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APPLICATION OF ELECTRONIC LEVELS AND IMPACT OF THEIR ACCURACY
ON CONSTRUCTION MEASUREMENTS

INPUMEHEHME DJIEKTPOHHBLIX YPOBHEHN U BJIUSHUE UX TOUHOCTH HA
CTPOUTEJIBHBIE UBMEPEHUSA

A3zwipksl yuypoa Keipevizcmanoa mypax-scai umMapammapuli HCaua Kypyamaiapuli KypyyHyH
MeMNU JHCAHa Macumaodwvl KeCKUH ocyn scamam. Byn makana omys Jcolll apanvlebihoa 4bleapuliean
WILD NA2000, Sokkia SDL50 owcana Leica LSI15 cwiakmyy caunapunmux Huseaupiepou
canvluumulpmanyy —mandooco apuaneau. Kypeysyneon —u3unoeomyn —Heusunoe — daemopiop
Mapabwbinan OHYYYHYH ACYPYULY HCAHA 3aMAHOAN MEXHOL02UALAPObIH NEeKMPOHOVK 2€00e3UNbIK
acnanmap MeHeH Mmulebl3 OallaHblubl Kepcomynyyoe. byn bepenenun memacvl emo axmyanoyy
bonyn cananam, anmkenu O6uzoun buuwikex waapvlovizoa, Kypyayul Uumepu H#o2opKy 0eHeddnoe
ACYPYYOO 0emeK, MbIHOAU UHCMPYMEeHmKe D0N20H MYKMANCObIK AOOAH HCO20P).

030K co300p: canapunmux Hugeaup; KOOMyy UHEAPOLIK pelxa,; aimautyy unmepdgeticu; RAB-
KOOy, a8momMammyliK OKYCUPOBKACHL, ABMOMAMMAWMbIPYY; NAUOALAHYY-NOPMY.

B nacmoswee e6pems 6 Kvipevizcmane yeeiuuugaromcs memMnvl U - Macuimaowl
CMPOUMENbCMBA  JHCUNLIX  30AHULL U COOPYIHCEHUU, d MAaKou eceode3udeckuii npubop Kax
9NEKMPOHHBIU HUBETIUD, OUYEHb YEeHEeH U HeOOX00UM 68 OaHHOU ompacau. /lannas cmamus nocesujeHa
CPABHUMENbHOMY  AHANU3Y YUDPOBBIX HUBETUPOS, GbINYUWEHHBIX HA NPOMANCEHUU NOPAOKA
mpuoyamu aem, maxux kax, WILD NA2000, Sokkia SDL50 u Leica LSI15. Ocoboe enumanue
Yoensiemes mexHu4eCKumM Xapakmepucmukam, uzydyeHue U aHATU3UpO8AHUe KOMOPLIX, Hecym 3da
coboti  6v1800bl U umoeu. Ha ocnose nposedennoco ucciredoganus, asmopamu Ha2isA0HO
NOKA3bI8AEMCS X00 pPA3GUMUSL U MECHASl C653b COBPEMEHHbIX MEXHONO02Ull C 31eKMPOHHbLIMU
eeodesuneckumu npubopamu — Husenupamu. Tema OanHoOU cmamvu 56A€MCs AKMYAIbHOU, MAK
KaKk Ha npumepe Hawezo 2opoda buwxex, mwi  moocem 6udemv  8bICOKYIO  cmeneHbv
3acmpaugaemocmu, U c1e008ameibHo, NOMPeOHOCMb 8 MAKOM NPUOOPe 8eCbMA BbICOKA.

Knwuegwie cnoea: yugposou nusenup; Ko0osas uHeapHas peuka, unmepgeic oomena, RAB-
KOO, a8momMamuieckas (oKycuposKka, agmomamusayus, no1b308amenbCKuil NOpm.

Currently, in Kyrgyzstan, the pace and scale of construction of residential buildings are
increasing, and such a geodetic device as an electronic level is in high demand in the industry. This
article provides comparative analysis of digital levels released in last thirty years, such as WILD
NA2000, Sokkia SDL50 and Leica LS15. Particular attention is paid to the technical
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characteristics, the study and analysis of which are the conclusions and results. Based on the study,
the authors clearly show the development and close connection of modern technologies with
electronic surveying instruments — levels. The topic of this article is relevant as we can observe
high rate of urban development in case of Bishkek, therefore, the demand for such a device is
considered to be high.

Key words: digital level; level error, invar code rake; exchange interface; RAB-code; auto
focus; automation, user RS-232 port.

Leveling (from fr. Niveler - "to level", "to put at the level"), the principle of operation, from
the moment of its invention and to this day, remains unchanged - geodetic device for leveling, i.e.
determination of the difference between the height and several points of the earth's surface.

The main task of the level is to build a stable horizontal, with which any deviations become
noticeable.

The history of the existence of this device is more than a thousand years old. The first model
of the modern level appeared in ancient Egypt. For the construction of complex structures they
needed appropriate auxiliary equipment. The exposition of the first simple level, arranged in the
form of communicating vessels filled with liquid, is given in the works of G. Alexandrian in the 11
century BC. e. In the simplest form, the level existed until the seventeenth century with real world
applications. In 1609 Galileo supplemented it with a measuring tube. Through some period of time
Johann Kepler in 1611 improved the device, adding to it a net thread. In 1674, Montenarius
replaced ordinary threads with long-range ones. Optical levels appeared only in the middle of the
XIX century after 1857. In Amsler Laffon's workshop was built a shifting level. The measuring
device in its common form known to us was built only at the end of the XIX century, when scientist
D. D. Gedeonov invented a optical level in 1890, it became the ancestor of modern devices. The
tool soon found practical applications. Levels began to be used in construction, engineering
research and topographic and geodetic works. Swiss researcher G. Wilde offered internal focusing
on the sight tube, contact level, optical micrometer and invariant rails. German developers of the
Opton company in 1950 created levels with a self-established line of sighting. Thanks to the
scholars G. Yu. Stodolkevich and N. A. Gusev upgraded the level by adding automatic
compensators [1].

