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ABSTRACT 

 
Georadiolocation method has been widely used in many fields with geological content. Important results are obtained 

in the solution of many problematic issues of urban engineering, the solution of many tasks has become possible in 

archaeogeoradiolocation. 

For archaeological work, it is important to fix and decipher the radio image of the object as a result of the mutual 

distance between the target objects and the georadar antenna. During archaeological work, the distance of the target 

object is unknown, which distorts or even makes it impossible to fix the radio image of the object. Important information 

may not be received. 

A radio view of the object is allocated, which embeds the location of the object and exceeds its geometric dimensions 

spatially by approximately three times. At the same time, the lower part of the object is connected to the radio image in 

general with the so-called feature of antennas. With the content of the diagram of the direction of the electromagnetic 

field, that is, it clearly defines and separates the location of the object considered as a secondary radiation antenna. 

Thus, it is possible to determine the physical model of the foundation and, therefore, the radio image of the field object 

based on the theory of the similarity of geolocation electromagnetic fields. The depth of the model object is clearly 

defined by the location of the last horizontal synch axis recorded on the radio face on the radargram, both during 

horizontal and vertical georadiolocation exposure. 
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Introduction 

 

The Radio Image of an Object with an Elongated, Face-Fragmented, Dielectrically Complex Structure 

was Studied Using the Method of Georadar Physical Modeling 

The method of georadiolocation has found wide application in many areas of geological content. 

Important results have been obtained in solving many problematic issues of urban development, the solution 

of many problems has become possible in archeogeoradiolocation [1-9]. 

 

Problem 

 

For archaeological work, it is important to record and decipher the radio image of an object as a result 

of the mutual arrangement between the target objects and the ground penetrating radar antenna, i.e., to solve 

the inverse problem of electrodynamics. In order for the radio image of an object to be fully recognized, the 

GPS antenna must be located in the far zone of the target object, i.e. the distance between the antenna and the 

object must exceed the wavelength of the radiation. In archaeological work, the distance to the target object 

is unknown, so the object can be located both in the near zone and in the middle and far zones relative to the 

antenna, which distorts or even makes it impossible to record and recognize the radio image of the object. As 

a result, important information may not be obtained during archaeological GPR work [10,11,12,13]. 

 

Methods and tools 
 

In the sector of applied and experimental geophysics of the Institute of Geophysics, using a device for 

georadar physical modeling, studies were conducted to determine the radio features of objects located in the 

middle zone. Based on the theory of similarity using three-dimensional scaling coefficients, it is possible to 
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calculate the frequency and geometric dimensions for detecting natural target objects and recording their 

radio images [2,3,4,5,11,12,13,14,15]. 

 

Model 

 

For archaeological research we have chosen such an important object as a model of a fragment of the 

foundation of the wall. The model is made of basalt parallel-faced blocks of irregular shape with a thickness 

of about 0.05-0.06m, the average length varies within 0.25-0.35m, the gaps between the blocks are filled 

with the material that makes up the model environment - sand. The model itself is presented in the form 

similar to a parallelepiped with curvature. Its uneven dimensions are on average 0.7x0.3x0.2 m, and the 

curvature of the surface varies by 0.05-0.10m.[2,4,14] 

 

Ground penetrating radar from the day surface. 

 

For the sand-covered object, seven parallel profiles were drawn across the foundation-object/wall. 

Below is a diagram of the relative position of the longitudinal model object and the ground penetrating radar 

profiles. 

The ground penetrating radar profiles were drawn using the Zond 12-e ground penetrating radar, a 

2GHz receiving and transmitting standard antenna, data search, processing and interpretation were carried 

out using the Prizm-2.70 software.[.] 

Georadar physical model of a parallelepiped of complex dielectric and fragmentary composition 

(Scheme 1). 

. 

 
 

Scheme 1. 

 

An object composed of basalt blocks with uneven boundaries, having the shape of a curved 

parallelepiped with parallel edges, the spaces between which are filled with sand, which constitutes the 

modeling environment, was chosen as a model. The dimensions of the object are approximately 

0.7x0.3x0.16m. The object is located 0.05-0.10m below the air-sand horizontal surface. 

The model is placed inside the model area of the sand-containing environment measuring 

2.4x1.4x1.4m. With horizontal ground penetrating radar exposure, the profiles are parallel and are spaced 

from each other at a distance of 0.12m. 

