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This article discusses two contrasting approaches to archacological survey using aerial reconnaissance.
A more traditional strategy is to look for interesting spots in the landscape with a highly concentrated
archaeological record. These are usually called “sites”. This concept is still used in everyday practice,
despite its long-standing problematic character. The opposing approach divides the studied region into
analytical units, which are sampled for evidence in a standardized manner and only then is the collected
information subsequently interpreted. Varying densities of recorded facts across space are now studied
rather than the binary categories of “on-site” and “off-site”. In Czech archaeology, this operational
difference has often been classified as the “synthesizing” vs. “analytical” research methodology. This
debate has been ongoing for quite some time in the context of field-walking and surface collection of
archaeological finds. This text examines an analogous problem in the field of aerial survey, where it
seems to be closely connected to another long-standing methodological and terminological discussion:

the comparative usefulness of “oblique vs. vertical” aerial photography.

1. Introduction

The concept of an analytical approach to archaeological
surface collection has been associated with processual
archaecology and its emphasis on sampling and the
quantitative aspects of the archaeological record (Redman
1987; Schiffer et al. 1978). These research strategies have
been systematically rethought, enriched with a number of
new observations and improvements and, most importantly,
brought into practice in central European archaeology by
M. Kuna (e.g. 1994; 1998; 2000; 2004). This has occurred
in such a convincing manner that within one or two decades
they have become an integral part of the archaeological
methodology. Given the statistical evaluation of data and the
study of their spatial properties in Geographical Information
Systems (GIS), the discipline has gained a highly effective
tool which has significantly advanced our understanding
of the past (Gojda 2004a; Neustupny 1998; Neustupny,
Venclova 2000; Smrz et al. 2011; Smejda 2003).

The core of this article, which entirely subscribes to the
inspiration mentioned above, considers the idea that aerial
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survey in archaeology can be understood in terms of both
an analytical and synthesizing (interpretive) methodology,
similar to that of surface survey by fieldwalking (Smejda
2009). In an analogous way to the development of the
techniques of surface collection of artefacts, in the field of
aerial survey, we can also observe a movement from the
effort to identify individual spots of interest in the landscape
to a systematic study of entire landscape transects. In this
more recent approach, space is understood as a continuum
that is sampled in a certain controlled routine, the results
and interpretations being gained later, independently of
the process of data collection. The former approach, the
discovery of new “sites” through data collection, is a
synthesizing method because the interpretation of empirical
observations is conducted immediately during field-walking,
while the latter is an analytical approach because only
the analysis (analytical decomposition) of the area being
investigated is conducted in the field.

In order to discuss these strategies in the context of aerial
reconnaissance, it is first necessary to compare the properties
of the two elementary categories of aerial photographs, i.e.
so-called “oblique” and “vertical” photographs (Doneus
2000). They have traditionally been perceived as standing
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in mutual opposition to each other as regards their technical
parameters and practical utility. The aim of this paper is to
evaluate oblique and vertical aerial photographs in terms of
the two above-mentioned survey strategies: synthesizing and
analytical approach.

2. Oblique and vertical aerial photographs

As their names suggest, the main criteria for distinguishing
between vertical and oblique photographs is the orientation
of the camera at the moment when the photograph is taken.
Verticals are produced when the camera’s optical axis
is oriented downwards, perpendicular to the horizontal
plane. For practical reasons, a small deviation (usually less
than 3 degrees) of the optical axis from the plumb line is
generally tolerated. Obliques are captured by cameras that
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Figure 1. Footprints of oblique (A) and vertical (B) aerial

photographs covering an archaeological site. The crosses mark the
nadirs of individual photographs, i.e. the points directly below the
camera positions. Note that they are located outside the covered area
in the case of obliques, while they coincide with the centres of vertical
photos (after Hampton1978, Figure 9).
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are tilted significantly from the vertical. We speak about
“low obliques” when the optical axis is tilted no more
than 30 degrees from the vertical, and “high obliques” that
typically point around 60 degrees away from the vertical.
In vertical photographs, the nadir (i.e. point on the ground
directly below the camera at the time of exposure) is located
approximately in their geometrical centre (principal point);
while in the case of high obliques the position of the nadir
is typically positioned outside the photo frame (Figure 1).
Another significant difference is that verticals are often taken
in so-called stereo pairs (subsequent frames have significant
overlap of their ground coverage), enabling a “three-
dimensional” perception during visual analysis and offering
advanced possibilities of precision mapping (Risbel et al.
2015). Obliques are very rarely obtained in this way, their
analytical potential thus being, technically speaking, more
limited.

