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A B S T R A C T   

This paper introduces a novel micro-photogrammetric application for the examination of technological traces 
using a portable digital microscope. The aim is to evaluate its potential, advantages, and level of detail within the 
context of traceology studies, highlighting its importance in particular for field documentation of unmovable 
items. The technique is non-invasive and applicable to samples that cannot be transported outside their regions/ 
countries of origin. 

Moreover, this methodological presentation aims to provide an extensive account of the utilized technology, 
the accessories, the possible uses and a series of experiments designed to replicate environmental and logistical 
conditions commonly encountered in the field. 

The goal is also to compare a 3D model obtained with a portable digital microscope to one obtained with a 
camera equipped with a macro lens, in order to highlight the level of detail achieved in trace visualization. 

The results are also expanded and discussed, including an examination of an archaeological case study. 
Additionally, to evaluate the validity and accuracy of the detected traces, the data obtained has been analyzed in 
the context of a qualitative assessment conducted using a stereomicroscope coupled with an optical fiber re
flected light system.   

1. Introduction 

This paper presents a new approach to photogrammetry developed 
to document at the mesoscopic scale the traces left on archaeological 
surfaces by technological activities. This is achieved through the 
refinement of photogrammetry using a portable Dino-lite® digital mi
croscope and through the addition of accessories that make this tech
nique applicable in various logistical conditions, especially for 
documenting non-moveable items in the field. 

The conventional approach in archaeology for examining artifacts 
and architecture typically involves analysing morphological variations 
and shifts in the transmission of stylistic traditions. This approach 
generally aims at typological classification and reconstructing chrono
logical sequences. Nevertheless, within the broad spectrum of consid
erations linked to material studies, the interpretation of the techniques 
related to the production of structures and artifacts have a significant 
potential for understanding cultural traditions in ancient times. These 
aspects of research enable us to closely examine human behaviour and 
reconstruct social dynamics, including the organization of craft 

activities and aspects of daily life (Forte 2020; Vidale 2000). In today’s 
context, traceological studies have a strong foundation in a 
well-established methodology developed over many years of research, 
beginning in the first half of the 20th century (Longo, Skakun 2008). 
This methodology primarily focuses on examining tools crafted from 
various materials such as stone, clay, metal, glass, tough animal sub
stances, and wood, typically discovered in archaeological sites spanning 
different time periods. Prehistory and protohistory are the periods to 
which traceology is commonly applied, mainly because the study of 
material culture becomes crucial when there is a lack of or limited 
iconographic and written records (Beyries et al., 2021). 

This method is based on observing and understanding changes that 
occur in a tool during its production processes (technological traces) or 
its use (use traces or use-wear). Traces are observed at the mesoscale, the 
so-called Low-Power Approach (LPA), and the microscale, the so-called 
High-Power Approach (HPA) using different types of equipment. When 
studying how an archaeological tool was used, analysis at both the meso- 
and microscale is typically combined. The microscale is crucial for un
derstanding changes to the tool’s surface during its use. At a qualitative 
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level, these modifications are described as polishes presenting different 
morphologies depending on the material worked by the tool (van Gijn 
2010). At a quantitative level, roughness analysis applied using a 
confocal microscope (van Gijn 2014) produces promising results to 

confirm or object use-wear differences (Ibáñez, Marzucco 2021), espe
cially in the event that polishes are extremely similar to each other (see, 
as an example, polishes of cereals (Pichon et al., 2023). The mesoscale 
allows to document breakages and removal of fractures, cracks, pits, 
chatter marks (fatigue wear, see Adams, 2014 ) or striations, grooves, 
surface levelling (abrasive wear, see Adams, 2014). These traces may 
occur during the tool use and their integration with the analysis of 
polishes contributes to reinforce the functional interpretation. The 
documentation of these traces is crucial when studying technological 
traces that are mainly caused by raw material removal during tool 
shaping. 

The mesoscale observation and documentation of the technological 
traces of mobile objects is generally carried out in laboratories or in 
other safe places such as museum storage facilities e.g., using a stereo
microscope equipped with a reflected light system and a digital camera. 
For meso- and microscale documentation in labs, using a 3D Digital 
Microscope provides 3D micrographs useful for documenting surfaces 
and taphonomic processes (Martin-Viveros et al., 2020; Courtenay et al., 
2019). 

However, these analyses face huge problems when the targets are 
non-mobile surfaces, as architectonic structures, architectonic decora
tions, rock art, epigraphs, bas-reliefs, paintings, plasters, often in hard- 
to-reach places, where lightness, portability and adjustability of the 
equipment are essential to allow the documentation. 

In these situations, the digital revolution in archaeology has led to a 
significant increase in the use of photogrammetric methods for on-site 
documentation. Since the 1990s, digital photography and 3D scanning 
have been integrated into analysis protocols and have proven to be 
extremely useful for the archaeological documentation. If a few years 
ago one of the main problems in the use of devices related to the field of 

Fig. 1. A skilled stonemason at work. A moment in the creation of the letter ’S’, 
which was chosen as an exemplary sample for various testing methods. 

Fig. 2. Stereomicroscope analysis. The materials used were a Nikon SMZ-U 
stereomicroscope equipped with an ED 0.5× plan objective and TV Lens C- 
0.6× adapter and fiber-optic lighting systems (the Photonic F1-set). 

Fig. 3. Surface preparation. Cleaning the surface of the artifact by spraying 
distilled water. 
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digital humanities was the unavailability of tools, today there is instead 
a wide range of techniques available, which vary in terms of cost and 
complexity. The available tools have variable characteristics both in 
terms of scale levels and accuracy in the analysis, so much so that the 
creation and research of the correct analytical protocol and of appro
priate techniques for specific studies increasingly represents a field of 
investigation (Delgado-Raack et al., 2022 and references therein, Mélard 
et al., 2016). Photogrammetry is a widely used method, as it simply 
requires a digital camera paired with generally inexpensive or 
open-source software. Such factors, particularly in the field, make it 
highly competitive compared to other 3D digitization methods, such as 
laser and white-light scanners, which are often bulkier, more expensive, 
and may require specialized operators (Alexander et al., 2015; Bourdier 
et al., 2015; Lerma et al., 2019; Magnani et al., 2020; 
González-Quiñones 2022, Cerasoni et al., 2022). 

Excluding the mobile items from Palaeolithic or non-human primate 
settings (Proffitt et al., 2021 and references therein), in rare cases, 
particular attention has been paid to the sphere of traceological docu
mentation in the field, except when looking at the rock art, in which the 
3D documentation has been used to document to a certain degree the 
technological detail of engravings, paintings, quarry cuts, and the 
presence of graffiti (Cassen et al., 2014; Robert et al., 2016; Ruiz López 
et al., 2019). 

