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DEVELOPMENT OF A NAVIGATION SPACE FOR AGRO FIRM

Abstract. The paper shows that the Agro-industrial Complex is almost entirely composed of spatial-temporal
data. Consequently, the digitalization of the Agro-industrial Complex is associated with the formation of spatial-
temporal data using information from navigation systems. Therefore, the 51 points of the Implementation Action
Program “Digital Kazakhstan” provides for the country to create a National Spatial Data Infrastructure. The National
Spatial Data Infrastructure of the Republic of Kazakhstan is designed to solve the problems of digitization of space-
temporal data at the Government to Government, Government to Business and Government to Citizen levels. The
solution of issues of digitalization at the Business to Business level is practically left to the Agro firms themselves.
One of the problems of this process is the development of reliable navigation spaces. The goal of our research is the
development of a navigation field for conducting Precision Agriculture throughout the territory of a particular Agro
firm. The research tasks included the study of the specific features of the territories of the Agro firm and the proposal
of a High-precision Satellite Navigation System suitable for conducting Precision Agriculture in any part of the terri-
tories of the economic entity with an accuracy of 3 cm. For this, the technology of creating the High-precision Satel-
lite Navigation System of the Republic of Kazakhstan was used. To assess the accuracy of the navigation field, the
studies were conducted in three modes: DGPS service; RTK service; PP service. For the experiments, the Mobile
Differential Station of the High-precision Satellite Navigation System of the Republic of Kazakhstan and a network
of its Differential Stations with the center of Differential Correction and Monitoring in Astana were used. Studies
have shown that the territory of the Agro firm is not located in a single array of agricultural land, the relief of the
territories is rather complicated, and the network of the High-precision Satellite Navigation System of the Republic
of Kazakhstan does not provide sufficient accuracy for maintaining a Precision Agriculture system in the studied
array. The observations also showed that, due to the elevation differences and remoteness of the objects, in most
parts of the Agro firm there is no reliable GSM connection. Considering the above features of the territories in terms
of the relief and remoteness of the plots, we proposed a scheme with the additional placement of 4 Base Stations of
Differential Correction and the Center of Differential Correction and Monitoring on the territory of the Agro firm.
Calculations showed that this arrangement of the Base Stations can provide 2.5-3 cm accuracy of the navigation field
throughout the territory of the Agro firm, allowing you to carry out the full range of Precision Agriculture, which
consists of Precision farming and Precision animal husbandry. It should be noted that this kind of research in the
country was conducted for the first time.

Keywords: digitalization, spatial data, national spatial data infrastructure, navigation, high navigation satellite
system, precision agriculture, agro firm.

Introduction. The creation, formation, and development of the National Spatial Data Infrastructure
(NSDI) are one of the major steps in increasing the competitiveness of any country on the world market
[1-3]. Kazakhstan is still among those countries that have not created their own NSDI. At the same time,
the state program “Digital Kazakhstan™ was adopted in the country [4]. As part of this program, it is
necessary to digitize the Republic of Kazakhstan. The Agro-industrial complex (AIC) is almost entirely
composed of spatial-temporal data or geo-data. Consequently, the digitalization of the AIC is associated
with the creation, formation and development of spatial-temporal data. Therefore, 51 paragraphs of the
Activities on the implementation of the Digital Kazakhstan Program provides for the establishment by the
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country of the NSDI of the Republic of Kazakhstan (NSDI RK). This underlines the importance of our
research.

The main problems and ways of solving the NSDI RK were outlined earlier by us [6]. The NSDI RK
is designed to solve the problems of digitization of spatial-temporal data at the levels Government to
Government (G2G), Government to Business (G2B) and Government to Citizen (G2C). The solution of
issues of digitalization at the level of Business to Business (B2B) practically remains with the agro
formations of the Agro-industrial complex. Digitization of Agro firms in the Agro-industrial complex in
the republic requires some detailing of this process.

