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Abstract. The article presented a detailed comparative analysis of the accuracy of traditional and satellite
methods of geodetic measurements in relation to the tasks of the agricultural sector. The aim of the work was to
identify the conditions under which a particular method or their combination provides the optimal ratio of accuracy,
time of performance and stability to external factors in land surveying and land reclamation works, as well as in
the process of monitoring of agricultural lands. As part of the study, field experiments were conducted in areas
with different geomorphological characteristics of Kyrgyzstan, including flat areas of the Chiiy Valley, hilly pasture
zones and mountain gardens of Jalal-Abad region. The results showed that levelling retains its leading position
in terms of vertical accuracy (up to 2 mm/km), which makes it indispensable in the design of irrigation systems.
Tacheometry demonstrated stable values of RMS error in plan (8-12 mm) and elevation (15-25 mm) in conditions
of plains and built-up areas. GNSS measurements in RTK mode provided high performance and accuracy (5-10 mm
in plan, 10-20 mm in elevation) in open terrain, but in mountainous areas the accuracy decreased to 3-5 cm due to
signal interruptions. Static GNSS survey provided the highest accuracy results (3-5 mm), but it was the most time-
consuming (20-40 min/point). The practical value of the study lies in the development of recommendations on the
selection of the optimal methodology for cadastral works, design of land reclamation systems and implementation
of precision farming technologies, where the combined use of traditional and satellite approaches is most effective
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Introduction

Modern development of the agricultural sector is im-
possible without the use of accurate geodetic measure-
ments, which provide a reliable basis for land manage-
ment, design of land reclamation systems, monitoring
of agricultural land and implementation of precision
farming technologies. In recent years, there has been
a growing interest in the integration of satellite and
traditional methods, as shown in papers such as
A. White et al. (2022). New studies emphasise the val-
ue of global georeferencing systems and the combina-
tion of GNSS (Global Navigation Satellite System) with
other methods (Huisman & de Ligt, 2023; Haines et
al., 2024). In conditions of agricultural intensification,
there is an increasing need for efficient methods that

allow obtaining spatial data on land objects with high
accuracy and in the shortest possible time. Studies
aimed at improving the efficiency of land reclamation
works are of particular relevance.As shows the study of
N. Kutymbek et al. (2025), complex ameliorative meas-
ures on compacted grey soils can significantly improve
soil structure and increase their water permeabili-
ty, which requires high-precision geodetic support in
the design and monitoring of such systems. Geodetic
measurements become not only a technical procedure,
but also an important element of an integrated rural
management system, which gives the study addition-
al relevance. Traditional geodetic methods - levelling,
tacheometric surveying, theodolite observations - are
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characterised by high accuracy and time-tested relia-
bility. They are still used in land surveying and agricul-
tural engineering projects, especially where accurate
vertical surveying is required or works are carried out
in difficult terrain conditions. However, these methods
are time-consuming and labour-intensive, which limits
theiruse when surveying large areas of agricultural land.

Against this background, satellite technologies -
GNSS, differential correction, RTK (Real-Time Kinemat-
ic) and static imagery - offer new opportunities. They
allow to significantly increase productivity, automate
the process of data acquisition and integrate them
into geographic information systems (GIS) used for
agricultural resource management. Recent years have
seen a rapid development of these technologies, with
improved receivers, post-processing algorithms and
methods for combining satellite data with unmanned
aerial vehicles and laser scanning. The greatest devel-
opment potential is related to PPP (Precise Point Posi-
tioning)-RTK, integration of GNSS with InSAR (Interfer-
ometric Synthetic Aperture Radar) and automation of
data processing (Cheng et al., 2023; Papco et al., 2024;
Reshadati & Shirzaei, 2024). Prospective studies such
as N. Chodura et al. (2025), also concern the application
of Al and big data analysis. UAV (Unmanned Aerial Vehi-
cle) photogrammetry has shown to be highly effective
for site monitoring (Maboudi et al.,2025). Modern works
such as D.Chai et al.(2025), also emphasise the integra-
tion of GNSS with INS (Inertial Navigation Systems) and
partial ambiguity resolution techniques.