Verticals versus obliques can be compared based on

practical considerations of data collection and processing, but
not necessarily the most important one for a full appreciation
of the actual potential of aerial photographs. No image taken
by an optical sensor with a central projection of rays (all
conventional cameras) captures the surface of the Earth truly
vertically (orthogonally), thus making what we understand
as a plan or map. This radial distortion of an image due to the
vertical ruggedness of the terrain is explained in Figure 2.
There is no simple transformation relationship between the
central projection of any photo and the orthogonal map or
plan. Correction of this type of distortion can be computed
from a series of overlapping images, in which the apparent
dislocation of points on the individual photographs can be
explained by differences in their elevation. If stereo pairs of
photographs are not available, a digital elevation model of
the terrain can help to re-project a photo onto a horizontal
plane (Hampton 1978).
Adjustments of the horizontal positions of captured data
must therefore always be computed for both verticals and
obliques. For this type of processing vertical photographs are
much less problematic, because the perspective distortion as
well as displacement due to elevation variances generally
increase with the distance from the nadir. In vertical photos,
these positional shifts as well as the distortions of shapes
and lengths are smaller and more regularly distributed across
the photo frame than is the case in high-angle obliques.
However, it is clear that all photographs require a geometric
correction before they are used for planimetry (measurements
of distances, angles and areas). Therefore it might seem
more suitable to link the difference between “oblique” and
“vertical” imaging more generally with the strategy of data
collecting (synthesising/interpretive vs. analytical), rather
than with the type and orientation of the camera.

3. Scale of photographs

Archaeologists, and especially those insufficiently acquainted
with vertical aerial photos, sometimes highlight the issue
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Figure 2. The concept of radial distortion of an image due to vertical ruggedness of the terrain on an aerial photograph. There is no simple
transformation relationship between the central projection of the photo and the orthogonal map or plan. The correction of the distortion can be
derived from a series of overlapping images, in which the apparent dislocation of points a, b, ¢ on the individual photographs can be explained
by differences in their elevation. Using the method of intersecting radial lines, their correct locations A, B, C on the map can be derived (after

Hampton 1978, Figure 17).

that the nominal scale of available vertical images is smaller
than that required for fine-grained studies of archaeological
heritage and that no details are visible. In many cases this is
true of imagery taken for purposes other than archaeology,
but in principle there should be no dramatic differences in
this respect between vertical and oblique photographs, and
this can be easily exemplified. To better understand this, we
can consider imaging on film to illustrate the principle, even
though film has largely been replaced by digital technology
nowadays (Verhoeven 2007). We know that the nominal
scale of an image on a film depends on the ratio between
flight height (altitude above the terrain) and the focal
length of the camera. When photographing the landscape
using a common hand-held camera with a standard lens of
focal length =50 mm from an altitude of 500 m, we get
an image on the negative at a scale of 1:10,000 (500/0.05).
For hand-held oblique photography, the use of a lens with a
significantly longer focal length (a so-called telephoto lens)
is mostly impractical in aerial prospection because such an
arrangement can capture only small views and the image is
too enlarged to be held steadily in the viewfinder because of
constant vibrations and turbulence affecting the aircraft and
its crew during the flight. In addition, the necessity to use
a fast shutter speed in order to avoid blurred images calls
for a wide aperture, which may in some cases decrease the
sharpness of certain parts of the picture. Hence in oblique
photography we can hardly obtain a significantly higher
nominal scale than the value stated above.

Obtaining vertical images at approximately this same
scale is not particularly a problem (for example, with the
once common wide-angle aerial camera with =152 mm
from an altitude of 1,520 m above the ground). To give an
example from central Europe, a limited number of verticals
with this scale are available in the military archive of the
Czech Republic in Dobruska (Bfousek, Laza 2006), although
more frequently we can find photos there with a nominal
scale ranging from 1:20,000 to 1:30,000. Nevertheless, large
format negatives (18%18 cm or more recently 23x23 cm) can
be enlarged without any significant loss of detail. Thus, we
can conclude that in the end, we are working with enlarged
oblique and vertical photographs of comparable scales (see
also Doneus 1997; Palmer 2005, 103-104). Furthermore,
the scale of oblique photographs dramatically decreases
from the foreground to the background of the image, which,
together with the distortion of shapes due to perspective,
usually leaves parts of oblique photographs useless for
detailed analysis.