So, if a National SDI is created, then Agrarian SDI (Agro SDI) should be one of its branch compo-
nents. The structure of Agro SDI provides for the creation and formation of all basic spatial data of the
Agro-industrial complex. However, the basic information of Agro SDI is generally difficult to use without
its subsequent refinement (detail) for solving the production problems of Agro formations. For example,
Precision agriculture (PA) includes Precision farming, Precision livestock farming, Precision pork, Preci-
sion poultry farming etc. and product processing, using agricultural machines, tractors, trailed equipment,
etc. For the introduction of PA in the activities of Agro firms, it is required to create, generate and
constantly update a huge amount of additional thematic data, lists, registries, etc. [7] using the potential of
"Geo Industry 4.0". However, such studies in the republic are only at the level of initiations and the
development of small “polygons™ [8]. They are being implemented so far without developing adequate
navigation space, which allow them to be used for reliable management of PA throughout the entire
territory of a particular Agro formation, which makes our research relevant.

The goal of the research is the development of a navigation space for conducting Precision agricul-
ture throughout the territory of a specific Agro firm.

Research objectives are the study of the characteristics of the territory of the Agro firm and the pro-
posal of a High-precision satellite navigation system suitable for farming throughout the territory of an
economic entity with an accuracy of about 3 cm.

Methods. To ensure the required accuracy of the navigation space, the network and technology of
creating the High-precision Satellite Navigation System of the Republic of Kazakhstan (HSNS RK) with
the center of differential correction and monitoring of the HSNS RK in Astana [9] is applied.

To assess the accuracy of the navigation space (farm, agro landscape, field, object) and improve the
accuracy of the electronic map binding, studies were conducted in three modes: DGPS service - for
navigation with an accuracy of 0.5 to 3 m in the planned coordinates and 0.7-6 m in height, depending on
the equipment used by the user; RTK service - for accurate positioning in real time with an accuracy of
0.02-0.5 m in the planned coordinates and 0.06-0.7 m in height; PP service - final data (post) processing
in cameral conditions in order to obtain the coordinates of points with an error of less than 1 cm.

The experiments were carried out using the Mobile Differential Station (MDS) of the HSNS RK [9],
a network of differential stations with a center for differential correction and monitoring of the HSNS RK
in Astana.

If necessary, we use the information available in the public domain, for example from Google Earth.

Results. Figure 1 shows the location of the territory of interest on Google Earth relative to the city of
Astana in the form of vector data, and figure 2 is based on a raster substrate from Landsat 8 TM. On the
left, the main grounds are located close to the central manor and the departments, on the right are distant
lands (code name - Zhaken 1). L., the territory of the Agro firm is not located in a single array of
agricultural land, which requires some effort to create a single navigation space in order to collect digital
information to represent them in the spatial data infrastructure in particular, and to form a system of
Precision agriculture in general.

As can be seen from figure 3, the system of High-precision satellite navigation system of the Re-
public of Kazakhstan does not provide the necessary accuracy for maintaining a system of Precision
agriculture throughout the country.

The study area (figure 4 - a label in the form of a car) still remains outside the coverage area of the
HSNS RK with the required accuracy. The relief of the Agro firm's territory also plays a significant role
(figure 5), especially the location of the base arca. The central manor and branches of the Agro firm are
located on the bank or relatively close to the river bank (in the figure is the red zone). Then, the relief
has a long rise (from pink and light brown to a rich green zone) with a subsequent decrease. Behind the
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Figure 1 — Location of the territory of the Agro firm
on Google Earth relative to the city of Astana (vector)
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Figure 2 — Location of the Agro firm on a raster substrate (Landsat 8 TM)

highest zone there is a tract, where a sharp lowering of the relief occurs and a watercourse forms towards
the main river. At the same time, the territory of Zhaken 1 (figure 5b) is almost a flat territory, without

noticeable differences in relief.
Observations also showed that due to the heterogeneity of the territory over the relief, most of the

Agro firm is not covered by a reliable GSM connection and the Internet.
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Figure 4 —
Scheme of coverage of the territory of interest
with an accuracy of 1-10 cm

Figure 5 — 3D model of the territory of an Agro firm with superimposed field layout
(a - is the base territory, b - is the Zhaken 1)
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Figure 6 — Layout of BS of differential correction and the CDCM on the territory of the Agro firm

Considering the above features of the territory according to the relief and remoteness of the plots, we
have proposed the following scheme for placing additional base stations of differential correction (BS)
and the center of differential correction and monitoring (CDCM) on the territory of the Agro firm (figure 6).

As shown by calculations based on preliminary experience of creating and putting into operation of
the HSNS RK, this BS location scheme can provide 2.5-3 cm accuracy of the navigation field throughout
the Agro firm, allowing you to carry out the entire complex of Precision agriculture. It should be noted
that this kind of research using the HSNS RK technology in the country was conducted for the first time
and should be considered as agrarian innovation [10].

