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ABSTRACT
Ground Penetrating Radar “GPR” is a powerful geophysical technique capable to collect and
record detailed information about the shallow earth’s subsurface. Its application to map
archaeological ruins is growing fast and getting more precise. GPR technique involves trans-
mitting radar waves from a transmitting antenna, reflecting the waves off buried discontinu-
ities and measuring the elapsed time before the reflections are received again at the surface by
a receiving antenna. The area of interest is Saqqara. The data acquiring procedure and field
notes could be considered as the start point to process and interpret collected data sets. They
help also to bring the study’s outcome in an easy form, either in 2D and/or 3D images,
understandable by archaeologists. The generated images provide primary feedback that
could be used to establish an excavation site or to identify significant areas containing cultural
remains that would be better left untouched; therefore, the information can guide archaeol-
ogists to avoid destructing these locations. The present data set includes three grids (Grid 1,
Grid 2, and Free-line Grid) in the sum of 81 measuring lines. The data were acquired using
SIR4000 connected to a 200 MHz antenna applying time range of 200 ns with 1024 samples to
fulfil adequate resolution in depth and 80 scans per length for appropriate resolution in scan
direction. Global Navigation Satellite System (GNSS) network is constructed to improve the GPS
measurements over the entire site’s location and elevation. The data were processed in a way
to minimise the undesired signals and to emphasise the signals of use, and it was interpreted to
reveal the existence of archaeological remains. The results uncover the finding of incredible
varieties of archaeological objects such as tombs, sub-tunnels and catacombs, etc. It was also
noticed that depth of interest ranges from 0.6 to 3 metres on the basis of wave velocity of
0.1 m/ns.
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1. Introduction

Saqqara is one of the most important archaeological sites
in Egypt. It is located on the western bank of the Nile,
about 15 km to the southwest of Giza and 30 km south of
modern-day Cairo, and it is part of the vast Memphis
Necropolis. A Numerous royal tombs dated to the Old
Kingdom period (about 2600–2100 BC) are preserved in
the cemetery area with a dominant step pyramid com-
plex built in the 3rd Dynasty by Djoser-Netjerykhet
about 2650 BC (Adès 2007). Beneath the sands of north-
ern Saqqara is a wide network of catacombs, crammed
with the remains of millions of mummified animals. The
sampling of small areas and bone examination of their
contents suggest that the entire network is home to
eight million dogs, as well as a handful of cats and jackals
(Lehner 1997). It is thought that a small tunnel was built
to remove animal mummies which were then likely
ground up and sold as fertiliser (Harry 2007).
A detailed map of Saqqara area is drawn up showing all
the archaeological sites and exploratory mission sites
operating in Saqqara area are given in Figure 1.

Ground Penetrating Radar “GPR” is commonly used
for archaeological investigations. The technique is very
time effective and cost saver, i.e., it helps to reveal wide
areas in short times and low cost. Its capability to map
the fine details within the near-surfacemediumsmakes it
powerful to construct 3D geophysical-maps and images
of the subsurface at archaeological sites. GPR technique
involves transmitting radar waves from a surface
antenna, reflecting them off buried discontinuities and
measuring the elapsed time before the reflections are
received again at the surface (Shaaban et al. 2009; Davis
and Annan 1989). The development of the amplitude
slice maps and computer programs made GPR technol-
ogy more understandable to the archaeological commu-
nity and able to produce synthetic computer models of
buried archaeological features and associated stratigra-
phy. In Egypt, GPR is successfully used in imaging the
subsurface at several archaeological sites (Khozym 2003,
2007; Hafez et al. 2008; Sayed 2012; Atya et al. 2012). In
this study, the GPR survey is conducted using SIR4000
with the 200 MHz, and zig-zag configuration is
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implemented to acquire 3D grids at cells 1, 2 and free
lines grid. The outcome is a series of 2D section and slice
maps for different depths. Several signatures for corri-
dors, catacombs and rooms of burial at shallow depths
are identified and further field investigation is required.
The Ground Penetrating Radar (GPR) is a non-
destructive electromagnetic geophysical tool for detect-
ing subsurface anomalies and for estimating physical
characteristics of a medium in several geosciences and
engineering applications (Elkarmoty et al. 2017). GPR is
superior as its control units and antennae can be carried
in a cart or towed by a vehicle traversing at highway
speed (Lai et al. 2018). GPR is one of the most effective
tools for the characterisation of ground conditions in
urban areas (Hong et al. 2018).

Global Navigation Satellite System (GNSS) refer-
ence point network composed of five stations is con-
structed. They are left for a sufficient time to enhance
the accuracy of the coordinates and elevations. Then,
the entire site is surveyed using Stop-and-Go techni-
que; the stop locations are on significant places to the
GPR survey, and the collected data are corrected to the
GNSS reference points.

