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Abstract—In three field seasons, the Roman towns Falerii
Novi and Interamna Lirenas (Lazio, Italy) were surveyed using
ground-penetrating radar (GPR). The aim was to take
maximum advantage of the high resolution capability of the
GPR technique. Beside the choice of the antenna frequency,
unaliased data recording is important when undertaking a full-
resolution GPR survey. In this project, the use of a GPR array
allowed a high sample density (~0.05 m in in-line direction, and
~0.06 m in cross-line direction). The accuracy and precision of
the positioning by means of an RTK GNSS and a robotic total
station nearly fulfilled the requirement that the accuracy and
precision should be better than half the required sample
density (in this case ~0.04 m). The data were 3D migrated,
which improves the lateral resolution. The results of the survey
contributed to the understanding of the investigated Roman
towns and their early development. For example, private
houses, revealed in detail, confirm the existence of a regular
pattern of land allotment.

Keywords—Ground-penetrating radar (GPR), unaliased
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1. INTRODUCTION

As part of the “Beneath the surface of Roman republican
cities” project, which started in 2015, a full-coverage
ground-penetrating radar (GPR) survey was conducted of
two Roman towns in Lazio (Falerii Novi and Interamna
Lirenas), which are important for understanding the
development of urbanism in Roman Italy. GPR is based on
the reflection of radio waves at transitions between materials
with a different dielectric permittivity ¢ (in soils, ¢ is strongly
affected by the moisture content). The amplitudes and travel
times of the reflected waves are measured, resulting in
vertical radargrams. Combining many parallel radargrams
allows extracting horizontal slices at different depths [1].

Beside the capacity to produce 3D data, GPR can also
provide information with a higher resolution than most other
geophysical techniques used in archaeology. Therefore the
aim of the investigations at Falerii Novi and Interamna
Lirenas was to take maximal advantage of the high-
resolution capacity of the GPR technique (‘full-resolution’
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GPR imaging), in order to understand the origins and early
development of these two Roman towns. To do this, an
appropriate survey methodology is needed. The choice of the
antenna frequency affects the vertical and horizontal
resolution, and the interpretability of smaller figures. The
sample density is also essential for a reliable interpretation: a
full-resolution GPR survey requires unaliased data recording
[2]. Furthermore, the data need appropriate processing before
they can be interpreted in a meaningful way.

After a brief description of the two Roman towns
investigated, we discuss these theoretical requirements, and
we indicate how and to which extent our survey has fulfilled
them. We then present some results, and show how the
archaeological understanding of Falerii Novi and Interamna
Lirenas has benefited from the high-resolution GPR surveys
carried out within this project.

II. FALERII NOVI AND INTERAMNA LIRENAS

A. Falerii Novi

Falerii Novi, situated about 50 km north of Rome (Fig.
1), near Civita Castellana, was founded in the 241 BC, after
the defeat of the Faliscan revolt. The exact nature of the town
has remained uncertain. Owing to the lack of recent
development, the site, covering an area of 30.6 ha, lies in
open fields occupied only by a church and a former
monastery, now used as a farm. It is surrounded by an
impressive republican town wall. Falerii Novi has seen little
excavation, with the exception of work in the early 19™
century and a large trench excavated in the 1960s. As a
consequence, our evidence for the town comes almost
exclusively from non-invasive methods. In the 1990s, a
fluxgate gradiometer survey led by Simon Keay and Martin
Millett with the British School produced the first complete
plan of a Roman town in Italy [3]. It revealed the overall
layout of the town and the original street grid, and suggested
how this original plan subsequently expanded up to the town
walls. The survey also revealed a series of temples around
the periphery of the town [4]. A fluxgate gradiometer survey
of the area immediately outside the walls on the northern
side of Falerii Novi was undertaken between 2002 and 2008
[5].
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Fig. 1. Location of the two investigated Roman towns

