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Abstract: Footprints are one of the most common traces found at the 

crime scene. They can be extremely important in discovering the 

perpetrators, and their proper collection, documentation and analysis is 

crucial for the case solving. Footprints can be found on different surfaces; 

smooth (e.g., floor) or more specific (e.g., mud, snow etc.). The collection 

of footwear trace evidence depends on the surface, and weather 

conditions. Sometimes it is necessary to act quickly (for example, 

collecting an impression in mud in rainy weather) and find the proper 

collection method. The most widespread technique of collecting 

impressions is casting but depending on the conditions, it is possible to 

apply other techniques. Considering the progress of technology, in this 

case of 3D scanning and printing, it is necessary to introduce new methods 

that will enable faster, safer, and more precise collection of traces, with 

maximum preservation of the integrity of the evidence. In this study, 

methods of extracting two-dimensional and three-dimensional traces are 

explained as well as the analysis of sole traces using conventional 

(casting) and non-conventional (3D scanning, photogrammetry and 3D 

printing by fused deposition modeling) methods with a detailed 

elaboration of the mentioned methods. To better understand the 

advantages and disadvantages of conventional and modern methods, the 

experiment on one footprint trace evidence was performed using casting, 

3D scanning, photogrammetry, model preparation and 3D printing. The 

special emphasis on the duration and simplicity of each individual 

procedure was given. 

 

 

 

1. Introduction  
One of the basic principles of forensic science is 

individualization. To individualize means to prove the 

common origin (connection) of material evidence with 

reference samples. The individualization is based on 

matching of morphological, biochemical, physical and 

genetical features when comparing material evidence 

with reference samples. In case of investigation of a 

committed crime, to individualize means to prove from 

which person or object the trace originated. Based on 

the traces found at the scene it is necessary to establish 

the accuracy of the match between the evidence and the 

reference sample, that is, to present evidence of their 

common origin based on the results of the investigation 

as well as the knowledge and experience of the court 

expert (1). 

 

Material or physical traces can be divided into four 

basic forms: transient evidence, traces of special 

appearance, conditional and transfer traces (2). 

A transient or short-lived trace is a temporary trace that 

can easily change or disappear. For this reason, it is 

necessary that the person who first arrives to the scene 

properly documents and describes this type of trace. The 

category of transient traces includes odors, temperature, 

prints, impressions, and stains (2). 

 

Apart from dactyloscopy traces (traces of papillary 

lines), traces of prints and impressions are examined in  

the framework of mechanoscopic expertise. They are 

created by the contact of one object with the surface of 

another, whereby a recognizable pattern is transferred. 

Analysis of these traces can be performed to determine 

group characteristics and individual characteristics (3). 

It is necessary to distinguish footprints from impression 

traces. Footprints are planar (two-dimensional) traces 

that are created by the transfer of a medium like soil, 

mud, blood, fat, etc. onto a solid, smooth surface. These 

traces are mostly found indoors, and rarely outdoors 

(Figure 1.). Such traces can be visible or invisible and 

can be made visible by using certain techniques (3). 
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Figure 1. Example of transfer imprint on hard surface. 

 

Unlike footprint, an impression is a relief-like three-

dimensional trace that is created by pressing an object 

using force into the soft surface such as snow, mud, soil, 

and sand (3). Such trace, for example, can be created by 

pressing car tires, shoes, tools, body parts etc. into the 

above-mentioned media, after which a three-

dimensional image remains in the form of a negative 

(Figure 2). 

 

 
Figure 2. Example of sole impression into the soft 

surface, soil. 

 

Based on the previous research, footprints and sole 

impressions at the crime scene comprise a total of 35% 

of all traces found (4). Sole traces can indicate whether 

a person was walking or running, whether a person was 

carrying a heavy object, as well as information about the 

knowledge of the terrain on which the person was 

operating. Recovered traces can also provide physical 

information about the person, such as their height, 

weight, walking problems, as well as gait characteristics 

that can serve as comparative samples with the suspect's 

footwear (5). The location of footprints or sole 

impressions at the scene can also help in reconstruction 

of crime scene (4). 

