
1. Introduction 

Archaeology has a long history of appropriating methods from other disciplines. Remote sensing 

techniques are an underexploited resource that have the potential to advance the study of rock art 

by improving visualization and analysis, and automating tasks such as detection and tracing. Remote 

sensing involves acquiring data from an object without making physical contact. Usually it describes 

data obtained from satellites or aircraft from a distance, but that is a limited definition. Remote 

sensing is not simply about the distance data is collected from, but it is the process of  recording, 

measuring, and analyzing images and electromagnetic radiant energy (Ebert, 1984).  Techniques that 

are used in satellite imaging can be used on a microscale to record, enhance, and analyze rock art.   

Documenting cultural heritage gives it meaning, develops understanding, allows it to be defined, and 

allows for recognition of its value (Haddad, 2011). Recently, there have been good resources for 

digital documentation of cultural heritage such as artifacts, architectural structures, boats, and 

manuscripts. (Bassier et al., 2018; Bentkowska-Kafel and MacDonald, 2018; Pavlidis et al., 2007). The 

aim of this paper is to explore the applications of remote sensing, particularly 3D modelling, that 

specifically benefit rock art research.  

Bassier et al. (2018) identified a gap between data gathered and useful end-products in digital 

cultural heritage documentation. The problem is exacerbated by the exclusivity of proprietary 

software and technical knowledge. A collaborative study between Intersect and the University of 

Sydney  found that researchers need better support, training and services for the use of digital 

technologies for data management in research (Intersect, 2009). When the cost of producing data is 

being considered, the potential of data and the optimization of returns should be cogitated (Haubt 

and Jalandoni, in press). Raw data should be recycled into as many useful products as possible. 

Therefore, this paper addresses the need for clear workflows to turn raw data in to useful products 

for rock art research. The emphasis is on accessible remote sensing deliverables derived from 3D 

models of rock art using examples from Australia, the Philippines, and Micronesia. There are 

undoubtedly other remote sensing techniques not mentioned here, however, the intention of this 

paper is not to be comprehensive but to serve as an introduction to the ways archaeologists can add 

value to their 3D models in rock art research. 

2. Background 
Image processing has come a long way from film manipulations (see Rip, 1983). There is an academic 
discourse on the objectivity of image enhancement (Read and Chippindale, 2000; Robin, 2015), but it 
is generally accepted that it reduces subjectivity (Brady, 2006; Brady and Gunn, 2012; David et al., 
2001). Le Quellec et al. (2015) used DStrech as a test case to argue that enhanced images may be 
objective but the interpretation, as evidenced by the tracing, is still subjective.  Image processing 
with DStretch® (Burton et al., 2017; Defrasne, 2014; Gunn et al., 2010; Harman, 2006; Le Quellec et 
al., 2015; Taçon et al., 2010; Taçon and Tan, 2012; Taçon et al., 2013; Tan, 2014), Adobe Photoshop® 
(Brady, 2007; David et al., 2001; Domingo et al., 2013; Gunn et al., 2010; Mark and Billo, 2002), and 
other photograph manipulation software (Clogg et al., 2000) are standard in rock art recording and 
digital tracing of painted rock art sites. Aside from reflectance transformation imaging (RTI) 
(Malzbender et al., 2001; Mudge et al., 2006), most of the solutions for enhancing engravings are 
derived from 3D models (Carrero-Pazos et al., 2018; Jalandoni and Kottermair, 2018). 
 
Some remote sensing techniques are already universally used by rock art researchers, for example 
decorrelation stretch. Since at least the 1980s, decorrelation stretch has been a known remote 
sensing technique for multispectral images (Gillespie et al., 1986). The NASA Jet Propulsion 
Laboratory (2004) further popularized decorrelation stretch when it was used for exaggerating 
colors in panoramic images from NASA's Mars Exploration Rover Opportunity. Then Harman (2006) 
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developed Dstretch®, a plugin that uses decorrelation stretch algorithms to enhance digital images 
with pre-set calibrations for colors commonly found in rock art, such as white, red, black, yellow, 
brown, blue, and green.  
 
