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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DEVICE FOR AUTOMATED LEVELING

Abstract. The article describes the issue of automation of surface leveling performed during the reconstruction
of artificial aerodrome covers. The existing methods of surface leveling using satellite technologies, electronic (digi-
tal) and laser rotational levels are described. The main drawbacks of existing methods are analyzed, the essence of
which is reduced mainly to the large amount of manual measurements. A new mobile device for automated surface
leveling is proposed, the distinctive parts of which are mobile platform, leveling optoelectronic device (LOED) and
ultrasonic location block. The LOED includes lenses and a double Charge-Coupled Device (CCD) Matrix. To per-
form the leveling of the surface in the leveling marking the ends of the leveling lines, which are parallel to the lon-
gitudinal axis of the leveling plot is done. The leveling lines fix two points (benchmarks) where elevation points are
first-order as compared with elevation points of leveling the surface. Two reference sighting targets on the ben-
chmarks are installed. In the memory of the device such data as: instrumental elevations, elevations LOED and ele-
vations sighting targets, as well as the scanning step are entered. The device LOED is installed to the alignment
between sighting targets the position in the alignment of the images of targets on the display are controlled. The
device is installed sequentially to the points of scanning the surface along the alignment line and define the readings
on the LOED matrixes at the points of leveling the surface during stops or movement of the device on the align-
ment line.

As a result of measurements in automatic mode, the instrumental elevations along the alignment line with an
adjustable scan step are obtained. Such a device due to increased mobility is effective for leveling large and length
areas, such as take-off and landing strip, take-off starts, airplane platforms, etc.

Keywords: leveling of the horizontal platform, level, acrodrome covers.

Statement of the problem. For reconstruction of artificial surfacing at airports: take-off and landing
strips, take-off starts, runways, airplane platforms, it is necessary to know the individual instrumental
elevations of surfacing. In geodesy the technology for determining the instrumental elevations located on
this surface was called the leveling of the area.

The analysis of recent research and publications. Recently, in practice of geodetic measurements,
satellite technology is increasingly being used [1-7]. They have following advantages in comparison with
traditional methods of geodesy: independence from weather conditions, absence of referenced to a geo-
detic stations (autonomy), obtaining point coordinates in real time.

However, the accuracy of the definition of vertical coordinates (coordinates instrumental elevations),
has lower accuracy of the horizontal coordinates definition. The values of coordinates instrumental
elevations, used by satellite-based positioning equipment (e.g. GPS), have systematic errors. They arise
because during the processing of satellite level data a global geoid’s model is used. It does not take into
account its local features in the area of observation.

Leveling of the surface can be done using rotational laser levels [8-10]. To do this, the rotational laser
level is usually installed in the center of the platform and brought to work. Around the level the area laser
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radiation is formed. The operator step by step moves the rod to the point of defining instrumental eleva-
tions on the surface and readings on rod. Also he uses a detector that can be moved along the rod. The
accuracy of the best rotational laser levels is about one millimeter per 10 m from the level. The maximum
distance to the rod is 400-700 m.

Surface leveling is performed using electronic (digital) levels [11-13]. For this purpose the level is
brought to work condition. The level’s telescope is directed on the rod the rod is installed at separate
points of the surface. The rod’s readings are determined automatically.

Standard calculations for instrumental elevations are performed using the built-in processor. The
accuracy of the vertical distance definition is several hundredths of a millimeter - using a invar rod with
bar code and about one millimeter - using a standard rod with bar code. The maximum distance from the
level to the rod is 100 m.

The laser rotational levels and digital levels, the horizontal coordinates of the leveling points are not
determined. Therefore, on the surface it is necessary to designate and fix on the places of rods's instal-
lation.

The analysis of the above-mentioned methods of leveling surfaces indicates that the movement of
rods or satellite receivers is carried out manually. It is necessary to designate out marking of places of
their installation on surface. In the case of a rotational level, records readings are also handled manually.

The purpose of the article. The main purpose of this article is to introduce the new device for
automated leveling.

The exposition of research results. The new device [14, 15] for automated leveling (figure 1)
contains: mobile device 1; chassis 2; vertical rack 3; operator seat 4; control panel 5; control panel rack 6;
leveling optoelectronic device (LOED) 7; the mechanism of rotation block 7-8; ultrasonic location block
9; sighting targets 10; sighting target’s racks 11; sighting beam 12; surface of the platform 13.
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Figure 1 — Automated leveling device scheme:
1- mobile device; 2 - chassis; 3 - vertical rack; 4 - operator seat; 5 - control panel; 6 - control panel rack;
7 - leveling optoelectronic device (LOED); 8 - the mechanism of rotation block 7; 9 - ultrasonic location block;
10 - sighting targets; 11 - sighting target’s racks; 12 - sighting beam; 13 - surface of the platform

All components of the device are mounted on a single platform 1 and fixed on the chassis 2. LOED 7
is located on a vertical rack 3. The vertical rack 3 has a mechanism 8 for rotating block 7 on 180° about
the vertical axis.