When exposed from a vertical wall, the profiles pass through the surface of the submerged model, 

covering only the air-containing space, the second profile covers the part containing the object, and the third 

passes through the lower part, where the radio image of the object should be located. 
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Fig. 1. Shows the corresponding radargram Prof-1, obtained with the transmitting-receiving antenna of the 

ground penetrating radar "Zond 12-e", 2 GHz. 

 

The location of the object of study on the course of profile-1 (Fig. 1) is not marked, therefore its 

influence on the radargram is not visible. The radio image of the model object against the background of the 

existing lateral anomalies is not clearly readable, but the part of the radio image caused by the “bow-tai” type 

of “hole” /model space, wall-wall model/ is poorly distinguishable but easy to read. 

 
 

Fig. 2. Shows the corresponding radargram of profile-2, obtained using the receiving and transmitting 

antenna of the Zond 12e georadar, 2 GHz. 

 

The location of the object of study along profile-2 is poorly marked (Fig. 2), so its influence on the 

radargram is partially visible. The radio image of the model object is not clearly read against the background 

of the existing lateral anomalies. 

 
 

Fig. 3. Shows the corresponding Prof-3 radargram obtained using the Zond 12e 2 GHz range ground 

penetrating radar transceiver antenna. 

 

The location of the object under study is clearly marked on the Profile-3 course (Fig. 3), so its 

influence on the radargram is visible. The radio image of the model object is well readable against the 
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background of minimal lateral anomalies. The location of the object is limited from below by the last clear 

continuous section of the in-phase axis at distances of 0.9-1.25m and a depth of 0.2m. The object is made of 

uneven slabs and is unevenly located, which often happens when working in field conditions with 

archaeological sites. Directly under the object, on the radio image, at a distance of 1.05-1.13m, a spatial area 

is observed, decompressed from the in-phase axes, with the center at a depth of 0.25m. 

 
 

Fig. 4. Shows a radargram corresponding to Profile-4, made with a receiving and transmitting antenna of the 

Zond 12e 2 GHz georadar. 

 

The location of the object of study is clearly marked on the Profile-4 course (Fig. 4), so its influence 

on the radargram is visible. The radio image of the model object is well readable against the background of 

minimal lateral anomalies. The location of the object is limited from below by a section of the last clear 

continuous in-phase axis at distances of 0.9-1.13m and a depth of 0.2m. The object is made of uneven slabs 

and is unevenly located, which often happens when working in field conditions with archaeological sites. 

The increase in the depth of the object's radio surface is caused by its curvature. Directly under the object, on 

the radio image, a spatial area is visible, decompression from the in-phase axes at a distance of 0.9-1.1m, 

with a depth center of 0.27m. 

 
 

Fig.5. The location of the object under study is clearly marked on the profile-5 course, so its influence on the 

radargram is visible. 

 

The radio image of the model object (Fig.5) is well readable against the background of minimal lateral 

anomalies. The location of the object is limited from below by the last clear continuous section of the in-

phase axis at distances of 1.08-1.25m and a depth of 0.22m. The object is made of uneven slabs and is 

unevenly located, which often happens when working in the field with archaeological sites. The increase in 

the depth of the object's radio image is caused by its curvature. Directly under the object, on the radio image, 

a spatial region is visible, decompressed and separated from the in-phase axes at distances of 1.15-1.25.1m, 

with the center at a depth of 0.29 m. 
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Fig. 6. Shows a radargram corresponding to Profile-6, made with a receiving and transmitting antenna of the 

Zond 12e 2 GHz georadar. 

The location of the research object is weakly manifested during Profile-6 (Fig. 6), so the distorted 

radio image partially shows its influence on the radargram. The radio image of the model object is still well 

readable against the background of lateral anomalies. 

 

 
 

Fig. 7. Shows a radargram corresponding to profile-7, made with a Zond 12e, 2 GHz georadar receiving and 

transmitting antenna. 

Along profile-7 (Fig. 7), the location of the research object is less noticeable, so its influence on the 

radargram is minimal. The radio image of the model object is weak and less legible against the background 

of existing lateral anomalies. 