Photogrammetry was developed around 1860 and is considered the first non-contact measurement 
method (Guery et al., 2018). Rivett (1983) trialed terrestrial photogrammetry on rock art sites noting 
that most photogrammetry practiced was aerial for topographic maps. Photogrammetry has been 
used on rock art since at least the 1970s (Clouten, 1974; Dann and Jones, 1984; Rivett, 1983). Digital 
photogrammetry and stereopaired low-cost cameras were an effective method to record rock art in 
several significant rock art sites around Australia (Chandler et al., 2007; Chandler and Fryer, 2005).  
 
The latest mainstream adaptation of remote sensing for rock art research is Structure-from-Motion 
(SfM) 3D modelling. SfM is a form of passive light based data acquisition that uses digital imagery 
and known camera locations to compute a point cloud. With SfM, the positions of the camera are 
computed from the images and then a point cloud is generated so less technical knowledge is 
needed to collect data and produce a working 3D model. Terrestrial laser scanning (TLS) is a form of 
active light detection that uses lasers to measure distances to a surface to produce 3D coordinates 
(Hess, 2018). While SfM photogrammetry takes a few steps and time to process, TLS can produce a 
point cloud in minutes. These are the two most common 3D depth-sensing techniques used for rock 
art documentation. 
 
The two technologies are complementary, with TLS producing a more accurate point cloud, while 
SfM photogrammetry is used to provide more density and realistic color to the individual rock art 
figures. Grussenmeyer et al. (2010) produced a geometric and photorealistic 3D model of Les Fraux, 
a Bronze Age rock art cave in France by combining TLS, SfM, and a Spatial Imaging System. When 
using both TLS and SfM, the TLS creates the mesh or the frame while the SfM adds the texture or 
color to the model (Grussenmeyer et al., 2010). Lerma et al. (2010) also combined the methods to 
produce accurate digital surface models and photo-realistic end products of engraved rock art in the 
Cave of Parpallό, a cave from the Paleolithic era in Spain. 
 
Unfortunately, the equipment costs of TLS make these methods prohibitive for most rock art 
projects. However, SfM photogrammetry fundamentally requires only a camera and scale, which are 
already standard in the archaeology toolkit, and can still produce accurate 3D models for visual and 
metric analyses of rock art (Jalandoni et al., 2018). Of course, the SfM 3D models are dependent on 
the quality of the camera equipment. TLS are already available under 16,000USD, such as the Leica 
BLK360. However, due to the rising sophistication of detection sensor systems on motor vehicles and 
that industry’s impetus for self-driving vehicles, sub 10,000USD TLS will probably be available within 
the next few years. Moore’s law that computers are getting exponentially faster and cheaper has 
held true so far for 50 years. So, technology that seems expensive now will get progressively cheaper 
and more advanced. Software may actually end up being the more expensive factor, but there are 
always open source alternatives for the tenacious researcher. 
 
SfM is a reasonable alternative to TLS when budgets are limited (Jalandoni et al., 2018; Plisson and 
Zotkina, 2015; Scianna and La Guardia, 2019). However, even if the budget permits TLS, in some 
contexts it is easier for a camera to be used around fragile rock art than a TLS.  Still, the affordability 
and accessibility of SfM has instigated the revolution in recording rock art through 3D modelling. 
Since SfM is becoming the dominant method of recording rock art worldwide, the focus of this work 
is on SfM deliverables. 
 

3. 3D Depth Sensing 



Three-dimensional depth sensing is the method of inferring the distances of all points in a 3D scene 
(Pavlidis and Royo, 2018). Everything from the Sparse Point Cloud onwards is considered a 3D model 
because each point has three coordinates or dimensions (x, y, and z). Even if the model is not scaled 
or given coordinates, it has an internal coordinate system so that it knows each point in relation to 
the other points in the model. 
 
