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Introduction 1. SGPR.TECH

1.1. About us

We started our adventure in 2018 with the mission to revolutionize subsurface surveying. Since 
then, we have obtained both private and European funds, which allowed us to transform 
our vision into a fully functional prototype, which confirmed the unique possibilities of the 
new technology. We have currently started a grant project, with the main task to create 
a cloud-based data analysis software that will allow us to commercialize our technology 
widely.

Industries depend on the information, and lack of it can be especially 

visible in construction and raw materials, which are believed to be the 

least digitised industries, with technical challenges like geological 

surprises and discrepancies between ground conditions having a major 

role in the slow pace of digitisation. However, the rising complexity of 

the projects, advancing climate change and significantly decreasing 

margins, puts those industries in urgent need of innovative technologies. 

 

We believe that our Spectral Ground Penetrating Radar is among the 

true enablers of transformation to Industry 4.0. By acquiring a wide 

range of frequencies within a single cycle, our radar collects much 

more data, of a quality and variety that has not been available before 

in ground penetration radars. Enabling far more precise modelling 

of the structures, as well the indication of their nature and material. 

Similarly to the hyperspectral imaging where cameras look at objects 

in a wide range of the electromagnetic spectrum and can identify their 

composition due to the material's unique spectral signature.

However, to fully utilise the potential of our technology, we have not 

only created a new type of GPR but also develop dedicated software for 

data analysis, based on a new approach to geophysics and advanced 

Maxwell 3D modelling.

1.2. Industries we aim to change

 

Our radar can be used wherever penetration of objects is needed, but our primary interest 
is in ground penetration. According to various estimates, the raw materials and construction 
industries together account for 20% of the global GDP, and according to McKinsey, they 
remain one of the least digitized industries. So we want to start by digitizing them, especially 
as they are extremely vulnerable to the current changes, both climatic and economic. 
However, in the long term, we believe our solution should also help to minimize the results 
of global warming, whether through a thorough analysis of the state of flood protection 
infrastructure or by looking for new water resources.

Construction Raw Materials Enviromental

Everyone wants to analyse what is happening on the surface 

– we want to look underground.

1.3. Our strategy

Ultimately, we intend to offer both services and products, responding to the broad needs 
of the industry. We will start commercialization of the project by providing early services to 
get to know our solution as well as possible. As the technology evolves, we will offer more 
and more advanced services as well as customized devices dedicated to solving specific 
problems. Finally, we also want to offer a simplified version of our Spectral GPR, which will 
allow us to reach a vast audience thanks to its exceptional ease of use and sufficient level 
of subsurface information for most applications on small and medium-sized construction 
sites.

4 5



2016



The idea for new 
radar for subsurface 
imaging was born.

07.2020



Field tests with ready 
prototype.

2018



Proof of Science:
Simple laboratory 
prototype proved 
that our idea has the 
potential for further 
development.

09.2020



Proof of Concept:
Construction site 
tests with Warbud 
as a part of KPT 
ScaleUp acceleration 
programme.

11.2018



Incorporation of 
SGPR.TECH Sp. z o.o.

11.2020



Patent application for 
the single-antenna 
detector.

01.2019



Pre-Seed investment 
(1M PLN) from 
INNOventure, NCBiR 
backed BRIdge alfa 
venture capital fund. 

10.2020



Start of NCBiR project 
- 40months of further 
development of 
both hardware and 
software.

06.2019



EIT RawMaterials
Grant part of Booster 
programme used 
to advance the 
development of 
visualisation for our 
analytical software.

10.2019



Early prototype 
laboratory test with 
antennas.

11.2019



Horizon 2020 SME I
Joined 96 other Polish 
companies that are 
funded through 
Horizon 2020 SME 
Instrument.

05.2020



We won Polish NCBiR 
Fast Track grant 
(8.5M PLN) for the 
development of 
advanced analysing 
software.

2. Technology

2.1. Project timeline
A conventional pulse GPR emits extremely short sinusoidal electromagnetic pulses towards 
the ground and records returning waves reflected from underground structures. The idea of 
such radar was born in the 1930s for the needs of ships and aviation.