Oblique photography using medium or large format film
still has the advantage that we can get a greater enlargement
of the details on the positive compared to vertical imaging
from a greater height, but today most oblique photographs
are probably taken on small format film or, increasingly, by
a digital sensor, the resolution of which has only slowly been
improved to approach the standard common in analogue
photography. Past studies have concluded that the necessary
density of data was not present in the primary digital record
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due to obvious technical limits and that digital imaging
could not at that time surpass traditional film (Owen 2006;
Verhoeven 2007). However, the emphasis on a completely
digital workflow is strong, and there are also further benefits
stemming from the use of digital technology for data
collection, which will likely dictate future trends (Heipke
et al. 2006).

Small, mass-produced cameras and their lenses are
usually designed for entirely different purposes and are
subject to other standards than those used in professional
aerial cameras; this has an impact on the quality of the data
collected together with differences in the types of media
used for data storage (Scollar et al. 1990, 78—121). However,
archaeologists may tolerate greater imprecision in the ground
location of the objects of their interest (up to several metres
or more, depending on circumstances) in contrast to some
highly specialised geodetic applications. So the distortion
caused by using non-calibrated cheap cameras is usually not
considered fatal.

GERMANY

CZECH REPUBLIC
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4. Interpretive vs. analytical approach to aerial
reconnaissance

Oblique photography is essentially a very selective type of
data collection, and thus it represents a synthesizing approach
to archaeological survey. It is usually undertaken from a small
plane with the aim to photographically record, in the best way
possible, the features that attract the attention of the observer
and seems significant for an archaeological understanding of
the targeted area at the time of flyover (Figure 3).

This means that during the flight a synthesis of empirical
observation is taking place, leading to the decision of
whether or not permanent documentation should be made.
The whole process is rather quick, executed simultaneously
with ongoing navigation and communication with the pilot,
and often in somewhat stressful conditions caused by air
turbulence, sharp sunlight or nearby air traffic. Undoubtedly,
this work environment is not ideal for any kind of in-depth
analysis and researchers working in this field generally agree

Figure 3. GPS record of “synthesizing
survey” flights conducted by the author
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that only the most distinctive features are usually recorded
where their presence is expected beforehand and the attention
of the researcher is focused on this specific task. Apart from
these, there may be many other remains of past human
activities in the studied region, overlooked or neglected for a
number of reasons that escape recording even after relatively
intensive survey periods (Gojda 2003, 71-72).

This potential weakness of a synthesising strategy
to aerial survey is well documented by the following
example: In Scotland, where aerial prospecting has been
used since the 1940s, the elongated prehistoric enclosures
of the cursus type remained virtually unknown until
the 1970s, probably because their presence was not
expected there and attention had been paid mostly to
the remains dating from the Roman period. During the
last forty years, their number has increased to several
dozens thanks to prospecting redirected toward their
identification and partially due to the reinterpretation of
previously-taken images. A new analysis of these older
photos has shown that they had already captured these
features, but their original interpretation was incorrect
(Brophy, Cowley 2005).

Vertical imaging represents a very different method —
one which can be labelled as an “analytical approach”
to data collecting. In this case, photographing a selected
area is undertaken systematically (sticking to chosen
technical parameters, such as the flight height and flight
path, focal length of camera, number of photographs

necessary to cover the extent of studied landscape
transect, efc.) and represents a spatially continuous
record of the landscape under comparable conditions
(light, state of vegetation, efc.) over the whole surveyed
area (Figure 3). The specialist analysis, synthesis of
information and its interpretation take place after the
flight has ended. It is then possible to apply various
approaches to the evaluation of the captured images,
their analysis can be done independently by more
people, it is plausible to apply a range of technical tools
that complement or enhance the human senses, and
so forth. In this way we can repeatedly look at large
portions of the landscape in detail and in conditions
which are more favourable to the identification of even
relatively unpronounced and previously unexpected
features. Photographs taken by vertically-oriented aerial
reconnaissance cameras also represent a technically
standardised visual record of the Earth’s surface
(Figure 4), which requires less geometric transformation
for precise mapping compared to oblique images. Here
we touch on the field of photogrammetry, the science
of accurate measurements of real-world objects by
means of their photographic representation. Advanced
methodologies of photo orthorectification have been
developed and are improving further (Schenk 2004); the
necessary procedures and tools are today incorporated
in a number of available computer programs (Heipke
1996; Pavelka 1999; Lillesand et al. 2015).