SfM 3D models have several useful end products such as photo-realistic 3D models, orthomosaics, 
and digital inventories. However, even though more raw data are being generated in the digital age 
than ever before, they are not being converted into constructive deliverables (Bassier et al., 2018).  
Figure 1 shows a flowchart for processing a 3D model to produce end products that add value to 
rock art research either through improved visualization or analysis (adapted from Jalandoni, 2018). 
By no means is it comprehensive, however it demonstrates the ways that data can be recycled into 
useful products. 3D documentation is exceedingly popular, but the next step lies in applying 
algorithms to the 3D models to further rock art research  (Devlet et al., 2018; Jalandoni and 
Kottermair, 2018). The software used was Agisoft Metashape Professional v. 1.5.1 for 
photogrammetry, ArcMap™ 10.3 for geographic information systems (GIS) and Dstretch® to 
decorrelate stretch textures. Although, other software, both proprietary and open-source, are likely 
as capable. 
 
 

 
Figure 1 Flowchart of processing a SfM photogrammetry 3D model and outputs (adapted from Jalandoni, 
2018).  

 
3.1 Photo-realistic models 

The final product of a 3D model is often referred to as a photo-realistic 3D model. Photo-realistic 3D 
models are suitable for visualization and taking measurements. However, they are often very large 
files and as a result are difficult to share. Therefore, it is often necessary to decimate the mesh or 
reduce the quality in other ways. However, if Moore’s Law is reliable, this impediment will subside 
over time. Also, it is possible that the Dense Point Cloud (DPC) is visually of higher quality than the 



photo-realistic model. This is more likely to happen with high-end (full-frame) cameras because the 
point quality and density is very high and can look clearer than the generated texture. 
 
Decorrelation stretch can be applied to the exported texture file for an enhanced photo-realistic 
model (Figure 2). Aside from enhancing known rock art that has faded, unexpected rock art is often 
found beside known rock art using Dstretch®. Therefore when analyzing a photograph, the unknown 
artwork has to be within the same frame as the known rock art. The advantage of being able to 
decorrelation stretch a 3D model over a single photograph would be finding rock art in an 
unexpected area within the same site but not adjacent to the known rock art. However, 
decorrelation stretching an entire model’s texture may not always produce the same result as 
applying DStretch to each photograph. So, it may still be beneficial to DStretch® individual 
photographs.  Another solution is iDstretch® and androiDstretch®, the mobile versions of Dstretch®, 
which would allow the enhancement to be done in the field. Those methods can be tedious and time 
consuming. Applying decorrelation stretch to a 3D model is more time efficient in the field, however, 
any new interpretations should be ground-truthed in the field. 
 



 
Figure 2 A 3D model for East rock shelter, Lamanoc island, Philippines (Top), with Dstretch® versions LRE 
(center) and LAB (bottom) (Jalandoni, 2018). 

3.2 Orthomosaic 
 

Bassier et al. (2018)  noted that 2D documentation is still the standard in cultural heritage, and that 
is the case with rock art where most of the documentation is limited to photographs. The benefits of 
2D outputs are that most archaeologists are familiar with the product because the technology has 
been around for decades,  they do not necessarily require post-processing, and they are increasingly 
easy to share because their file sizes are more manageable. On the downside, photographs can be 
problematic due to occlusions, depth-of-field issues, and poor lighting (Bassier et al., 2018). Even if 



the photographs are of acceptable quality, they have no spatial information and therefore 
measurements obtained from them, even the ones with scale, can be inaccurate (Jalandoni et al., 
2018). 
 
A panorama, an image stitched from several images, is appropriate for gaining an overview of rock 
art sites with large relatively flat surfaces. There are also 360 ͦpanoramas that allow an area to be 
viewed as if the viewer were standing in the epicenter of the scene, but these are heavily distorted. 
It is common to use a telephoto lens to zoom in on details and a device that is able to rotate the 
camera from the nodal point (central perspective) of the lens to minimize parallax. The benefit of a 
panorama is that they are relatively quick to capture in the field and photostitch or photomerge 
compared with generating a SfM 3D model. So the panorama can be available the same day the 
images were collected and can be shown to interested parties immediately after. A panorama gives 
TO, park rangers, and other researchers a usable product right away. 
 