When dealing with the details of technological traces, the scale and 
objectives change, as well as the analysis and recording procedures. This 
requires adapting the techniques that are already widely used to meet 
new needs and questions and find solutions that can be effective in 
transposing tools that are usually largely used in the laboratory to the 
field (Emmitt et al., 2021; Maté González et al., 2015). Some attempts 
have been made by Plisson and Zotkina (2015), who achieved excellent 
results by testing photogrammetry performed with a macro lens (mac
ro-photogrammetry) and obtaining mesh models in which it is possible 
to visualize traces that are otherwise not visible to the naked eye. 

Specifically in the study of engravings, macro-photogrammetry is widely 
used. To increase the visibility of the engravings in the 3D model, 
rendering techniques are also used; these allow, by modifying the light 
intensities, to represent the shape through shading, improving the visi
bility of details, such as concavities and convexities (Cabrelles et al., 
2020). The use of macro-photogrammetry proves to be very useful, 
although it exhibits several limitations. A primary issue arises regarding 
trace magnification, as we will demonstrate, due to one of the main 
difficulties being associated with the reduced working distance. Other 
logistical challenges may also arise in the field, as demonstrated by 
Vavulin et al. (2019):  

- Daylight conditions, as natural light exposure may not be adequate 
to ensure fast shutter speeds even with high ISO values.  

- The utilization of the "tripod – slider – camera" system, as it is not 
feasible to conduct such detailed surveys by hand. This setup re
quires waiting for the camera system to stop oscillating after each 
movement to obtain sharp images, and in windy conditions, this 
approach is simply not feasible.  

- Equipment setup in the field, as difficulties may arise with tripod 
placement due to protruding rocks, the condition of the ground 
surface, and uneven terrain.  

- Challenges related to the subject’s positioning for documentation, 
both in the case of inclined planes and extreme heights or depths. 
The system is indeed limited by the maximum height of the tripod.  

- This method requires a significant amount of time for data collection 
in the field. Instead, attempts to document traces with a microscopy 
approach, using a microscope objective that was adapted to the 
camera with a 200 mm telezoom extension device, have proven to be 
equally useful (Plisson, Zotkina 2015). Indeed, the combination of a 
telephoto lens with an SLR camera makes the instrument very flex
ible and gives it the same optical quality as a laboratory microscope 
(Zotkina, Kovalev 2019). This latter type of documentation provides 
detailed trace information at a high level of magnification but has 
not yet been expanded to include photogrammetric documentation. 
The limitation in this case is having only one high-magnification 
image of a portion of the trace, rather than having a 3D view and 
an overview, which a model provides. It is not excluded that in the 
future, by conducting appropriate tests and experiments, attempts 
could be made to combine the two techniques, conducting 
micro-photogrammetry in the field using a microscope lens mounted 
on a digital camera. 

Considering these premises, the aim of this work is to list the ad
vantages and potential disadvantages of micro-photogrammetry per
formed with a portable digital microscope, particularly in the field, 
emphasizing the information it can provide in the context of traces 
analysis, encompassing both qualitative and quantitative assessments. 
This approach is optimally applicable in field settings and can be inte
grated with other analytical tools in laboratory settings. This analysis 
also endeavours to comprehensively describe the technology employed, 
the tools used, and the series of experiments conducted to replicate 
environmental and logistical conditions commonly encountered in the 
field. The focus lies specifically in overcoming the logistical, qualitative, 
and detail-related issues. The characteristics of lightness, portability, 
ease of use, reduction, and elimination of variables due to light, the 
ability to work even without accessories making the process more 
flexible, and the cost-effectiveness both in terms of price, time, and 
personnel involved, make this technique quite competitive and inno
vative in the realm of digital documentation methods in the field. 

In addition, this type of documentation may become essential to 
document traces in the absence of other means or if we exclude the 
possibility of being able to take samples or make silicone moulds. 
Indeed, silicone moulds are not advised for fragile surfaces because they 
could remove outer layers (Valtierra et al., 2023). Additionally, in our 
experience with stone, they can cause visible changes of the surface on 

Table 1 
3D model processing workflow.  

Align Photos 

Accuracy Low (Medium after ‘Optimize Camera’) 
Generic preselection ✓ 
Key point limit 40,000 
Tie point limit 4000 
Exclude stationary tie points ✓ 

Build Dense Cloud 

Quality Medium 
Depth filtering Mild 
Calculate point colors ✓ 
Calculate point confidence ✓ 

Build Mesh 

Source data Depth maps 
Quality Medium 
Face count Medium 
Interpolation Enabled 
Calculate vertex colors ✓ 
Reuse depth maps ✓ 

Build Texture 

Texture type Diffuse map 
Source data Images 
Mapping mode Generic 
Blending mode Mosaic 
Texture size/count 4096x1 
Enable ghosting filter ✓ 

Note: 
After the alignment of the photos in Low, following the insertion of the markers 
and their scale bars, we used the ’Optimize camera’ tool (activating the 
’Adaptive camera model fitting’) after which we proceeded with a new 
realignment, this time in Medium, and then continued with the processing of the 
3D model. 
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the areas of application that, although not permanent, must be avoided. 
Moreover, the characteristics of a digital microscope are already 

more than sufficient for the traceological analysis of technological traces 
that are documented at the mesoscale, regardless of the level of 
magnification. 

Finally, the creation of a 3D model, as well as generating qualitative 
documentation, can be very useful in the perspective of a detailed 
quantitative analysis, using it as a starting point for the subsequent use 
of metrology and computational investigation software (Dubinsky et al., 
2023; Wyatt-Spratt 2022; Zotkina, Kovalev 2019). 

The application of non-invasive diagnostic techniques, like this one 
adapted for documenting traces in the field, is being pursued within the 
framework of a project funded by the Italian National Recovery Plan for 
PE5-Changes, titled ‘Cross-disciplinary interpretation of data from novel 
diagnostics and definition of multi methods protocols for the study of Cultural 
Heritage’. This project, dedicated to the study of various materials, 
initially focused on stone, particularly the analysis of epigraphs. For the 
traceological study of these, an experimental comparison collection was 
thus created. In this case, to test the effectiveness of the proposed 
photogrammetric procedure, an experimental sample object was 
selected from this collection for illustrative purposes. 