The pulse emission and recording cycle is repeated many thousands of times per second. 
Returning reflected waves are recorded by the same antenna (monostatic radar) that 
sends signals or a separate receiving antenna (bistatic radar) located in the immediate 
neighbourhood. The measurement of the delay of the returning pulses determines the depth 
of reflection of the waves from the successive reflecting layers, and their amplitude indicates 
the physical properties of the reflective surfaces. Accuracy of the depth measurement can 
be achieved only by using short pulses, which, however, cannot be shorter than the single 
periods of the emitted wave. This requires the emission of waves with appropriately high 
frequencies, which results in their short-range in the ground because waves with higher 
frequencies are suppressed in the geological space more strongly than waves with lower 
frequencies. An attempt to solve this problem is the method of repeating measurements 
at several transmission frequencies and using several sets of cooperating transmitting-
receiving antennas. This extends the measurement cycle many times, therefore in practice, 
a compromise frequency of operation is often chosen, which - while ensuring a sufficient 
range - gives an acceptable resolving power. The depth range of wave penetration can be 
improved only by emitting pulses with higher peak power, even up to several kilowatts. The 
emission of such high-power wave pulses generates strong electromagnetic disturbances 
in the examined space and its direct environment.

The concept of spectral ground-penetrating radar operation (SGPR) is entirely different and 
solves the issues related to the recognition of the examined area in more detail, and it is 
safer for the natural environment;  as high power signals are not used. The wave emitted by 
a spectral GPR is a continuous wave with a frequency varying over a wide frequency range 
(FMCW). The frequency of the wave is changed according to a fixed method - most often 
linear - from minimum to maximum frequency, and this cycle is repeated several thousand 
times per second. Returning signals reflected from subsurface structures always have lower 
frequencies because they were emitted earlier. Thereby, the depth of the reflecting structure 
is determined by measuring the frequency difference between the currently transmitted 
and incoming signal. This avoids limiting the accuracy of the measurement due to the 
duration of the output signal.

A wide range of tuning of our Spectral GPR is the basis for an innovative method of determining 
the physical parameters of the ground, which uses the unique frequency dependence of 
the reflection coefficients and wave absorption parameters of the subsurface elements. This 
feature, which we call "colour vision", significantly improves the credibility and accuracy of 
determining the subsurface composition, and not only edges of reflecting layers, which is 
the case with impulse GPRs. Due to the necessity to replace antennas and repeat

2.2. SGPR technology overview

SGPR vs conventional GPR
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measurements many times, similar subsurface examination with current pulse GPR is 
hugely laborious. Moreover, due to the broadband nature of short wave pulses - as found 
in pulse radars - means that their "colour blur" thus, they are much less accurate. Thanks 
to continuous signal emission and a different detection method, the FMCW GPR provides 
much faster information about the subsurface structure than current GPR. However, speed 
is not the only advantage, as the device allows us to "see" deeper and more precisely, if 
necessary. 

Both methods can be compared to photography. Pulse GPR is an equivalent of black and 
white photography, which while giving us some information about the object, requires 
"colouring". FMCW based Spectral GPR provide the subsurface image in "colour" and 
in a much higher resolution, which makes it more reliable and accurate in determining 
subsurface structure and composition. This technological leap in comparison with the 
existing devices enables the use of SGPR from airborne platforms. If we take into account a 
low emission power, which does not exceed a few watts (and less if it is necessary), further 
possibilities of using the SGPR open up in areas not covered so far.

