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Figure 9: Inkawasi: UAV orthoimage detail: site core.

Figure 10: Inkawasi: DEM generated from UAV imagery.
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of the Inkawasi River. The royal highway itself passes through a cleft
in this outcrop, producing a dramatic framing of the site as trav-
elers descend from the highlands. Rituals connecting humans to the
chthonic beings in the landscape were almost certainly central to its
placement and design. Understanding or conveying these aesthetic
and functional possibilities requires something beyond a basemap:
spatial representations at finer resolution than off-the-shelf satellite-
based DEMs or imagery, and richer than traditional topographic and
architectural survey. UAV-based high-resolution 3D mapping meets
these requirements.

Most recently, the Proyecto Qhapaq Nan completed follow-up
conservation work at Injawasi to check and repair earlier site conser-
vation by the Ministry of Culture, Peru, and it is working with the
local community to develop an integrated conservation, tourism,
and community development plan, which includes the site and its
surrounding landscape (Antezana Ruiz 2015). Our collaboration to
produce UAV-based mapping was designed as an integral part of the
information that the Proyecto Qhapaq Nan and local community
authorities will use in formulating this plan. Thus, both research and
heritage management goals are addressed by the project.

Our UAV work at Inkawasi was completed in one afternoon,
following a day of work placing the ground control points with a RTK
GNSS. We used the same flight parameters, motor, and propeller as at
Tambo Colorado, and the TechPod performed well. Achieving takeoff
required throwing the UAV from a steeply sloping hilltop (down-
load short video online at http://www.vanderbilt.edu/sarl/Images2/
Inkawasi_first flight.mp4), permitting an initial drop in altitude to
gain speed and sufficient lift. The imagery was captured over three
brief flights (all lasting about 10 minutes). The intervalometer was
again set to four seconds, and the imagery used in photogrammetric
processing was captured in about 25 minutes over the course of three
flights. Of the selected photos, 343 were aligned to produce an ortho-
mosaic and DEM covering an area of 99.8 ha. Within this large area,
the orthomosaic resolved to a pixel size of 8.6 cm (FIGS. 8, 9), while
the DEM provides 17.3 cm resolution—resolution very close to that
achieved at Tambo Colorado (FIG. 10).

The orthoimagery, DEM, and 3D models will be integral to this
project’'s subsequent operations, obviating the need for costly and
slow traditional topographic survey, with much higher resolution
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topographic results, combined with precise color orthoimagery of the
site in its fuller landscape context (see the 3D model online at https:/
skfb.ly/HwEo).

ARCHITECTURAL SURVEY AT A PLANNED COLONIAL TOWN:
MAWCHU LLACTA

The speed and resolution of UAV-based photogrammetry are of obvi-
ous utility, especially in this era of accelerating loss of archaeological
patrimony. But the technological advances in both the UAV and photo-
grammetry fields have been so fast that methodological frameworks
have generally not yet adapted to the new capabilities and challenges
they present. Building on previous work in integrated photomapping
and mobile GIS excavation workflow (Tripcevich and Wernke 2010),
Wernke recently began a new archaeological project focused on a
planned colonial town with extensive well-preserved architecture in
the high reaches of the Colca valley of southern Peru. This settlement,
Santa Cruz de Tuti, is known today as Mawchu Llacta (“Old Town")
by its descendent population in the modern community of Tuti, who
reside just a few kilometers downslope from their ancestral town.

Mawchu Llacta was built as a reduccién (literally, “reduction”) town
as part of the mass forced resettlement program known as the Reduc-
cién General de Indios (“General Resettlement of Indians”) in the
Viceroyalty of Peru. This was one of the largest forced resettlement
programs enacted by a colonial power, affecting some 1.4 million
native Andeans (Mumford 2012). The Viceroy Francisco de Toledo,
charged with establishing a new colonial order after a generation of
Spanish plunder, indirect rule, and Inka insurrection, ordered the
forcible resettlement of indigenous communities as part of a general
survey of the Viceroyalty of Peru between 1570 and 1575. This massive
social experiment was premised on the notion that by rebuilding
indigenous communities literally from the ground up, they would
become more like model subjects and Christians and a new social
order (policia) would emerge.

