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Abstract. Creating systems supported by information technologies are now integral

to nearly every field of engineering and construction. In the design of hydrotechnical
structures, selecting the software package that best meets specific project
requirements is crucial. A key priority is ensuring that these tools not only fulfill
technical needs but also contribute to achieving self-sufficiency in design processes.
This study aims to demonstrate the application of Geographic Information System
(GIS) programs in the design of hydrotechnical structures, highlighting their
potential to enhance both efficiency and effectiveness. By integrating GIS
technology into the design process, engineers can optimize project planning,
improve accuracy in modeling and analysis, and ultimately achieve significant
economic benefits. The adoption of GIS in hydrotechnical design offers a more
streamlined approach to managing spatial data, enabling better decision-making and
resource management. This integration not only improves the quality of designs but
also helps in reducing costs and increasing productivity. As the engineering and
construction industries continue to evolve, the use of advanced GIS tools in
hydrotechnical projects is becoming increasingly essential for achieving optimal

outcomes and ensuring long-term sustainability.
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IIpenonasarens HanyoHambHOro HCCIeq0BaTENIbCKOTO YHUBEPCUTETA « TalIKEHTCKUN HHCTUTYT
MH)KEHEPOB UPPUTallUU U MEXaHU3ALUH CEIbCKOT0 X035HCTBay, I. TallKkeHT, ¥Y30€KuCTaH.

AnHoTtanusi. Co3gaHue  CUCTEM, HOJACPKHUBAEMBIX  HMH(POPMALMOHHBIMU
TEXHOJIOTUSMH, B HACTOSAIIEE BPEMS SIBIAETCS HEOTHEMIIEMON YaCThIO MPAKTUYECKH
ar060i  o0JacTM  MHXEHEpUM U CTPOHUTENbCTBA. llpw  mpoekTupoBaHuUU
THJIPOTEXHUUYECKUX  COOPY)KEHHMH  BaKHeWllee 3HAYeHHME HMeEeT  BBIOOp
IpPOrpaMMHOTO TMaKeTa, HAWIY4YIIUM O00pa30M OTBEYAIOUIETO0 KOHKPETHBIM
TpeOoBaHUAM MpoekTa. KIlloueBbIM MPUOPUTETOM SBISIETCS 00ECIEYEeHHE TOTO,
YTOOBI 3TU UHCTPYMEHTHI HE TOJILKO YIOBJIETBOPSIIM TEXHUUECKHE TOTPEOHOCTH, HO
U CIOCOOCTBOBAJIM  JOCTHIJKEHHIO  CaMOOOECIEYEeHHOCTH B IpoLeccax
IPOCKTUPOBaHMs. JlaHHOE HCCIEJOBaHUE HANPABICHO HA JIEMOHCTPALMIO
IpUMEHEHUs1 mporpamm reorpaduueckux uH@opManuoHHbX cucteMm (I'MC) B
IIPOEKTUPOBAHUH THIPOTEXHUYECKUX COOPYKEHUH, TOAUYEPKHUBAs UX MOTECHLINAI B
NOBBILIEHUH KaK 3(()EKTUBHOCTH, TaKk U pe3yiabTatuBHOCTU. MHTerpauus ['MC-
TEXHOJIOTUH B IIPOLIECC MPOEKTUPOBAHUS MO3BOJISECT HHKEHEPAM ONTUMHU3UPOBATH
IUIAHUPOBAHKE ITPOEKTOB, MOBBICUTH TOYHOCTh MOJEIIMPOBAHUS U AHAJIN3A, & TAKKE
MOJYYUTh 3HAUYUTENbHBIE OSKOHOMHMYECKHE BbIroabl. Buempenne IHWC B
TUAPOTEXHUYECKOE MPOEKTUPOBAHUE 0OECIeUnBaET 00Jiee pallMOHATIBHBIN OIX0/
K YOPaBJICHUIO TPOCTPAHCTBEHHBIMU JaHHBIMH, CIOCOOCTBYS MPHUHSITHIO
ONTUMAJIbHBIX PELICHUH W YNPABJICHUIO pecypcaMu. JTa MHTErpauus HE TOJIBKO
yJIy4IIaeT Ka4eCTBO IPOEKTOB, HO M IIOMOIaeT CHHU3UTh 3aTPaTbl M IOBBICUTH
IIPOU3BOUTENIBHOCTh. [0 Mepe pa3BUTUS HHKEHEPHO-CTPOUTEIBHOW OTpaCiIv
ucnoap3oBanue nepenoBbix ['MC-UHCTpYMEHTOB B THIPOTEXHUYECKHX IMPOEKTAX
CTAaHOBUTCSl BCe 0ojiee BaKHBIM JJISI JOCTHUIKEHHSI ONTUMANBbHBIX PE3yJbTAaTOB U

obOecrieueHus JOJrOCPOUYHON YCTOMUMBOCTH.