In Djok, a panorama was created using a Gigapan Pro (Figure 3). The result is visually impressive 
when viewed as a whole, but when certain sections are enlarged bad blending and blurred segments 
are visible. While it is possible to create a perfect panorama, panoramas can suffer the same 
problems as photographs: occlusions, depth-of field blur, and light dependency. An additional 
problem is that a panorama is stitched from several images, which can result in sharp lighting 
differences between adjacent sections unless the exposure levels are corrected in post-processing. 
Taking just one set of images at a single exposure may leave portions of the site overexposed and 
others underexposed. This can be fixed by taking bracketed panoramas and blending them. If the 
goal is an immersive experience for the purpose of visualization, then panoramas and 360 ͦ 
panoramas may be an expedient solution. An alternative is an orthomosaic, one of the end products 
of a 3D model, and because it does not suffer from any of the defects of other 2D documentation, 
orthomosaic can be a better solution. The orthomosaic of Figure 3 is derived from 64 photographs 
captured over 30 minutes from two rock art researchers who are neophytes to SfM, which 
demonstrates the ease of data capture.  
 

 
Figure 3 Example from Blue Painting Site, Djok, Northern Territory, Australia. Panorama (top) and 
orthomosaic (bottom) with blue inset showing an area in the image where the panorama is blurred and the 
orthomosaic is sharp. 



Orthomosaics or orthophotos are mosaicked orthorectified images, where perspective distortions 
and relief effects are removed by using a 3D model. While images for panoramas are taken from a 
single point causing perspective distortion that radiates out from the center, orthomosaics are based 
on a 3D model so they can be created from multiple perspectives that are perpendicular to the wall 
(Figure 4). It should be noted from Figure 4, that this single perspective is why images collected for 
panoramas are often unusable for 3D modelling unless coupled with other photographs taken from 
different perspectives. Orthomosaics are based on the mesh and colorized by each point, so no 
blurring occurs and the image has no perspective distortion. Occlusions can also be removed in the 
3D model provided the area behind the occlusion is captured. Finally, orthomosaics are easy to share 
with non-technical users and yet still carry enough data to measure the 2D elements, obtain vectors, 
and perform other analyses (Haddad, 2011). 
 
 

 
Figure 4 Images to create a panorama are taken from a single point  (left). Images to create an orthomosaics 
are taken from multiple perspectives (right). 

 
However, the orthomosaic may be irregular in shape and contain “holes” since it is based on a 3D 
model. It would take extra time and effort to record the periphery of the site to guarantee an 
orthomosaic that can be cropped into a rectangle. A limitation of both panoramas and orthomosaics 
is that they are often too big to be imported into Dstretch®. Though that might be viewed as a 
limitation of Dstretch® and workaround solutions have been suggested by Martínez and Harman 
(2019). 
 
The application of orthomosaics in rock art allows conservation specialists to assess the site as a 
whole instead of just one motif at a time.  For example, Bassier et al. (2018) created an orthomosaic 
of a tall altarpiece of a church in Ghent, Belgium, that allowed restoration experts to assess the 
overall state of the object including sections that were invisible from ground level. This shows how 
an overview perspective can provide a clearer picture and more information when conducting a site 
assessment and detailed recordings. 
 

3.3 Digital Inventories 
Digital inventories hold the data for analysis. A 3D model is sufficient for visualizing the rock art site, 
but post-processing can provide additional valuable insight into the interpretation of the site. 
Accurate tracings have always been a desired goal of rock art research, and 3D models are a non-
invasive solution. Spatially-linked databases will also be discussed below for their untapped 
potential. Finally, creating a 3D model of a site, or even a rock art figure, establishes a baseline for 
the site on the date it was captured. A baseline allows comparison with future 3D models of the site 
for change detection. 
 