The relevance of this study lies in the need for a
comprehensive analysis of the accuracy of traditional
and satellite methods of geodetic measurements in re-
lation to the tasks of the agricultural sector. Such anal-
ysis allowed to identify optimal approaches for specific
conditions of agricultural production, to determine the
balance between accuracy, costs and stability to exter-
nal factors, as well as to justify the feasibility of imple-
menting combined technologies in the practice of land
management and agricultural engineering. The aim of
the study was to conduct a comparative analysis of the
accuracy of traditional and satellite-based methods of
geodetic measurements with a focus on their applied
use in the agricultural sector. The main objectives of
the study were: to characterise traditional methods and
their role in the agricultural sector; to analyse satellite
methods and identify their advantages and limitations;
to perform a comparative analysis of the accuracy and
efficiency of the methods on the example of land man-
agement, land reclamation and land monitoring; to for-
mulate practical recommendations for the selection of
the optimal methodology for the agricultural sector.

Materials and Methods
In order to achieve the set objectives the method of field
comparative analysis with subsequent mathematical
processing of the results was used. The study used field
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methods (levelling, total station, GNSS RTK and stat-
ic survey) in different geomorphological conditions of
Kyrgyzstan. Similar approaches are described in current
sources onthe integration of GNSS withunmanned aerial
vehicles and laser scanning (Reinprecht & Kieffer,2025;
Sestras et al., 2025a; Sestras et al., 2025b). The studies
were conducted on sites with different geomorpholog-
ical characteristics in three types of agricultural areas:

Plain area (Chiy Valley) - irrigated fields and
reclamation canals. In this area, 18 control points were
measured on a regular grid of 200 x 200 m to evenly
cover the territory and to obtain a representative sam-
ple of elevations;

Moderately hilly terrain (neighbourhood of Ka-
ra-Balta) - pastures and hayfields. Fourteen control
points were selected, located at the bends in the relief
(watersheds, hilltops, depressions). This choice allowed
to reflect the characteristic features of the relief and
to check the stability of the methods in conditions of
partial visibility;

Mountainous area (Kazarman, Jalal-Abad re-
gion) - orchards and vineyards. Here 12 control points
located on slopes and in gorges were measured tak-
ing into account the availability of satellite signal and
visual contact for traditional methods.

Various field measurement methods and equipment
were used in the study. Class Il levelling (Leica NA730)
was used to obtain highly accurate elevation difference
data for irrigation and drainage canal design; verti-
cal accuracy was up to 2 mm/km. Tacheometric survey
(Leica TS06 Plus) was used to construct topographic
plans of agricultural land and agro-infrastructure facil-
ities. The root mean square error (RMSE) for plan was
8-12 mm, for elevation - 15-25 mm. GNSS measure-
ments (CHCNAV 150, RTK and static modes) were used
to obtain coordinates of control points for cadastral
survey of land plots. The methods used for data pro-
cessing were those described by A. El-Rabbany (2002)
and A. Leick et al. (2015). The RTK mode provided ra-
pidity (10-20 seconds per point), while statics gave
maximum accuracy (3-5 mm) with an observation time
of 20-40 minutes per point. Figure 1 shows the GNSS
receiver 150 CHCNAV.

Figure 1. GNSS receiver 150 CHCNAV
Source: author’s photo
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During the field survey, Class Il levelling was car-
ried out using a Leica NA730 leveller. The average
length of the sighting beam was 60-70 m and the dis-
tance between stations was about 500 m. The accu-
racy of the elevations was in accordance with Class Il
standards and was within £2.0 mm per 1 km of dou-
ble-tracking. The altitude data were compared with
the results of levelling, which confirms the relevance
of the work comparing RTK-GNSS and classical meth-
ods (Naumowicz & Kowalczyk, 2025; Raufu, 2025). A
total station survey was also carried out using a Lei-
ca TS06 Plus electronic total station. The survey was
carried out at 20-25 m spacing in open areas and 10-
15 m in areas with pronounced microrelief. RMS er-
ror of distance measurements was * (2 mm + 2 ppm),
angular measurements — 2", Point coordinates were
measured using a CHCNAV i50 GNSS receiver in RTK
and static modes. In RTK mode, the initialisation time
was 5-10 seconds and the RMS error in plan did not
exceed *1.5 cm and in elevation £2.5 cm. In static
observations, the duration of sessions ranged from
30 minutes to 1 hour, which ensured the accuracy of
coordinate determination up to *5 mm in plan and
#10 mm in height.