2. Meaning of artefact to GPR concepts

GPR technique involves transmitting high frequency
electromagnetic (EM) pulses from a surface sender
into the ground. If EM waves strike an object, they
will bounce back to the surface. The time elapsed
between the pulse being sent and received back will
provide evidence of depth. This process is enhanced
when hundreds of reflections are measured and

recorded by antennas. They are operated in a close
crisscross grid scheme to create a three-dimensional
interpretation of the sediment and feature changes
under the surface.

All sedimentary strata and buried artefacts in the
ground have physical and chemical properties that
influence the velocity of the EM energy spread.
Variations of the returned wave energy are indicative
of underlying archaeological features. Antennas that
are located above the ground will not work effectively
as their energy waves will fail to penetrate the ground,
as most will be reflected back from the ground surface.

3. Field survey

3.1. Topographic survey

It was necessary to elevate the topography of the area
proposed for the investigation; probably it would not
be possible to compensate the ground surface’s topo-
graphy in digital records, but gives at least
a declaration for removing the evenness effects on
the data. GNSS technique of surveying is selected for
constructing a reference station network composed of
five reference stations. Locations of such stations
should be carefully picked, where the stations'
locations are in a clear area, far away from any elec-
tromagnetic sources and metal structures, and mount
all reference stations on a homogeneous bedrock, if
possible. The reference GNSS network of five stations
is established in Saqqara plateau for determining and
enhancing the accuracy of the coordinates and eleva-
tions as shown in Figure 2. Then, the measurements of
the GPS points along all the grids (as in Figure 3)

Figure 1. A detailed map is showing all the archaeological sites and exploratory mission sites operating in the Saqqara area.
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associated with GPR survey are performed using recei-
ver’s type Trimble R8 using the Stop-and-Go techni-
que and they are corrected to the GNSS reference
points. Processing of the data set is performed using
Trimble Business Center software package (Trimble
2015) and other programs for the adjustment. The
sampling interval and elevation mask angle are fixed
throughout the survey at 1 sec and 5°, respectively.
The international GNSS service (IGS) precise ephe-
meris is applied in the calculation. GNSS results gave
a highly topographic map with accuracy within milli-
metre. The topographic map, resulting from the ana-
lysis, is plotted in Figure 4.

3.2. GPR data collection

The Sub-surface Interface Radar (SIR) model SIR4000
System (form the Geophysical Survey System
Incorporation (GSSI)) is used to collect the data at
the site. It is connected to a 200 MHz antenna and
a survey wheel as shown in Figure 5. Eighty-one GPR
profiles were carried out in zig-zag pattern distributed
on three grids; 1, 2, and Free-Line (as in Figure 3). The
first grid (Grid 1: 50 m x 50 m) includes 34 GPR
profiles, the second grid (Grid2: 50 m x 25 m) includes
35 GPR profiles, and the free-line grid includes 12
GPR profiles with different lengths.

Figure 2. Construction of the GNSS reference station network in Saqqara area.

Figure 3. A map of the location GPR three grids in the survey area.
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Figure 4. Topographic map of the study area.

Figure 5. Components of the used GPR system in the study area.

Figure 6. An example of GPR data before and after processing.
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4. GPR data processing

Data processing is a way to treat the collected data to
produce a simple image of the artefact easy to be
understood by the classic archaeologists. The present
data sets are subjected to processing using the Reflex-
Win7 version 8 (Sandmeier 2017). The processing
sequences were selected significantly to emphasise
the desired signals (signals of use) and depress the
undesired signals (noise). These sequences were
applied either to individual radar profile separately,
or to several sequenced profiles. Simultaneously, the
terms and filters within the processing’s sequences act
either vertically on traces (1D) or horizontally on 2D
ranges. Furthermore, the final 2D sections could be
arranged to be set in a 3D cubes or intersections.
However, in the following, we refer to the most effec-
tive processing functions and their physical impact
worked over the present data set. Figure 6 shows the
GPR record before and after applying the processing
sequence as follows:

(1) Subtracting the DC shift; the Transmitter-
Ground-Receiver signal pass act similarly as
a coupled AC circuit, it generates a phase shift
on the received wavefront masking real signal
of use. Normally, when the measuring device
and processing program of the same brand, it
comes automatically to remove the DC shift

(phase shift) to retain the zero-mean value. In
the present work, the filter acts on each trace
(1D) independently, it allows zero mean via
subtracting of an existing time constant shift
of 5 ns.

(2) Applying a background removing filter to
remove the horizontal banding that appears in
many GPR records due to the “ringing” of some
antennas, horizontal bands are recorded in
most profiles (Shih and Doolittle 1984;
Sternberg and McGill 1995). These bands can
be obscure reflection data that would be visible
on some profiles.