A new approach to GPR data analysis

Due to the high sampling rate and long measurement sequences, the SGPR generates 
much more data than the conventional pulse GPR. Making it essential to use advanced 
recording technologies and develop new effective methods for radar echo analysis. 
Detailed analysis is possible with the help of advanced algorithmic software based on 
the patterns of synthetic echoes obtained in a laboratory simulator and under controlled 
field conditions.  Generation of synthetic echoes is performed during full-wave 3D FDTD 
modelling, simulating the signal generation of broadband modulated waves, typical 
for the FMCW SGPR, and then tracing their propagation in a wide range of geophysical 
layers and in complex structures of underground technical infrastructure. Which allows 
to analyze new cases of subsurface structures on an ongoing basis and continuously 
expand the catalogue of model echoes. Optimized algorithms for detecting these echoes 
ensure effective mapping of the subsurface structure, also in the presence of noise and 
disturbances. The analysis is supported by machine learning, extending the possibilities 
of identifying particularly complex underground structures. The necessary amount of 
data, required for the application of artificial intelligence, is provided by using both echo 
simulations and real data obtained during radar operations in a known environment. The 
use of machine learning enables the segmentation and classification of a wide class of 
objects and subsurface structures. A crucial part of the echo identification procedure is 
constant expert monitoring and inspecting accuracy of recognition of complex cases, 
which enables us to correct and continuously improve our software.

Advanced cloud-based signal processing

Analysis of large streams of multidimensional data can be computationally demanding. 
Cloud solutions and distributed processing techniques ensure scalability, thanks to 
which our radar can perform both small measurement tasks and scan large complex 
environments. The unquestionable advantage of such a solution is the ability to remotely 
view the measurement results and visualize them without the need for the customer to have 
advanced computer facilities. Allowing the SGPR solution to be adapted to the various 
needs and requirements of customers.

SGPR measurements are performed in the GNSS RTK system, which determines the position 
of the GPR in motion with an accuracy of several centimetres and obtained data can 
be archived in the GIS (Geographic Information System). Enabling further integration with 
other types of data and systems used by a client, such as optical images of the terrain, gas 
sensors, etc., allowing for comprehensive analysis, fit for specific tasks. Data integration and 
correlation provides information previously impossible to achieve with single sensor systems, 
opening up new possibilities for the simultaneous study of over and subsurface structures.

Integration of SGPR data with other systems

3D visualization

An essential feature of the SGPR solution will be software that visualizes multi-dimensional 
data in line with the expectations of both average users and experts. Such software will 
allow for on-site analysis by the device operator and the possibility of "on-line" live view for 
analysis without the need for the expert's presence on site.

Summary

SGPR is a next-generation solution. Due to the low emission of electromagnetic waves, 
it meets the stringent environmental EMC standards. It is a high-speed device that will 
automatically and effectively recognize subsurface structures.

In future, thanks to the proprietary cloud software with 3D visualization and data integration 
with other systems, the device will meet the expectations of a vast audience. Innovative 
solution offers enormous possibilities of application, ranging from the recognition and 
analysis of geological structures to complex construction and engineering infrastructure.

Sample of measurements ranging from 200 to 600MHz.
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3. Hardware & Software

Broadband analysis

Gathering data in very wide continuous frequency range - 
min. 3 octaves with single broadband antennas. 

Faster and more precise data acquisition

Up to 10 000 measurements per second and significantly improved 
important parametr like signal/noise ratio.
100 x S/N than in conventional pulse GPR

Data both in frequency and time domain

Continuous-wave based approach allow for more precise data 
analysis and advanced signal processing. 
Current GPR radars are working only in time domain.

However, our most significant advantage is that we not only acquire such data but above 
all that we can understand it and turn into useful information. 
It is possible thanks to our unique knowledge in modelling such echoes, developed 
over decades of scientific work of our founder, Dr hab. Andrzej Kułak, who as planetary 
geophysicist studies the propagation of electromagnetic waves in Earth-ionosphere 
waveguide in projects such as ELF WERA. This allows us to carry out advanced simulations, 
which are the basis for the subsequent analysis of real data and the creation of our data 
analysis software based on both real-world and simulation data.

Machine learning

By continuously teaching algorithms with simulation and real-world 
data, we can improve recognition and classification.

Visualisation

Client-ready models presented graphically in 3D with export option 
to external formats.