2. Material and methods 

2.1. The subject of study and the equipment 

For this study, an inscription crafted by an artisan expert on ancient 
stone techniques was chosen as the focal point of the investigation. The 
inscription depicts a capital letter ’S’ of a medieval inscription, engraved 
with a corded groove on a particular type of marble family stone named 
bardiglio (Fig. 1). 

The contact between the metal chisel and the stone surface during 
manufacturing of epigraphs, results in stone marks detectable at the 
meso- or microscale. These stone marks, that are defined as technolog
ical traces, differ in distribution and morphology depending on the in
strument used and the actions carried out during the production process. 
In this paper, the well-established terminology proposed by Adams 
(2014) was applied to document the technological traces observable on 
the letter replica. Traces related to inscription-making are fractures and 
abrasion. The fractures are classified into negative scars, steps, and 
chatter marks, while groups of striations belong to abrasive traces. 

The following instruments were utilized for conducting the micro- 
photogrammetric survey: 

Fig. 4. Workflow of the micro-photogrammetric survey of Testing Method No. 1 (Video No. 1 in Supplementary Material).  
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- Dino-Lite Edge Digital Microscope AM7915MZTL with a magnifica
tion range from 10× to 140x and equipped with a long working 
distance (LWD). This type of digital microscope has a high perfor
mance, a very low cost, it is small and light and easily portable in a 
backpack. Dino-Lite microscopes have previously been employed in 
micro-photogrammetry within the scope of reproducing the volume 
and surface of minute objects. For instance, the AM4113T model was 
utilized in an experiment involving a foil (Antinozzi et al., 2020), 
while researchers employed the AM4113ZT Universal and the 
AM7915MZTL High-Speed models for examining a coin (Antinozzi 
et al., 2021).  

- Laptop: essential for photogrammetric acquisition and subsequent 
3D processing. In our study, we utilized a computer equipped with a 
13th Gen Intel(R) Core (TM) i7-13700HX processor and 32.0 GB of 
RAM;  

- DinoCapture 2.0 software: free for Dino-Lite users, required for 
taking and exporting microscope photos;  

- 3D modelling software Agisoft Metashape Professional (version 1.8.5 
build 14752 64 bit). 

Subsequently, we compared the technological traces seen on the 
micro-photogrammetric model with those observed through a stereo
microscope. We wanted to check: 1) how accurately the model rendered 
volumes; 2) the level of magnification possible with micro- 
photogrammetry; 3) how well the technological traces on the model 
matched those present on the artifact. 

For the stereomicroscope analysis, we utilized:  

- Nikon SMZ-U Stereomicroscope equipped with an ED 0.5× plan 
objective, TV Lens C-0.6× adapter and an Amscope digital camera 
MU Series 20.OMP USB3. This microscope offers a zoom range from 
0.75x to 7.5x with a 10:1 ratio. 

- Fiber-optic lighting systems, essential for illuminating and exam
ining the working traces on the stone object. We employed the 
Photonic F1-set, consisting of the F1 LED cold light source at in
tensity 2 and a fiber-optic light guide featuring a double-arm 
gooseneck (Fig. 2). 

We also compared the 3D model produced by the Dino-Lite with the 
3D model produced by a macro camera. The aim was to compare the 
advantages and limitations of using a Dino-Lite microscope with an 
increasingly popular method in field archaeology, such as macro camera 
photogrammetry. 

For the macro camera photogrammetry, we utilized:  

- Camera: Canon EOS 90D Body Sensore CMOS (32,5 megapixel);  
- Lens: SIGMA MACRO 105 mm F2.8 EX DG OS HSM (Canon);  
- Portable tripod aluminium alloy with 3-way swivel pan head 177 cm. 

To stabilise the camera during the photogrammetric survey, its use 
was necessary;  

- Laptop: essential for photogrammetric acquisition and subsequent 
3D processing. In our study, we utilized a computer equipped with a 
13th Gen Intel(R) Core (TM) i7-13700HX processor and 32.0 GB of 
RAM;  

- 3D modelling software Agisoft Metashape Professional (version 1.8.5 
build 14752 64 bit). 

Finally, we applied this micro-photogrammetric application on an 
archaeological artifact to test its effectiveness given the impact that 

Fig. 5. Testing Method No.1. This configuration required complete darkness, 
with the artifact placed vertically and the Dino-Lite microscope positioned 
perpendicular to the surface, 4 cm away. 

Fig. 6. Microscope equipment. Microscope mounted on a Dino-Lite RK-06AE 
stand, consisting of a square metal base with a column and an adjustable 
support for various heights. 
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weathering or other surface alteration processes may have had on the 
state of preservation of the surface and thus on the readability of the 
technological traces. We have used the same tools and the same software 
that were used in the experiments carried out on the inscription crafted 
by an artisan expert. 

2.2. Workflow 

The process involves four steps: surface preparation, microscope 
setup, micro-photogrammetric survey, and 3D model processing. 

The initial step involves preparing the surface intended for surveying 
to enhance trace visibility. We begin by cleaning the artifact’s surface, 
which, in our case, involved gently spraying distilled water onto it (if 
water cannot be used due to conservation reasons, compressed air spray 
serves as an alternative) (Fig. 3). 

Next, markers are positioned along the outline of the designated 
survey area. In this type of survey, small markers no larger than 1 × 1 cm 
(as used in our experiments) are required. Determining the surveyed 
area is influenced by both scientific requirements and the level of surface 
degradation. Conducting a macro photogrammetric survey of the entire 
surface, coupled with a visual examination, initially identifies the areas 
of primary interest for detailed micro-photogrammetric scrutiny. Sub
sequently, measuring the distance between individual markers and 

performing control measurements are necessary for establishing and 
validating the scales bar. 

The second step involves preparing and positioning the microscope 
for the survey: after connecting the microscope to the computer, open 
the DinoCapture 2.0 software. Only one of the four lights inside the 
microscope should be activated (in our experiments, we consistently 
used number 1) with the polarization set at half of its total power. Ensure 
a minimum distance of 4 cm between the microscope’s eyepiece and the 
artifact. Bringing the lens closer to the artifact resulted in incorrect 
focusing of individual traces; hence, we recommend commencing focus 
from the engraving. Following this, perform an auto white balance to 
calibrate the white balance and prevent distortion of the artifact’s 
original colour during the photogrammetric model texturing process. 

Begin by conducting a first swipe perpendicular to the surface, fol
lowed by a second swipe with a vertical and/or horizontal inclination of 
approximately 20◦. While conducting the survey, adjust the micro
scope’s focus whenever encountering significant variations in surface 
height. For instance, in examining the inscription, we adjusted the focus 
at the engraving. 