Methods of recording of the sole impression traces from 

the scene have remained unchanged for decades and 

they are mainly based on photography (2D) or exclusion 

by plaster casting (3D). Both techniques are 

characterized by disadvantages where, for example, it is 

not possible to obtain data on the depth of the 

impression with photography, and the plaster casting 

process can be lengthy with the risk of failure. 

Additionally, casting permanently destroys the trace, 

and it is not possible to capture all the details of the 

trace itself (6). Because of that, the use of 3D scanners 

and additive technology is increasingly enlarging its 

application in forensic science as part of one of the 

scientific methods under the name forensic engineering. 

Application of additive technology and 3D scanning 

provides several potential advantages over standard 

methods: greater efficiency in multiple overlays of 

footwear impressions after processing data collected by 

scanning, the ability to segment the image to highlight 

individual characteristics, the creation of a high-

resolution physical 3D model in detail, as well as other 

potential advantages due to its non-destructive nature 

(7). 

Regardless of the complexity of the model, the 

technology of additive manufacturing enables the rapid 

creation of the basic model in a short time. Additive 

manufacturing or rapid prototyping is defined as an 

automated process of creating a physical 3D model 

constructed with a computer (CAD - Computer Aided 

Design) modeling program or by converting the three-

dimensional form of an existing object into a digital 

form using a 3D scanner (8). 

The aim of this paper is to provide an overview of 

classic and modern methods of removing sole print 

marks and, based on the experiments carried out, draw 

conclusions about the advantages and disadvantages of 

these methods. 

2. Experimental procedures 
Experimental methods of extracting traces of footwear 

sole impressions were carried at the Laboratory for the 

crime scene investigation at the University Department 

of Forensic Sciences after training in the Split-Dalmatia 

County Police Headquarters (criminalistics police 

sector). 

 

For the purposes of performing the experiments, two 

plastic containers were used, dimensions 400x280x80 

mm, volume 9 liters, which were filled with sifted soil. 

One container contained a sample of completely dry soil 

while the other contained moist soil. The process of 

collecting traces was first carried out by the process of 

molding, where using classical plaster as a basic 

material, an attempt was made to obtain a sole 

impression model identical to the original with all its 

characteristics (Figure 3). 
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Figure 3. Steps in process of molding footwear sole 

impression left into the soft soil 

 

The second method included the photogrammetry 

process where, using a mobile phone as a basic tool, a 

minimum of 48 photos of the sole impression were 

taken in a full 360⁰ range to capture all the trace details 

(Figure 4.). For this purpose, a mobile phone from the 

Chinese manufacturer OnePlus, model OnePlus 8, was 

used as an appropriate tool (OnePlus, PR China, 2020). 

 

 
Figure 4. Photographing sole impression in a 360º  

 

Photographs were processed using the Agisoft 

Metashape software (Agisoft LLC, Russia, 2021, 

version 1.7.2) and a virtual impression model was 

obtained by merging them. The resulting virtual model 

was exported in OBJ format, and processed using 

Microsoft's 3D Builder (Microsoft, USA, 2017, version 

18.01931.0). After processing virtual model in 3D 

Builder, the model was saved in STL format for printing 

on a 3D printer (Figure 5). 

 

 
Figure 5. Steps in making virtual sole imprint model 

using photogrammetry process 

 

The third method of collecting sole impression trace 

was performed using the REVOPOINT POP 3D scanner 

(REVOPOINT, USA, 2021). A minimum of 1500 trace 

positions were scanned to capture all trace details. 

Obtained scans were first processed using 3D scanner 

original software, and then in the trial version of the 

Zbrush software (Pixologic, USA, 2020, version 1709). 

The obtained virtual 3D model was subsequently 

processed using Microsoft's 3D Builder and saved in 

STL format, which is suitable for processing with the 

3D printer original software (Figure 6). 