 

 
 

Fig. 8. Shows five profiles (profiles 3-7), constructed by Voxler 4. 
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Fig. 8 shows five profiles (profiles 3-7), constructed by Voxler 4, which sequentially depict the spatial 

arrangement of the radio image and their feature in the form of separation of the in-phase axes. Which is 

presented in the form of obliquely located in-phase axes, after parallel horizontal in-phase lines, determining 

the depth of the object, in accordance with the unevenness of the image of the object. 

 

 
Fig. 9. Shows the depth-encompassing radio image of the object on the prof-5, outlined with a white line. 

 

The radio image of the object (Fig. 9) is distinguished, which imprints the location of the object and 

exceeds its geometric dimensions in space by about three times. In this case, the lower part of the object is 

connected with the radio image as a whole by the content of the so-called electromagnetic field pattern, 

characteristic of antennas, that is, it clearly defines and separates the location of the object, which is 

considered as a secondary radiation antenna. Thus, based on the theory of similarity, the foundation model 

and, consequently, georadar electromagnetic fields, it is possible to clearly and unambiguously record the 

radio image of a field object in accordance with the numerical calculation using the model coefficients. 

 

 
 

Fig. 10. Shows a spatial 3D radio image constructed using profiles Prof.3-7 (by Surfer 9 software), 

depending on the depth of the object relative to the ground penetrating radar antenna in the near and middle 

zones. 
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The presented 3D radio image corresponds to the geometric dimensions of the object location, 

composed of fragmentary elements of the "wall foundation" for depths of 0.22-0.25m. The boundaries of the 

model location are clearly outlined, and the vertices correspond to the uneven ridges of the object fragments. 

The longitudinal size of the minimum area of the object, from which the reflected wave is proportional to the 

order of a quarter of the incident wave, was recorded. 

The depth of the model object is clearly defined by the position of the last horizontal synphase axis, 

recorded at the radio boundary on the radargram. Reflected and refracted electromagnetic rays are recorded 

by the radar and the Prizm 2.7 software. The radio image is clearly distinguished on the radargram by three 

intensity levels of the electromagnetic wave synphase axes: the first is the upper part of the physical position 

of the object itself, the second is a clearly horizontal axis of the last synphase, limiting the location of the 

lower part of the object, after which the presence of the upper part of the radio image appears, i.e. the radio 

image itself, exceeding the width and depth of the object by about three times. From the lateral side, it is an 

isosceles trapezoidal shape. 

 

Composite physical model 

 

Let's consider the same object - a fragmentary model of a foundation, with a clearly defined metal 

insert in the surrounding medium of a disk-insert, located 0.3-0.7m away from the foundation model. 

The physical model of the study consists of a parallelepiped of uneven curvature (Scheme 2) and a 

metal disk with a diameter of 0.4m at a distance of 0.7m from it with a concave cavity of 0.04m. In field 

conditions, the model corresponds to the reality of objects similar to a metal hatch near archaeological or 

urban development works. 

 

 
 

Scheme 2. Representation of the layout of a composite model of a dielectric parallelepiped and a metal disk. 

 

Fig. 11 shows Prof-1 F+D. The corresponding radargram obtained using the antenna of the Zond 12e 

2GHz ground penetrating radar transceiver for the physical model of the foundation+disk. The radargram 

corresponds to the ground penetrating radar section with background effects, the presence of model objects is 

not recorded by the radio image. 

Fig. 12 shows prof-2 F+D. The corresponding radargram made with the help of the antenna of the 

Zond 12e 2GHz ground penetrating radar transceiver for the physical model of the foundation+disk and 

spaced from prof.1 at a distance of 0.12m.  

The radargram corresponds to the ground penetrating radar section with a partial influence of the 

effect of the presence of the model. 
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Fig. 11. Prof.1 F+D. 

 
Fig. 12. Prof.2 F+D 

 
Fig. 13. Prof.3 F+D presented. 

 

The corresponding radargram (Fig. 13) made with the help of the antenna of the Zond 12e 2GHz 

ground penetrating radar transceiver for the physical model of the foundation+disk and spaced from prof.1 at 

a distance of 0.24m. 
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The radargram corresponds to the ground penetrating radar section with the radio image of the 

foundation model and the influence of the disk. 

 
Fig. 14. Shows prof.3-F+D. 