The fourth and final step involves processing the 3D model, ideally to 
be partially completed in the field (until the Dense Cloud quality is 
verified using the Agisoft Metashape ’Dense Cloud Confidence’ software 
tool, which can be activated after the Dense Cloud has been processed), 

Fig. 7. Workflow of the micro-photogrammetric survey of Testing Method No. 2 (Video No. 2 in Supplementary Material).  
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Fig. 8. Workflow of the micro-photogrammetric survey of Testing Method No. 3 (Video No. 3 in Supplementary Material).  
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allowing for potential supplementation of the model with additional 
photos. 

Below are the criteria we used for the processing of the individual 
models (Table 1). 

3. Testing methods 

We experimented with this new micro-photogrammetry method in a 
series of four trials using the same artifact but under varying environ
mental conditions. The aim was to assess its advantages and limitations: 
the initial Testing Method replicated optimal environmental conditions, 

while the subsequent trials simulated the three primary conditions 
commonly encountered in the field. We then did photogrammetry on the 
same object with a macro camera for quality comparison. 

3.1. Testing Method No.1 (Fig. 4) 

Supplementary data related to this article can be found online at htt 
ps://doi.org/10.1016/j.jas.2024.106004 

The initial Testing Method was conducted under ideal laboratory 
conditions to achieve the best photogrammetric results. This setup 
included complete darkness, the artifact positioned vertically on a 
smooth surface, and the Dino-Lite microscope placed perpendicular to 
the surface, at a distance of 4 cm from it (Fig. 5). 

The goal was to assess the highest achievable level of detail using this 
survey method. 

The microscope was installed on a Dino-Lite RK-06AE stand, 
comprising a square metal base with a column and an adjustable stand 
capable of various heights. Its horizontal arm is adjustable within a 15 
cm range and offers 360-degree rotation (Fig. 6). 

Two passes were conducted for the survey: one perpendicular to the 
surface and another inclined approximately 20◦ vertically. In both cases, 
the base of the microscope was adjusted accordingly (similar to Anti
nozzi et al., 2020). 

This type of survey can be carried out in complete autonomy by a 
single operator. 

3.2. Testing Method No.2 (Fig. 7) 

Supplementary data related to this article can be found online at htt 
ps://doi.org/10.1016/j.jas.2024.106004 

For the second Testing Method, we arranged conditions of complete 
darkness, positioning the artifact vertically on a smooth surface, and 
placing the Dino-Lite microscope perpendicular to the surface, at a 
distance of 8 cm from it. 

The objective was to determine the maximum distance achievable 
while maintaining an equivalent level of detail compared to the optimal 
conditions described earlier. Similar to the previous setup, the micro
scope was fixed to a Dino-Lite RK-06AE stand. 

Once again, two passes were conducted for the survey: one perpen
dicular to the surface and another inclined at approximately 20◦ verti
cally. In both instances, the microscope base was adjusted accordingly. 

This type of survey can be carried out in complete autonomy by a 
single operator. 

3.3. Testing Method No.3 (Fig. 8) 

Supplementary data related to this article can be found online at htt 
ps://doi.org/10.1016/j.jas.2024.106004 

In the third Testing Method, we conducted the survey under natural 
light conditions, simulating a wall where the inscription was embedded 
to replicate field-like conditions (Fig. 9). 

The aim was to evaluate the efficacy of this method under ambient 
conditions with natural light. 

The Dino-Lite microscope was fitted with an adapter (Dino-Lite 
MSAA502, priced between €0 and €100.00). During the survey, its base 
was positioned against the surface perpendicularly, and when inclined 
at a 20-degree angle vertically, it rested partially on the surface. The 
adapter’s purpose is to replicate a dark environment, observed in the 
initial Testing Method as the optimal condition for surveying. 

The goal was to comprehend the attainable level of detail under 
typical field conditions, where the microscope base could not be 
employed. Instead, the adapter was necessary to eliminate natural light, 
which was affecting the microscope’s survey. 

Because of the necessity to utilize the adaptor, the distance between 
the microscope optics and the surface was fixed at 12 cm, corresponding 
to the unalterable length of the adaptor. Under this circumstance, the 

Fig. 9. Testing Method No.3. The image shows a test conducted under natural 
light, simulating the conditions in which the inscription was found in the field. 

Fig. 10. Microscope equipment. The use of an adapter during documentation 
to limit the passage of light. 
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polarization was completely turned off due to the darkness created by 
the adapter. 

In this case, three swipes were carried out for the survey: one 
perpendicular to the surface, one with an inclination of about 20◦

vertically and one again with an inclination of about 20◦ horizontally 
(when the adapter is inclined, there is partial penetration of light: if this 
is too impactful, it is necessary to cover the uncovered part) (Fig. 10). In 
this instance, the operator manually moved the microscope. Because of 
the increased distance between the optics and the surveyed surface, the 
survey time was significantly shorter. To achieve a higher level of detail 
in the engraving, additional photographs of the engraving were 
captured, supplementing the previously processed survey. 

This type of survey can be carried out in complete autonomy by a 
single operator. 

3.4. Testing Method No.4 (Fig. 11) 

Supplementary data related to this article can be found online at htt 

ps://doi.org/10.1016/j.jas.2024.106004 
The fourth and final Testing Method involved surveying under non- 

direct diffuse light conditions, simulating a wall where the inscription 
was situated at a height of 1.65 m from the floor level. 

The objective was to assess this method under an environmental 
condition where the surveyed artifact is positioned at an elevated level, 
making it impractical for manual surveying and impossible to have 
direct contact with the surface (as in Testing Method No. 3) (Fig. 12). 
During the experimental phase, we observed that conducting a manual 
survey without the adapter base resting on the surveyed surface would 
be impractical due to the minor movements of the hand, which would 
hinder the processing of clear images. 

The Dino-Lite microscope always utilized the Dino-Lite MSAA502 
adapter, positioned not directly on the surface but at a distance of 2 cm. 
To address the height issue, the microscope was affixed to a movable 
arm supported by a table base (Dino-Lite MS53BA2). This setup allows 
for a maximum height of 1 m, as demonstrated in the current Testing 
Method. The flexible arm is maneuvered and adjusted using specialized 

Fig. 11. Workflow of the micro-photogrammetric survey of Testing Method No. 4 (Video No. 4 in Supplementary Material).  
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knobs and clamps, with two of its axes capable of 360-degree rotation 
and extension for increased reach. Additionally, it can be folded flat, 
enabling convenient portability. The arm, in turn, has been mounted on 
a 67 cm tall camping table, also functioning as a base for the computer. 

