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Abstract

photogrammetric survey using an unmanned aerial vehicle as the camera platform and the Structure from Motion image 

Challenges encountered during the survey are addressed along with suggestions for improvement. Despite the challenges, a 

digital elevation model (DEM) derived from the photogrammetric data yields an accurate realization of the size and shape of 

measurements that are potentially useful for applications such as topographic correction of ground-penetrating radar data. The 

results demonstrate the utility of low altitude aerial photography. And, as excavations at the site are not permitted, our survey 

also highlights the importance of such non-invasive survey methods.

 digital elevation model, earthen mound, Mississippian, photogrammetry, Southeastern Archaeology, Structure from 

Motion, UAV
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The use of non-invasive sensor technology is becoming routine in archaeological investigations. 

In some situations, especially when excavation is not permitted, such methods may be the only way 

to document the archaeological record. The Collins site, located in the southeastern United States, is 

one such example. Excavation is not allowed and the use of geospatial technology is crucial in order 

to understand the role of the site in the prehistory of the region.

to many archaeological sites including the Collins site, which is located along the White River in 

The site is heart-shaped and is bounded by the current river channel to the north and east and a 

51m in diameter and 0.5 to 3m in height border the present and former channels. Mounds A and E are 

Figure 1. 

McKinnon 2013:71).
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A barbed wire fence extending east-west divides the site and demarcates land ownership. Both 

the northern section and the southern section are privately owned and due to landowner permission 

Although access to the northern section has been granted, excavation on the property is not 

permitted by the landowners. The landowners are, however, receptive to the use of non-invasive 

survey methods.

Aside from the radiocarbon date obtained in 2005 (Vogel 2005) and the creation of a map of 

the layout of the mounds (Kay et. al 1989), formal investigations of the site have only recently 

begun. A magnetic gradiometric survey was conducted across the entirety of the northern section 

of the site encompassing Mounds B, C, and D and yielded excellent results revealing the footprints 

of structures both on and off mound (Sullivan and McKinnon 2013). A comparison of the magnetic 

gradiometry data from the Collins site with the results of archaeological excavations conducted at 

al. 1989, Kay and Sabo 2006, Sullivan and McKinnon 2013).

Figure 2. 

Mounds A through E.
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This article discusses a preliminary UAV-based aerial imaging survey over the northwestern section of 

for creating a digital elevation model of the Collins site. It is hoped that the digital elevation model 

will yield an accurate realization of the shape and size of the mound, provide data with which to 

topographically correct the ground-penetrating radar data, and potentially reveal cultural features on 

the landscape that are not otherwise evident.

METHODOLOGY

(unmanned aerial vehicles) gaining popularity among archaeologists as the platform of choice for 

dependence, and high survey accuracy. In the case of the Collins site, the use of a UAV is superior 

(SfM, discussed below), an imaging technique where rows of overlapping images from an altitude of 

is largely dependent on local wind conditions. In contrast, radio controlled UAV reinforced with 

a GNSS (Global Navigation Satellite System) receiver, allows the operator to precisely navigate 

The survey at the Collins site was completed over two consecutive days in May. As the main 

decided to survey only the NW quarter of the site, containing Mound D. The survey was conducted 

rover for the collection of positional measurements. During the survey, the base continuously recorded 

the rover. Both the base and the rover data were post-processed and yielded a horizontal accuracy of 

and NW corners) were obtained.

The goal of the survey was to create an orthoimage and digital elevation model of the site. An 

orthoimage is a geometrically corrected photograph or mosaic of photographs that can be used for 

further mapping (Robinson et al. 1995). Usually in aerial archaeology such images are used for 
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Collins site, both vegetation and soil conditions were unfavorable for such an application. Therefore, it 

elevation model should highlight these features.

The Structure from Motion (SfM) pipeline was utilized for the creation of the DEM. SfM is 

a technique that enables the creation of 3D models using a series of overlapping photos (Häming 

compared on all of the images in the dataset in order to evaluate their location. A point cloud is 

generated yielding the basis of a 3D model that can be converted into a triangle-based mesh and 

draped with texture.

In the case of our survey, 614 photos were used to create a 3D model covering 2.5 ha 

The model is of subdecimeter accuracy with an average point cloud density of 12,000 points per 

distance (GSD).

Figure 3. DEM of survey area.
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RESULTS

The outcome of the prospection was a 3D model and orthoimage of the NW quarter of the Collins 

site. As predicted, the orthoimage did not provide any new archaeological information. The digital 

elevation model, however, was far more informative. Though the majority of the survey area is 

The mound itself is not a particularly prominent feature in the landscape as it is just 1 meter 

high and has very gentle slopes. Therefore from the ground it could be easily omitted during ground 

prospection reveals an archaeological 

feature that has a radius of 30 m and a morphology that is convergent with similar Mississippian 

DISCUSSION AND CONCLUSIONS

The Collins site is currently used as pasture for grazing cattle. Cow trails can be seen extending 

E-W in the DEM in the northern part of the survey area with a second path diverging diagonally and 

Figure 4. 
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Figure 5. 

Figure 6. 
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slightly to the southwest. In addition to the cow trails, the barbed wire fence extending E-W in the 

southernmost part of the survey area is also visible.

magnetic gradiometry data collected over Mound D by Sullivan and McKinnon (2013). The magnetic 

magnetic data so it can be compared with the DEM, an outline of the location of the barbed wire fence 

Note that the apex of the mound is rectilinear in shape and appears to be oriented similarly to the 

the shape of the structure. It also supports the interpretation that the mound served to bury the structure 

Sabo 2006, Sullivan and McKinnon 2013).

The mound circumference as revealed in the DEM is larger than what is detectable by the eye when 

standing on the surface of the site and larger than what has been documented in previous mapping 

barbed wire fence line, where in Kay et. al (1989: 136) it does not. It is not prudent, however, to assert 

that the current mound boundary is the same as it was when the site was originally developed as it is 

spreading of mound sediment during plowing in addition to natural erosion processes.

The measurements inherent in the dataset of the DEM are useful beyond their purely visual aspects. 

The dataset provides elevational measurements of the topography which may be used when processing 

data is collected over surfaces with great relief. 

our survey can be used to topographically correct 

While Mound D may be of shallow enough relief 

The objective of this research exercise was 

survey using a UAV and SfM pipeline for the 

prospection and mapping of the Mississippian 

endeavours. However some of the obstacles 

discussed above may need to be overcome in 

batteries capacity limited the data collection time. 

Additionally, live video streaming on the ground 

turn would translate into improved data accuracy. 

Figure 7. Magnetic gradiometry data over Mound D 

(after Sullivan and McKinnon 2013: 77).
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