3.3.1 Tracing 
The important end products of rock art recording are the tracings that enable archaeologists  to 
visualize, categorize, and group motifs. Willis (2018) recommended conducting tracing in the field 
with artists for the best results, however that is not feasible for every project budget. Domingo et al. 



(2013) demonstrated step by step image enhancing of painted figures through Dstretch® and then 
digitally traced them using Photoshop. Jalandoni and Kottermair (2018) imported a DEM (Digital 
Elevation Model), generated from a 3D model, into a GIS software to enhance obfuscated engraved 
figures, using hillshade and topographic position index algorithms. Being able to see the rock art 
made tracing possible and allowed for a more accurate statistical description. Carrero-Pazos et al. 
(2018) achieved enhanced engravings through a method of applying virtual lights and MeshLab 
radiance scaling to the 3D model.  
 
Combining 2D and 3D techniques are complementary because the 3D model provides the 
measurements and context, while 2D tracings are still beneficial for interpretation (Domingo et al., 
2013). Instead of using photographs or panoramas for digital tracing of paintings, however, 
orthomosaics should be used because they are more accurate and can be appropriately scaled 
(Jalandoni et al., 2018). In addition, digitally traced orthomosaics can be incorporated back into the 
3D model so that the tracings are on the model (Figure 5). The model can be rotated as usual and 
the tracing is part of that image. Applying the tracing to the 3D model is an effective tool to highlight 
the desired figure and obtain an animated 3D model (Willis, 2018). 
 
 

 
Figure 5 Example from Djulirri site, Djulirri, Northern Territory, Australia. An orthomosaic (left) and 
screenshots of the model from above (top-right) and left side (bottom-right) after one figure was traced in 
grey on the orthomosaic and reincorporated into the 3D model. 

Digital rock art tracings are usually done in Adobe Photoshop or Illustrator, but there are clear 

benefits to using GIS software to create vector tracings of the rock art. Devlet et al. (2018) promote 

vectorization as an easy method of tracing except on complicated curvilinear surfaces because 

distortion can occur. Jalandoni and Kottermair (2018) demonstrated that vector tracing in ArcMap 

can produce statistically relevant data on engraved geometric figures. This can also be done with 

more complex figures, such as engraved anthropomorphs (Jalandoni and Taçon, 2018).  

Digital tracings can be just as tedious as manual tracings, only they are more cost-effective because 

they reduce fieldwork time. The next step will be to develop techniques for automatic detection and 

then automatic tracing (Figure 1). Object-based Image Analysis (OBIA), a common GIS tool, has 

already proven effective for automatic digitization in many archaeological contexts from either aerial 

or satellite images (Magnini, 2018). For engravings there may be the possibility of using GIS for 

automation (Jalandoni and Kottermair, 2018). For automatically detecting paintings, there have 

been tests with multispectral imaging (Skoog et al., 2016), and a principal component analysis (PCA) 

has been used effectively for the automatic detection of painted rock art (Domingo et al., 2015; 

Rogerio-Candelera, 2015).  

3.3.2 Spatially-linked databases and statistics 



Digital inventories, when performed in a GIS application, result in a spatially-linked database. There 

are advantages to viewing the data in this format. For example, Jalandoni and Kottermair (2018) 

used a spatially-linked database to visualize the distribution of vulva-forms in an engraved rock art 

site in Alab, Philippines (Figure 6). Being able to visualize information spatially across an entire site 

could allow specific patterns to be observed and lead to different interpretations that can be tested 

further. For example, in the Angono petroglyph site in the Philippines, graffiti tended to be clustered 

in areas lower on the rock-shelter wall than the rock art figures and where spalding had occurred 

(see appendix of Jalandoni and Taçon, 2018).  There is also the potential to apply spatial statistics to 

a spatially-linked database. Therefore, the length and width of figures based on an imaginary 

rectangle, traditionally tediously measured in the field, can be calculated in seconds with simple 

algorithms like minimum bounding geometry (Jalandoni, 2018). 