 

The corresponding radargram (Fig. 14) obtained using the antenna of the Zond 12e 2GHz ground 

penetrating radar transceiver for the physical model of foundation + disk and spaced from prof.1 at a distance 

of 0.24m. The digital gain option is used when processing the lower side of the radio image on the 

radargram. The radargram corresponds to the ground penetrating radar section with the representation of 

foundation + disk as a single radio image consisting of a model radio image and a disk radio image. The 

constituent radio images are highlighted with white lines. The influence of the void under the disk on its 

radio image is revealed. 

 

 
Fig. 15. Shows prof.4 F+D. 

 

The corresponding radargram (Fig. 15) obtained using the Zond 12e ground penetrating radar 

transceiver antenna, 2 GHz for the physical model of foundation + disk and spaced from pr-1 at a distance of 

0.48m. 

The radargram corresponds to the ground penetrating radar section with strong foundation + disk 

influences on the in-phase axes of a single radioimage consisting of the model radioimage of the foundation 

and the disk radioimages. The constituent radioimages are highlighted with white lines. The influence of the 

void under the disk on its radioimage and the radioimage of the foundation model is clearly visible. The in-

phase axes are sharply curved at distances of 1.13-1.75m. Despite the strong influence in the form of 
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curvature, the in-phase axes clearly show the location of both the base of the dielectric wall and the 

metal/iron disk on the radargram. 

 
Fig. 16. Shows prof- 6 F+D. The corresponding radargram obtained using the antenna of the Zond 12e 2 

GHz ground penetrating radar transceiver for the physical model of foundation+disk. 

 

Prof-6 is less informative (Fig. 16), although it accurately reflects the dimensions of the foundation 

model. 

Based on the above, the radio image of the disk contains additional information about the presence of 

a disk cavity and fragmentation of the foundation base. 

We can propose “Borrowing” from antenna theory the term “antenna directivity patterns” for the 

secondary radiation objects observed on the radargram, which, like the receiving and transmitting ground 

penetrating radar antennas, will depend on the exposure of the ground penetrating radar antennas. 

 

The radargrams obtained during vertical exposure of the ground penetrating radar section. 

 

 
Fig. 17. Prof-1 F+D shows a georadar section of vertical exposure with a foundation model and a metal disk 

insert.  

 

The profile (Fig. 17) did not reflect the anomaly, since the receiving and transmitting antenna passed 

above the daylight surface. 
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Fig. 18. Shows a georadar section, prof.-2 vert., made in vertical exposure with a foundation model and a 

metal disk insert. 

 

A georadar section (Fig. 18) obtained by shooting from a vertical plane for a complex physical model 

of a foundation + an iron hollow disk is presented. 

The radio image presented for the model (Fig. 18) shows a hyperbolic arc of the electromagnetic field 

observed in the vertical exposure of the foundation, marked with white lines. 

The profile showed an anomaly, since the receiving and transmitting antenna passed below the day 

surface, although close to the surface. 

 
Fig. 19. Shows a ground penetrating radar section of profile 3 vert, in vertical exposure with a 

foundation model and a metal disk insert. 

 

The anomaly was reflected in the profile (Fig. 19) when the receiving and transmitting antenna passed 

below the day surface, at a depth of 0.1m. 

The radio image obtained for the physical model of a foundation + a hollow iron disk of complex 

heterogeneous composition, obtained during irradiation from a vertical plane, is clearly visible at a depth 

with the beginning of the object 0.25-0.3m away from the wall containing the host medium and below the 

day surface. 

An arc in the form of a hyperbola separating the end of the object was clearly reflected. The 

dimensions of the object/foundation/body are recorded in the exposure. 
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We can offer a three-dimensional representation of the field distribution, made at a phenomenological 

level for ground penetrating radar irradiation of an ideal parallelepiped type. We can call this type of field 

representation a secondary radiation diagram of an object inserted into the environment, which is an 

additional characteristic of the radio image of the object and will give us an idea of the type of object. 

.  

Scheme 3. 

 

The illustration (Scheme 3) shows a schematic representation of the electromagnetic field diagram of 

the direction of a stylized parallelepiped in the GPR (georadar) field in the in-phase axes of the radio image, 

with the exposure of georadar profile in all directions, this time without taking into account lateral effects. 