In this instance, besides activating light 1 on the microscope, we also 
turned-on light 3 to enhance the brightness of the images. 

This relief technique demands slightly longer durations as each 
adjustment of the microscope’s head or arm necessitates a brief pause 
for the image to stabilise before capturing the shot. The Dino-Lite 
MS53BA2 arm is highly responsive to micro-movements. 

Moving the table instead of the microscope arm or head is not 
feasible because the table requires a flat surface to rest on. Consequently, 
in the field, it is preferable to move the microscope rather than the table. 

This survey type can be conducted by a single operator, but having a 
second operator dedicated only to managing the microscope arm would 
expedite the survey process. 

3.5. Macro lens photogrammetry (Fig. 13) 

Supplementary data related to this article can be found online at htt 
ps://doi.org/10.1016/j.jas.2024.106004 

The Macro lens photogrammetry was conducted using the lighting 
conditions applied in Testing Method No. 4. The artifact was positioned 
vertically on a smooth surface, and the camera was positioned 14 cm 
from the object, which is the maximum distance for manual focusing. 

The goal was to assess the highest level of trace readability achiev
able with this tool as it is already expected to be a basic part of fieldwork 
toolkits and thus potentially more accessible to researchers. The results 
obtained were then compared with those of photogrammetry with Dino- 
Lite. 

The camera was installed on a portable tripod to stabilise it during 
the photogrammetric survey. 

Three steps were conducted for the survey: one perpendicular to the 
surface and two others tilted approximately 20◦ vertically. During the 
survey, the tripod and the camera did not move, only the object has been 
shifted. 

This type of survey can be carried out in complete autonomy by a 
single operator. 

4. Results 

4.1. Introduction 

Testing Methods show how a micro-photogrammetric technique, 
implemented with different levels of detail and different logistical con
ditions, can be functional for the study of technological traces. To obtain 
the most complete possible view of the trace, we compared the different 
meshes obtained from the various Testing Methods of micro- 
photogrammetry, dividing the analyzed part into areas of interest. The 
three-dimensional models obtained were compared with a view of the 
traces obtained thanks to the use of the stereomicroscope and the model 
obtained with the macro-photogrammetry. 

4.2. Negative scars 

Typically, a fracture is recognized as a shattered area resulting from 
the breaks of brittle materials. The negative scars are the imprint of the 
removed flakes and may develop as centripetal, parallel, or random 
patterns. They represent the impact point of the instrument at each 
single beat. For example, the angle and type of working tool are likely to 
be investigated from the scar. 

In the following mesh models (Fig. 14), we can see, through the 
comparison of the different Testing Methods, keeping the same view 
given by the position of the trackball on the software, how the negative 
scars are more visible on the Testing Method No. 1, in which the distance 
of the microscope from the object is 4 cm. 

Following, the degree of accuracy and visibility of the negative scars 
is still optimal in Testing Method No. 2, although it does not retain the 
same degree of detail. The use of the adapter in Testing Methods No. 3 
and 4, which increases the distance between the object and the instru
ment, reduces the detail of this type of micro-trace, which is visible 
under the stereomicroscope at a magnification of 3× zoom (with ED 
0.5× plan objective) or higher (Fig. 15). 

4.3. The steps 

The step is a fracture termination where the core platform is shaped 
perpendicular to the flake removed. In this case, we can see several 
steps, especially concentrated in the terminal part of the letter, which 
may indicate either a different force applied by the artisan at that point 
or a change in the direction of the gesture. The step that stands out 
among all is the circular one that represents the end of the tool and is 
clearly visible especially in Testing Methods No. 3 and 4, which show the 
most general characteristics of the surface topography. The other steps 
are visible to a slightly different extent depending on the different 
Testing Methods, but all allow us to intercept their presence. Testing 
Method No. 1, however, once again shows a higher degree of detail, 
showing some steps that are not visible on the other models (Figs. 16 and 
17). 

4.4. Chatter marks 

Chatter marks are defined as the characteristic working marks 
impressed into resistant materials like stone, bone, or wood during 
engraving activities. As an example, the forceful and steady contact of 
bronze or flint cutting tools with hard bones or antlers, leave small 
transverse lines in equal intervals. As in this case, it is also possible to 
have chatter marks on the surface of the stone, due to the movement of 
the chisel on the stone during working. One of the factors affecting the 
occurrence of these marks is the pressure exercised by the tool on the 
worked surface (Orłowska 2016). 

The regularity and distance between these marks are clear in all 
mesh models. Testing Methods No. 1 and 2, allow us to document both 
depth and morphology (Figs. 18 and 19). 

Fig. 12. Testing Method No.4. The artifact is positioned at a high level and the 
documentation is performed thanks to the presence of a movable arm supported 
by a table base (Dino-Lite MS53BA2). 
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Fig. 13. Workflow of the macro lens photogrammetric survey of experimental case study (Video No. 5 in Supplementary Material).  
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4.5. Group of striations 

Striations result from expelled particles on a surface of compact 
material. Striations appear as a linear feature characterizing the texture 
of the surface material in areas where the separation of grains or smaller 
fragments occurred (Adams, 2014). 

Groups of striations, which are only clearly recognizable at a 3x 
zoom (with ED 0.5× plan objective) of the stereomicroscope, are diffi
cult to identify in the mesh models taken as examples, as the mark left by 
the chatter marks is more incisive and covers the striations, which are 
much less deep. However, they are still visible in all testing methods 
(Figs. 20 and 21). 

Below we have summarised the main features of the 4 Testing 
Methods (Table 2). 

4.6. Stereomicroscope 

The comparison of the results obtained from the micro- 
photogrammetry conducted with the Dino-lite and the graphic docu
mentation produced from the observation with a stereomicroscope does 
not rely on differences in image quality. It is indisputable that the ste
reomicroscope allows superior performance in terms of clarity and de
tails of the captured picture than a portable digital microscope. 
However, the verification allows to validate the results by comparing 
with the stereomicroscope the visible traces on the 3D models. 
Furthermore, this enables us to appreciate the significant difference in 
documentation produced: on one hand, a 3D model providing a wide 
overview of the trace, visible from 360◦; on the other hand, the detail of 
a part of the trace captured in a high-quality image allowing us to focus 
on characteristics and variables. 

What we can observe is that certainly all the traces are visible with 
both methods, some such as group of striations are more clearly visible 
through the stereomicroscope, while for others, like steps, the stereo
microscope provides a partial view. The main issue lies in the lack of 
depth in the final documentation obtained from the stereomicroscope, 
which does not allow for the analysis of elevations, trends, and 

depressions, especially in view of possible quantitative surface analysis. 
The qualitative level of stereomicroscopic vision remains entirely 
unassailable. 