 

Figure 6 Screenshot of a spatially-linked database of Alab Site 1, Philippines. Figures with the attribute of 
Vulva-form are highlighted (Jalandoni, 2018) 
 

 3.3.3. Monitoring through change-detection 
Ebert (1984) has noted the potential of remote sensing techniques to monitor change in 

archaeological sites. Natural and anthropogenic change is an active process in rock art sites (Chalmin 

et al., 2018). Strategic monitoring should be done before any conservation effort is undertaken. The 

starting point to monitor change in rock art sites is a recorded rock art inventory and a list of the 

agents of deterioration (Jalandoni, 2018). The inventory and list compiled as a database is the 



baseline for doing analysis, monitoring change, and creating site-specific conservation programs and 

management plans. Applying change detection with SfM models is a revolutionary way of 

determining rock art deterioration through time (Willis, 2010). 

Aside from the problems of 2D documentation, it is almost impossible to duplicate the perspective 

of an old photograph to overlay images (Willis, 2010). It is easier to detect change from historic 

photographs with 3D models compared with 2D photographs.  For example, a 1920s photograph of 

an iconic rock art figure in the Marianas, ‘man in a canoe’ from Kalabera Cave in Saipan, was referred 

to and compared with a 3D model made out of photographs from 2014 (Figure 7). The vividness of 

the  photograph from the 1920s might be attributed to chalk highlighting, a common practice in 

those days, but in the 2014 photographs there is a visible depression by the stern that was not there 

in the 1920s (Jalandoni, 2018).  

For automatic detection, Willis (2010) suggests building Digital Elevation Models of the two rock art 

3D models from different times. These would need to be created and aligned, then the data of the 

later date can be subtracted from the earlier date. The difference that remains would be the change 

that occurred in the interim. Another method uses the point clouds and software like Cloud 

Compare to calculate and visualize change. 

 



 
Figure 7 “Man in the canoe’ from Kalabera Cave, Saipan. Hornbostel's 1920s photograph (top), converted 
into a 3D model using SfM (center), compared with a 3D model from 2014 (Bottom, source: Mark Willis and 
Andrea Jalandoni). The depression noted in 2014 is highlighted in red (Jalandoni, 2018). 



4. Non-3D remote sensing techniques 

Remote sensing techniques include imaging techniques that do not require 3D models. While 

beyond the scope of this paper, they are important to mention because of their potential to advance 

rock art research. Solutions for the automatic detection and tracing of rock art are likely to come 

from multi-spectral research and principal component analysis. 

Reflectance transformation imaging (RTI) and polynomial texture mapping (PTM) are used to 
enhance engravings on documentary artifacts, monuments, and rock art by varying the direction of 
light to generate surface reflectance information (Cultural Heritage Imaging, n. d.; Dellepiane et al., 
2006; Earl et al., 2011; Malzbender et al., 2001; Miles et al., 2014; Palma et al., 2010; Woodham, 
1980). RTI and PTM are ineffective tools for large sites or rapid recording of multiple sites due to the 
narrow range of the turning lights (Mudge et al., 2006; Plisson and Zotkina, 2015). RTI can be used to 
assess the veracity of manual recordings, and discern the manufacturing and modification process of 
engravings (Díaz-Guardamino et al., 2015). Jalandoni and Kottermair (2018) have argued that 
methods to enhance engravings that utilize 3D models are favorable because they are more versatile 
and allow for other algorithms to be applied. 
 
