint.2016.03.033
https://doi.org/10.1016/j.scijus.2021.04.003
https://doi.org/10.1080/00450618.2020.1789222
https://doi.org/10.1016/j.scijus.2018.02.001
https://doi.org/10.37934/mjcsm.5.1.1120


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 37, Issue 2 (2024) 104-112 

112 
 

[18] Bodziak, William J., and Lesley Hammer. "An evaluation of dental stone, traxtone, and crime-cast." Journal of 
Forensic Identification 56, no. 5 (2006): 769. 

[19] Cohen, Amit, Sarena Wiesner, Arnon Grafit, and Yaron Shor. "A New Method for Casting Three-Dimensional 
Shoeprints and Tire Marks with Dental Stone." Journal of Forensic Sciences 56 (2011): S210-S213. 
https://doi.org/10.1111/j.1556-4029.2010.01586.x  

[20] Snyder, Christine. "A Comparison of Photography and Casting Methods of Footwear Impressions in Different Sandy 
Soil Substrates." Journal of Forensic Identification 66, no. 1 (2016). 

[21] Larsen, Hannah J., and Matthew R. Bennett. "Empirical evaluation of the reliability of photogrammetry software in 
the recovery of three-dimensional footwear impressions." Journal of Forensic Sciences 65, no. 5 (2020): 1722-1729. 
https://doi.org/10.1111/1556-4029.14455  

[22] Amran, Muhammad Syahiran, and Khairul Nizam Tahar. "Assessment on different digital camera calibration 
software for photogrammetric applications." Journal of Advanced Research in Applied Mechanics 30, no. 1 (2017): 
17-28. 

[23] Larsen, Hannah J., and Matthew R. Bennett. "Recovery of 3D footwear impressions using a range of different 
techniques." Journal of Forensic Sciences 66, no. 3 (2021): 1056-1064. https://doi.org/10.1111/1556-4029.14662  

[24] Larsen, Hannah J., Marcin Budka, and Matthew R. Bennett. "Recovery via SfM photogrammetry of latent footprint 
impressions in carpet." Journal of Forensic Sciences 66, no. 4 (2021): 1495-1505. https://doi.org/10.1111/1556-
4029.14718  

[25] Betts, Matthew W., Herbert DG Maschner, Corey D. Schou, Robert Schlader, Jonathan Holmes, Nicholas Clement, 
and Michael Smuin. "Virtual zooarchaeology: building a web-based reference collection of northern vertebrates for 
archaeofaunal research and education." Journal of Archaeological Science 38, no. 4 (2011): 755-e1. 
https://doi.org/10.1016/j.jas.2010.06.021  

[26] Bleay, Stephen, Vaughn Sears, Rory Downham, Helen Bandey, Andrew Gibson, Valerie Bowman, Lesley Fitzgerald, 
Tomasz Ciuksza, Jona Ramadani, and Chris Selway. Fingerprint Source Book v2.0 (second edition). CAST Publication 
081/17, 2018. 

[27] Stančić, Ivo, Josip Musić, and Vlasta Zanchi. "Improved structured light 3D scanner with application to 
anthropometric parameter estimation." Measurement 46, no. 1 (2013): 716-726. 
https://doi.org/10.1016/j.measurement.2012.09.010  

[28] Othman, Mohd Sarhan, Mohd Fakhrur Razi Misran, and Za'aba Helmo Khamisan. "Study on Mechanical Properties 
of Pla Printed using 3D Printer." Journal of Advanced Research in Applied Mechanics 59, no. 1 (2019): 10-18.  

[29] Blackwell, Sherie A., R. V. Taylor, I. Gordon, C. L. Ogleby, T. Tanijiri, M. Yoshino, M. R. Donald, and J. G. Clement. "3-
D imaging and quantitative comparison of human dentitions and simulated bite marks." International Journal of 
Legal Medicine 121 (2007): 9-17. https://doi.org/10.1007/s00414-005-0058-6  

[30] Geng, Jason. "Structured-light 3D surface imaging: a tutorial." Advances in Optics and Photonics 3, no. 2 (2011): 
128-160. https://doi.org/10.1364/AOP.3.000128  

[31] Esfahani, Mansour Esnaashary, Christopher Rausch, Mohammad Mahdi Sharif, Qian Chen, Carl Haas, and Bryan T. 
Adey. "Quantitative investigation on the accuracy and precision of Scan-to-BIM under different modelling 
scenarios." Automation in Construction 126 (2021): 103686. https://doi.org/10.1016/j.autcon.2021.103686  

 

https://doi.org/10.1111/j.1556-4029.2010.01586.x
https://doi.org/10.1111/1556-4029.14455
https://doi.org/10.1111/1556-4029.14662
https://doi.org/10.1111/1556-4029.14718
https://doi.org/10.1111/1556-4029.14718
https://doi.org/10.1016/j.jas.2010.06.021
https://doi.org/10.1016/j.measurement.2012.09.010
https://doi.org/10.1007/s00414-005-0058-6
https://doi.org/10.1364/AOP.3.000128
https://doi.org/10.1016/j.autcon.2021.103686