Moreover, comparing the documentation produced gives us a clear 
insight into the magnification attainable through the utilization of 
micro-photogrammetry. In the instance of Testing Method No. 1, it can 
achieve magnifications comparable to stereomicrosope magnifications 
up to 3× zoom with a 0.5× objective (refer to Fig. 22). 

We can definitely say, comparing the different results, that it is not 
always necessary to use a distance from the object that is below 8 cm. In 
fact, as we have seen, a shorter distance requires a larger number of 
photos and longer execution times. Testing Method No. 2 shows that we 
can still obtain excellent and efficient results even at a greater distance. 
However, if you have time, a close-up survey (4 cm) is ideal for those 
who want a greater quantitative and qualitative detail, for example in 
terms of the depth and morphology of the traces themselves. 

An optimal field application of the stereomicroscope may not be 
discounted in the future, as we are also perfecting methods for con
ducting photogrammetry with this tool. However, its field use is 
contingent upon several factors pertaining to weight, portability, the 
difficulty of using it on rugged surfaces and gradients, as well as trans
portation complexities during extended travels and customs clearances. 

4.7. Macro-photogrammetry 

The comparison of results and the working process between macro- 
photogrammetric and micro-photogrammetric documentation has led 
to several reflections. 

The initial considerations are logistical in nature, as the required 
presence of a tripod to support the camera with a macro lens can create 
positioning difficulties in the field and lengthen documentation times. 
The manual use of the Dino-lite, particularly in challenging-to-reach 
situations and rugged terrain, streamlines documentation processes 
and reduces execution times. 

If we consider the level of detail achievable, using a camera with a 
macro lens reduces magnification since the minimum distance between 

Fig. 14. Negative scars.  
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the object and the lens is 18 cm, unlike the portable digital microscope, 
which allows approaching the object up to 4 cm. 

Analyzing the 3D model, it is evident that the negative scars are 
clearly visible, whereas the steps, when compared to micro- 
photogrammetric models, are barely noticeable, and their depth is not 
fully discernible. The chatter marks are visible, though evidently not 
fully, as many more are noticeable in the compared models, at much 
closer intervals and at different depth levels, none of which are visible in 
this instance. Lastly, the groups of striations are not visible in the macro 
model (Fig. 23). 

It is evident that macro-photogrammetric documentation has some 
limitations in identifying traces that appear not visible in detail and fully 
in terms of frequency and depth. This data is particularly significant 
when conducting quantitative analyses on surface topography starting 
from a 3D model by photogrammetry (Caricola et al., 2018; Zupancich 
et al., 2019 and references therein). 

5. Archaeological case study (Fig. 24) 

Supplementary data related to this article can be found online at htt 

ps://doi.org/10.1016/j.jas.2024.106004 
We tested this micro-photogrammetric application on an archaeo

logical artifact to verify that traces were still visible in a case where the 
surface was altered given the impact of weathering or other surface 
alteration processes. 

To prepare the surface of the artifact, we used the method described 
for the preparation of the previous artifact (see section 2.2. Workflow of 
this article), including the surface cleaning process which involved 
gently spraying distilled water onto it (in that case we have also used 
compressed air spray after spraying distilled water). It is worth 
mentioning that a first washing with running water was preliminarily 
carried out during the recovery of the item on the field. 

The artifact chosen for the experiment is an inscription from the site 
of Leopoli-Cencelle, a papal foundation town in Italy, north of Rome, in 
the province of Viterbo, which has been the subject of systematic 
archaeological investigation by the Sapienza University of Rome since 
1994. Leopoli-Cencelle was founded by Pope Leo IV in the 9th century 
and abandoned in its urban function in the 16th century (for further 
details see: Stasolla 2012; Ermini Pani et al., 2014). 

Specifically, the artifact was found in a layer of artificial accumula
tion (stratigraphic unit: 8030) in the late medieval necropolis (Nastasi 
2013): this is located in the area adjacent to the Romanesque church, 
within the walled enclosure. The area shows an intensive use for 
funerary purposes, with a long chronological span that goes well beyond 
the life of the church as a building of worship (Stasolla 2012): the layer 
in which the artifact was found can be interpreted as a probable levelling 
layer. 

The letters SO are visible on the marble slab fragment and it has been 
dated on paleographic grounds to the I-III century (Nastasi 2013). 

For the photogrammetric survey, the Testing Method No.1 was fol
lowed, with the exception of the lighting conditions, which were not 
complete darkness but only diffuse non-directed light. 

5.1. Technological traces 

The archaeological material analyzed presents a different view 
compared to that of the experimental collection, as one must consider 
post-depositional phenomena, wear, and degradation agents. 

In this case, the object does indeed display an alteration on its sur
face, which is clearly discernible if compared with the unaltered surface 
of the same type of stone (Fig. 25). The alteration process results in the 
round up of the crystals, the extrusion of some of them and the covering 
of the entire surface with an extremely thin layer of concretion resulting 
in a yellowish aspect of the archaeological surface. The only exception is 
the uppermost section of the letter where a thicker concretion filled a 
small portion of the groove. 

Nonetheless, documentation with the portable digital microscope 
has still allowed for the analysis of the most significant technological 
traces. The visualization is effective and comprehensive, allowing for 
numerous evaluations regarding the tools used and the applied force. 

The most visible traces are the chatter marks, distinguishable for 
depth, frequency, and notably differences between the marks on the 
walls and those left by the tool tip on the groove base. The steps are 
easily identifiable and can provide information on the type of groove, 
the methods of creation, and the gestures involved. Both traces appear 
scarcely discernible under stereomicroscope documentation, as the lack 
of depth in the final image renders them barely perceptible. The nega
tive scars are visible along the edges of the groove and appear more 
rounded due to surface alteration. Finally, the striations are faintly 
discernible. These latter ones are clearly visible under the stereomicro
scope. This comparison proves the validity and reliability of the traces 
identified on the 3D model whose documentation, except for striations, 
seems to be enhanced by the 3D model even on altered surfaces (Figs. 26 
and 27). 

Additionally, in the uppermost section of the letter, the concretion is 
filling the groove, evident by its distinct texture from the surrounding 

Fig. 15. Negative scars. The image shows, at the top, the mesh model of Testing 
Methods n.1 and, at the bottom, the image under the stereomicroscope at a 
magnification of 2× zoom (with ED 0.5× plan objective). The ovals indicate the 
negative scars, so that the two different visions obtained with different and 
complementary methods can be compared. 
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surface. Through the 3D visualization, one can precisely determine its 
extent and thickness, distinguishing the points where it overlaps with 
the traces. 