The Leica Geo Office and GNSS Solutions software
packages were used to process the satellite data. The
following algorithms were used during post-process-
ing: double difference method (to eliminate ephemer-
is and ionosphere errors) (Leick et al., 2015); Kalman
filter (in RTK mode for smoothing coordinate solu-
tions); least squares method (for network equalisation

in static mode, as well as for total stations and level-
ling). The quality assessment criteria were: the value
of the RMS error, the inconsistencies in stroke closures
and the accuracy coefficient of the equated networks.
To ensure comparability of the results, the data were
initially recorded in the global World Geodetic System
(WGS84, n.d.), and then transformed into local coordi-
nate systems used in land surveying projects of the Kyr-
gyz Republic: Chiy Valley — SK-42 (coordinate system of
1942),zone 13 (Gauss-Kruger); Kara-Balta vicinity - SK-
42, zone 14, coordinated with cadastral projects of the
region; Jalal-Abad region - SK-95 (coordinate system of
1995), relevant for state land surveying works.

Results and Discussion

Field studies have shown that each of the considered
methods has both advantages and limitations. The
highest vertical accuracy was demonstrated by level-
ling, where the error did not exceed 2 mm/km. These
results correspond to generally accepted standards
of accuracy of geodetic levelling, which confirms its
indispensability in the design of irrigation systems,
especially in the flat areas of the Chuy Valley. The
tacheometric survey showed stable results: the RMS
error was 8-12 mm in plan and 15-25 mm in eleva-
tion. In the conditions of urban development of Bish-
kek, the accuracy of tacheometry proved to be higher
than that of GNSS RTK. The comparative data are pre-
sented in Table 1 and Figure 2, where the advantages
of tacheometry over other methods in conditions of
limited visibility can be seen.

Table 1. Comparative accuracy of traditional and satellite-based methods of geodetic measurements
in three types of agricultural areas in Kyrgyzstan

Method RMSE by plan (mm) RMSE in height (mm) Conditions of application
Levelling (I Class) - 2.0 mm/km ngh—preC|5{on survey of height
differences
Tacheometry (electronic) 8-12 15-25 Plains, built-up areas
GNSS (RTK) 5-10 10-20 Open terrain, signal required
. Long observations
GNSS (static) 3-5 5-10 (20-30 min/point)

Note: averaged values calculated on the basis of control points measured as part of the study

Source: compiled by the author on the basis of field studies
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Figure 1. Comparative accuracy of traditional and satellite methods of geodetic measurements

Source: compiled by the author based on field survey data
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GNSS measurements in RTK mode provided high
speed of operation — about 10-20 seconds per point -
and accuracy of about 5-10 mm in plan and 10-20 mmin
height in open terrain. However, in mountainous terrain,
the accuracy decreased dramatically, to 3-5 cm, which is
consistent with the findings of V.Hamza et al.(2025) and
H.Zhong et al. (2025) who noted the sensitivity of GNSS
to interference and terrain obstacles. The advantage of
this method is its high throughput: Table 2 and the time
plot (Fig. 2) show that RTK significantly reduces the sur-
vey duration compared to traditional methods. At the
same time, as X. Zhang et al. (2025) point out, modern
technologies such as multi-frequency and multi-system
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(multi-GNSS) methods, as well as Precise Positioning
Services (PPP), allow high real-time accuracy, reducing
convergence time to a few minutes and providing an
accuracy of up to 2.5 cm. Static GNSS surveying in this
study provided the highest accuracy (3-5 mm in plan
and 5-10 mm in elevation) but was time consuming
(20-40 minutes per point). Similar findings are cited by
K. Maciuk (2018), noting that statics remains the most
reliable method, but its practical application is limit-
ed by the need for long-term observations. The data on
time costs are summarised in Table 2, which confirms
the limited application of static surveying for mass ca-
dastral and engineering works.