Space-imaging is another remote sensing technique that is currently being exploited by cultural 

heritage in the form of multi-spectral and hyperspectral imaging. It does not utilize 3D depth 

sensing, but the two technologies can be used in conjunction (see Skoog et al., 2016). Merging digital 

imaging and spectroscopy allows for the mapping of the spatial distribution of materials on the 

surface of an object, as well as the ability to infer identification of material from reflectance spectra, 

enhance and expose covered paintings, distinguish past conservation efforts, and measure color 

(George et al., 2018). For example, Degrigny et al. (2018) used the combination of imaging and 

analytical techniques to record and investigate the production methods used for wall paintings in 

Chateau de Germolles in France. 

Near-infrared (NIR) is the section on the electromagnetic spectrum that is adjacent to but outside of 

the visible range for humans. While there are few examples of NIR being used on rock art, it is well-

known that for painting conservation, the method is particularly effective on black pigment (Grietens 

and XenICs, 2008; Hain et al., 2003). Near-infrared has had favorable results on black rock art 

paintings in dark caves (van Rensburg and Britton, 2018) 

Multispectral imaging can enhance the faded details of painted rock art and differentiate between 

pigments (Robinson and Ware, 2002). Skoog et al. (2016) were unsatisfied with the accuracy of the 

generic unsupervised classification algorithm (k-means) to detect rock art in Walga Rock, Australia. 

However, they encourage other classification algorithms to be trialed.  

Decorrelation stretch is based on principal component analysis (PCA) and there has been some 
success with automatically detecting paintings (Domingo et al., 2015; Rogerio-Candelera, 2015). PCA 
is a multivariate analysis technique that allows the remapping of pixel values or digital number 
values from different spectral bands in a new uncorrelated reference system, therefore decreasingly 
distributing the variance in each band (Domingo et al., 2015; Rogerio-Candelera, 2015; Rogerio-
Candelera et al., 2011).  
 
4 Discussion 
Decorrelation stretch and Structure-from-Motion are now standard rock art recording tools because 

of their accessibility, both in cost and technical skill required. Many of the other remote sensing 

techniques are still either too expensive (e.g. TLS) or require too high a level of expertise (e.g. PCA) 

to be applied in all rock art projects. Domingo et al. (2015) noted that while PCA demonstrated a 5% 



improvement in results over Dstretch®, Dstretch® has the advantage of being usable by 

archaeologists without specialists being present.  

The purpose of this paper has been to demonstrate what outputs are possible for most rock art 

researchers since they are already producing 3D models. Panoramas are useful for quick high-

resolution visualization. However, orthomosaics might be preferable in some contexts since they are 

based on the 3D model and do not suffer the same problems as 2D images. Applying Dstretch® to 

the texture of a 3D model applies the enhancement to the entire site, possibly allowing previously 

undetected paintings to be seen. This should be used in conjunction with applying DStretch® to 

individual photographs. Digitally tracing rock art facilitates a sharing of the interpretation. Also, the 

digital tracings can be integrated back in to the 3D model for a more compelling visualization. Vector 

tracings in a GIS software are also advantageous for a spatially-linked database that allows for all 

sorts of measurements and the possibility for statistical analysis.  

Except for panoramas, all the end products presented in this paper use SfM 3D models. Therefore, 

the same raw data is being used to produce different products that can increase appreciation and 

understanding of the rock art at no additional field cost. The benefit of reusing raw data is in 

optimizing the potential of data already obtained. 

When considering what technology to use, the end user should determine the product. For example. 

the products of TLS are not easily accessible for non-technical people (Davis et al., 2017). Davis et al. 

(2017) noted that Traditional Owners, particularly those who could no longer access the site, 

benefitted from the use of 3D visualization and virtual reality to make informed decisions. Although, 

Jeff Lee, the Traditional Owner of Djok, appreciated the 3D models produced but usually asked to 

see the panoramas and orthomosaics, for ease of navigation, when discussing a particular site. 

Remote sensing specialists will continue to work with archaeologists to adapt the use of 

technologies and algorithms to solve rock art problems. However, until those methods are perfected 

and integrated into a user-friendly interface at an affordable price point, there are other accessible 

methods for archaeologists to use to improve the visualization, analysis, and interpretation of rock 

art. 
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