B. Interamna Lirenas

Interamna Lirenas is situated in the Liri valley, about 100
km south of Rome (Fig. 1), near Cassino. It was founded as a
Latin colony in 312 BC, following the Roman conquest of
the area, and abandoned probably in the second half of the 6%
century [6]. Today the site is used as agricultural field, on a
ridge between two streams, with the course of the Roman
Via Latina running along its axis. Unlike Falerii Novi, there
are only a few poorly preserved structural remains visible
above ground. There has been little past archaeological
investigation, except for a Canadian field survey led by Edith
M. Wightman. In 2010, the University of Cambridge started
an investigation aimed at exploring the long-term
development of the town and its hinterland, in collaboration
with the Soprintendenza. It involved a fluxgate gradiometer
survey of the complete town (2010-2012, see [7]),
systematic surface sampling and test pitting of the
ploughsoil, and the excavation of the roofed theater [§],
identified during a pilot GPR survey undertaken by the
British School at Rome in 2012-2013 [7].

III. METHODOLOGY OF THE GPR SURVEY

A. Data acquisition

1) Transect spacing: Data were collected in three field
seasons (2015-2017). A total area of 49.1 ha was covered
(26.6 ha at Falerii Novi, and 22.5 ha at Interamna Lirenas).
We used a Sensors & Software Spidar GPR network,
comprising fifteen single antennas with a center frequency of
500 MHz. This frequency has proven to be effective for the
prospection of Roman urban sites, see e.g. [9,10]. The
antennas were mounted onto a wooden cart towed by an all-
terrain vehicle (ATV). Since the width of one antenna
housing is ~0.25 m, arranging the antennas in two rows (of
eight and seven antennas), offset with respect to one another,
resulted in a profile spacing of 0.125 m (Fig. 2).

The transformation of representative profiles into the
frequency-wavenumber domain [10] resulted in a maximum
spatial frequency of ~6 m™! for a temporal frequency of ~450
MHz. Hence the maximum sample interval for unaliased
data collection was approximately 0.083 m. As a
consequence, the profile spacing of 0.125 m did not fully
meet the requirements for an unaliased GPR survey allowing
to achieve maximum resolution. Therefore a second pass was
made to reduce the transect spacing further to 0.0625 m (Fig.
2). Readings were taken every 0.05 m along the transects.

2) Positioning accuracy and precision: For an unaliased
survey, position accuracy and precision should be better than
half the required sample density, in order to unambiguously
assign each GPR measurement to the correct grid position
[2,11]. When we apply this to the surveys carried out at
Falerii Novi and Interamna Lirenas, positioning precision
should be better than 0.042 m. We acquired position data
with a Leica GS15 real time kinematic (RTK) GNSS
instrument, which received corrections from reference
stations via mobile internet. Of our GNSS measurements,
~85 % had a 3D coordinate quality (CQ) better than 0.02 m.
The 3D CQ is calculated such that there is at least a two third
probability that the computed position deviates from the true
position by less than the CQ value [12]. In areas where the
GNSS readings were not precise enough (because of a low
number of satellites when measuring under trees, or because
the mobile internet connection was interrupted), a Leica TS
15 3” robotic total station was used.
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Fig. 2. Recording scheme used during the GPR surveys at Falerii Novi and Interamna Lirenas. The antennas were mounted in two rows so that the spacing
between the profiles is 0.125 m (red lines). Two passes were made, following theoretical lines with a distance of 0.0625 m between them (grey lines). The
second pass allowed further reducing the transect spacing to 0.0625 m (green lines). M = theoretical midpoint of the array.



In tracking mode, the accuracy of its distance
measurements is 0.003 m + 1.5 ppm, and the accuracy of the
angular measurements is 1 mgon [13]. For the distances
measured during the GPR surveys (< 200 m), this results in a
3D CQ usually better than 0.005 m [12]. Since the total
station was set up by means of a resection using multiple
GNSS points, the 3D CQ of the GNSS and of the total
station should be added when assessing the accuracy of the
total station measurements.