Table 2. Time taken to measure one point by different methods

Method Time per point Comments
Levelling 10-15 minutes Requires moving and setting up of slats
Tacheometry 5-8 minutes Faster thaf‘ .Ie.v.elling, bUt depends
on visibility conditions
GNSS (RTK) 10-20 seconds High speed, if RTK station is available
GNSS (static) 20-40 minutes Long-term observation, high accuracy

Note: RTK - real time kinematic; static - static mode of GNSS observations
Source: compiled by the author on the basis of field experiments on agricultural land

Comparison of the methods showed that none of
them is universal. In urban areas, traditional methods
such as levelling and tacheometry are more reliable,
while in flat, open terrain satellite technologies are
optimal. In mountainous areas, the best results are
achieved by a combination of approaches: first RTK
surveying is performed to determine the general

configuration of points, and then refinement is carried
out by statics or total stations.This combined approach
is also noted by P.Jansson & L. Lundgren (2018), em-
phasising that the combination of methods allows
minimising errors in cadastral works. The influence of
topography and other factors on measurement accura-
cy is summarised in Table 3.

Table 3. Influence of external factors on the accuracy of geodetic methods

Method Building Forest cover Mountainous Cloudy weather iz e
terrain of sight
Levelling + + + n Yes
Tacheometry + + + + Yes
GNSS (RTK) - — _ + Yes, to satellites
and base
Desirable, but post-
GNSS (static) + + + + processing
is possible

Note: “+” - high stability; “*” - limited applicability; “-” - sharp decrease in accuracy

Source: compiled by the author on the basis of field survey data

The results obtained are in agreement with the
findings of R. Wagh & S. Auti (2025) who showed that
the integration of satellite technologies with geo-
graphic information systems improves the efficiency of
land surveying projects. In particular, the combination
of GNSS with tacheometry for land surveying is effec-
tive in agricultural tasks, as well as the use of levelling
to refine elevations in the design of land reclamation
systems. Thus, the conducted research confirms that
the choice of the optimal technique depends on the
terrain conditions and tasks. Satellite methods provide

high productivity and sufficient accuracy in flat areas,
but need support of traditional approaches when work-
ing in mountains and dense buildings. The best perfor-
mance is achieved when they are used in combination,
which is also supported by current research.

Conclusions
The analysis of traditional and satellite methods of
geodetic measurements has shown that there is no
universal approach, equally effective in all conditions.
For flat conditions satellite technologies are optimal,
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and for mountainous and built-up areas - traditional
or combined. The choice of the optimal methodology
is determined by terrain features, technical capabilities
and the objectives of the survey. In flat areas satellite
technologies are the most productive, providing high
productivity and sufficient accuracy, while in mountain-
ous areas and densely built-up areas traditional meth-
ods or their combined application should be preferred.
Levelling retains its leading position in vertical accuracy
and remains indispensable in the design and construc-
tion of irrigation systems. Tacheometry demonstrates
stable results when surveying limited and built-up ar-

The prospects for further research are related to
the development of integrated systems combining
data from satellite receivers, total stations, laser scan-
ners and unmanned aerial vehicles within the frame-
work of geoinformation platforms. Particular attention
should be paid to the introduction of artificial intel-
ligence and machine learning methods for the auto-
matic processing and analysis of spatial data. Further
work should also be directed towards assessing the
stability of combined techniques in complex natural
and anthropogenic conditions, as well as developing
adaptive algorithms to improve the accuracy of re-

eas. GNSS surveying in RTK mode provides high speed  al-time measurements.
and automation of measurements, but its accuracy de-

creases in difficult terrain and unstable signal, which Acknowledgements

requires combination with other approaches. Static  None.
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CanTTyy *KaHa CHyTHHUKTHK reoe3us1JIbIK 6,19600
bIKMAaJIapPbIHBIH TAKTHITBIH TAJAL00

TypcyH6y6y CyntaHanuesa

TexHUKa UNUMOEPUHUH KaHOMOATbI, AOLEHT

B. EnbumH aTbiHOarbl Kblproi3-Opyc cnaBsH YHUBEPCUTETU
720021, Knes Keu., 44, Bullikek ., Kbiprbi3 Pecry6imKacshl
https://orcid.org/0000-0002-8491-8315