 

 
Figure 6. Steps in making virtual sole imprint model 

using 3D scanning process 
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Model of sole impression collected by a 3D scanner was 

printed on a 3D printer, PRUSA i3 Mk3 (PRUSA, R. 

Czech Republic, 2018). Preparation for printing was 

performed with PrusaSlicer software. Material used to 

make the model was Flexfill TPU 92A from the Czech 

manufacturer Fillamentum (Fillamentum, R. Czechia, 

2018), which is characterized by flexibility and 

elasticity, as well as impact resistance and durability. 

Due to its elasticity, this material ensures that the final 

model is soft to touch, as is the case with real footwear 

soles.  

 

Model was printed following the manufacturer's 

recommended settings for the specified material: 

• printing temperature: 220 – 240 °C 

• printing speed: 25 – 50 mm/s 

• temperature of the heated work surface: 50 – 60 °C 

 

Considering the size of the working surface of the 3D 

printer, 250x210x210 mm, it was not possible to print 

the model in full size, so the print was made in two parts 

(Figure 7.). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Model of the complete footwear sole printed 

on a 3D printer 

3. Results 
The following figures compare the results of the 

methods used to reproduce footwear sole imprints, 

showing its individual characteristics (Figure 8 - Figure 

10). 

 

 
Figure 8. a) Footwear sole, b) reference sample, c) sole 

model from wet soil obtained by the molding process, d) 

sole model from dry soil obtained by the molding 

process 

 
Figure 9. Model obtained using photogrammetry 

process: a) sole impression in wet soil, b) virtual model 

– density cloud c) virtual 3D model, d) model made 

with 3D Builder 

 

 
Figure 10. Model obtained using 3D scanning process: 

a) sole impression in wet soil, b) virtual model of the 

sole impression - gray filter c) virtual model of the sole 

impression - green filter, d) model made with 3D  

Builder 

 

Table 1. shows a comparison of the time spent for 

extracting footwear sole impression using different 

methods. 
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Table 1. Comparison of the sole impression extraction time using different methods. 

Experimental procedure Type of action Spent time (h/min/sec) 

Moulding - wet soil 

Making a plaster cast 9' 38'' 

Sample extraction and packaging 15' 22'' 

Drying sample 24h 

Cleaning sample 5' 20'' 

Total time 24h 30' 20'' 

Moulding - dry soil 

Making a plaster cast 10' 44'' 

Sample extraction and packaging 17' 28'' 

Drying sample 24h 

Cleaning sample 5' 45'' 

Total time 24h 33' 57'' 

Photogrammetry - wet soil 

Photographing 5' 

Photo processing - AgiSoft 6h 5 ' 

3D model processing – 3D Builder 25' 

Total time 6h 30' 

3D scanning - wet soil 

3D Scanning 15' 

Scans processing  1h 45' 

3D model processing – 3D Builder 20' 

Total time 2h 20' 

3D printing  

- model created with 3D scanner 

3D printing - heel 12h 43' 

3D printing - toes 17h 22' 

Total time 30h 5' 

 

 

4. Discussion 
With the completion of the practical part of collecting 

the footwear sole impressions, it was evident that each 

of three procedures had its advantages and 

disadvantages. The conventional process of excluding 

by molding was suitable due to the cheap and easily 

available material. The process itself did not require too 

much time, on average it took 20 minutes, which 

included the preparation, but the drying of the obtained 

sample required a period of 24 to 48 hours before it 

could be used and archived. The density of the prepared 

mixture depended on the type of soil (dry, moist, wet), 

and for the right component ratio, a certain amount of 

experience was necessary. The procedure was 

destructive, it was not repeatable, which could lead to 

the loss of the trace if proper exclusion was not carried 

out, and to the loss of part of the samples that could help 

in the reconstruction of the committed crime, such as 

certain biological, chemical, and other micro traces. 

Mulching unnecessarily samples, could lead to their 

deterioration and loss of forensic evidence, what was 

not the case for photogrammetry and 3D scanning 

procedures. 