Another important factor in the quality assessment of the
positioning data is how closely the theoretical transects were
followed by the GPR operator during data acquisition. As
described, the GPR surveys at Falerii Novi and Interamna
Lirenas were conducted with single antennas in parallel,
fixed onto the cart so that the cross-line spacing between the
antenna midpoints was 0.125 m. During the second pass,
made to further reduce the cross-line spacing, profiles had to
be acquired between the previously recorded ones (Fig. 2).
Therefore it was crucial that the theoretical path was
followed closely when driving the ATV. The coordinates
measured by the RTK GNSS or total station were fed into a
navigation system guiding the driver so that the desired
trajectory was followed as closely as possible. The root-
mean-square operator error (i.e., the distance between the
location of a theoretical grid point, and the location of the
closest measurement actually taken) was 0.029 m (0.014 m
in in-line direction and 0.026 m in cross-line direction).

Coordinate accuracy is also affected by latency (the time
delay between the position measurement and its fusion with
the GPR data). Because of the low speed of the ATV (~0.5
m/s) in order not to damage the GPR sensors when stones lie
at the surface, it can be assumed that latency had only a small
influence. The total positioning accuracy (the accuracy of the
GNSS and total station measurements, and the accuracy
when driving the ATV) in in-line and cross-line direction can
thus be estimated not to exceed 0.06 m. This nearly fulfils
the criterion described above (0.042 m).

3) Attenuation of the GPR signal by soil moisture: In
soils with higher conductivity, GPR waves can be attenuated.
The large contribution of the moisture content to the soil
conductivity is illustrated in Fig. 3, which shows a small part
of the GPR survey results from Interamna Lirenas. The
measurements in Fig. 3a were conducted on 23 July 2016,
when the soil was very dry after a long period without rain.
The same area was surveyed again on 31 July, after five days
of rain (24-28 July) and two dry days (29-30 July). A
deterioration of the signal-to-noise ratio is visible: the noise
stripes in the direction of the survey lines are stronger, and
some building traces are less clear or absent in the data set
collected in soil with a higher moisture content (Fig. 3b).
Further tests demonstrated that it was optimal to wait three to
seven days for the ground to be dry enough before
continuing the survey, depending on the amount of rain.

4) GPR antenna height: The radiation pattern emitted by
GPR antennas is dependent on their elevation above the
surface. Simulations [14] showed that as a dipole antenna is
raised 0.05 m, the amplitude decreases. This effect is more
significant when the antenna height is 0.20 m. Moreover, the
radiation pattern becomes more directional. Because of this
higher directivity, the horizontal spatial bandwidth decreases,
and therefore also the horizontal resolution. These
calculations correspond well with the results of field tests
comparing an air-launched and a ground-coupled stepped-
frequency continuous wave GPR array [15].
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Fig. 3. Time slices from Interamna Lirenas, at an estimated depth of 0.55—
0.60 m, showing wall fourndations. (a) After a long period of drought. (b)
After five days of rainfall, the signal-to-noise ratio has deteriorated because
of the attenuation of the GPR waves.

Especially over more conductive soils, the ground-
coupled array produced a better signal-to-noise ratio in the
deeper reflections, and longer diffraction tails indicating a
wider antenna radiation pattern and a higher spatial
resolution. At Falerii Novi, we compared the response of the
Spidar system when the antennas were resting on the surface,
with the results for an antenna height of 0.20 m. Of the
archaeological features visible in the data set collected with
zero antenna height, only few could be detected when the
height was increased to 0.20 m. Therefore, despite some
advantages (an easier use on uneven terrain and the absence
of artefacts due to ground-coupling difficulties), the reduced
depth of penetration prevented the use of air-coupled
antennas. This conclusion warranted the work carried out to
prepare the fields in order to ensure the best possible contact
of the sensors with the surface: the vegetation was cut short
and stones, fragments of roof tiles and other debris were
removed. At Falerii Novi, this occurred mainly manually, a
laborious process. At Interamna Lirenas, a different method
was adopted, using a road roller to push stones into the
topsoil after the vegetation had been cut.