6. Discussion 

Considering the results obtained, we can say that the micro- 
photogrammetric technique applied with the Dino-lite digital 

Fig. 16. Steps.  

Fig. 17. Steps. The image shows, at the top, the mesh model of Testing Methods n.1 and, at the bottom, the image under the stereomicroscope at a magnification of 
1,5× zoom (with ED 0.5× plan objective). The arrows, lines drawn, and square indicate the steps, so that the two different visions obtained with different and 
complementary methods can be compared. 
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microscope is a methodology that is functional for various applications 
in the field and allows to obtain satisfactory results for the study of 
technological traces. 

The study of technological traces on objects is often facilitated by the 
possibility of physically bringing the artifacts to the laboratory or taking 
moulds that allow for in-depth analysis with the diagnostic and micro
scopic instruments available in laboratory. However, it is often not so 
simple to transport materials, especially from one country to another or 
to carry out invasive sampling. In addition, the field of trace analysis is 
increasingly extending to the study of quarries, rock art, wall structures 
and monuments that necessarily imply documentation to be carried out 
on site. The tools that are now commonly used for field surveys and 
digital documentation are well-suited for macroscopic reconstruction, 
useful for a preliminary investigation to identify better-preserved parts 
to be further explored, but not for research calibrated on a mesoscopic 
and microscopic scale. In addition, the possibility of making silicone 
casts, as often happens for the application of traceological protocols, is 
not always feasible, due to possible oily patinas that they can leave. Even 
when this type of documentation is possible, factors such as contami
nation, degradation, and pathogenic agents can affect the performance 
of silicones. 

The proposed approach currently presents several advantages but 
also limitations. The first ones, which are related to logistics, ease of 
learning, and affordability for field workers are certainly not negligible 
parameters. The low costs of the instrument, its light weight, portability, 

versatility, and adaptability to different contexts and situations are also 
appreciated. For instance, this stands in contrast to a field stereomi
croscope, which requires a stable support point for its usage and for the 
setting of its light source system, suitable logistic conditions, and 
notably, photogrammetry is very challenging to carry out with it, 
resulting in significantly longer execution times. 

In consideration of this, the proposed type of photogrammetry be
comes essential for field work. In addition to providing detailed docu
mentation, the resulting 3D model returns a three-dimensional view of 
the trace, which allows for the investigation of its depth, morphology, 
and a 360-degree view. 

The comparison with the photos of the traces under the stereomi
croscope allows us to get an excellent optical view at different magni
fications, which reveals details that are difficult to see on the 
photogrammetric models. At the same time, however, the three- 
dimensionality of the models allows us to have a complete view of the 
traces, their levels, their trajectories, the gestures, and some micro- 
technological features, providing documentation more performing 
than pictures acquired with a digital camera. 

In fact, the quality of the produced models and the user-friendliness 
of the portable digital microscope enable us to realize that the outcome 
in trace analysis is superior compared to photogrammetry with a macro 
lens. Moreover, it proves to be much more competitive when consid
ering its field use. The quality of the meshes reported and the different 

Fig. 18. Chatter marks.  

Fig. 19. Chatter marks. The image shows, at the top, the mesh model of Testing 
Methods n.2 and, at the bottom, the image under the stereomicroscope at a 
magnification of 1× zoom (with ED 0.5× plan objective). The arrows indicate 
the chatter marks, so that the two different visions obtained with different and 
complementary methods can be compared. 
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distances experimented between object and microscope make it suitable 
for different types of documentation and to adapt to the most disparate 
conditions, producing images with good quality and models with a high 
degree of detail, also in this case overcoming the tests and comparisons 
made by Maté González et al. (2015). 

Additionally, thanks to the use of affordable accessories of the 
portable digital microscope, it is possible also to overcome several 
problems related to lighting conditions and external climatic factors, 
allowing to work during different moments of the day and at different 
sun exposures. In terms of time, this can vary depending on the condi
tions and the type of traces to be documented. Testing Methods carried 
out change from a very short time of about 30 min for manual photo
grammetry by an experienced operator, up to about 2 h for a detailed 

survey carried out with the support of accessories. 
On the other hand, it is important to consider some basic principles 

and rules to follow for the realization of this documentation technique. A 
fundamental assumption is that the photos taken must uniformly cover 
the entire chosen surface to guarantee a good degree of accuracy to the 
dense cloud. Furthermore, both a vision of the trace’s course and a 
morphological classification are only ensured by a maximum distance of 
12 cm and minimum 4 cm between the analyzed object and the in
strument. However, this latter detailed micro-photogrammetry at 4 cm 
implies longer times and a greater number of photos to be taken. The 
execution of this must therefore be evaluated on a case-by-case. It would 
be advisable, if possible, to first perform photogrammetry at a distance 
of 12 or 8 cm, functional to a preliminary analysis of the trace, the level 
of degradation, and the achievable accuracy, and then restrict the dis
tance of the survey to 4 cm only in the areas of interest. 

The comparison of photogrammetry performed with a digital mi
croscope and the analysis applied through the stereomicroscope on the 
same selected part also serves to gives an idea of the magnification 
achievable with both instruments: the detailed photogrammetry (4 cm) 
corresponds to a magnification of 3× zoom (with ED 0.5× plan objec
tive) and that at a greater distance (12 cm) than a magnification of 2×
zoom (with ED 0.5× plan objective). 

Finally, the additional documentation test carried out with the 
portable digital microscope on an archaeological artifact not only 
confirmed its effective quality and usefulness in technological tracing 
analysis, but also highlighted its value in the presence of factors such as 
degradation effects, and other possible alterations due to post- 
depositional processes. 

Fig. 20. Group of striations.  

Fig. 21. Group of striations. The image shows, at the top, the mesh model of 
Testing Methods n.3 and, at the bottom, the image under the stereomicroscope 
at a magnification of 3× zoom (with ED 0.5× plan objective). The ovals indi
cate the group of striations, so that the two different visions obtained with 
different and complementary methods can be compared. 
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Table 2 
Table summarizing the main features of the 4 Testing Methods.  