 

Unlike molding, the photogrammetry process was 

repeatable because the trace was not destroyed, and thus 

there was no loss of micro traces. The procedure itself  

 

was not complex and no expensive equipment was 

required as today almost all mobile phones have a high-

quality camera that meets the conditions for obtaining 

quality photos. There was also a wide range of free 

photogrammetry software’s, which offered a handful of 

additional functions for better processing, creation, and 

analysis of the virtual model. Collecting traces with this 

procedure also enabled the creation of a virtual 

database, and thus there was no accumulation of 

samples, which was the case with molding, but, if 

necessary, the impression model could be printed on a 

3D printer. Also, photogrammetry allowed better 

visibility of the collected trace, because photography 

captured its essential segments, and the individual 

characteristics of the impression could be observed and 

analyzed in more detail. As a disadvantage of this 

procedure, an additional investment in more 

professional equipment could be accentuated if we 

wanted to obtain higher quality photos and the final 

product, i.e., 3D virtual model. An additional 

investment in a computer that requires a faster processor 

and more working memory for processing photos in 

some of the more functional software could also be 

needed; and if necessary, in a 3D printer with better 

performance so that the final model could be more 

accurate with a more realistic representation of the 

significant characteristics. In addition to all of the 



MTSM2022 International conference “Mechanical Technologies and Structural Materials” Split, 22-23.09.2022.   

 

above, certain IT knowledge was also required to work 

with the devices and photo processing programs. The 

disadvantage of this procedure was that the final model 

was not made on a real scale, so it was necessary to 

scale it up to its real dimensions. As it was the case with 

3D scanning process, it is recommended that the 

photographing process does not take place directly 

under sunlight, as this could lead to the reduction in the 

quality of the photo, and thus to reduction in the virtual 

impression model quality and its essential features. This 

feature mainly applies to low-budget 3D scanners. 

 

Collecting impressions using 3D scanning process had 

its similarities with the photogrammetry process; 

repeatability without loss of micro traces, the possibility 

of creating a virtual database, the possibility of 

additional processing of virtual impression model within 

the software (zooming of details, better visibility of the 

sample, the possibility of overlapping with the existing 

one, etc.) and no unnecessary accumulation of the 

sample; which can also be printed on a 3D printer if 

necessary. The advantage of this procedure compared to 

photogrammetry was the fact that the virtual model did 

not need to be subsequently scaled to the dimensions of 

the real sample because the 3D scanner captured and 

stored its real values. When scanning sole impression 

with an IR 3D scanner, there was no need to cover all 

360º to create the model as was the case with 

photogrammetry. The 3D scanning process was 

characterized by a better resolution in contrast to the 

photogrammetry process and there would be no 

influence of weather conditions on the work if a 

professional forensic 3D scanner is used. 

 

The shortcoming was manifested in the necessary 

investment in more professional and sophisticated 

equipment (3D scanner, 3D printer, computer, etc.) that 

did not have its limitations, as was the case with the 

low-budget 3D scanner used in this work. According to 

its characteristics and the need for forensic scanning, 

3D-FORENSICS/FTI (GEXCEL, 2019, Italy) can be 

singled out as an example (9). The advantage of this 3D 

scanner is that weather conditions do not limit its use, 

nor does the type of terrain, and it is also distinguished 

by the dimensional accuracy of the recorded model and 

the amount of captured impression trace details essential 

for its individualization. 

As is the case with photogrammetry, it is necessary to 

know the basic principles of working with the 

equipment and some IT knowledge to use the full 

potential of this method of excluding impression traces. 

5. Conclusion 
Classical excluding methods are cheaper, faster, and 

simpler than the modern ones. Modern collection 

methods are less destructive than classical methods and 

allow the possibility to re-examine the evidence and to 

apply additional analyses of trace evidence. A more 

sophisticated and professional camera, 3D scanner and 

3D printer, will give better results than the low-budget 

ones used in this research, although progress was 

already visible in contrast to the standard method. We 

recommended that, in addition to the classic impression 

collection, one of the modern methods should be used to 

enable additional trace analyses. 
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