AHHoTauusa. byn Makanaga reogesunsnbik en4eenepayH CanTTyy )aHa CMYTHUKTUK bIKManapblHbiH TaKTbIrbIHbIH
[eTanayy canbllTbipMa TanLo0Cy arpapAblK TapMaKkTarbl KONAOHYyra 6acbiM )acoo MeHeH bepwuneT. M3ungeeHyH
Hernsru MakcaTbl — XXepre XanrawTblipyy, MennMopaums xaHa anbin Yapba xepfepuH MOHUTOPUTASe WULITepUHAE
ap 6up bikMa e anapAblH aiKanblllbl TAKTbIK,01466 XYPry3yy yOaKTbiCbl XKaHa TbilKbl AaKTOPAOPro TypyKTYYyayK
60toHYa onTMManayy HaTblixa 6epreH wWapTrapabl aHbIKTOO 6onyn caHanat. Tanaa usunaeenepy Kelproi3cTaHabIH
ap Typayy reoMopdonornanbiK WapTrapblHAa aHblkToo 6onyn caHanat. Tanaa usungeenepy Kblprbi3cTaHAbIH
ap Typayy reomMopdonorusanbik WwapTTapbiHAa Kyprysyngy: Yy epeeHyHyH Ty3ayktepyHae, Kapa-bantaHbiH
alnaHacblHAarbl agblpayy >kambiTTappa >kaHa XKanan-A6ap o6nycyHyH Toony 6ak-gapakTyy ariMakTapbiHAA.
HaTbiikanap kKepceTkeHAe!, HUBENUPAee BepTUKaNAbIK TaKTbiK HOKOHYA 3H, XOTrOpKy AEHr33144M (2MM/KM YeiunH)
KaMCbI3 Kbl/bIM, UppUraLmsblK cucTemManapibl 40n1600pn00a0 anMallkbi3 60MA0H Kanyyna. TaxeoMeTpus Ty3ayK
XaHa Kypynyw ken 60MroH aMMaktapZa OpTOYO KBAaApaTTblK KaTaHblH TYpYKTYy MaaHunepuH (nnauvapl 8-12 mm,
H6uiinkTMrn 6otoHua 15-25 mm) kepceTTy. GNSS RTK bikMachl aublk aliMakTapa »Oropky eHAYPYMAYYAYK >KaHa
TakTbikka (nnaHaplik 5-10 MM, Guiunkturn 6otoHya 10-20 MM) xeTuwTn, 6GUMPOK TOONyy PanoOHAOPAO CUrHan
y3y/nyynepyHe OainaHbiwTyy Kata 3-5cMre yeruH kebenay. DH XOropky TakTblK (3-5 MM) ctatukanbik GNSS
onyeenepyHae barikanraH, GupokK yb6akbITTbIK YbIrbiM 3H ken 601roH (20-40 MuH/4ekunT). U3nnaeeHyH npakTMKanbik
MaaHWCKM - KagacTpAblK MwWTephe, MenMopauussbliK cucTeManapibl 40n000pn0040 KaHa TaK AblMKaHYbIbIK
TEXHONOTUSNAPbIH KUPTU3Yyae OMTMManayy bikManapAbl TaHA0O OOKHYA CyHywWwTaphbl MIITEM YbIryyAa,MblHAA
CaNTTyy XaHa CNYTHWUKTUE biIKManapAbl alKanbIWTbIPbIN KONAAOHYY 3H 3Q(eKTUBAYY IKEHANUTU JANUNAEHOMN

Herusru ce3fnep: reonesna; e14ee TakTbirbl; OPTOHO KBAAPATTbIK KaTa; CanTTyy bIKManap, anKanblWKaH blKManap;
GNSS; GPS
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Sultanalieva

AHaJIM3 TOYHOCTH TPATUITHOHHBIX
M CIIyTHUKOBBIX METO/I0B re0ie3nYeCKUX H3MepeHn il