Discussion. In principle, Global navigation satellite systems such as NAVSTAR (GPS), GLONASS,
GALILEO and BEIDOU [11-14] can be used to develop a single navigation space of the study area using
the appropriate ground-based navigation equipment.

In addition, such high-tech firms as Trimble [15] Leica Geosystems [16] have their own commercial
network of navigation installations.

Besides, at present, most agricultural machinery (machinery, tractors, combines, etc.) are equipped
with built-in navigation devices for conducting precision work in agricultural fields and facilities [17-20].
However, without additional serious financial costs, direct use of the above navigation systems and equip-
ment is often quite difficult. Therefore, we have taken as a basis for the development of high-precision navi-
gation space for the studied Agro firm, repeatedly tested, officially commissioned, domestic HSNS RK [9].

Conclusion. Thus, as a result of studying the particular location of certain areas, terrain and radio
communications, we have proposed a highly accurate satellite navigation system for a particular Agro
firm, which was developed by analogy with the HSNS RK and can be used to maintain a Precision
agriculture system with an accuracy of 2.5-3,0 cm. It should be noted that this kind of research using the
HSNS RK technology in the country was conducted for the first time and should be considered as agrarian
innovation.
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ATPO®HUPMAHLIH HABUT ATIVSLIBIK KEHICTITTH JAWBIHIAY