Figure 4. An example of three overlapping vertical aerial photographs from a single sortie, providing a systematic record of the landscape.
Source: Military Geographical and Hydrometeorological Institute in Dobruska, adapted by the author.
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Figure 5. Mnetés, Litomefice District,
Czech Republic. Gradual dilapidation of a
former sheep house, as recorded on vertical
aerial photographs in 1946 (A), 1973 (B)
and 2007 (C). A pronounced linear cropmark
on the youngest picture reveals the position
of a ditch dividing fields on both earlier
images. Source: Military Geographical and
Hydrometeorological Institute in Dobruska
(A, B) and Geodis Brno (C).
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Figure 5. Mnetés, Litoméfice District,
Czech Republic. Gradual dilapidation of a
former sheep house, as recorded on vertical
aerial photographs in 1946 (A), 1973 (B)
and 2007 (C). A pronounced linear cropmark
on the youngest picture reveals the position
of a ditch dividing fields on both earlier
images. Source: Military Geographical and
Hydrometeorological Institute in Dobruska
(A, B) and Geodis Brno (C). (Continuation)

Figure 6. VlkoSov, north of Plzen, Czech
Republic. The recent appearance of a late
mediaeval keep surrounded by a water-filled
moat (photo by the author from 24" April
2006).
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It is undeniable that working with vertical images
requires longer practical experience, tools for image
enlargement and, if possible, also technical equipment
for stereoscopic perception. When these requirements
are met, practically all vertical images can offer valuable
information for research into historic landscapes, even
though they may not necessarily be represented by the
spectacular cropmarks that the public (as well as many
professionals) primarily link with aerial archaeology.
A great many features of cultural heritage are preserved
in the landscape. Most of these remain unnoticed or
unrecorded due to several factors: researchers follow
other objectives set by their work agenda, or the current
theoretical paradigms of the relevant disciplines do not
favour particular types of sites, or researchers preferably
target other (better-preserved and more visually-striking)
study sites, and, last but not least, there is a lack of
knowledge about the technical possibilities of studying
these features.

Comparing the two categories of aerial photographs
from just one other perspective, we cannot assume that
the relatively few practitioners involved in oblique
aerial photographing in archaeology could record a
truly representative sample of all the possible classes of
remains and features of historic landscapes. Luckily there
are archives of vertical images in which the topography
of the entire country is unselectively recorded and by
which its appearance and condition has been periodically
monitored. Of course, some problems are encountered in
forested areas that are difficult to handle by conventional
photography. In this type of environment, airborne laser
scanning (ALS/LIDAR) today provides invaluable help
to an ever-increasing level, because laser pulses are, to
a certain degree, able to penetrate the vegetation canopy
(Doneus et al. 2008; Gojda, John 2013; Trier et al. 2015).
Despite these technological advances, aerial photographs
still remain an important source of information, as their
potential has so far only been evaluated to a minor level.
An extensive amount of yet unexamined data persists in
archives, as can be illustrated by the examples of deserted
field systems, mining areas, sheep houses, churches,
roads, tracks, efc. (Figure 5 gives an example illustrating
this point).

Another important advantage with vertical images is
that in permanently inhabited areas they always include
enough control points for precision mapping. Thus we
can avoid the issue that is quite typical for oblique images,
in which the effort to capture the archaeological features
in detail often (paradoxically) makes their precise metric
analysis impossible because of the lack of reliable ground
control points (Gojda 2004b, 100; Palmer 2005). Even in
cases when oblique aerial photos capture targeted sites in
their wider landscape context (which is not always the
case), they unavoidably suffer from great perspective
distortion of the ground representation that, combined with
other types of problems, complicates their geometrically
correct transcription onto a plan or map (e.g. terrain height
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variation, optical distortions of common cameras). Hence
mapping conducted on the basis of oblique photographs
meets significant difficulties, especially in regions with
larger areas of fields (and lower density of ground control
points), a situation quite common in many countries with
intensive agriculture.

