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SUMMARY 

Ground Penetrating Radar (GPR) is a geophysical method that is used for investigating and visualizing 
the underground structures. The GPR usage has been increasing recently, because it can determine and 
visualized underground structures sensitively without any excavation. The aim of this study is to 
enhance 2D/3D GPR data imaging quality with the proposed methodology and visualize the buried 
archaeological remains under the archaeological road called as “Colonnade Road” in Anavarza ancient 
city, in Adana, Turkey. In this context, a new threshold and enhancement filtering technique has been 
proposed to contribute to reduce the effect of the environmental noise and physical or chemical changes 
of the soil in the defined study area. The proposed methodology consists of three stages. The first stage 
is the GPR data collection and processing. The second stage is calculating a proposed threshold and an 
enhancement value. The final stage is obtaining a final GPR profile data sections by adding the 
enhancement value and visualizing them in 3D GPR data volume obtained by sequencing of them. The 
results have been showed that the anomalies more visible and distributed from its environment on the 
quality enhanced GPR sections and their x-y time/depth slice of their 3D GPR data volume. 
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1. Introduction 

Ground Penetrating Radar (GPR) is a high frequency electromagnetic geophysical method (Dojack, 
2012), which is widely used to examine shallow underground structures. GPR method is used in 
various fields such as determination of tunnel construction parameters, geological structures, mines 
research, buried archaeological remains, industrial waste, mine leakage and environmental pollution, 
research of old or undiscovered city, forensic medicine, mining research (Kadioglu and Daniels, 2008; 
Kadioglu and Kadioglu, 2016; Kadioglu, 2018). Since this method can present two and three-
dimensional (2D and 3D) subsurface imaging, and can give sensitive results to locate object locations. 
Using areas of it have been increased in recent years. 

The GPR method is used to conduct non-destructive analysis, preserve historical cultural heritage and 
reveal buried archaeological remains with 2D/3D imaging. (Kadioglu, 2010; Kadioglu et al., 2011; 
Kadioglu, 2013; Kadioglu et al., 2013). The aim of this study is to enhance processed GPR profile 
section (B scan, radargram) imaging quality and visualization of buried archaeological remains under 
the archaeological road, called as ‘Colonnade Road’ in Anavarza ancient city in Adana city of Turkey. 
The proposed methodology consists of three stages. At the first stage, collected GPR data is 
processed.  In the second stage, anomalies are enhanced by applying proposed TAEF (Thresolding 
and Enhancement Filtering) technique. In the third stage, sequencing the processed and quality 
enhanced 2D data profile sections (radargrams) to obtain 3D GPR data volume and visualize buried 
archeological remains.  

The study is organized as follows. In Section 2, the brief history of Anavarza Ancient City and 
Colonnade Road is explained. In Section 3, the methodology to be followed is proposed to enhanced 
and visualize the data. In Section 4, the application results are given. The results are evaluated in 
Section 5. 

2. History of the Anavarza Ancient City and Colonnade Road 

It is known that it was founded in BC, but there is no information about exact date. Dating back to the 
1st century, Anavarza appears for the first time in history in the Hellenistic period. From that date 
until the 14th century, this ancient city, which resisted conquests, sieges and attacks, collapsed and 
destroyed by severe earthquakes, offers us history of at least 2000 years. Anavarza carries the cultural 
traces of important civilizations of Anatolia such as Hellenistic, Roman, Byzantine, Medieval, Arab, 
Armenian and Ottoman. For this reason, it is different from many other ancient cities. The mosaics 
with the oldest craftsmanship in the world decorate the floors and walls of houses, baths and palace 
rooms during the Roman and Byzantine periods, and each one hides the mysteries of a different event. 

3. Proposed Methodology 

GPR data consist of 𝑁 parallel profiles. Each profile consists of 𝑀 traces. Each trace consists of 𝐾 
time sample values (Figure 1).  
  

 
Figure 1 The relationship between traces and time sampling values on the GPR profile section 

The following methodology is proposed to determine the archaeological remains and to visualize 
them in 3D environment: 
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1. GPR data collection and processing; 
2. Enhancing anomaly quality on the GPR section with proposed TAEF technique; 
3. Visualization of the buried archaeological remains on 𝑥 െ 𝑦 GPR 𝑡𝑖𝑚𝑒/𝑑𝑒𝑝𝑡ℎ slice of the 3D GPR 
data volume. 

3.1 GPR data collection and processing 

Ramac CU II GPR system has been used for data collection. 277 parallel profiles spaced 1m apart 
have been collected from the research area. The trace interval on the profiles has been taken as 0.05 
m. The Colonnade Road has been lying from the East to the North. The GPR profile direction is from 
the East to the West. The first profile started in front of the Colonnade Gate and profile step direction 
is from the South to the North along the road (Figure 2). Since the width of the road has changed due 
to the archaeological ruins on it, the length of the profiles also changes between 10 and13 m.  