A theory of built environment was at the core of the Reduccién.
Butarchaeological research on the topic is just beginning, and surpris-
ingly little archival research has focused on it to date. Basic questions
remain about how the actual resettlement and construction of these
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towns was enacted, how decisions were made about where and how
many to build in a given area, and how domestic and public life within
them was organized. Mawchu Llacta is both exceptionally well-pre-
served and exceptionally documented in written texts, providing a
virtually unparalleled opportunity to elucidate these dimensions of
the resettlement. As an archaeological microhistory, the archaeo-
logical research at Mawchu Llacta would have to begin with detailed
mapping and architectural survey and surface collections. Wernke's
project has just completed this first phase, with the subsequent phase
of excavations beginning in 2016 (see Wernke 2015).

Mawchu Llacta site is situated at 4,100 m in the high puna grass-
lands, and it is quite extensive, comprising a regular checkerboard
grid of urban blocks extending about half a kilometer on a side, with a
total site area of about 40 ha. Within this gridded street plan are over
500 standing fieldstone buildings in varying states of preservation.
The site is also situated in the location of a major Inka site, which
was likely the administrative center for the upper section of the Colca
valley. The site core centers on two plazas—one of which is trapezoidal
and was likely the center of the Inka settlement, and the other rect-
angular with six chapels. The church, facing the trapezoidal plaza, is
very large with a 50 m long nave. The arched entry to the church and
one of its bell towers remain intact as well.

The site thus presented both major opportunities and major
challenges: an accurate “base map” was clearly required to address
the core research questions, but producing one through traditional
methods (via total station survey) would be a daunting, slow, and
ultimately expensive undertaking with relatively data-impoverished
results. Ideas for producing something “beyond a basemap” during
the first phase of the project developed at a time when a number of
the technologies (widely discussed in this volume) were only nascent
(but quickly ramping up): iPads and early Android tablet devices
were introduced to the market in 2010; a relatively small number of
manufacturers and “do-it-yourself” hobbyists and professionals were
coalescing in a burgeoning UAV market and maker culture. It seemed
opportune to design a project building on these tools from the outset.

Technical details of the project design have been presented else-
where (Wernke et al. 2014), but in outline, the concept for mapping
and architectural survey was to conduct UAV-based low-altitude
photogrammetry combined with tablet-based mobile GIS. The



268

orthoimagery from the UAV would serve as the primary spatial refer-
ence for digitizing buildings, walls, and other features directly on
screen in the field using a mobile GIS app. Mapping and architectural
survey could thus be conducted simultaneously, producing rich data-
sets that combined color orthoimagery with vector based plans of
building and other architectural elements, with attribute data associ-
ated with each feature.

The project eventually succeeded in executing this methodology,
but not in sequence and not without initial setbacks, most of which
were a consequence of the immature nature of the technologies at the
time of the first phase of fieldwork (during July and August of 2012
and 2013), and the difficult conditions of the site setting—especially
the challenges of high-altitude atmospheric conditions for UAV flight.
Experimentation with two different UAV platforms in 2012 and 2013
failed to produce reliable flight in these extreme conditions. These
difficulties were the initial impetus for moving to the TechPod and
developing the collaboration with the Qhapaq Nan Project discussed
above. Though we did capture over 2,000 images with the UAVs at
the site, image quality and coverage were uneven and photogram-
metric results did not meet the project requirements. Thus, during
the 2013 season, we opted to use a tethered meteorological balloon
as the photographic platform (a widely used and proven method; see
Bitelli et al. 2004; Olson et al. 2013; Poehler 2015). This technique was
not without its difficulties and was much slower, but it did produce
virtually full-coverage orthoimagery of the site.

The architectural survey with tablet-based mobile GIS proceeded
apace despite the challenges the project faced with the UAVs. The
project was experimental in this aspect as well, since we initially acted
asalpha testers for an early version of the Android-based mobile appli-
cation for the FAIMS (see Sobotkova et al., Ch. 3.2) project. The FAIMS
project is now several generations beyond this early version and is a
field-proven product, but at the time, we were just starting to work out
issues of user interaction, data structure, and data synchronization,
so it was not yet ready to be used as a primary data collection system.
After these FAIMS field experiments, we switched to a commercial
mobile GIS for iOS—GISPro by Garafa Inc. Fortuitously, GISPro met
most requirements of the project: the user can create point, line, and
polygon themes (exported as shapefiles) that can be generated by
activating the tablet GPS (with options for using an external antenna)
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or by plotting on screen. It is designed as a single-user/team system,
however, and it has no central database. Therefore, data synchroni-
zation to a central geodatabase was manual, requiring considerable
data-management effort.