B. Data processing

After the elimination of the low-frequency component in
the signal (dewow, using a window of 4 ns), time zero was
aligned. This occurred automatically through the selection of
a trace from the profile, and the computation of the cross-
correlation of this trace (the template) and each individual
trace in the profile. The traces were then shifted upward or
downward, based on the amount of shift that yielded the
highest cross-correlation. The smallest increment for the
shifting was 1/10 of a temporal sample (0.02 ns). Time zero



was then set at the zero amplitude point before the first
positive peak. The same gain function was applied to all
traces to enhance later arrivals and preserve relative
amplitudes. It was based on the inverse average envelope of
the amplitude of all traces, smoothed using a moving average
filter with a length of 3 ns. Furthermore, a low-pass
frequency filter (1 GHz) was applied.

The GNSS receiver or the total station prism were
mounted above the theoretical midpoint (M) of the array
(Fig. 2). The coordinates of the antennas were calculated
taking into account the direction of the array, which was
determined by looking at the two nearest surrounding
coordinates of M, and the known distance of the individual
antenna midpoints from M both in in-line and cross-line
direction. The GNSS receiver allowed a coordinate
acquisition with a frequency of 20 Hz, so that the position
was known for each GPR trace. When the total station was
used, the acquisition frequency was < 5 Hz, so that the
position was not available for each GPR trace. To the
intermediate traces, coordinates were assigned by linear
interpolation between the two nearest available total station
measurements. Horizontal slices were produced by
interpolating the data onto a regular grid of 0.05 m x 0.05 m
using Delaunay triangulation, involving linear interpolation
between the amplitudes at the corners of the triangle
surrounding the grid point.

In the profiles, considerable banding was visible.
Background removal (the subtraction of the average of all
traces in a profile from each individual trace) did not entirely
remove stripes in the time-slices, caused by variations in the
amplitudes recorded by the different channels in the network.
These were more adequately suppressed by calculating the
average of the data recorded by each channel within a swath,
and equalizing these average values. This process was
repeated for each temporal sample.

TABLE L AVERAGE GPR WAVE VELOCITY FOR DIFFERENT TWO-
WAY TRAVEL TIMES AT THE TWO INVESTIGATED SITES

Two-way travel time Velocity (m/ns)
(ns) Falerii Novi Interamna Lirenas
10 0.097 0.091
35 0.070 0.072

Migration velocity analysis (MVA), performed at 550
locations (275 at each investigated site), resulted in a nearly
identical average wave velocity at both sites (0.087 m/ns at
Falerii Novi, and 0.086 m/ns at Interamna Lirenas). When a
linear polynomial is fitted to the MVA results, the velocity
can be shown to decrease with increasing two-way travel
time (TWTT; Table 1). There is also a lateral velocity
variation: the standard deviation of the velocities at a
particular TWTT is usually around 0.01 m/ns. Using the
obtained GPR wave velocities, the data were migrated with a
3D phase-shift algorithm [16]. Beside data recording in a
dense grid, migration improves the lateral resolution. It
collapses diffractions, moving reflections to their correct
location at the apex of the hyperbola, and it removes out-of-
plane reflections [2]. This is illustrated in Fig. 4, a time-slice
showing the eastern part of the theater at Falerii Novi. After
migration, the boundaries of several features are sharper. An
example is the curved structure marking the transition
between the orchestra (the semi-circular central part of the
theatre) and the lower cavea or seating area. Also the edges
of the radial walls supporting the upper cavea are clearer.
Although their thickness varies, we can estimate that these
walls were ~1.25 m thick.

Fig. 4. GPR time slice between 22 and 23 ns (corresponding to a depth of approximately 0.85-0.90 m) from Falerii Novi, showing the eastern part of the
theater. Of several structures, the edges are sharper in the image after 3D migration (right), especially near the arrows.