(3) Applying a band-pass filter (BPF); this filter
is defined by the setting of four frequency
values; the first and fourth points determine
the low and the high cut frequencies, respec-
tively. The second and third values identify
the lower and upper frequency plateau. The
relation between the low cut and lower pla-
teau and between the upper plateau and high
cut is represented by cosine wave equation.
The frequency spectrum values below the
low cut and above the high cut frequency
are set to zero.

(4) Running average acts on the chosen number of
traces. The filter performs running average over
a chosen number of traces for each time sample.
The filter method suppresses trace dependent

Figure 7. The layout of the GPR profiles for the measured Grid 1.
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noise. Its effect is to emphasise horizontally coher-
ent energy.

(5) Employing an energy decay filter: the medium
decay curve is specified from the present traces.
When the filter is applied on this curve, each
datapoint of each trace is multiplied by the
decay curve values. When the energy decay
curve is multiplied, all data points are multi-
plied by a decreasing scaling factor.

(6) Constructing a 3D file; this processing step
adjusts the data sets to become of similar
lengths of the profiles and the number of
traces for each via defining the trace incre-
ment. The raster of 3D data was based on
aligning the 2D profiling (B-Scan) with

increment line spacing among all the 2D
scans to generate 3D data (C-Scan). When
the travel times of the radar pulses are mea-
sured, and their intra-ground velocity is
known, then distance or depth of the ground
can be accurately to eventually render a 3D
data set (Shaaban et al. 2009; Conyers and
Lucius 1996). The propagation velocity of
the radar waves was estimated using the rela-
tive dielectric permittivity (RDP) of this area
which is represented by hard limestone.
According to

ffiffiffiffiffiffiffiffiffiffi

RDP
p ¼ C

V , the velocity calcu-
lated is 0.100 m/ns. Where c is the velocity of
light (0.298 m/ns) and v is the velocity of
radar waves.

Figure 8. GPR record shows the existence of an artefact, Object (1) could be described as Catacomb.
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5. Interpretations

Interpreting the collected data showed the existence of
a variety of objects, some of them could be simply
identified and others could be estimated according to
archaeologist’s team knowledge and expertise. In the
following, we try to count and describe, as possible, the
detectable archaeological objects within each grid and
include a correlative map.

5.1. Grid 1

Grid 1 is located in the north-eastern part of the
archaeological site of Saqqara area (the animal ceme-
tery) as showing in Figure 3, and it is 50 m in length
and 50 m in width. Thirty-four GPR profiles are mea-
sured in this grid in the N-S direction as shown in
Figure 7. The profile spacing is set as 1.5 m, and the
area is completely covered with sand sheet. The results

Figure 9. An artefact, Object (2) could be described as carved tomb.

Figure 10. Time slices of Grid 1 at times 20 ns to 32 ns on interval 4 ns.
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within this grid demonstrate buried objectives, it
seems impossible to count each GPR signature and
identify it. Therefore, only few of the clear objects are
discussed in the grid. Figure 8 shows an example of the
revealed objects, defined as Object (1) herein,
extended from line 8 to 15. It is of about 7 m length
in the E-W direction, lined with two side walls, and
signs of collapse appear in some of its parts. We highly
attribute this signature for a catacomb, measurements
with the GPR in the perpendicular direction could add

other updates for its identity and we plan to conduct
an oriented field survey in the near future. A catacomb
in our vision, as geophysicists, is a field terminated
with two or more sides with buried bodies between
them. It is noticed also that the two side walls look
sharp from the inner side due to the friable nature of
the fill debris as the outer side looks compacted and
massive. The catacomb’s ceiling and base could be
noticed in some place, however, drawing them accu-
rately requires a fine levelling for the ground surface.

Figure 11. 3D model is showing the extension of the carrying layer of archaeological objects.

Figure 12. The layout of the GPR profiles for the measured grid.
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We think also that, the north-eastern side wall shows
a composite signature, it could be attributed for
a second deeper wall, or more likely a coffin of soft
material probably wood. Figure 9 shows another
object, Object (2) that might refer to a tomb. Our
suggestion is based on the nature of its topmost part,
which looks like a tomb’s cover plate, and it shows
a different rock than the tomb’s body. We believe also
that it is carved in the rock. Figure 10 shows the time
slices from 20 ns to 32 ns, it shows the entire Grid 1
with all objects from the generated 3D GPR data of
Grid 1 using 1.5 m as profile spacing for the 2D GPR
sections.