KuarueBbie cioBa: Global Mapper, opocuTenbHble KaHalbl, TPOSKTHPOBAHUE
OpPOCHUTEIIBHBIX CHCTEM, MPOSKTHPOBAHWE KaHAJIOB, NMPOCTPAHCTBCHHBIC JTaHHBIC,
muppoBoe  kaprorpadupoBanue, [WC-texnomorun, anamu3  penbeda,

TUAPOJIOTUYECKOE MOJICIIMPOBAHKE, YIIPABICHUE BOJHBIMHU PECYPCAMH.
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Introduction

At first, geodetic works were carried out with the help of levels during the design of
hydraulic structures. First, the longitudinal profile of the river is the main document
when drawing up the project of various hydrotechnical structures. Water levels of
characteristic points in a large part of the channel are determined to create a
longitudinal profile. Since this level is constantly changing, it is not possible to
perform leveling on all parts of the channel at the same time. Therefore, there is a
problem of synchronizing height measurements made at different times in individual
parts. To create a longitudinal profile, a high-class precision leveling path is carried
out along a certain direction of the channel. From these waypoints, the elevation
markers are sent to the workers located near the river bed. Working rapiers are used
to level the surface of the water level of the channel. As a result, due to the fact that
these works take a lot of manpower and time, it is possible to obtain effective results
by developing geodetic works through GIS programs in the design of hydrotechnical
structures.

the engineering analysis of the irrigation canal route, data processing begins with
obtaining a digital topographic plan of the relevant section. This plan, which includes
the existing canal route, is provided by the engineering-research department in JPG
format, originally created using CREDO software. The next step involves importing
and editing this digital topographic data within the GIS system to facilitate detailed
analysis and design work. The use of GIS software allows for precise adjustments
and improvements to the canal design, ensuring ac-curacy and efficiency in the
research process.

Results and discussion

For flexibility of the project and optimal cooperation with the relevant departments,
it was decided to use the function of quick connection to the data in Global Mapper
entering the geographic information systems. A storage folder is created, then the
regional coordinate of the surface shown in the digital plan is selected and edited
with surface functions for the desired zone. The program has a very successful set

of tools that allow you to significantly reduce the time of editing surface surfaces
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(surface surfaces, point height determination, hydrographic layers, digital earth
model, etc.).

Then the surface representation method is corrected (contour lines step 1: 500 scale,
their color and thickness), hydrographic layers are defined in Global Mapper and
saved to the template.

As a result of editing, we present the existing (current) digital earth model (Figure
2).

In the process of drawing up the route plan of irrigation canals and ditches and the
existing profiles, mainly at this stage there is a difficult task of designing the
adaptation of the plan. This is because the position of the future route and the
geometry of the route, the technical means of traffic control (coordinates and
elevation data) are determined by the location of the channel service facilities
(horizontals). Experiments show that such problems can be solved quickly and
effectively with the help of computers in GIS programs.

The drainage system is directly connected to the main of the irrigation canal, the exit
to the canal crossing bridges and the presence of drainage facilities after that, which
complicates the project (Figure 3).

The center line of the track is obtained from the polyline using the SAS Planeta
software tool. The tracing process is carried out first in camera conditions and then
in field conditions. Global Mapper software was used to create profiles along the
route of the irrigation canal. Then the track and surface built along the length of the
channel were selected. This function is very convenient and allows you to create,
graph and print a channel length profile in a few minutes. However, it takes a lot of

time and labor to do these things manually.
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Fig.2. Digital model edited using Global Mapper software.

Fig. 3. A space image of the planned highway as it is taken down.
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Fig. 4. Creating a design profile of the irrigation canal route using geodetic tools.
Where: Count taken from the left and right edge of the L-irrigation channel.
N- count taken from the water edge of the irrigation channel. Count taken from the

water slope of the M-irrigation canal.

Three different types of profiles were created during the construction of the projected
profile (in a certain section, along the initial exit direction and the sides of the
crossing bridges along the exit direction). Created three project profiles to profile
the existing terrain. Next, the project profiles via the Podobie profile command to
the requested height. These prepared structures are mainly needed to describe the
scope of work.

According to the technical conditions, the surface of the existing coating should be
milled (crushed) to a depth of 10 cm, and then the three-layer irrigation channel with
a total thickness of 75 cm will be described according to the height of the relief
section and geological layers will be created.

After developing all the elements of the projected route (digital elevation model,
route, surface profile, profile view, details), the development of a three-dimensional
model (3D model) of the renovated section of the canal route begins. During work
in Global Mapper, two main methods of designing 3D models were developed:
description of relief section through horizontals.

elevation of longitudinal and cross-section elevations to 3D for construction using

"Ixonomuka u couuym' Nell1(150) 2026 WWW.iupr.ru



profile lines and objects.

