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INTRODUCTION

The increasingly massive spread of small drones in the general market accompanies a
rapid evolution of payload hardware and software. From photo/video to multispectral sensors,
to environmental measurement devices, up to mechanical operation periphemalbasic
drones are being more sophisticated and miniaturized at the same time. The recent advent of
minimal-sized professional drones is specifically to be taken into account, as it can make a
substantial difference in terms of usability. There is soar@blility about the technical name
assigned to these machines. This is generally due to the emphasis put on specific aspects of
their nature or goals. The most widespread n
general and could apply to any maehiable to fly without a crew; the focus in this case is on

the aircraft itself. AUASO (unmanned aeri al
a wider system, i nvolving a ground control
(remotelypi | ot ed vehicle), ARPAO (remotely pilot

aerial system), and their national language variants, emphasize that the vehicle is actively
piloted from a remote station.

From a strictly ontological point of view, a diffce is admitted between UAVS, in
gener al , and RPAS. The | atter are firemotely
aerial vehicle without an onboard crew. This includes then the types of platform, which can be
taken into the air but with no caot whatsoever, by a ground crew: friight balloons and
airplanes, some types of rockets, etc. The distinction is substantial, but current use tends to
converge on AUAVO in scientific contexts at
prevailingly stidk to these two names.

Obvious applications can be found, from basic cartography and photogrammetry to
specific fields of environmental studies and physical geography. The data acquisition
capabilities of drones can also be applied to phenomena, whichtamgrétable in terms of
human geography. From Athinkingo of a specif

details are to be put into place.
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SMALL DRONES AND ENVINRONMET OBSERVATION

Environmentobservation includes, but generally goes beyond, the basic study of
physical environment. It actually aims to comprehend spaces, territories, and cultural
landscapes in their material dimensions and in some of their immateriallbigess possible
inasmuch as the latter can be revealed or indicated by the configuodtroaterial elements.

The basic idea is that actions by human individualsgpndo ups i n t harethe iespa
result of choices deriveédoftenunpredictablyi from a combination afaterial and immaterial
factors.Such complexity could be read by taking into account several epistemolagital
methodological approacheBy using drone§ as any other survey toolwe can effectively
investigate aspects of the physisphce. In ourrsalyses, such space can obviously appear as a
physical environmerdr rather as an instance of that particular mixture of natural and artificial
space that igsalled a cultural landscapAnthropization of a certain site or region is induced

(but not detemined) by localconditions, on the one hand, and by interactions with the
surrounding anthropizeateas, at different scales, onthe otherh@inde ar eads i nner
system is to be integrated witbwer leve| peerlevel, and highedlevel systemsin the final

analysis, however, people and communifiiss budget the aforementioned conditions and then

drive their owrterritorialization process. By doing so, they establish and develop economically
and culturallyshaped spaces and networks of systems

An i mportant theoretical di stinctimn was
Apl aceodo (Tuan 1977). The f or me definedsthraughgetsr t i o n
of spatiotemporal coordinates; the latter can be understopkyagalspace(s) endowed, by
the people who are in it, with experiential, existentald symbolic values. Naturally, the
symbolical texture of a certain spadepends on the identity of the observer, whether the
observer is a specific individug@rawing from hehis experience) or a member of a community
referring to aspecific shared system of heritage and values (Bignante 2010). Building from
Vallega (2003) it becomes evident that the evolution of anthropized spacessqmédssed as
a general feedback itégran among three mutually influencindynamic nodes: perception,

materi al transfor mat i o megula®ry erganizaterilHroegh tinfey ei f i c
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each node in the process evolves due to its inner mechanisms and by influence of the actions
and reactions of the other two nodes.

In summary, as it was stated before, human groups shape their places by aideypting
to material conditions; nevertheless, this adaptation occurs based on percaqtiorientions
of actors and decisieomakers. The pmcess takes place in relation not necessarily in
agreement to formal or informal regulations. In thsverall mechanism, culture is a major
driver (Guarrasi 1992, p. 32).

In principle, we could observe how a certain space is configured from envir@ament
and reification points of view. We could then use the acquired informatgnasp knowledge
on not only material and (possibly) regulatory status of thebarealso, at least in some degree,
about decisions and perceptions by communitiglseair living space.

As geographersbserve spaces and places from above, regardless of the timeans
deploy for this purpose, phenomena can be analyzed according to at leadiffémet levels
of interpretation: material, functional, and symboltthe mateial level, nature, location, and
purpose of specific elements can &ealyzed. This basic type of interpretation is highly
developed and widely appli@@remote sensing. Analyses @éerausebjects can be identified,
measured, and examined in thaysical nature.

At the functional level, material features of landscape are observed to interpret
processes, flows, networks, and services. Analyses are conducted by recofeitting
directly or indirectlyi status changes in different types of spaopgrationalconditions of
facilities and infrastructures, transitions in the availability of resoutsegye of services, and
variations in Afootprint sactvitp(Figsdiulamdd.2)as a si d

At the symbolic level, landscape ssirveyed in its material features in the attetopt
identify elements of the presence and/or actions of a specific culture, wheth@et®ace is
current or past. In this case, analyses are oriented to recognizing spezitice r i a | Amar K
which can le associated to one or more systems of vah@gfs, and identitiefrom this
point of view, drone observation cantheught of as a twofold knowledge acquisition means.
Indeed, on the one hand,cin provide information and data about symbolicalkera (also
cal |l ed fpresdnteim thenabserwed scene. On the other Hhrddrone itselfmay
provide information orpriorities and perceptions of the users in reading their own landscape

and cooperatintp its observation (Turco 2010, pp. 2@86;Bignante 2010; Grainger 2017).
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Figs. 1. and2. Tracking human activity in the environment. Low-resolution thermal infrared images of
the cooling water outlet of an electric power plant into the Tyrrhenian Sea. A plume of warm water is
clearly recognizable as a lovaltitude manned flying platform passe by the plant (Image: GREALT
European University of Rome)

Each geographical context can be understood either synchronically or diachronically.