So far, conventional elevation static corrections have
been applied to the GPR data. In general, topographic relief
was moderate at the two investigated sites. At Interamna
Lirenas, there are strong undulations near the boundaries of
the survey area with maximum surface gradients of ~23 %,
although in these areas no archaeological traces were
detected by the GPR. At Falerii Novi, the gradient exceeded
10 % in a few locations. A gradient of ~15 % occurred for
example in the theater area (Fig. 4), which is still visible in
the topography. If there are strong undulations in the
topography (>10 %), conventional methods are not sufficient
for correcting the GPR data for the topography. Topographic
migration [17,18] will be applied to correct the data collected
in areas where the acquisition surface was very uneven.

IV. RESULTS AND ARCHAEOLOGICAL INTERPRETATION

In the previous section, it was described how the GPR
surveys at Falerii Novi and Interamna Lirenas attempted to
achieve maximum resolution through a high sample density
allowing unaliased data recording, and by applying 3D
migration. How this high resolution can contribute to the
understanding of these towns and Roman urban centers in
general, becomes clear when the domestic buildings in the
GPR data are analyzed. At Falerii Novi, the fluxgate
gradiometer survey conducted in the 1990s demonstrated
that the town was densely occupied, with a number of public
buildings surrounded by private houses. Most of the larger
houses were found in the insulae at the center of Falerii
Novi, and are oriented east-west. This led Keay et al. to
suggest that an original, regular pattern of land allotment
could be discerned [3]. This can now be confirmed on the
basis of the GPR results, which reveal some of the houses in
great detail, especially in the area southwest of the forum.
Here, individual rooms of the houses can be discerned,
through the wave reflections caused by the walls that delimit
them, or (more often) through the reflections of the floors,
where the walls form negative anomalies (areas without
reflections). In this area, the size of the individual parcels
appears to be approximately 30 m x 15 m, although, as
observed by [3], it is not always straightforward to draw the

boundaries of houses since several original parcels may have
been combined into a single property at a later date.

Also when it comes to public buildings, GPR and
magnetometry data reveal complementary views. At Falerii
Novi, the GPR provides evidence for big buildings that were
not visible in the fluxgate gradiometer data. Examples are a
temple near the south gate, a bath complex with a central
octagonal hall, an octagonal macellum (market hall) in the
western part of the town, and a three-sided portico near the
north gate, covering approximately 100 m x 40 m. Also at
Interamna Lirenas, the basilica and a number of porticoed
enclosures were previously unknown. At other locations, the
fluxgate gradiometer survey produced a clearer image. For
example, at Falerii Novi, the tabernae (shops) on the forum
are more comprehensible in the magnetometer data, whereas
they do not show clearly in the GPR results.

This complementary character illustrates the need to
compare and combine as many different data sets as possible
(geophysical data, but also results from field walking, test
pitting or excavations) in order to achieve a reliable
archaeological interpretation. One step further than the side-
by-side analysis of different data sets is the combination of
data to produce a single output image: ‘data integration’ or
‘data fusion’. There are many data integration methods
[19,20]. In a simple example from Interamna Lirenas,
showing a residential building, a semi-transparent layer
containing magnetometer data has been superimposed on a
GPR time-slice. The fluxgate gradiometer data (Fig. Sa)
show magnetic anomalies of up to ~40 nT. Combination with
the GPR data (Fig. 5b), in which the walls or foundations
show up more clearly, provides the context of the magnetic
anomalies (Fig. 5c). Given the strength of the anomalies, one
might interpret them as the result of heating (e.g. a
hypocaust), although the excavation of the theater (see
below) demonstrated that similar magnetic anomalies were
caused by floor surfaces or debris. Indeed, even if they are no
longer in the same direction as when they were fired in a
kiln, bricks can cause high magnetic readings as the
remanent magnetization vector turns toward the direction of
the Earth’s magnetic field with time [21].
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Fig. 5. (a) Fluxgate gradiometer data from Interamna Lirenas, data range: -20 nT (white) to 20 nT (black). (b) GPR time slice between 11 and 12 ns
(corresponding to a depth of approximately 0.45-0.50 m). These data show the complementary character of both techniques. Whereas in the GPR data the
walls or foundations of a probable residential building are better resolved, the strong magnetic anomalies can give further information on this complex: these
could, for example, represent a large quantity of debris. When both data sets are fused (c), this evidence can be assigned to a few specific rooms in the

building.



