TECHNICAL REPORT
about floor inspection in the Senate building,
St. Petersburg, July 19, 2007

On the order of Russian President Administration, the former Senate building (Fig. 1) is being
refitted for using it by Constitutional court of Russian Federation. The building was built by the
outstanding architect K.I. Rossi in 1829-1834. This building has great value for Russian culture.
The team of the Remote Sensing
Laboratory, Bauman Moscow State
Technical University, was invited to
participate in this work. The case is that the
underfloor water heating system has been
installed in the Senate building. In this
system, warm water is circulated through
pipes that are laid into the floor. The
arrangement of pipes hasn’t been precisely
documented. Besides there are electricity
and communications cables as well as
metal mesh under concrete floor of the
building. Workers were afraid of damage
pipes and cables during laying of parquet
floor. The purpose was to investigate
building floor and to define exact position
of pipes and cables with the help of
Fig. 1. Senate building, Saint-Peterburg
subsurface holographic radars, developed
in our laboratory.
Before
the
investigation
the
technology of installation of underfloor
heating system has been studied. At first the
metal mesh is laid on a subfloor. The
spacing of mesh bars is 150 mm. Then the
pipes are fastened to the mesh by the plastic
clips. Various types of pipes are used
including cross-linked polyethylene (PEX),
multi-layer (a composite of PEX, aluminum
and PEX) and polybutylene (PB): copper
pipes aren’t used now. The spacing of pipes
is 300 mm. A typical layout for heat tubing
in the floor is shown in Fig. 2. The pipes are
covered by the cement screed. The depth of
Fig. 2. Typical layout for heat tubing
the screed above the pipes is about 3 cm.
in the floor of a room
There was apprehension that the
plastic pipes could be invisible on the background of metal mesh because of plastic has lower
reflectivity towards environment (cement screed) then metal. It is worth noting that an object contrast
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on holographic radar image depends of its reflectivity and phase shift that is function of distance to the
object. For extended objects radiation polarization also has great influence on resulting contrast.
The work of floor inspection was carried out with the aid of the holographic subsurface radars of
RASCAN type. The room on the first floor of the Senate building was surveyed (Fig. 3).
The total area of the scanned surface was
16.7 sq. m. Overall time of work (disregarding the
time for equipment installation) was about 5 hours.
More than half of that time consumed scanning
while the rest was spent in plotting the layout of
pipes and cables on the floor.
Main work was made with the help of
RASCAN-4/2000 radar. This modification (in
contrast to RASCAN-4/4000) has a handle that
makes work easier while inspecting large areas.
RASCAN-4/2000 radar during the investigation is
shown in Fig. 4. To record radar data the standard
portable computer RoverBook Explorer RT5 was
used.
Fig. 3. The Senate building first floor plan
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Fig. 4. RASCAN-4/2000 radar during the survey:
a) floor inspection; b) radar head; c) radar images recording
While inspecting the floor a tangle of electricity and communications cables were found (Fig. 5).
This badly complicated the interpretation of the radar images.

Fig. 5. Types of cable ends on the floor surface
The surveyed area was divided into fragments with the size of 1.7 by 2.0 m. After recording a
radar image of each fragment, the operator analyzed the image and drew the results by the chalk on the
floor. Position of heater tubes was presented by blue chalk, and red chalk was used for cables (Fig. 6).
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Fig. 6. Position of heater tubes was marked by blue chalk,
and red chalk was used for cables
As we had supposed before investigation, there was no difference between pipes and metal mesh
in the parallel polarization radar images. In the cross polarization radar images the plastic pipes were
clearly visible. Fig. 7 presents: a) cross polarization radar image at frequency 2.0 GHz; b) position of
heater tubes (black lines) and communications (section lines) on radar image; c) plan of tubes and
communications. Vertical lines at image a) are mesh wires. In the cross polarization channel only
transverse wires could be seen. Other part of wires could be clearly seen in parallel polarization. The
dimensions of the radar image are 1.70 by 8.04 m.
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a)

b)
Fig. 7. Interpretation of the radar image:
a) Initial radar image at frequency of 2.0GHz (cross polarization);
b) Position of heater pipes and communications over the image
c) Layout of pipes and communications
(
- heater pipes;
- communications)

c)

5
An interesting part of the radar image is shown on Fig. 8. One can see how heater pipes bent
over the cable.

Fig. 8. Part of radar image
To improve quality of radar images some mathematical procedure was proposed. In Fig. 9a the
initial radar image is presented. Horizontal bars are clearly seen in the image. Filtering in the
frequency domain in order to suppress reflections of mesh wires has been used.
Let f(x,y) be input image, where x = 0, 1, 2, … , M - 1 and y = 0, 1, 2, … , N - 1 (in our case
M = 170, N = 804). The 2-D discrete Fourier transform (DFT) F(u,v) of this image is presented by the
expression
M −1 N −1

F (u , v) = ∑∑ f ( x, y )e − j 2π ( ux / M +vy / N )

(1)

x =0 y =0

where u = 0, 1, 2, … , M - 1 and v = 0, 1, 2, … , N – 1.
The basic idea of filtering:
1) Carrying out Fourier transform of the initial image
2) Manipulate the transform by suppressing periodical objects that have mesh period of 15cm
3) Carrying out inverse Fourier transform for getting a new “better” image
More in details1):
1) Multiply the image by (−1) x+ y to prepare for a centered FT
2) Compute F(u,v), the DFT of (step 1)
3) Multiply F(u,v) by a filter function H(u,v)
4) Compute the inverse DFT of (step 3)
5) Obtain the real part of (step 4)
6) Multiply (step 5) by (−1) x+ y
The bar spacing in the metal mesh is 15 cm. The radar image resulting from horizontal bars
reflections can be approximated as
r ( x, y ) = sin 4 (πx

15

+ ∆s )

(2)

where ∆s - vertical distance from first bar to image border;
x = 0, 1, 2, … , 170 – 1; y = 0, 1, 2, … , 804 – 1.
The absolute value of centered DFT of r ( x, y ) gets the largest extremum in the points with
coordinates (86, 349) and (86, 457). So, a filter function should suppress the Fourier transform of input
1)

Digital image processing using MATLAB, by Rafael C. Gonsales, Richard E. Woods, Steven L. Eddins
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image in these points. Considering approximation of r ( x, y ) , a filter function has to go to zero not only
in these points, but also in some intervals d stretched along axis v. A filter function can be expressed
by
⎧0 − at u = 86 and (v ∈ (349 − d ,349 + d ) or v ∈ (457 − d , 457 + d ))
H (u, v) = ⎨
⎩1 − at u ≠ 86 or v ∉ (349 − d ,349 + d ) or v ∉ (457 − d , 457 + d )

(3)

where d = 10 (found by fitting).
The discrete Fourier transform (1) of the initial image is shown in Fig. 9b, filter function (3) is
shown in Fig. 9c. The result of filtering that is inverse DFT of product F(u,v)⋅H(u,v) is shown in
Fig. 9c. The result image after contrast enhancement is presented in Fig. 9e.

a)

b)

c)

d)

Fig. 9. Result of digital image processing:
a) initial radar image
b) the discrete Fourier transform of initial image
c) filter function H, displayed as an image
d) result of filtering
e) image “d” after contrast enhancement.

e)
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Summarizing the results of work one may state that RASCAN-4/2000 radar is useful for doing
such tasks. Possible productivity of the device in this configuration is up to 50 sq. m per day.
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