Oblique imaging undoubtedly has its own advantages
as it offers great flexibility in the choice of timing and
viewing angles, as well as many options of working
with light to capture a visually impressive picture. It
also allows for experimenting with various photographic
techniques, media for data storage, efc. Images obtained
in this way usually well illustrate the general appearance
of historic sites to the wider public (Figure 6) because
they do not need to be magnified and they are taken
from a perspective close to everyday human experience
(Grady 2000, 25-26). Individual images of this kind
represent a detailed view of concentrated archaeological
information. This can be both an advantage and
disadvantage depending on the situation. The clear and
detailed definition of features is certainly a positive
aspect of oblique photography, but the absence of
a wider landscape context (which would facilitate
interpretation and mapping by referencing the local
topography) may be seen as its major disadvantage. By
contrast, the landscape setting of any place of interest is
naturally available for study in every systematic vertical
imaging (Doneus 2000, 36).

To sum up this section, the use of oblique images
in accurate mapping remains rather difficult and the
technical problems rapidly worsen with increasing
deviation of the image’s principal axis from vertical. The
optical parameters of the cameras used are usually not
known with sufficient precision and quite often rigorous
photogrammetric approaches cannot be applied.
Despite these problems, methods of their (approximate)
rectification are still available and in many cases they
can be considered sufficient. Apart from the option to
georeference raster images in present-day geographic
information systems (e.g. ESRI ArcGIS), there are
computer programs created specifically for aerial
archaeology, the best known of which are probably
Aerial and AirPhoto (Haigh 1995; Scollar 1998). These
are relatively cheap and easy to use, and even have the
option to take into account the terrain height to achieve
higher precision, but they necessarily lack the versatility
and extensive user support compared to the more
generally-oriented commercial products aimed at larger
markets.

A significant and virtually unavoidable problem with
many oblique images is the aforementioned absence of
a sufficient number of suitable ground control points,
which would allow accurate transcription of the image
into a map. In principle, the use of stereoscopic analysis
is possible for oblique images and would undoubtedly
aid their interpretation and transcription, but photographs
are usually not taken for this purpose and do not meet
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the requirements for facilitating a three-dimensional
perception.

Other aspects that we need to consider, along with the
basic technical parameters of the images, are the temporal
and financial constraints. Outsourced vertical imagery,
delivered by a national agency or commercial company
can in many ways save researchers’ time, allowing them
to dedicate their resources to specialised tasks linked
directly to their archaeological or cultural heritage
agenda. Prospecting with oblique imaging if it is to be
done effectively requires a virtually constant readiness to
make use of suitable meteorological and light conditions
and exchange costly flight time for documentation of
the highest possible quality. For a systematic project in
a chosen region, many flight hours during the year are
necessary, to which we must add not only the significant
time spent for every flight preparation but also the
subsequent recording of individual flight routes and the
observations made, archiving of photographs, efc. It is
estimated that each hour spent in the air requires four hours
(or up to eight hours, depending on circumstances) after
landing dedicated to these post-flight activities (Musson
1995, 63). The specialist analysis of the images and work
with the data collected can only commence afterwards.

5. Timeliness of aerial survey

One of the common complaints one can hear in the
archaeological community about vertical photographs is that

Figure 7. Harvested fields on an
enlargement of a vertical aerial
photograph from 1946. Source: Military
Geographical and Hydrometeorological
Institute in Dobruska.

most of them were commissioned for non-archaeological
purposes (e.g. for cartography or civil engineering) and
therefore are lacking properties that are optimal for
archaeological prospection. This raises the question of how
we can generally determine which season of the year is
best for archaeological reconnaissance. There is no doubt
that a heavy preference for one particular set of conditions,
typically those producing well-developed cropmarks (Riley
1979), is certainly productive in its one-sidedness (Gojda
2004b, 76), but at the same time, such an empirical bias
causes many other indicators of anthropogenic landscape
features to be neglected. Valuable information can certainly
be captured in any season of the year. This is not to deny
that having more historical photos taken in the main season
for cropmarks would be helpful (for central Europe, this
period is from May to July). We simply have to accept the
fact that these are rarely available in the existing archives
because the peak of the vegetative cycle is not an ideal
time for the collection of cartographic data. Fully grown
vegetation covers the terrain, causing difficulties for the
extraction of elevation models using the photogrammetric
method (Fabris, Pesci 2005).