At Interamna Lirenas, the roofed theater (theatrum
tectum or odeum), built in the second half of the 1% century
BC [8], has been excavated entirely (2013-2017). This
provided an opportunity to assess the GPR wave
attenuation and signal penetration depth. Before the
excavation, the GPR survey, carried out in 2015, had
produced information on the walls supporting the upper
part of the cavea, and the on the scaena wall which forms
the background of the pulpitum (stage), down to a depth of
~1.8 m. These GPR data corresponded well with the
excavation results. However, the lower part of the cavea
and the wall separating the pulpitum from the orchestra are
absent in the GPR images. We measured the elevation of
those excavated structures which in the time-slices
correspond with the maximum depth of the GPR signal
penetration (e.g., the transition between the lower and
upper cavea), and compared this with the digital elevation
model measured simultaneously with the GPR
measurements before the excavation. This comparison
showed that structures starting at a depth greater than
~0.75 m had not been detected by the GPR. Although this
value is not necessarily valid for the entire towns
investigated, it indicates that even during periods of dry
weather, such as at the time of the prospection of the
theater (July 2015), the attenuation can be considerable. It
also raises the question on how to interpret the absence of
features in the GPR data (e.g. in the lower areas near the
edges of Interamna Lirenas): are these due to a real
absence, or to a limited depth of the GPR signal
penetration? Further investigations (electrical resistivity
imaging, augering, test excavations) can clarify this.

V. CONCLUSION

When the high-resolution capacity of GPR is fully
utilized, this technique can provide a wealth of information
about Roman towns. At Falerii Novi and Interamna
Lirenas, unaliased data acquisition, involving a dense
sampling strategy, combined with 3D migration, revealed
temples, baths, porticoes, and private houses in great
detail. By combining an array of single GPR antennas with
accurate, centimeter-precise positioning instruments, a full-
coverage survey of both towns became possible, shedding
light on their origins and development. Although it was
demonstrated that attenuation was important, the GPR
prospection was able to pick up relevant structures since
these were mostly shallow. As GPR informs only on one
physical soil property, combining it with other types of
information enhances the interpretative potential. This was
illustrated with the fusion of magnetometer and GPR data.

ACKNOWLEDGMENT

The “Beneath the surface of Roman republican cities”
project is a collaboration between the Faculty of Classics
of the University of Cambridge, the Department of
Archaeology of Ghent University, the British School at
Rome, the Soprintendenza Archeologia, Belle Arti e
Paesaggio per 1’Area Metropolitana di Roma, la Provincia
di Viterbo e I’Etruria Meridionale (F. Trucco), the
Soprintendenza Archeologia, Belle Arti a Paesaggio per le
Province di Frosinone, Latina e Rieti (G.R. Bellini), and
the Comune di Pignataro Interamna. The GPR work was
conducted in the framework of a postdoctoral fellowship of
the Research Foundation — Flanders (FWO), grant No.
12G2217N — Lieven Verdonck.

(1]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

REFERENCES

H. Jol, Ground penetrating radar: theory and applications.
Amsterdam: Elsevier, 2009.

M. Grasmueck and D. A. Viggiano, “Integration of ground-
penetrating radar and laser positioning sensors for real-time 3-D
data fusion", I[EEE T. Geosci. Remote, vol. 45, pp. 130-137, 2007.

S. Keay, M. Millett, S. Poppy, J. Robinson, J. Taylor, and N.
Terrenato, “Falerii Novi: A New Survey of the Walled Area,” Pap.
Brit. Sch. Rome, vol. 68, pp. 1-93, 2000.

M. Millett, “Urban topography and social identity in the Tiber
Valley,” in Roman by integration: dimensions of group identity in
material culture and text, R. Roth and J. Keller, Eds. Portsmouth,
RI: Journal of Roman Archaeology, 2007, pp. 71-82.