TypcyH6y6y CyntaHanuesa

KaHounoat TeEXHUYeCKMX HayK, OOLEHT

Kblprbl3cKO-POCCUNCKMM CaBAHCKUIN YHUBEPCUTET UMeHU B. EnbumHa
720021, yn. Knesckaq, 44, I. Bullikek, Kblproiackas Pecrybnmka
https://orcid.org/0000-0002-8491-8315

AHHoTauums. B cTaTbe NpeacTaBneH feTanbHbli CPAaBHUTENbHbIN aHAIM3 TOYHOCTU TPAAULMOHHbIX U CMYTHUKOBbIX
MeTOAOB reofe3nMyeckMx M3MepeHui MPUMEHUTENbHO K 3ajadvyaM arpapHoro cektopa. Llenbio pabotbl 6b110
BbISIBEHME YC/IOBMI, MPU KOTOPbIX KOHKPETHbIA METoA MNM UX KOMOWMHauus obecneunBaloT ONTUMANbHOE
COOTHOLIEHWE TOYHOCTU, BPEMEHM BbIMOJIHEHUS U YCTOMYMUBOCTM K BHELIHUM DAaKTOpPaM Mpu 3eM1eyCTPOUTENbHbIX
M MenuopaTMBHbIX paboTax, a Takxe B MpPOLECCeE MOHMTOPWHIA CeNbCKOXO3SAMCTBEHHbIX yrogui. B pamkax
nccnefoBaHUS MNpPOBeAeHbl MOMEBble 3KCMEPUMEHTbl HA Yy4acTKax C pPasIMyHbIMM reoMopdonornyecknMm
xapaktepucTukamu Kbiprbi3ctaHa, BKIOYas paBHUHHbIE TEPPUTOPUM YYIMCKOM AONUHBI, XONMUCTbIE MACTOMLLHbIE
30Hbl M TopHble cagbl Ixanan-Abanckon obnactu. [MonyyeHHble pe3ynbTaTtbl MOKa3anu, YTO HWBENUPOBAHMWE
COXpaHAeT NMAMPYIOLME NMO3MLMM MO BEPTUKANBHOM TOYHOCTM (B0 2 MM/KM), 4TO AefnaeT ero HesaMeHWMbIM
NpYU NPOEKTUPOBAHWM MPPUFALMOHHBIX CUCTEM. TaxeoMeTpusi NpOAEMOHCTPMpOBana CTabuibHble 3HAYEHMUS
cpeaHeKkBaapaTUyecKkon owmnbku no nnany (8-12 mm) u BoicoTe (15-25 MM) B yCIOBMSAX PaBHUH U 3aCTPOEHHbIX
Tepputopuit. GNSS-usmepenns B pexmume RTK obecneumnn BbICOKYHD NpPOM3BOAMUTENBHOCTb WM TOYHOCTb
(5-10 MM no nnaHy, 10-20 MM o BbICOTE) B OTKPbLITOM MECTHOCTH, OAHAKO B FOPHbIX PaOHaX TOYHOCTb CHWUXaNacb
[0 3-5 cM n3-3a nepeboeB curHana. Hausbiclume pesynbTaTtbl MO TOYHOCTM (3-5 MM) obecneumna craTmyeckas
MHCC-cbemka, HO OHa oka3anacb Hanbonee 3aTpaTHoi No BpeMeHn (20-40 MuH/TOYUKA). [pakTnyecKkas LEeHHOCTb
nccnefoBaHNUs 3ak/vaeTcs B pa3paboTke pekoMeHAaLUuii No BbI6Opy ONTUManbHOM METOAMKM ANS KafacTPOBbIX
paboT, NpOEKTMPOBAHMS MENMOPATUBHbIX CUCTEM M BHELPEHUS TEXHONOMMI TOYHOTO 3eMefenus, raoe Hanbonee
3 deKTMBHO KOMOUHMPOBAHHOE MCNOAb30BaHNWE TPAAULMOHHBIX M CYTHUKOBbIX NMOAXOA0B

KnioueBble cnoBa: reofiesus; TOMHOCTb U3MEPEHUIA; CpeAHEKBaApaTUUECcKas oWwnbKa; TPaAULMOHHbIE METOAbI;
KOMBUHUpoBaHHbIe MeToabl; GNSS; GPS
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