Until the second half of the twentieth century, the
campaigns of aerial photo reconnaissance in the Czech
Republic were often undertaken when most fields had
been harvested (i.e. from high summer to the beginning
of autumn). Precise dates, apart from the year, were
usually not recorded or have not survived for the first
decades of systematic military reconnaissance in the
Czech Republic (this material is held in the archive of
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the Military Geographical and Hydrometeorological
Institute in Dobruska), but the season is indicated by
the numerous sheaves on the fields and by the typical
“envelope-like” pattern on larger stubble fields, caused
by harvesting the outer strip around the edges of a field
first, followed by another strip nearer to the centre and so
on (Figure 7). This means that a considerable portion of
the fields is free of standing crops in these photographs
and the anticipated marks showing the presence of sub-
surface archaeology can be identified only by chance on
fields that had not yet been harvested, or rather rarely on
stubble fields and grassland.

The national programmes of aerial photographic
campaigns for cartographic purposes in the Czech
Republic have in recent decades been undertaken in
April and May, which seems to be a bit too early for
the purposes of archaeological prospecting. However,
when the spring weather is favourable, we can get a very
good record of the early phase of cropmarks, either on
winter cereals (Figure 8) or on other early crops such
as rape (Brassica napus). In addition, when concurrent
favourable factors generate good conditions for the early
development of cropmarks, we can observe very fine
details thanks to the low height of plants, which later
partially disappear when the vegetation grows taller and
overweight stems tend to bend over.

Apart from the fact that we usually lack vertical
images taken at the height of summer, we also do not
have enough documentation from the winter season that
make use of snow marks (Becker 1996a, Abb. 1; 1996b,
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Farbtafeln XXXV-XXXVII; Braasch 1996; Fal3binder,
Irlinger 1996, Farbtafeln XXXI-XXXII; Frohlich 1997,
Abb. 7, 90, 91; Leidorf 1996, 42; Stanjek, FaB3binder
1996); such coverage is very rarely represented in many
existing archives. Some hope in this respect is offered by
the surviving photographs taken in air reconnaissance
during the Second World War and during the subsequent,
so-called Cold War period (Cowley, Stichelbaut 2012;
Going 2002; 2006; Raczkowski 2004), where these
seasons might be better represented, even though the
geographical coverage and actual number of surviving
photographs will be limited.

Another temporal layer for comparison of vertical
and oblique imaging is the time of day when the
photographs of a given area are taken. Here we also
encounter a conflict between the needs of archaeology
and cartography. Oblique archaeological imaging
gains most information from photographs taken in the
morning and in the evening, when the low angle of
sunlight accentuates anthropogenic modifications in the
terrain (Figure 9) or even cropmarks by casting shadows
(Crawford, Keiller 1928; Gojda 2004b, 82). On the
other hand, vertical images commissioned primarily
for the purpose of making topographic maps are taken
at the time of day when shadows are minimal because
they diminish the “legibility” of the Earth’s surface and
hinder taking precise measurements in the affected areas
(Burnside 1979, 33). That is the reason why the terrain
often looks very flat and seemingly monotonous on
individual vertical photographs, but once we interpret

Figure 8. Horni Pocaply, Mélnik District,
Czech Republic. Maculae visible on a
field with a winter crop. An enlargement
of a vertical photograph taken primarily
for cartographic purposes on 28" April
2007. Source: Geodis Brno.
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Figure 9. Litice, Plzefi-mésto District. An oblique image captures a comprehensive view of the castle remains, highlighted by shadow marks, but it is not
suitable for their precise mapping (photo by the author from 20™ June 2005).

stereo-pairs of images allowing three-dimensional
perception this problem almost disappears (Avery,
Lyons 1981; Bradford 1957).