S. Hay, P. Johnson, S. Keay, and M. Millett, “Falerii Novi: further
survey of the northern extramural area”, Pap. Brit. Sch. Rome, vol.
78, pp. 1-38, 2010.

G. R. Bellini, A. Launaro, and M. Millett, “Roman colonial
landscapes: Interamna Lirenas and its territory through antiquity,”
in Roman republican colonisation: new perspectives from
archacology and ancient history, J. Pelgrom and T. Stek, Eds.
Rome: Papers of the Royal Netherlands Institute in Rome, 2014,
pp. 255-275.

G. R. Bellini, S. Hay, A. Launaro, N. Leone, and M. Millett,
“Interamna Lirenas (Comune di Pignataro Interamna, Provincia di
Frosinone, Regione Lazio)”, Pap. Brit. Sch. Rome, vol. 81, pp.
358-360, 2013.

G. R. Bellini, A. Launaro, N. Leone, M. Millett, L. Verdonck, and
F. Vermeulen, “Interamna Lirenas and its territory (Comune di
Pignataro Interamna, Provincia di Frosinone, Regione Lazio)”,
Pap. Brit. Sch. Rome, vol. 86, 2018, in press.

J. Bradford, K. Huntley, H. Friedman, and M. Boyles, “Ground-
penetrating radar surveys to investigate the Roman colony of
Libarna,” in Proceedings of the 17th International Conference on
Ground Penetrating Radar (GPR), 2018, pp. 60—64.

L. Verdonck, D. Taelman, F. Vermeulen, and R. Docter, “The
impact of spatial sampling and migration on the interpretation of
complex archaeological ground-penetrating radar data,” Archaeol.
Prospect., vol. 22, pp. 91-103, 2015.

L. Verdonck, F. Vermeulen, R. Docter, C. Meyer, and R. Kniess,
“2D and 3D ground-penetrating radar surveys with a modular
system: data processing strategies and results from archaeological
field tests,” Near Surf. Geophys., vol. 11, pp. 239-252, 2013.

Leica Geosystems AG, Leica Viva Series Technical Reference
Manual. Heerbrugg: Leica Geosystems AG, 2012.

Leica Geosystems AG, Leica Viva TS15 datasheet. Heerbrugg:
Leica Geosystems AG, 2010.

J. van der Kruk, “Three-dimensional GPR imaging in the
horizontal wavenumber domain for different heights of source and
receiver antennae,” Near Surf. Geophys., vol. 2, pp. 25-31, 2004.

N. Linford, P. Linford, and A. Payne, “First results from a new
ground-coupled multi-element GPR array,” Archaeologia Polona,
vol. 53, pp. 631-635, 2015.

0. Yilmaz, Seismic data analysis: processing, inversion and
interpretation of seismic data. Tulsa: Society of Exploration
Geophysicists, 2001.

F. Lehmann and A. G. Green, “Topographic migration of georadar

data: implications for acquisition and processing,” Geophysics, vol.
65, pp. 836-848, 2000.

N. Allrogen, J. Tronicke, M. Delock, and U. Boniger,
“Topographic migration of 2D and 3D ground-penetrating radar
data considering variable velocities,” Near Surf. Geophys., vol. 13,
pp. 253-259, 2015.

K. L. Kvamme, “Integrating multidimensional geophysical data,”
Archaeol. Prospect., vol. 13, pp. 57-72, 2006.

L. Verdonck, Ph. De Smedt, and J. Verhegge, “Making sense of
anomalies: practices and challenges in the archaeological
interpretation of geophysical data,” in Innovation in near surface
geophysics. Instrumentation, application, and data processing
methods, R. Persico, S. Piro, and N. Linford, Eds. Amsterdam:
Elsevier, 2018 (in press).

B. Bevan, “The magnetic anomaly of a brick foundation,”
Archaeol. Prospect., vol. 1, pp. 93—104, 1994.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