Annortanusi. EHOCKTE arpOeHEPKACINTIK KEMIEH JEPIiK KEHICTIKTIK-YaKbITTHIK JCPEKTEPICH TYPATHIHBI HAK-
TBUIAHFAH. JIeMEK, arpOeHEPKACINTIK KeIeHl IM(praHaspy, HABHTAUMSUIBIK SKYWEICPACH ANBIHFAH AKMAPaTThI
KEHICTIKTIK-YaKbITTHIK JCPEKTEPIIH KaabTacTeIpyMeH OatinanbicTsl. Cox cedenteH «Ludpasr Kazakcran» daraap-
JaMAachl MapaaapeIHbIH 51 0alkI enre YITTHIK KEHICTIKTIK JAepekTep HH(PAKYPHUIBIMBIH KYPY bl MeskesereH. Ka3ak-
cTaH PecrmyOmikachIHBIH YITTHIK KCHICTIKTIK JACPEKTEP HH(PPAKyphUIBIMBI HeTisiHeH Government to Government,
Government to Business u Government to Citizen AeHreHnepiHae KEHICTIKTIK-YaKbITTHIK ACPeKTep Al Iu()pIaHABIPY
Moceleepin menryre OarpimranraH. Business to Business AeHreiinae nupaanappy MOCEICICPiH NICHTy iC KY3iH-
JIC arpOKYPHLTBIMAAPABIH 631C¢Pi KapacThIPy Kepek. Byi ypaiCTiH MAHBI3IBI MOCEIICICPiHiH Oipi CeHIMII HABUTALHI-
JIBIK KCHICTIK KYPY JKOHC OHBI AAMBITY OO0 TaOBLIANBL 3ePTTCY NiH MAKCATHI - Oenrim Oip arpodupma ayMarsHaa
JIOJ ayBLI APy alIBUTBIFRIH JKYPIi3y VIIIH HABHTALMSIBIK OPiCcTi JalsIHAAY. 3epTTCY MiHACTTEpi arpodupma ayma-
FBIHBIH CPCKINCIIKTEPIH 36PTTCY XKoHE 2,5-3,0 CM IOIIIKICH MApyamiblIbIK CYOBCKTICIHIH TCPPHTOPHACHIHBIH KE3
KEJITeH O6MIriHAC O aybll MAPYANIbUIBIFBIH XKYPri3y YIIIH >KapaMIsl >KOFApPBI JIIIKTET] )KEPCEPIKTIK HABUT AU
JBIK KYHCHI Kypy. MyHAal Makcarka skety ymiH Kazakcran PecryOMHKaCBIHBIH KOFAPBI JOIIKTCTI JKEPCCPIKTIK
HABHTAIMAIBIK XKYHCHI KYPy TEXHOJOTHACH MAHAANAHBUTAR. HaBUTAUMAIBIK KEHICTIKTIH JOIAiriH Oaramay yImiH
3eprreynep ym pexumae xyprizinai: DGPS ke3meri; RTK kb3meri; PP Kpr3MeTi. OKCHCPHMEHTTEP JKYPri3y VINiH
Kazakctan PecryOauKaCHIHBIH KOFAPBI AOJMIKTCTI KCPCCPIKTIK HABHTAMUAIBIK KYHCCIHIH KBIDKBIMAIBI Tu(de-
PCHIMATIIBIK CTAHIOHACH opi ACTaHA KATachIHAA OPHAJACKAH TU((CPCHIMAIIB TY3CTY JKOHC MOHHTOPHHT OpTa-
JIBIFBI JKOHE OHBIH TU((HepeHIMANIB CTAHIMIAP JKEICI MaHTATaHBLTIBL. 3EPTTCYICP HOTIKECIHAC, arpodupma
ayMmarsl OipOYTiH aybUIIApyamIbUIBIK SKEPICPIHAC OPHANACTIAFAHbBI, ayMaKTapAbIH peabedi oTe Kypacsdi eKeHi, al
Kazakcran PecnyOnHKaCBIHBIH JKOFAPhl AQMIKTCTI JKCPCEPIKTIK HABHTAUMSIIBIK JKYHE KETICI HAKTHI MPOOICMAHBI
IICIIY YIIiH KSTKUTIKTI AQJIK OSpe amMaiThIHBI AHBIKTAIABL. balikaynap coHmai-ak, arpo(HpMHiH KeNTereH O6TiK-
TepiHAe OOBCKTIICPaiH OMIKTITT MCH KANIBIKTBIFBIHA OAMIAHBICTHI CeHIMIAI GSM 0afimaHbBICH JKOK CKCHIH KOPCETTi.
A¥iMakTapabIH JKOFAPBIIA ATAJFAH XKEP YUACKEICPiHIH EPEKIICTIKTEPIH eCKepe OTHIPSI, 013 aupepeHIHANIBI TY-
3eTyAiH 4 0a3abIK CTAHIMACHIH KOCHIMINA OPHATACTBIPYIBI KOHE arpodupma aymMarbiHaa auepeHnnanp Ty3eTy
JKOHC MOHHTOPHHT OPTAJIBIFBIH KYPYIBl YCHIHIBIK. BITKCH CHOCKTIH HOTHXKECI OOMBIHIIA, 0A3aTBIK CTAHIHSIAPIBIH
OPHAIACYHI arpo(hupMa ayMarsiHAa 2,5-3 CM HABHTAIUSIBIK KEHICTIK Oepe aaaThIHbI AaHBIKTAIABI. By sKeTICTIK 101
aybUT MMAPYAIMBLIBIFBIHBIH ()T CTIHINUTIK TICH AT MAIIIAPY ITBLIBFEI) TOJBIK CICKTPIH KY3ETe aChIpyFa MYMKIHIIK
Ocpeni. KearipiireH 3epprey IepaiH peciyOMKkaaa aFam PeT KYPTi3iIreHIH aTtan 6Ty KEepekK.

Tyiiin ce3aep: uudprasabIpy, KCHICTIKTIK AEPEKTEP, YITTHIK KEHICTIKTIK JepeKTep HHPPAKYPHUIBIMbBI, HABH-
Tanyst, YKOFaPFbI AIIIKTETI HABUTAUMSIIBIK XKYHE, o1 ay bUTIIAPY AIIBUIBIFBI, arpoupma.
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PASPABOTKA HABUTAIIMOHHOT O NIPOCTPAHCTBA 1A ATPO®UPMbI