3.1. Our approach to ground penetration

With our holistic approach to radars, we are building complete and unique solution, made 
of the Eye (a new generation of ground-penetrating radar) and the Brain (cloud-based 
data processing software) to both reach out for data and understand it - so we can provide 
our clients with useful information.

Key differentiators:

Created by Crystal Gordon
from the Noun Project

Full 3D modelling with 
materials recognition

Created by Anton Barbarov
from the Noun Project

Ability to conduct analysis 
from airborne platforms

3.2. Hardware 

In order to envision our Spectral GPR, we had to create new radar hardware capable of 
collecting much more data about the subsurface, not available for conventional GPRs. 
The unique hardware designed and built by high-class electronics with experience in such 
advanced international projects as Digicam for the Cherenkov Telescope Array, already 
significantly exceeds the resolution of current radars, offering, among others:

Key parts of our cloud software:

Geophysical signals modelling 

We’re modelling both virtual subsurface and synthetic signal 
echoes. Simulations allows us to better understand real-world data.

Advanced signal processing

Signal analysis based on simulation models allows us to extract 
much more precise information as we know what to look for.

3.3. Software 

Created by Sergey Demushkin
from the Noun Project

Created by Maxim Basinski
from the Noun Project

Created by Boris
from the Noun Project

Created by Maxim Basinski
from the Noun Project
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4.1. Example detector use cases

In addition to creating a unique GPR, our technology allows us to develop autonomous 
detectors, both stationary and installed on machines. Adapted to work in the most 
challenging conditions, independently without the need for an operator.

4. SGPR as a technology platform

SGPR is a technology platform on which we can build a wide range of dedicated products 
and services, responding to the needs of industries, with the aim to provide unprecedented 
data and information. 

We are currently developing two solutions based on our SGPR technology:

Ground Penetrating Radar 

The full version of our radar, allowing us to unleash the 
potential of SGPR technology in subsurface imagining. 
Designed with construction and raw materials sectors 
in mind, however able to respond to a broad spectrum 
of even the most challenging cases.

Single-antenna Detector

A simplified version of our radar adapted to operate 
in the most challenging conditions. It allows for quick 
detection and recognition, providing immediate 
information where the safety of people and operations 
counts.

4.1.1. Haul trucks applications   
(machine-based sensor)

SGPR  technology  can  be  used  in  applications  ranging 

from  navigation  to  reduction  of  tyres  wear.  Various 

operational  challenges  resulting  from  insufficient 

subsurface information within a mining process can be 

addressed  with  haul  truck-based  sensors  paired  with 

early response systems.

Setup

Haul truck-implemented sensor with 10m of penetration 
depth with 5cm or better resolution (60km/h v-max does 
not negatively impact quality of the survey). The solution 
would be focused on navigation or rock structure, size 
and density recognition or slope stability as well as 
combination of those factors depending on requirements.

Key Benefits

• Constant and autonomous operations of the 
proposed system enabling improved navigation and 
path selection

• Omission of larger rocks can significantly reduce tyres 
wear (a set of tyres can cost well over USD 200 000 
and each set is usually replaced every 2-3 months)

• Early information about reduced stability of a slope 
can help early evacuation of trucks from potentially 
dangerous zone

4.1.2. TSF dams monitoring               
(stationary sensor)

In  January  2019  Brumadinho  tailings  dam  collapse  in 

Vale's Córrego do Feijão mine killed over 250 people.  It 

was  one  of  a  series  of  such  tragedies  that  helped  pass 

the bill passing responsibility for tailings storage safety 

directly  on mining  groups  board members. Nowadays, 

mining companies are looking for solutions to efficiently 

and  precisely  monitor  those  constructions.  SGPR  can 

potentially be a gamechanger.

Setup

Stationary SGPR-based network of sensors (30-50 
connected units with ongoing 24/7 autonomous sampling) 
located at TSF dams tops. With 50m of penetration depth 
the target resolution will be no lower than 15cm with 
particularly precise information about changes in soil 
moisture and density.