Figure 2 shows the construction scheme LOED [14, 15]: 14 — box LOED; 15 - LOED lenses; 16 is a
double CCD Matrix.

From the targets 10 the light beams 17 take on lenses 15. Elements 15 and 16 form two digital
cameras. In addition: 18 — the detail of the mechanism 8 the axis rotation of the device 7, controlled from
the control panel 5; 19 — light range-finder block; 20 - light-location rays.
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Figure 2 —
Scheme of a level optoelectronic device structure:
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the axis rotation of the device 7; 20, 3

19 - light range-finder block; - | :l -
20 - light-location rays 18
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Sighting targets 10 (see figure 1) can be installed on permanent or temporary (mobile) vertical pillars.
In the lower part of the sighting targets, reflectors are installed for light range-finder measurements using
blocks 19.

Figure 3 shows the scheme of the device with the main components involved in the measurements
[14, 15]: 5 - control panel; 21 - electronic unit for processing information; 7 - LOED; 9 - ultrasonic loca-
tion block; 10 - high sighting targets; 19 — light range-finder block; 22 - reflectors; 13 - the surface.

= B o B

19 22
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Figure 3 — Automated leveling device main units scheme:
5 - control panel; 7 - LOED; 9 - ultrasonic location block; 10 - high sighting targets; 13 - the surface;
19 - light range-finder block; 21 - electronic unit for processing information; 22 - reflectors

The automatic leveling device operates as follows [14, 15].

1. Preparation for leveling.

1.1. On the surface leveling, marking the ends of the leveling lines, which are parallel to the
longitudinal axis of the leveling plot is done. They fix two points (benchmarks) where elevation points are
first-order as compared with elevation points of leveling the surface.

1.2. Two reference sighting targets (RST) are installed on the benchmarks.

1.3. On the control panel 5, the data memory is recorded:

- the value of the elevation benchmarks H, , H ;

- the value of the size (height) [ of the device 7 relatively to the lower plane of the transducer trans-
mitting ultrasound sensor;

- the value of the elevation points sighting targets (from the center of the sighting target to the
benchmark) 7,/ , 1y, ;

- step of surface scanning.

1.4. The operator places the device to the alignment between sighting targets 10. Control of the
alignment position and orientation of the inspection axes device LOED 7 are performed on the control
panel 5. For this the sighting targets mutual position of the marking on the display screen during the
installation and during leveling are evaluated.
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2. Surface leveling along the lines alignment of the PST.
The device is installed sequentially to the points of scanning the surface along the alignment line of

centers PST 1 and 2. Define the readings @, and a, on the LOED matrixs at the points of leveling the sur-
face during stops or movement of the device on the alignment line. The vertical distance A/, is measured

at each point leveling from the surface to the sensitive site of the ultrasonic sensor 17. Then the
arrangement of the device on the alignment line by the image of reference datum sighting targets 1 and 2
on the screen of the control panel 5 is controlled. The distances from the LOED 7 to reference sighting

target 1 — S, to the reference sighting target 2 — .S, are measured.
At each point the leveling the values are measured:
distances S, and S,;
distance Al;
readings «, and a, .
These data come from units 7, 9 to the control panel 5, which has such units as computing, memory

and storing and recording information unit.
The height of the surface at the scan points can be calculating as:

1 (S, =S\, —Hps,)] 1
H.:E Hypy + Hyy, = : 251?;2 o —ﬁ(S1a1+S2a2)—l—Al,

HbM]:HR]+ZM]; _ _ _ .
where is the instrumental elevations of the centers of RST; H, and H, is the
HbMZ:HR2+lM2, ! 2

instrumental elevations of reference benchmark R, and R, ; /,, and [, is the sighting targets of vertical

racks sizes (from benchmarks R, and R, to targets centers bM, and bM,); f is the focal lengths of
digital cameras of a leveling optoelectronic device; S, and S, is the horizontal distances measured from
the optoelectronic device to the sighting targets centers; a, and a, is the readings in pixel fractions on the

targets of the double matrix of the optoelectronic device; / is the length of the rack of the optoelectronic
rack from the receiving and transmitting plane of the ultrasonic sensor to the center point of the
optoelectronic unit; Al is the distance from the surface to the receiving and transmitting plane of the
ultrasonic sensor.