It is interesting to note that with a geometric length of the characteristic scale of 1 m and a model 

frequency of 2 GHz, the natural scale at 500 MHz will be 4m. Consequently, in field conditions, the size of 

the field parallelepiped will be 0.7x4 = 2.8m, 0.3x4= 1.2m, 0.2x4m = 0.8m, respectively, with an unchanged 

permittivity of the environment. We discussed the calculation of scale factors for GPR physical modeling in 

the articles. 

 

Conclusion 
 

The depth of the model object is clearly defined by the position of the last horizontal axis of the in-

phase line, recorded on the radio image located on the radargram, both for horizontal and vertical ground 

penetrating radar exposure. 

The radio image of the parallelepiped in the electromagnetic radiation field of the ground penetrating 

radar, recorded by the ground penetrating radar and software, is clearly distinguished on the radargram by 

three levels of in-phase axes intensity. 

The first is the upper part of the physical location of the object itself; 

The second is a clear horizontal axis of the final in-phase, delimiting the location of the lower part of 

the object, above which the presence of the upper part of the object is manifested; 

The third intensity level is the full radio image, exceeding the dimensions of the object several times 

both in depth and horizontally and having a shape close to an isosceles trapezoid. Based on the analysis of 

the radio images, in the case of 3D ground penetrating radar exposure, we will obtain truncated stylized 

cones. 

In general, the radio image of a parallelepiped with a 6-sided georadar exposure corresponds to and 

contains the content of the antenna directivity diagram and expresses the directions of the predominant 

increase in the electric field intensity, which is presented in the form of an illustrated figure. 
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გეორადიოლოკაციური მეთოდის გამოყენება ფართოდ გავრცელდა გეოლოგიური შინაარსის 

მქონე მრავალ დარგში. მნიშვნელოვანი შედეგები მიიღება ურბანული ტექნიკის მრავალი 

პრობლემური საკითხის გადაწყვეტაში, მრავალი ამოცანის გადაწყვეტა გახდა შესაძლებელი 

არქეოგეორადიოლოკაციაში. 

გამოყოფილია ობიექტის რადიოსახე რომელიც ჩასდევს ობიექტის განთავსების ადგილს და 

აღემატება მის გეომეტრიულ ზომებს სივრცულად დაახლოებით სამჯერ. ამასთან ობიექტის 

ქვედა ნაწილი რადიოსახესთან დაკავშირებულია ზოგადად ანტენების მახასიათებლის ე.წ. 

ელექტრომაგნიტური ველის მიმართულების დიაგრამის შინაარსით, ანუ მკაფიოდ 

განსაზღვრავს და გამოყოფს  მეორადი გამოსხივების ანტენად მიჩნეული ობიექტის ლოკაციას. 

ამდენად, შესაძლებელია საძირკველის ფიზიკური მოდელის და მაშასადამე 

გეორადიოლოკაციური ელექტრომაგნიტური ველების მსგავსობის თეორიიდან გამომდინარე 

საველე ობიექტის რადიოსახის დაფიქსირება. 

სამოდელო ობიექტის დაღრმავება მკაფიოდ განისაზღვრება რადიოსახეზე დაფიქსირებული 

ბოლო ჰორიზონტალური სინფაზურობის ღერძის მდებარეობით რადაროგრამაზე, როგორც 

ჰორიზონტალურ ისე ვერტიკალური გეორადიოლოკაციური ექსპოზიციის დროს. 
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Исследование методом георадиолокационного физического 

моделирования радиообраза объекта сплошной, гранёно-

фрагментарной, диэлектрически сложной структуры 
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Резюме 

 

Для археологических работ важна фиксация и расшифровка радиообраза объекта в результате 

взаимного расположения между целевыми объектами и антенной георадара, т.е. решение обратной 

задачи электродинамики. Для того, чтобы радиообраз объекта был полностью распознан, антенна 

GPS должна располагаться в дальней зоне целевого объекта, то есть расстояние между антенной и 

объектом должно превышать длину волны излучения. При археологических работах расстояние до 

целевого объекта неизвестно, поэтому объект может находиться, как в ближней зоне, так и в средней 

и дальней зоне относительно антенны, что искажает или даже делает невозможным фиксацию и 

распознавание радиобраза объекта. В результате при археогеорадиолокационных работах важная 

информация может быть не получена. 

Метод георадиолокации нашёл широкое применение во многих областях геологического содержания. 

Важные результаты получены в решении многих проблемных вопросов градостроительства, решение 

многих задач стало возможным в археогеорадиолокации. 
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