In the field, however, GISPro worked quite well, especially in terms
of user interaction, requiring minimal training (most students could
learn the interface and data entry aspects in a single day). We drew
features on-screen for nearly all aspects of the project since we were
digitizing architectural features using a georeferenced airphoto as
reference data. It was critical for our teams to be able to draft in the
field while directly observing the feature in question to ensure proper
registry of wall joins and seams and many other architectonic details
(e.g., niches, doorways with lintels intact, which are not evident in
plan view). GISPro also allows user specification of attributes using
an intuitive form-based interface (including options for controlled
vocabularies in the form of drop down menus). For buildings, we
produced an extensive form with up to 65 attributes on building style,
form, dimensions, and a range of architectural details (e.g., niches,
doorways, and other features). We also made polygon themes for
miscellaneous features and for collection areas within structures, line
themes for walls that define unroofed areas (domestic compounds,
corrals, blocks, and streets) and for canals, and point themes for
lichenometric specimens (we measured specimens of the Rhizocarpon
lichen to date architecture at the site), piece plotted surface collections,
and dogleash surface collections. Using this system, four survey crews
moved through the site and collected all data, generally covering 1-2
blocks (depending on architectural complexity and density) per team
per day. In approximately three months of fieldwork, a draft GIS of the
site was completed, with all attributes recorded in the field.

Our balloon-based imagery capture was completed over the course
of three days. The low atmospheric pressure at this altitude requires
a larger volume of helium, and thus a much larger balloon than
would be needed nearer to sea level. We used a 3 m? latex meterolog-
ical balloon to ensure adequate lift for our camera (the same Canon
Elph 300 HS). We used two tethers to help control the balloon and to
minimize the visibility of the string in the frame (by spreading the
two walkers widely). Also, the camera was strung between the tethers
on a picavet to aid in maintaining a nadir camera orientation. The
balloon was generally flown 25-40 m in altitude, with the camera



Figure 11: Mawchu Llacta: overview of the area mapped by meteoro-
logical balloon.



Figure 12: Orthomosaic details: Mawchu Llacta: site core (top);
domestic compound (bottom).



Figure 13: GIS architectural map: Mawchu Llacta: overview (top);
detail of site core (bottom).
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intervalometer set at 10 seconds, as operators walked in a lawnmower
pattern through the site.

Over 3,000 usable photos resulted from the balloon flights. Photo
sequences were divided into eight chunks for photogrammetric
processing. These chunks provide virtually full coverage of the site
(with a few small voids). The resulting orthomosaics are quite detailed,
with 5 cm resolution in most cases. At this resolution, individual
stones that make up the tops of walls are generally clearly visible
(FIGS. 11, 12).

With the processed orthomosaic finished in 2014, we then revised
the draft geometry of the architecture digitized in the field from the
coarser airphotos. The key to maintaining fidelity in this process is
that the original field data, though geometrically imprecise, was topo-
logically correct—that is to say, wall joins and the like were drafted
as observed. These are the key data for relationships of horizontal
stratigraphy, and they were preserved through the editing process. Of
course, this step would be obviated had the original workflow gone
according to plan. But our situation can be considered something of
a special case given the extreme conditions of the site compared to
most archaeological projects. In any case, now, with our larger UAV
and experiences from the Qhapaq Nan collaboration, we expect that
the UAV-orthoimagery-feature digitization/attribute registry work-
flow will work in future projects. Also, consumer multirotor UAVs
have emerged in just the last year that far outperform anything that
was available when we started the project: the DJI Phantom 3, DJI
Inspire, and 3DR Solo are all rated to fly at least to 4,500 m (the Solo
and Phantom 3 can go considerably higher). As a measure of the
rapid evolution of these technologies, during July, 2016 (just prior to
the time this paper goes to press), we successfully flew several photo-
grammetry missions over the site with a DJI Phantom 4 quadcopter,
producing sub-5 cm orthomosaics. In short, the technical barriers that
impeded the UAV aspect of our project have been overcome.