Conclusions. The new automatic leveling device allows to get the instrumental elevations of the
automatic mode in a given alignment line with an adjustable scan step. Such a device due to increased
mobility is effective for leveling large and length areas, such as take-off and landing strip, take-off starts,
runways, airplane platforms, etc.
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YCTPOMCTBO JUISI ABTOMATHYECKOT' O HUBEJIMPOBAHUA

AHHoOTanusi. B craThe paccmaTpuBaeTCsi BOIPOC aBTOMATH3ALMHN HHUBEIMPOBAHUS NTOBEPXHOCTH, BBIIONHSIC-
MOTO IIpH NIPOBEIEHUN PEKOHCTPYKLIUH UCKYCCTBEHHBIX OKPHITUI a3poapoMoB. ONHCaHbI CyIIECTBYIOLINE METOIbI
HHUBEIMPOBAHUS IOBEPXHOCTH, UCIIOIB3YIOIINE CITyTHUKOBBIE TEXHOJIOTHH, 3JIEKTPOHHBIE U JIa3€PHBIE POTAILIMOHHBIE
HuBeNUpbl. [IpoaHanu3npoBaHbl OCHOBHBIE HEOCTATKH CYIIECTBYIOIIUX METOJIOB, CyTh KOTOPBIX CBOJUTCS B OCHOB-
HOM K OOJIbIIOMY 00BEMY pY4HBIX U3MepeHuil. [IpemioxkeHo HOBoe MOOHIBHOE YCTPOWCTBO JUIsi aBTOMAaTHU3HPO-
BAaHHOTO HHBEJIMPOBAHUS MMOBEPXHOCTH, OTIIMYHUTEIBHBIMUA YacCTSMH KOTOPOTO SIBIISIFOTCS MOJBYKHAs Iuiardopma,
HHUBEJMPHBIH ONTHKO-371eKTpoHHBIH npubdop (HODII) u 610k ynbrpa3BykoBoit jokammu. B cocraB HODII Bxoasr
o0bexTuBbl U ABoitHas [13C-marpuna (mpubop ¢ 3apsiioBoil cBs3bIO). J[JIsl BHINOIHEHUS] HUBEINPOBAHUS HOBEPX-
HOCTU Ha y4acTKe HUBEIUPOBAHMUS BBINOJHSIIOT Pa3sMETKy MapauledbHbIX NPOJOJbHON OCH y4acTKa KOHIOB JTMHUI
HUBEIMpOBaHMsA. Ha Takux JMHUSAX (UKCHUPYIOT JIBa perepa ¢ OTMETKAaMH Ha KJIacC HUBEIMPOBAHMS BBIIIE, YEM
HHUBEIMPOBAaHNWE IOBEPXHOCTH ydacTka. Ha pemepsl yCTaHaBIMBAIOT JBE OINOpPHBIC BU3MPHBIE Mapku. B mamsre
YCTpOWCTBa BBOZIAT AaHHBIE: 0TMETKH periepoB, HODII n BU3MPHBIX MapOK, a TaKXKe IIar CKAHUPOBAaHUS. Y CTPOM-
ctBo HODII BBICTABISIOT B CTBOP MEXIY BU3UPHBIMH MapKaMH, BBINOIHSA KOHTPOJb €T0 MOJIOKEHUSI B CTBOPE 110
n300pakeHUAM MapoK Ha JUcCIUIee. Y CTPOWCTBO YCTaHABIMBAIOT IIOCIEJOBAaTEIbHO HAa TOUYKAX CKAaHMPOBAHUSA
MOBEPXHOCTH BJAOJIb CTBOPHOHN JMHUM M CHUMAIOT oTcueThl o Marpuram HODII B Toukax HHUBETHUpPOBaHHSA IO-
BEPXHOCTH BO BpeMs OCTAaHOBOK MJIM JIBUXKEHHUS YCTPOWCTBA MO CTBOPHOM JIMHUU. B pe3ynbprare u3mepeHuil B aBTo-
MaTHYECKOM pEXXHME IOJyyaroT 3HAYEHHUS BBICOT TOYEK IO 3aJJaHHOM CTBOPHOI JIMHUM C PETYIUPYEMbIM IIaroM
ckaHMpoBaHus. Takoe ycTpoiicTBO, 6iaroaapsi NOBBIIEHHONH MOOMIBHOCTH, 3(p()EeKTHBHO JJIs1 HUBEIMPOBAHMS 3HA-
YUTENBHBIX O IUIOIIAAM U NPOTSHKEHHOCTH MOBEPXHOCTEH, HampuMmep, B3IETHO-NOCAAOYHBIX IOJOC, TPYHTOBBIX
CTapTOB, PYJIEXKHBIX JOPOKEK, IEPPOHOB a3POMOPTOB U IP.

Ki1roueBble ¢J10Ba: HUBEINPOBAHNE TOPU3OHTAIBHON TIOBEPXHOCTH, HUBEIIUP, a9POJPOMHBIC TOKPBITHS.
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