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Abstract. The article discusses modern geodetic measurement

methods of relief, their advantages and

disadvantages. It is also offered a polarimetric measurement method of relief. This method is intended for measuring
relief and can also be used to measure slope road and airport paving, railways to geometric description of the
surface complex engineering objects, such as bridges, roofs of buildings, architectural elements.
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1. Introduction

In modern terrestrial geodesy in the performance of
measurement work the task is not only to measure
with high accuracy, but in minimal time. Most
existing methods that involve the use of geodetic
instruments  (theodolites, levels, lighttelemeter,
tachometers, etc.) are characterized by high
accuracy, but at the same time, the speed of
measurement is low. Also, labor costs in carrying
measurement process remain significant in spite of
automation of individual operations.

2. Analysis of research and publications

Analysis of research and publications [1], [2], [3],
[4], [5] showed that for measuring of relief,
Geodetic instruments and measurement methods are
used. They are characterized by high precision, low
speed and significant labor metering process.

3. Formulation of Article purposes

Since there is a need to conduct highly accurate
measurements of the relief at high speed, thus arises
the problem of developing a method of measuring of
the relief that would ensure reduction in
measurement time and at the same time ensure high
measurement accuracy.

4. The main material

Let us consider the existing methods for measuring
of the relief. The most widespread is the method of
measurement, which is implemented using a
theodolite. Theodolite - geodetic instruments for
measuring horizontal and vertical angles, distances,
azimuth. With a theodolite topographic surveys are

performed to generate topographical maps and plans
for which project construction, land surveying. Sides
angle that should be measured, projected on the limb
using a moving plane sighting telescope. In this case
plane of vizier alternately combined with each side
angle, directing collimation axis of the telescope at a
point lying on the side of the angle. As vizier target,
used vertically held milestones established at
sighting point. Angle determined by the calibration
device — alidade. Features of the measurement
method cause low performance of modern geodesic
instruments. In particular, during the measurement
for determining the coordinates of an arbitrary
geometrical point of relief it is necessary to focus its
image, and then to measure taking in to account the
reference directions using levels, gyroscopes,
accelerometers. And this takes some time.

The above drawbacks are absent in satellite
geodesic  measurement  systems. Here the
measurement is performed using four satellites. The
distance from each satellite to a user receiver, is
measured, and then based on the known coordinates
of the satellites, using the formula for calculating the
distance between two points to determine the
position coordinates of the user receiver. Three
measurements are enough to calculate the
coordinates of the point. The fourth measurement is
necessary in order to determine the difference in
time between satellite clock and the receiver clock.
In determining the distance of satellite systems they
measure the phase of the electromagnetic wave. In
carrying out the measurements by satellites
exclusively relative (differential) method are used,
as they provide the highest accuracy. In relative
measurements two receivers and the same
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constellation of satellites are used. The results of
these measurements determine the geometric axis
projection on the coordinate system baseline that
connects the receivers, the distance between them,
and the angles that characterize the direction of the
baseline. This allows measurements of macro- and
meso-relief using GPS [3].

By analogy with satellite systems, terrestrial
measurements can be carried out also quickly when
they measure azimuth plane of polarization of the
light wave, instead of parameters directional
propagation of electromagnetic waves, ie the use of
polarimetric measurement methods [5, 7].

The use of polarimetric measurement method in
terrestrial geodesy and other fields can solve the
problem of providing high-precision, continuous and
rapid measurement process.

Measurement accuracy is reached through the use
of polarimeter and providing speed — the presence of
a moving base on which polarizer and the light
source are set.

YA

Yi t+
Vil
Yi2

Structurally, the base may be represented as
carts, wheels or other moving object.

The proposed method provides a significant
reduction of time spent on measuring work, as it
provides almost complete automation. The method
also provides removal of processing measurement
results outside the field of measurement, enabling
measurements with high accuracy. It allows to
conduct rapid monitoring of areas whose relief is
constantly changing, for example, the runway at the
airport. In the simplest case, the method can be
implemented using a polarizer and light sources
installed on a moving basis, analyzer, information
processing and storage device.

The method is as follows (Fig.). After determining
the value of the derivative at each fixed point
towards an unknown function using integration,
describing the path traveled by the measuring
device. Curved lines of this path will determine the
relief. The value of the derivative at each point of
the curve relief equals angular coefficient of the
tangent line.

Fig. Scheme of polarimetric measurements of relief:
1 - platform; 2 — laser

The angular coefficient of the tangent is defined
tangent of angle of tangent slope relative to the
horizon. The angle of inclination measured with
high accuracy by polarimeter.

Denote the length of relief from point A to point E
through S, the distance between the points of contact

wheel platform with a surface relief (points B, C and

D) through d, speed of movement of platform — v.
Angle 0. measurement is performed at intervals Az .
Thus the quantity of measurement equal to N.
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_d of labor of the measuring process by automating the
Al = 3 measurement process.
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CTaTTIO IPUCBIYCHO MPOOIeMi BUKOPUCTAHHS TIOJSIPAMETPIi JJIs1 BUMIPIOBaHHS pelbedy MICIEBOCTI. 3alpOrOHOBAaHO
MOJIIPUMETPUIHUN METONl BUMIpIOBaHHS. Y TOpPIBHSHHI 3 HAsABHAUMH METOJaMH BHUMIPIOBAHHS IOJIPHMETPUIHUN
MeTo/ 3a0e3reuye CKOPOYCHHS 4yacy BHMIDIOBaHHS il Mpu 1bOMY 3a0e3ledye BUCOKY TO4YHICTh. Bin 3abesmneuye
HEeIepPEepBHICTh 1 BUCOKY TOYHICTH BHUMIPIOBAHHS 3aBISKH 3aCTOCYBAaHHIO MOJISIPUMETPA, BUCOKY MIBHIKICTH 1 HHU3BKI
TPYAO3aTPaTH BUMIPIOBAIFHOTO IPOIIECY 33 PAXYHOK aBTOMAaTH3AIlil MPOIeCy BUMipIOBaHHS.
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CraThsl TOCBAIICHA MPOOJIEME HCIOJB30BAHUS MOJPUMETPUH JJIsi M3MEPEHHUs penbeda MecTHOCTH. IIpemtosxeH
MOJISIPUMETPUYECKUI METOJI U3MEpEHUs. B cpaBHEHHM C CYLIECTBYIOIIMMHU METOIaMU U3MEPEHUS MOJISPUMETPUUECKUI
METOJ] 00eCreynBacT COKpAIleHHEe BPEMEHH W IPH 3TOM O0ECHEeYMBACT BBICOKYIO TOYHOCTh. OH oOecredymBaeT
HENPEPBIBHOCTh U BBICOKYIO TOYHOCTb U3MEPEHUS 3a CUET UCITOIB30BAHUS MOJPUMETPA, BBICOKYO CKOPOCTh U HU3KYIO
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