The collected raw data has been processed by applying zero time correction, dewow, gain, 
background removal, Butterworth bandpass filtering and finally F-K filtering respectively. The 
discrimination power in 3D GPR imaging was poor, as many radargrams contain too dense anomalies, 
represented narrow hyperbolas, caused by fragmented and fallen marble column structures. If the 
image quality of narrow hyperbolic anomalies was increased on the radargrams, archaeological 
remains anomalies could be displayed better. In addition, the data quality could be affected by the 
properties of the search area such as uneven surface, the soil pollution under the profiles, physical or 
chemical changes occurring underground (Annan, 2009, Dojack, 2012). In order to solve such 
problems, GPR data has been completed by interpolation techniques (Meijering and Michael, 2003; 
Ozkan Okay and Samet, 2017). 

 
Figure 2 The study area: Collonade Road of Anavarza Ancient City, Adana-Turkey and the GPR data 
measurement direction on the profile and profile increasing direction  

3.2 Enhancement value of the GPR profile sections by proposed TAEF technique  

The amplitudes of the traces without anomaly on the profile section represent the properties of the 
research area. The amplitude values differ from each other greatly in the parts with an anomaly. This 
feature is used to determine anomalies on profiles (Ozkan Okay and Samet, 2019; Samet et al., 2020). 
In proposed approximation, the average and standard deviation values of each profile are calculated. 
Then, a threshold value is determined using Eq.1. 

𝑡 ൌ
∑ ሺሺ𝑚𝑒𝑎𝑛ሺ𝑃௡ሻ ൅ 𝑠𝑡𝑑ሺ𝑃௡ሻሻே
௡ୀଵ

𝑁
,                                                               ሺ1ሻ 
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where, 𝑁 is the number of profiles, 𝑃௡ is the 𝑛௧௛ profile value (Ozkan Okay and Samet, 2017).  The 
calculated results of Eq.1 are involved to Eq. 2 as: 

𝑒௩ ൌ
𝑡

𝐾𝑥𝑀
 ,                                                                                        ሺ2ሻ 

where, 𝑒௩ is the enhancement value of the amplitudes of the traces, 𝑡 is the threshold value and 𝐾𝑥𝑀 
is the total sampling number on the GPR section. 

The enhancement value (Eq.2) is added to the traces on the GPR profile sections that above the 
threshold value and is deducted from the traces on the profile section that below the threshold value. 
As a result of this process, displaying of the anomalies coming from the archaeological remains has 
been enhanced clearly. There may be appeared the meaningless points (noise) in the obtained data 
after adding value. This noise is removed and the sharp regions in the image are smoothed by 
Gaussian filtering technique. 

3.3 2D/ 3D Visualization of the enhanced GPR Profile Section 

As the last stage of the proposed methodology of this study, by applying interpolation techniques and 
adding volume, the enhanced GPR profile sections (𝑥 െ 𝑡 section, profile distance-time section) has 
been obtained, and then combined as a whole by sequencing of these sections and obtained 3D GPR 
data volume. The meaningless points have been removed from the image and smoothing has been 
applied to soften sharp areas. After, the 3D visualization of the underground structure was obtained by 
smoothing and adding volume to the image. 

4. Implementation of Proposed Methodology 

The obtained GPR data from the search area have been improved with the proposed methodology. 
Figure 3 indicated processed and enhanced GPR profile sections (radargrams) of the profiles 84 and 
127 respectively.   

Figure 3 (a) The processed GPR profile sections of profile 84 and 127 gathered from the study area 
and (b) their enhanced profile sections respectively 

Buried archaeological remains can be imaged on the 𝑥 െ 𝑦 surface section called time/depth slice 
which is cross sections of the 3D GPR data volume with 𝑥 profile direction, 𝑦 profile step direction 
and 𝑡 time direction or transformed to 𝑧 depth direction using velocity analyses of electromagnetic 
wave.  

(a) 

(b) 
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Figure 4 GPR depth slices at 0.40 m and 0.75 m in depth in a 3D data volume and buried 
archaeological remains in those depth represented by white colors 

Conclusions 

The developed threshold and then determined enhancement value has been added to the parallel GPR 
profile sections spaces 1 m apart. Then Gaussian filtering has been applied to profile sections. Finally 
3D GPR data volume has been obtained by sequencing of the respectively.  According to the imaging 
results of the depth slice, buried walls of the shops of agora seen along the right and left of the road 
with white color. The road is lying approximately between 3 and 8 m on the profiles. The gray part at 
the end of the profile step direction between 130 and 150 m is data-free part on Figure 4.  
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