In any case, however, a proper definition of the acquisition timing is neceltsary.
worth noting, howeverthat especially in anthropization studies, diachrorécellyses prove
very useful toward a better understanding of evolution mechanisms.

Many of the elements and processes summarized above can be detectedseyae
small drones. However, cdAV surveying and reconnaissance only achieve?tidgviously
not. UAVs are just new, powerful, additional tools puthie hands of geographers. They can
effectively do some parts of the job, but a-itbwn knowledge about places goes far beyond
the ability ofsystems to acquiata about spaces. Nevertheless, UAVs can provide researchers
and operators with large amount of informatioilence better analysis and interpretation can

follow wider, quicker, and cheaper (in all aspects) data acquisition.
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DRONE SURVEYING TYPES

Surveying with a drone offers enormous potential to GIS professionals. With a drone, it
is possible to carry out topographic surveys of the same quality as the highly accurate
measurements collected by traditional methods, butractidn of the time. This substantially
reduces the cost of a site survey and the workload of specialists in the field.

Fig.3 Orthomosaic and digital surface model created from aerial images taken by the WingtraOne

surveying and mapping drone (Image: By Wintgra, https://wingtra.com)

A drone survey refers to the use of a drone, or unmanned aerial vehicle (UAV), to
capture aerial data with downwafakcing sensors, such as RGB or multispectral cameras, and
LIDAR payloads. During a drone surveyith an RGB camera, the ground is photographed
several times from different angles, and each image is tagged with coordinates.

From this data, a photogrammetry software can createegjerenced orthomosaics,
elevation models or 3D models of the projeaaarThese maps can also be used to extract
information such akighly accuratelistances or volumetric measurements.

Unlike manned aircraft or satellite imagery, drones can fly at a much lower altitude,
making the generation of higlesolution, highaccuray data, much faster, less expensive and

independent of atmospheric conditions such as cloud cover.
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Fig.4 Photogrammetry combines images that contain the same point on the ground from multiple vantage

points to yield detailed 2D and 3D mapglImage: By Wintgra, https://wingtra.com)

Reduce field time and survey costs

Capturing topographic data with a drone is up to five times faster than witideed
methods and requires les®rk force With PPKgeotagging, you also save time, as placing
numerous GCPs is no longer necessary. You ultimately deliver your survey results faster and
at a lower cost.

Provide accurate and exhaustive data

Total stations only measure individual points. One drone flighdyres thousands of
measurements, which can be represented in different formats (orthomosaic, point cloud, DTM,
DSM, contour lines, etc). Each pixel of the produced map or point of the 3D model contains
3D geodata.

Land surveying / cartography

Survey droes generate higtesolution orthomosaics and detailed 3D models of areas
where lowquality, outdated or even no data, are available. They thus enabladugtacy
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cadastral maps to be produced quickly and easily, even in complex or difficult to access
envronments. Surveyors can also extract features from the images, such as signs, curbs, road

markers, fire hydrants and drains.

Fig.5 Cadastral map overlayed on aerial image(Image: By Wintgra, https://wingtra.com)

After postprocessing with a photogrammetry software, these same images can produce
very detailed elevation models, contour lines brebk linesas well as 3D reconstructions of
land sites or buildings.

Land management and development

Aerial images takeby drones greatly accelerate and simplify topographic surveys for
land management and planning. This holds true for site scouting, allotment planning and design,
as well as final construction of roads, buildings and utilities.

These images also provideettoundation for detailed models of site topography for pre
construction engineering studies. The generated data can also be transferred to any CAD or
BIM software so that engineers can immediately start working from a 3D model.
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As data collection by dras is easily repeatable at low cost, images can be taken at
regular intervals and overlaid on the original blueprints to assess whether the construction work

is moving according to plan specifications.

Fig.6 Survey of African road before construction panning (Image: By Wintgra, https://wingtra.com)

Precise measurements

High-resolution orthophotos enable surveyors to perform highly accurate distance and
surface measurements.

Stockpile volumetric measurements

With 3D mapping software, it is also possible to obtain volumetric measurements from
the very same images. This fast and inexpensive method of volume measurement is particularly
useful to calculate stocks in mines and quarries for inventory or monitoring purposes.

With a drone, surveyors can capture many more topographic data points, hence more
accurate volume measurements. They can also do this in a much safer way than if they had to
manually capture the data by going up and down a stockpile. Since drones aregdpé

10
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data from above, operations on site wonodét b
capturing a site snapshot at a specific point in time.

Stockpile 1

View volume in 3D

Fig.7 Stockpile volume measurement in a mining sit§lmage: By Wintgra, https://wingtra.com)

Fig.8 Volume measurement of dandfill in a Bahamas(lImage: By Wintgra, https://wingtra.com)
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