The profiles show the basic objectives that are
evident in the form of anomalies data, which indi-
cates the possibility of the presence of walls or

archaeological remains buried. A three-
dimensional model (time slicing and 3D cube)
showing the extension of the carrying layer of the
discovered objects is shown in Figure 11. Time
slicing is a technique for creating plan-view maps
of an area with specific depth ranges isolated. This
not only makes interpretation of the data in the
horizontal plane but also allows the user to isolate
specific depths for investigation. Time slice techni-
que made the GPR method one of the most precise
tools for mapping buried features or objects.
Viewing amplitude changes in a series of horizontal
time slices within the ground is analogous to study-
ing geological and archaeological changes in equal
time-depth layers. The burial features may seem as
either low amplitude or high amplitude reflections

Figure 13. The GPR profiles acquired in Grid 2, the remarkable artefacts are labelled as Object 3, 4, 5 and 6.
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in slices, and truncations or breaks in stratigraphy
in profiles. Columns and walls seen in profiles as
vertically stacked reflections topped with hyperbola.
In time slicing maps, walls of the construction will
appear as linear reflection, which can be used to
define structure extents. Walls and columns gener-
ally produce high amplitude reflection due to con-
structing velocities between walls and surrounding
materials.

5.2. Grid 2

Grid 2 (Figure 3) is located adjacent to Grid 1, and it is
considered as an extension of Grid 1. It is 50 m length
and 25metres’width. Thirty-five GPR profiles have been
measured in this grid in the N-S direction also as shown
in Figure 12. Similarly, the profile spacing is set as 1.5 m,
and the area is completely covered with sand sheet.
A suitable approach is suggested to interpret the 2D
GPR record and to consider it the key information for
the interpretation instead of the 3D and time slices. The
representation of results and GPR response for this grid
are found in Figures 13–16. Figure 13 shows the 2DGPR
record acquired within Grid 2, the archaeological fea-
tures are assigned as Object n, where n is the object
number.

It is shown from the previous Figures that Object 3
could be seen on several lines. Line 37 is selected to
reveal the signature of this object. The width and
location of Object 3 on the GPR record vary from
place to another. In addition, almost vertical cracks
appear and identified as vertical scatters herein. They
look stepwise towards the end of the section (as shown
in Figure 14). This target is highly recommended for
excavation and further investigations.

Figure 15 shows Object 4, which is best seen on
line 39, how much it clear is, it is also complicated.
It is composed of two adjacent hyperbolas that
reflect an object. To the left of the object, it is
noticeable an almost similar one of two hyperbolas
just wider, where the arrow refers. Moreover,
Objects 5 and 6 show impressive signature possible
to be interpreted as carved tombs, or at least

Figure 14. Object 3 from section 37.

Figure 15. Object 4 from section 39.
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significant artefacts (as in Figure 16). Figure 17
depicts a 3D block for the GPR data acquired in
Grid 2 where the generated 3D GPR configuration
of Grid 2 used 1.5 m as profile spacing for the 2D
GPR sections of this grid.

5.3. Free-line grid

The Free-Line grid is located left to Grid 1 and
Grid 2. Twelve GPR profiles are measured with
a line spacing of 10 m. The profiles length is
around 150 m and it is oriented from East to

West as shown in Figure 3. A practical field pro-
blem is created due to the dimensions of the pro-
file, i.e., length ≈ 150 m, the inter-linear
distance10 m with respect to the proposed depth
of penetration, and the unevenness of the ground’s
surface. The illustration of the results is presented
in Figure 18, which shows the effect of data com-
paction at the upper part and dilution at the lower
part.

The GPR lines from the Free-Line area are interpreted
individually due to the previous reasons; few of the
detected features dedicated from the interpretation are

Figure 16. Objects 5 & 6 from section 68.

Figure 17. 3D Cube of Grid 2, it shows the survey area, the Z-axis (time) is claimed of the uppermost 15 ns to show the
archaeological objects.

372 A.-M. S. MOHAMED ET AL.



shown in Figure 19. The results imply a recommendation
for excavation and further field investigations of the site.
Figure 20 shows the tentative interpretation of Grid 1
and Grid 2.

6. Conclusion

The present research was oriented to reveal the
potential existence of archaeological artefacts in
a site well known for buried artefacts by archaeolo-
gists. State-of-the-practice field instrumentations
such as SIR4000 connected to a 200 MHz antenna
is utilised in this study for subsurface explorations.
The site was divided into three grid zones, and field
measurements are collected accordingly. GPR data
were adequately interpreted as to determine the
potential size, shape, depth, and location of the sub-
surface anomalies that appear on the processed sec-
tions, and to discriminate them from the other
undesired reflections. The data interpretation tracing
the anomalies that appeared on the successive sec-
tions to determine the subsurface extend and the

Figure 18. Effect of data compaction on the visualisation
quality.

Figure 19. Few GPR signatures from the free-line zone, most of this feature could be an interesting target for excavation.
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expected depth of the buried objects that are found in
the surveyed three grids. Promising results are drawn
with a high probability of artefacts existence under-
neath the site. Future field investigations and site
visits are under preparation to collect more precise
data for any future field excavations.
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