6. Impact of new technology

Current technological advances make some aspects of
aerial prospection significantly easier. These include digital
photography, GPS, GIS and Internet, which can all be
interconnected during the survey itself and the subsequent
processing of collected data (Doneus 2006; Leckebusch
2005; Nagy, Schlenther 2007). On the other hand, it should
be highlighted that the direction in which the development is
heading clearly leads away from the key role of individual
surveyors, whose personal dedication, skills and effort gave
birth to aerial archaecology and nurtured it from the very
beginning, to the coordinated cooperation between specialists
from a range of disciplines. Without such cooperation the
potential of the current technologies cannot be fully reached.
It logically follows that with this trend the financial cost of
survey undertaken by archaeologists is growing (and will be

growing), and so are the demands on their familiarity with
the technologies used and on securing the long-term storage
and maintenance of the fast-growing volume of typologically
varied data (Bewley et al. 1999; Doneus 2006).

Currently, we do witness an enormous increase in the
number of available types of UAVs (unmanned aerial
vehicles, or drones) in the civil sector. These devices will
dramatically reduce the costs of analytically undertaken
archaeological prospecting, especially in smaller study
areas, and they are capable of removing one of the few
truly apparent advantages of oblique imaging from small
aircraft: the high flexibility of the timing and recording
methods (Colomina, Molina 2014; Lambers ef al. 2007).
Considering this technological development, UAVs
may effectively close the gap between the two formerly
competitive strategies: the analytic approach of vertical
photogrammetric imaging, and the synthesising survey
strategy intrinsically connected with oblique imaging.
We are entering an era when we can utilise the complete
range of approaches from the purely analytic to the
precisely targeted interpretive prospecting, and take into
account specific research questions, environmental and
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technical constraints, as well as the limited budgets of
archaeological projects.

7. Conclusion

In contrast with surveys based on the practice of an
interpretive approach and oblique photography, analytical
aerial prospecting makes use of vertical photography where
the technical issues, including the necessary procedures
during flight and the primary archiving of images, are
taken care of by the specialised personnel of a particular
professional institution (so far it is unlikely that this type of
imaging could be effectively undertaken by archaeologists
themselves). The archaeologist can thus invest the financial
resources into purchasing the ready-to-use data providing
a complete and standardised analytical coverage of the

-747800 -747700
1 1

-747600
1

study area instead of buying flight time for one’s own aerial
reconnaissance. The researcher’s time can then be dedicated
to the study and interpretation of the delivered imagery—that
is, directly to specialised archaeological work.

While systematic analytical surveys are highly
advantageous for archaeology in many aspects,
there remain some problems which justify oblique
photography to be undertaken in parallel. Factors in
favour of synthetic aerial survey include the relative
freedom to mix various aspects that play a key role when
certain knowledge enhancement requires very specific
details to be captured in pin-pointed areas — details that
need the carefully targeted effort of a skilled specialist
in historic landscape studies. Oblique imaging has often
contributed to a successful interpretation with details
not visible on vertical images. Hence the approaches can
be considered complementary in many respects and the

Figure 10. Led¢ice, M¢lnik District.
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Table 1. A comparison of selected characteristics of vertical and oblique aerial photos (i.e. analytical and synthetic survey) in the Czech Republic.

Parameter Vertical imaging Oblique imaging
Strategy of research + analytic — synthetic
Intensity of data collecting + high —low
Landscape context +yes —no
Enough control points +yes — often no
Possibility of 3D analysis +yes —no
DMT calculation + yes —no
Orthorectification +yes — problematic
Archives of historical images + yes —no
Interpretation requirements —high + low
Flexibility —low + high

most productive projects will probably be those that will
manage to get the most from combining both strategies
(Doneus 2000, 36—38). One example of results obtained
by this combined strategy is shown in Figure 10.

The redundancy of data produced using both methods
is also useful as it brings the possibility to control
the spatial delimitation and interpretation of features
of uncertain origin and/or function. Independent
observation (imaging) and the mutual evaluation of
various interpretative alternatives is often critical
for finding a satisfactory understanding of enigmatic
discoveries, which can be subsequently tested by
geophysical survey, field-walking, test excavation and
the like. By combining both survey strategies we can
successfully bridge the known differences between their
capabilities, which are often apparent in the practice
of both surface survey (field-walking) and aerial
prospecting. The analytical approach usually brings a
quantitatively and spatially well-balanced distribution of
data, but compared to the synthesizing approach it lags
behind in quality and richness of detail that can only be
present when our attention is focused at an optimal time
on one spot where this detail is momentarily accessible.
An attempt to summarize the pros and cons of both
strategies of data collection is shown in Table 1.
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