On terminology: electronic and digital levels are same devices as different manufacturers use
the symbol "Digital Level" [2].

Researched digital levels

The digital level is based on the principle of the digital method of the phase range finder i.e.
measurements are automated up to display of the result on an electronic screen and to an external
data storage device. The phase method itself for measuring distances is the most common method of
geodetic ranging and is used to measure distances from tens of meters to tens of kilometers [3].

The first almost fully automated digital level in the world - Wild NA2000 was launched in the
early 90s [4], and based on this quote, this device will be considered the first digital level in our
article.

The measurement results are given in digital form and can be simultaneously recorded on the
REC - GRMI10 module (designed for simple control and notification operations), a GRE data
terminal (Generic Routing Encapsulation) or a computer. For the WILD NA2000 level, a special
leveling rod has been designed, consisting of three segments. On face side of the device is a binary
code with alternating stripes for electronic reading. On the reverse side, the usual checker divisions
are applied, which makes it possible to use it for ordinary optical levels [5].
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Figure: 1. First digital level Wild NA2000 and barcode rail
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By automatically taking samples, the productivity and accuracy of geometric leveling is
significantly increased. Observer errors are excluded from the observation process. When aiming at
the object and setting the focus, the set number of readings is taken with their subsequent averaging
[6].

The investigated digital level Sokkia SDL50 was released in 2005. Sokkia was one of the
first to launch a digital level. Especially for the first released electronic level SDL30, the company
has created a fiberglass leveling rod, operating based on reading information from a bar code
printed on it. This technology was named "RAB-code" (RAndom Bi-directional) [7]. It provides
accurate results under various conditions and improves the accuracy of distance measurements.
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Figure: 2. Digital level SDL50 and fiberglass staff with RAB-code

Finally, the third digital level under study is the Leica LS15. Many operations are automated,
which greatly facilitates the difficult work of surveyors performing high-precision measurements.
Automatic focusing and working with a digital camera through a simple and intuitive interface of
Leica LS digital levels make leveling comfortable and fast, and the data obtained is reliable. Data
import and export is carried out using USB sticks or Bluetooth, which makes data exchange even
more convenient. By pressing one button of the device after sighting at the target, the digital level
will automatically perform all the operations necessary for accurate and reliable recording of the
report [8].
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Figure: 4. Leica LS15 digital level and Leica GPCL3 invar staff.
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Figure: 5. Accuracy of horizontal distance

The technical characteristics of the investigated electronic levels are listed in Table 1.

Table 1
Name Wild NA2000 Sokkia SDL50 | Leica LS15
Year of release early 90s 2005 2016

code
Mean square error | ;pvar rail 1.5 0.8 0.2
of excess
measurement standard rail 2.0 1.5 1.0
for 1 km —
double stroke, mm visua 2.0 2.0 2.0

measurements
Measurement time, sec 4 3 2.5
Distance measurement accuracy 3-5mmat 10m | I0mmat10m | I5 mmat30m
Measurement electronic ?S(I)l:n 0.8 to ?S(I)l:n 16 to from 1.8 to 110 m
range visual ot 0.6 M ot 0.6 M ot 0.6 M
Compensator operating range +12' +15' +10’
Accuracy of the compensator 0.8" inf. absent. 0.3"
Visual tube (zoom) 24x 28x 32x
Round level division 8'/2 mm 10'/2 mm 8'/2 mm
Horizontal circle with divisions, ° from 0 to 360 from0to 360 | from 0 to 360
Objective diameter, mm 36 36 36
Optical sight yes no no
Autofocus no no 4 sec.
Operating temperature range, © C -20°...+50° -20°...+50° -20°...+50°

30 000 (1 GB)

Memory (number of measurements) 2 000 (64 KB) 2 000 (64 KB) USB memory

stick
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RS232/USB
Bluetooth
Mini USB

RS-232C RS-232C

Exchange interface On-line mode | CSV/SDR33

Lithium-Ion Lithiym-on

Battery type GEB79 GEB331
BDC46 (GEB 371)

Keyboard 15 keys 8 keys 28 keys backlit

Weight, kg 2.5 2.4 3.9

Dust and moisture protection inf. absent. IPX4 IP55

The data in the table were taken from the official websites and dealers of the companies, as well as
technical documentation of the investigated devices [9], [10], [11].

The result of this comparative study is:

- reduction of the RMS of the elevation measurement by 1 km of double stroke;

- reducing the time of measurements with a barcode rail;

- increasing the accuracy of distance measurement;

- increasing the measurement range;

- increasing the frequency of the telescope;

- increase in the internal memory of the device;

- increase in the exchange interface;

- the emergence of autofocus and electronic level;

- improvement of the complex protection of the device.

Conclusion

Development is part of processes around us, without which it becomes impossible to improve
the quality of construction work. This article deals with innovations related to geodetic instruments
that allow bringing the process and economics of construction to a higher level, i.e. are the engine
of the industry development. Innovative technologies have evolved, are developing and will
continue to develop, even though our construction market is full of various devices and ideas.
Electronic level is a precision tool used for accurate leveling. This paper examines the use of
electronic levels and the effect of their accuracy on construction measurements.

In conclusion, the objective of the tools is to assist, or even free a person from doing work.
We, as authors, are confident that this article has demonstrated a close connection between
innovative technologies and the construction industry, showing a significant simplification,
acceleration, and reduction in the cost of construction and construction methods.
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