It is worth noting that each of the above methods requires a certain amount of time,
but it is significantly faster than the Global Mapper tools. Let's take a closer look at
these methods. When using the first method, if you choose the correct targets for the
channel coordinates and elements (tracks, displacement tracks, they are longitudinal
profiles) and create a pre-thought-out design from the tool palette, the result will be

a 3D model of the irrigation channel with a clear and clear relief (Figure 5).

Fig. 5. 3D model of the planned irrigation canal route.

In the second method, you need to spend time describing the characteristic lines with
point height, as well as the slopes that classify the objects. The disadvantage of the
latter is that it is possible to calculate the amount of work on the construction of the
projected area using Global Mapper.

We consider the intersection of the highway with two secondary roads (bridges), that
is, the intersection of two engineering structures. As we know, there are several
linear constructions crossing in irrigation canals, for example (gas pipes, power
lines, roads and railways, etc.), creating crossings at crossing points and constructing
crossings are two main methods through, we will consider them in detail.

The first method is suitable for constructing the intersection in semi-automatic mode
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(Figure 6). Here, before building the junction, it is necessary to create and configure
its basic structures:

limit the turn;

the main routing direction;

the main road consisting of the left and right traffic section;

the type of engineering structure that crosses the secondary road;

After the structures are created, the "Intersection” (Peresecheniye) command is
launched and all the necessary intersection elements (structures, turning radius,
expansion, etc.) are configured in the intersection wizard. The result will be an
intersection in the form of a corridor. This intersection corridor can be built into the
main corridor of the main irrigation canal. We will do the same for the second
session. If you are designing a complex structure, when building a channel in semi-
automatic mode, you can go to the Pekit range settings (Nastroyka koridora) and
delete or reset the targets in the targets tab (Tseli) so that everything results as
expected.

The second method requires more work, because more operations have to be
performed, for example: the main highway will need to be divided into sections
(before the intersection, it will be described taking into account the turning radii).
But on the other hand, the

information between every 100 m picket is represented by height information on 2
levels, and imaging works are performed perfectly.

The resulting levels feature pre-made structures where they appear in settings along
the side of the main track. After connecting the design marks, a secondary route is
created at the intersection of the irrigation channel (along the longitudinal profiles)
at the second height. Since the tracks intersect, there is no connection between the
waterway and the edge data, so they must be displayed in elevation. Connections
can be drawn using polylines (multiple lines) and then using Global Mapper's Create
Horizontals from Objects command to convert the polyline to a route. Our
experience shows that it is convenient to design with horizontals (reliefs). It can be

used for various purposes during the design process.
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In the properties of the secondary route, the left and right turning areas are added
using the command “Add Base Area and Add New Routes”. In addition, it is possible
to add targets so that the horizontals pass through the entire intersecting area and it
IS necessary to edit the target values on the added horizontal. The result is two relief

section elevations. The first elevation of the main road is not intersected.

Fig. 6. Intersection status.

In order to comply with the technical conditions, it is necessary to take into account
the cross-sectional profiles of the earth layer. With the help of the program, it is
possible to create fast cross-sectional lines using the Path Profile function (by
pickets, by step pickets). Then, it remains to create several cross-sectional views
using the cross-section output wizard, and finally, it is necessary to indicate the point
of placing certain types of cross-sections in the drawing.

Calculation of the volume of work is successfully carried out on a personal computer
in the Global Mapper program. When building a 3D model of an irrigation channel
or a structure from hydraulic facilities, it is easy to calculate the materials according
to structural elements (pickets, horizontals, relief, etc.) and volume tables can be
included according to the drawing. It is not an exaggeration to say that this mode is
the dream of all designers, and the automatic calculation of earthworks is not only a
dream, but it can be clearly seen from the above analysis that it is possible to achieve

a certain economic efficiency through GIS software.
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Conclusions

The results of scientific and practical substantiation on the improvement of geodetic
and topographic field research in the design and construction of irrigation canals
with the help of GIS technologies were analyzed.

As it can be seen from the above analysis, in the design and construction of irrigation
canals, data processing, analysis, and implementation of project specifications in the
field is a rather complex and laborious process. The use of the Global Mapper
program, which be-longs to the class of GIS technologies, allows not only to increase
the productivity of obtain-ing geodetic and topographic data, but also to save time
and save money.

The results of geodetic and topographical research are directly used in the design of
hydrotechnical structures, i.e., in the process of topographic research in irrigation
canals, in addition to obtaining a number of elevations and plan data, they serve to
update the scope of work to a certain extent.