Testing Method Operators Number of photos Number of tie-points Lighting conditions Visibility:  

negative scars steps chatter marks group of striations 

No.1 1 692 399,630 Complete darkness Yes (best) Yes (best) Regularity: Yes 
Distance: Yes 
Depth: Yes 
Morphology: Yes 

No 

No.2 1 306 163,691 Complete darkness Yes Yes Regularity: Yes 
Distance: Yes 
Depth: Yes 
Morphology: Yes 

Yes 

No.3 1 264 160,252 Natural light Yes/No Yes Regularity: Yes 
Distance: Yes 
Depth: No 
Morphology: No 

Yes 

No.4 1/2 119 80,003 Non-direct diffuse light Yes/No Yes Regularity: Yes 
Distance: Yes 
Depth: No 
Morphology: No 

Yes  

Fig. 22. Stereomicroscope. The image shows the different views of the same part of the inscription created with a stereomicroscope at different magnifications, from 
0.75× to 3x zoom (with ED 0.5× plan objective). 
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Fig. 23. Comparison between macro and micro-photogrammetry. On the left, the mesh models obtained with macro-photogrammetry, and on the right, the mesh 
models obtained with micro-photogrammetry, highlighting the comparison between the different views of the traces (1–2 Negative scars; 3–4 Steps; 5–6 Chatter 
marks; 7–8 Group of striations). 
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Fig. 24. Workflow of the micro-photogrammetric survey of archaeological case study (Video No. 6 in Supplementary Material).  
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7. Conclusions 

This type of micro-photogrammetry is functional for documenting 
technological traces in the field at a mesoscopic level. It is a non-invasive 
technique that can be applied even on samples that are not portable or 
with which it is not possible to physically interact. Moreover, the 3D 
documentation obtained restores the three-dimensionality of the trace 
and a 360-degree view, providing a different type of image from that 
obtained through documentation with a digital camera. This broader 
overview of the trace is fundamental for reconstructing the craftsman’s 
gesture, as well as the depth of the traces themselves. 

Being a system adaptable to different environmental conditions 
makes it effective in field application, as does the cost-effectiveness of 
the operation as it allows for a precise survey in a short time, with little 
personnel and at a low cost. 

The relative simplicity of the survey also allows for easy dissemi
nation of the method itself even for operators who are not particularly 
expert. 

In an ideal condition it would be desirable to carry out photogram
metry at 8/12 cm for an initial interpretation of the general morphology 
of the traces and then, based on these surveys, select a smaller portion on 

which to carry out a 4 cm survey to analyse the traces in more detail. 
The elaboration of a 3D model of the individual track can also prove 

functional for a quantitative study of metrological detail with the help of 
specialized software that requires a 3D model as a starting point. This 
allows to obtain much more detailed results compared to macro- 
photogrammetry. 
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Fig. 26. Negative scars and chatter marks. The image shows, at the top, the 
mesh model of the Archaeological case study and, at the bottom, the image 
under the stereomicroscope at a magnification of 3× zoom (with ED 0.5× plan 
objective). The arrows indicate the negative scars and the lines drawn indicate 
the chatter marks, so that the two different visions obtained with different and 
complementary methods can be compared. 
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archaeological excavation using photogrammetry and digital elevation models 
(DEMS): the case study of Barranco León in Orce (Granada, Spain). SPAL - Revista de 
Prehistoria y Arqueología. 31 (2), 10–30. https://doi.org/10.12795/spal.2022. 
i31.18. 
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high-resolution silicone moulds on the morphology of cut marks. Archaeometry 
1–18. https://doi.org/10.1111/arcm.12938. 

Van Gijn, A.L., 2010. Lithic Biographies in the Neolithic and Bronze Age. Sidestone Press, 
Leiden.  

Van Gijn, A.L., 2014. Science and interpretation in microwear studies. J. Archaeol. Sci. 
48, 166–169. https://doi.org/10.1016/j.jas.2013.10.024. 

Vavulin, M., Nevskaya, I., Tybykova, L., 2019. Digital macro-photogrammetry in 
documentation of old Turkic runiform inscriptions in the Altai Mountains. 
Mediterranean Archaeology and Archaeometry 19 (2), 81–104. https://doi.org/ 
10.5281/zenodo.3239053. 

Vidale, M., 2000. Archeologia sperimentale. In: Francovich, R., Manacorda, D. (Eds.), 
Dizionario di Archeologia. Temi, concetti e metodi, Bari-Roma, pp. 280–282. 

Wyatt-Spratt, S., 2022. After the revolution: a review of 3D modelling as a tool for stone 
artefact analysis. Journal of Computer Applications in Archaeology 5, 215–237. 
https://doi.org/10.5334/jcaa.103. 

Zotkina, L.V., Kovalev, V.S., Lithic or metal tools: Techno-traceological and 3D analysis 
of rock art. Digital Applications in Archaeology and Cultural Heritage. 13, e00099. 
https://doi.org/10.1016/j.daach.2019.e00099. 

Zupancich, A., Mutri, G., Caricola, I., et al., 2019. The application of 3D modeling and 
spatial analysis in the study of groundstones used in wild plants processing. Archaeol 
Anthropol Sci 11, 4801–4827. https://doi.org/10.1007/s12520-019-00824-5. 

G. Previti et al.                                                                                                                                                                                                                                  

https://doi.org/10.1098/rsif.2021.0576
https://doi.org/10.1016/j.jasrep.2016.07.026
https://doi.org/10.1016/j.jasrep.2016.07.026
https://doi.org/10.1016/j.daach.2019.e00107
https://doi.org/10.1016/j.daach.2019.e00107
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref34
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref34
https://doi.org/10.1111/arcm.12938
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref36
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref36
https://doi.org/10.1016/j.jas.2013.10.024
https://doi.org/10.5281/zenodo.3239053
https://doi.org/10.5281/zenodo.3239053
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref39
http://refhub.elsevier.com/S0305-4403(24)00072-4/sref39
https://doi.org/10.5334/jcaa.103
https://doi.org/10.1016/j.daach.2019.e00099
https://doi.org/10.1007/s12520-019-00824-5

	Micro-photogrammetry and traceology: new on-site documentation approaches using portable digital microscopes
	1 Introduction
	2 Material and methods
	2.1 The subject of study and the equipment
	2.2 Workflow

	3 Testing methods
	3.1 Testing Method No.1 (Fig. 4)
	3.2 Testing Method No.2 (Fig. 7)
	3.3 Testing Method No.3 (Fig. 8)
	3.4 Testing Method No.4 (Fig. 11)
	3.5 Macro lens photogrammetry (Fig. 13)

	4 Results
	4.1 Introduction
	4.2 Negative scars
	4.3 The steps
	4.4 Chatter marks
	4.5 Group of striations
	4.6 Stereomicroscope
	4.7 Macro-photogrammetry

	5 Archaeological case study (Fig. 24)
	5.1 Technological traces

	6 Discussion
	7 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