The resulting GIS for Mawchu Llacta is composed of 495 structures
(themselves composed of 597 structural elements), 1,258 walls, and a
number of other features with all field-collected attribute data inte-
grated in a PostGreSQL/POSTGIS database with remote access (FIG.
13). This is now the central database for the project, which we are
accessing and editing both locally and remotely via QGIS.
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Pole Aerial Photography for Detailed Architectural Rendering

Lastly, in preparation for the excavation phase of the project, we select-
ed areas of interest for excavation for more detailed photogrammetric
survey using pole aerial photography (PAP). Pole-based photography is
inexpensive, simple in execution, and enables closer and more precise
camera placement with respect to the subject matter than UAVs. We
used an 11 m carbon fiber fishing pole modified for PAP through the
Public Lab (http://store.publiclab.org/collections/mapping-kits/prod-
ucts/pole-mapping-kit). We set ground control points with RTK GNSS
(ca.1cmhorizontal accuracy) and photomapped domestic compounds
and other areas of interest, using a Canon S110 and GoPro Hero4, set
at an interval of 5-6 seconds. We inserted the base of the pole in a
flag pole holster to distribute the weight of the pole/camera rig and
improve maneuverability.

Three days of fieldwork produced photos of four areas of interest:
three compounds we identified as likely households of ethnic lords
(kurakas) and an area adjacent to the trapezoidal plaza that we hypoth-
esize was a ceremonial platform or other important shrine (huaca) in
the original Inka center. A chapel is oriented in one corner of this area,
its entry facing the opposite direction, oriented toward the primary
entry and facade of the main church. The (nominal) resolution of the
resulting orthomosaics is remarkable, with subcentimeter to submilli-
meter pixel resolution. The 3D models are sufficiently detailed to view
and explore architectural details on-screen. These “digital surrogates”
are important for both analytical purposes and use as virtual archives
of these areas before archaeological interventions. Examples of the
resulting models can be viewed and downloaded from Sketchfab (for
the chapel and shrine area, see https://skfb.ly/HwOn; for the elite
domestic compound, see https://skfb.ly/JN6X).

CLOSING THOUGHTS

The projects discussed here took place through different phases of the
UAV and photogrammetric revolution in archaeology—from an era
of early adopters to the current era in which it is approaching stan-
dard fieldwork practice among an increasing number of practitioners.
As a piece on computational archaeology, this chapter plays a simi-
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larly transitional role. It is likely that essays like this arguing for the
benefits of UAVs and photogrammetry in archaeology will become
less common in the near future, as technical barriers are lowered to
the point that they are part of standard practice. But we have also
argued that “standard practice” will need to change to capitalize on
the extended observational capabilities that these technologies allow.
We share the concern that the growing dominance of digital record-
ing can, if used in traditional research designs, impede observation
and interaction with the actual stuff of archaeological research: the
tactile and sensory—observational—experience of primary archae-
ological data collection (see Caraher, Ch. 4.1). We have spent many
hours both in the field and with archaeological digital surrogates in
the days, weeks, and years following fieldwork (Rabinowitz 2015).
Designing new workflows which minimize the extent to which digital
surrogates interfere with primary field observation presents perhaps
the central epistemological challenge going foward. It is likely, for
example, that excavation project designs will be best served to move
to a more specialized mapping/photogrammetry team model so that
crew chiefs and excavators can focus on the primary instruments of
observations rather than manipulating various digital-sensing instru-
ments at a remove (seeCastro Lopez et al., Ch. 3.1; Wallrodt, Ch. 1.1).

But from a heritage management perspective, the world will not
wait. The inexorable loss of patrimony to deliberate destruction,
urban sprawl, development, and a host of other threats compels us to
find new ways to rapidly document global archaeological patrimony.
In this case, however, usual compromises between speed, granularity,
and accuracy do not apply. There is no downside that we can see as
long as the digital surrogates we can produce quickly, cheaply, and
easily do not displace our continued advocacy for the importance of
conserving and experiencing ancient places.

https://mobilizingthepast.mukurtu.net/
collection/23-beyond-basemap-multiscalar-sur-
vey-through-aerial-photogrammetry-andes

http://dc.uwm.edu/arthist_mobilizingthepast/12
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