If a three-dimensional (3D) model of the Kashkadarya main canal in the
Kashkadarya region of the Republic of Uzbekistan is constructed using the GIS
technology software called Global Mapper, it can assist in visualizing the canal's
tracks, displacement tracks, and longi-tudinal profiles. Additionally, by utilizing the
pre-existing design tools within the software, a well-defined 3D model of the canal
with a clear and distinct relief can be generated. This model offers a comprehensive
view of all the details regarding the renovated irrigation canal. Consequently, it
enables a thorough analysis of the repaired sections, as well as identifying any areas
that may have been buried or modified. It is not an overstatement to claim that these
analyses provide valuable insights in terms of productivity, time management, and
economic efficiency.

In addition, it can be said that the conducted IDW, Kriging, NDSI and NDVI
analysis of agricultural land showed how they are related to each other, that is, the
rise of seepage water is related to the rise of salinity and the development of crops,
respectively. It showed that in 2021, the rise in the level of flood waters in April and

July was negative, and in April it was positive. In 2022, the increase in the level of
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seepage water depends on salinity and vegetation of crops showed a positive
correlation in April and November. In July, it showed that it was at a negative level.
References

1. A.Chrzanowski, A. Szostak, R. Steeves, In Proceedings of the CDA 2011 Annual
Conference, 45-49 Fredericton, Canada,( 2011).

2. R. Oymatov, S. Safayev, E3S Web of Conferences, 258, 03020 (2021).

3. N. Sabitova, O. Ruzikulova, I. Aslanov, E3S Web of Conferences, 227, 03003
(2021).

4. SH. K. Avchiyev, Applied Geodesy, 350 (VORIS-NASHRIYOT, Tashkent, 2010).

5. F.A. Gapporov, D.N. Valijonov, S.R. Mansurov, Utilization of Water Reservoirs,
299 (THHAME Publications, Tashkent, 2019).

6. M.Bakiyev, N. Rahmatov, A. Ibraymov, Utilization of hydro-technical constructions
in irrigation canals, 279 (TIIAME Publications, Tashkent, 2018).

7. F.AFitzpatrick, In Developments in Earth Surface Processes, 18 (2014)

8. M.Scaioni, M. Marsella, M. Crosetto, V. Tornatore, J. Wang, Sensors, 18, 11 (2018).

9. J.Casaca, M. J. Henriques, International Federation of Surveyors International Con-
gress, 22 (2002).

10.S.Islamov, N.Namozov, M.Saidova, D.Kodirova, E3S Web of Conferences, 244,
03028 (2021).

11.A.Inamov, N.Avilova , E3S Web of Conferences 258, 03014 (2021) UESF-2021.

12.X.Xayitov, N.Avilova, E3S Web of Conferences 284, 02006 (2021) TPACEE-2021.

13.U. Mukhtorov, S. Gapparov, Z. Djumaev, A. Utaev, S. Olloniyozov, and E.
Karimov, E3S Web of Conf. 401, 02002 (2023)

14.U. Mukhtorov, B. Sultanov, T. Ismailov, and J. Rustamov, E3S Web Conf. 386,
03009 (2023)

15.U. Mukhtorov, 1. Aslanov, J. Lapasov, D. Eshnazarov, and M. Bakhriev, in XV
Inter-national Scientific Conference “INTERAGROMASH 2022,” edited by A.
Beskopylny, M. Shamtsyan, and V. Artiukh (Springer International Publishing,
Cham, 2023), pp. 1915-1921

16.Aslanov, I. Jumaniyazov, N. Embergenov, K. Allanazarov, G. Khodjaeva, A.

"Ixonomuka u couuym' Nell1(150) 2026 WWW.iupr.ru



Joldasov, and S. Alimova, in XV International Scientific Conference
“INTERAGRO-MASH 2022,” edited by A. Beskopylny, M. Shamtsyan, and V.
Artiukh (Springer In-ternational Publishing, Cham, 2023), pp. 1899-1907

17.S. Islomov, I. Aslanov, G. Shamuratova, A. Jumanov, K. Allanazarov, Q. Daljanov,
M. Tursinov, and Q. Karimbaev, in XV International Scientific Conference “IN-
TERAGROMASH 2022,” edited by A. Beskopylny, M. Shamtsyan, and V. Artiukh
(Springer International Publishing, Cham, 2023), pp. 1908-1914

18.S. Kholdorov, Z. Jabbarov, I. Aslanov, B. Jobborov, and Z. Rakhmatov, E3S Web
of Conferences 284, 02005 (2021)

19.Aslanov, IOP Conference Series: Earth and Environmental Science 1068, 011001
(2022)

20.Jumaniyazov, M. Juliev, A. Orazbaev, and T. Reimov, Soil Sci. Ann. 74, 1 (2023)

"Ixonomuka u couuym' Nell1(150) 2026 WWW.iupr.ru