Key Benefits

• Constant and autonomous operations of the proposed 
system

• Very precise monitoring of soil density and moisture 
changes thanks to radar waves inherent physical 
characteristics

• Non-invasive application on existing infrastructure

A fully functional SGPR laboratory prototype
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5. Initial tests

Site:  Astronomical  Observatory 

of the Jagiellonian University

6. Construction site test

Site:  Car  park  of  The University 

Hospital Kraków

Test conducted with:

5.1. Overview

We conducted extensive tests of our radar at the Krakow astronomical observatory. Tests 
were conducted both in the old military fort and its surroundings. The 19th-century fort is 
located on a rock, which makes it a fascinating object for research. 
Inside the fort we examined the upper-floor corridor, the choice was dictated by the well-
known structure of the fort and hence the possibility of verification of echo parameters. 
Thanks to the multi-level layout of the fort, it was possible to penetrate and analyse both 
upper and lower corridor slabs.

5.2. Results

The conducted tests confirmed the high parameters of the radar and its ability to penetrate 
even very thick walls of the defensive fort. Also, research in the vicinity of the fort has shown 
a high resolving power of our radar by clearly marking the cracks in the rock on which the 
fort is located.

6.1. Overview

The tests were conducted together with the Warbud geotechnical team in the multi-storey 
car park of the university hospital. We carried out tests along the building wall both inside 
and out to confirm that it could penetrate through a thick reinforced foundation. Also, 
we carried out additional tests on the last level of the building to see the possibility of 
penetration through multiple floors.

6.2. Results

It has been confirmed that our radar can easily penetrate the foundation and analyze 
the structure below it, which is not impossible with the use of other non-invasive methods, 
including conventional GPRs. In addition, we compared our results with the geotechnical 
tests carried out before construction (including drilling), confirming the correct recognition 
of the structures by our radar. 
Tests from the top floor of the car park confirmed that the radar can correctly image all 
six floors of the car park.
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7. Laboratories 8. Grant projects

„Innovative IT system based on full-wave EM modeling of geophysical subsurface 
applying machine learning techniques based on the universal SDR platform using 
the FMCW GPR" 

Institution: National Centre for Research and Development
Project: "Fast Track" POIR.01.01.01-00-1451/19
Total project value: 8 447 815.35 PLN

Active

We have access to advanced laboratiores that fully cover our needs at every 
stage of the project.

AGH UST Centre of Energetics (our main office)

Software development and Geophysics modelling laboratory

Electronics laboratory

Fully equipped for development of electronics 
and radio techniques. Daily location of our 
hardware development team.

Industrial electronics and electromagnetic   

compatibility laboratory

Unique on a Polish scale, fully equipped laboratory 
for testing and certification of electronic devices.

Office of the geophysical modelling and software 
development teams. It is located at the AGH UST campus, 
the heart of Krakow's academic life.

"Spectral Ground Penetrating Radar - SGPR.TECH project" 

Institution: National Centre for Research and Development
Project: BRidge Alfa
Total project value: 250 000 EUR

Finished

"3D modelling simulations used for acceleration of development and deployment 
of fully functional modelling software" 

Institution: EIT/KIC RawMaterials
Project: Booster programme
Total project value: 60 000 EUR

"Breakthrough technology for examining of the subsurface, based on the self-
designed SGPR radar as well as the geophysical processing software" 

Institution: Executive Agency for Small and Medium-sized Enterprises (EASME)
Project: Horizon 2020 SME Instrument Phase 1
Total project value: 50 000 EUR

"Spectral Ground Penetrating Radar application in the Construction industry" 

Institution: Krakow Technology Park
Project: ScaleUp
Total project value: 170 000 PLN
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Adress

W1 13DD, 80 Kensington Square, office 402 

Mobile

+44 582 6487 
+44 583 6588

Media

e m a i l @ c o m p a n y . c o m 
w w w . c o m p a n y . c o m 
@companytwitter

Contact

Office

AGH UST Centre of Energetics 

ul. Czarnowiejska 36 

Kraków, 30-054 POLAND

CEO - Mirosław Trześniowski 

+48 608 106 411 

m.trzesniowski@sgpr.tech
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