Annortamus. B pabote nokazaHo, arpoONpOMBIIIICHHBIH KOMIUICKC IPAKTHYECKH IIOJTHOCTBIO COCTOMT M3 MPO-
CTPAHCTBCHHO-BPEMCHHBIX JAHHBIX. CJ'IGZ[OB.’:ITGJ'H)HO, I.[I/I(I)IZ)OBI/IS":II.[I/I}I M’pOl’[pOMBIH.UIGHHBIfI KOMILICKC, CBA3aHA C
(HOPMHPOBAHHCM TMPOCTPAHCTBCHHO-BPECMCHHBIX TAHHBIX C HMCHOJIB30BAHHCM CBCICHUI HABHTAIIMOHHBIX CHCTCM.
[Moaromy, 51 myrkr Meponpusarusa o peanmsarmu [Tporpamma «udposoit Kazaxcran» mpeaycmarpusaer co3ma-
HUC CTPAHOH HAIMOHATIBHOW WH(PACTPYKTYPHI NPOCTPAHCTBEHHBIX JAHHBIX. HanmoHAmpHOH WH(PACTPYKTYPbI
MPOCTPAHCTBEHHBIX JAaHHBIX PecryOmmku Kazaxcran mpu3saHa pemars HMpoOieMbl HH(PPOBH3AIMH IIPOCTPAHCT-
BCHHO-BPEMCHHBIX JAHHBIX Ha ypoBHAX Government to Government, Government to Business m Government to
Citizen. Pemenne Bompocos mu(poBu3ammu Ha ypoBHE Business to Business mpakTHUSCKH OCTACTCA 32 CAMHMH
arpodopmupoBarmamu. OTHOH W3 MPOOIEM 3TOTO MPOIECCCa SABICTC Pa3paboTka HANCIKHBIX HABHTALTHOHHBIX
moneH. Llexp Hammx wmccrneIoBaHWHN - Pa3padOTKA HABHUTALMOHHOTO ITOJII U1 BEACHHA TOYHOTO CEIIBCKOTO XO3sIii-
CTBAa HA BCEH TEPPUTOPHU KOHKPETHOH arpompMbl. 3a7auu UCCICAOBAHMI BXOIHIO M3yUYCHHE OCOOCHHOCTH Tep-
putopHil arpo@HPMBI H MPEITI0KCHAC CHCTEMBI BRICOKOTOYHOH CIYTHHKOBOH HABHTALMH, MPUTOAHON AT BSACHHA
TOYHOTO CCIBCKOTO XO3SHCTBA B MFOOOH YaCTH TCPPUTOPHH XO3MTHCTBYIOMICTO CyOBCKTa C TOYHOCTHIO 10 3 oM. s
3TOTO HMCHOJBb30BAHA TEXHOJOTHS CO3JAHWS HANWOHAIBLHON HH(PACTPYKTYPHI HMPOCTPAHCTBEHHBIX JAHHBIX. [l
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OIICHKH TOYHOCTH HABHTAILIMOHHOTO OIS HCCICIOBAHAA MPOBCACHHI B TpeX peskmMax: DGPS cepsuc; RTK cepsuc;
PP cepsuc. Jlns mpoBeACHHUS SKCIIEPHMEHTOB HCIOIb30BAHBI MOOMIbHAA mu()(hepeHINAIbHAS CTAHIUS CHCTEMBI
BBICOKOTOYHOM CITy THUKOBOH Hauraumu PecmyOmmku Kaszaxcran, cets ¢¢ qu(epeHIHATHHBIX CTAHOAH ¢ IEHTPOM
muddepeHImanbHON KOPPEKIMH 1 MOHHTOPUHTA B T. AcraHa. MccneaoBaHus MOKA3aiy, YT0 TEPPUTOPHSI arpodup-
MBI PACIOJIOKEHA HE B OJHOM MACCHBE CEIbCKOXO3SHCTBEHHBIX YTOAMH, Peibe() TCPPUTOPUI TOCTATOUHO CIOK-
HBIH, a ceTb CHCTEMBI BBICOKOTOYHOHN CITyTHHKOBOW Hapwrarmu PecrnyOmmkn Kazaxcran we oOecrieumBaeT mocra-
TOYHYIO TOYHOCTH 711 BEACHHUS CHCTEMbI TOUHOTO CEIILCKOTO XO3IHCTBA HA M3ydaeMoM Mmaccuse. HaOmroneHns Tak
KE TIOKA3AIIH, YTO B CHJIY IIEPEMAI0B BBICOT H YJAICHHOCTH O0BEKTOB, HA OOIBINCH YaCTH TEPPHTOPHH arpoupMbl
HCT HAACKHOU CBsa3u GSM. YUHTHIBAaA BBRIICIPHBCACHHBIC OCOOCHHOCTH TCPPUTOPHIL IO peabe(y U OTAANCHHOCTH
YYACTKOB, HAMH NPCII0KCHA CXCMa C JOMOJHHUTCIBHBIM Pa3MCIICHHUCM 4 0a30BBIX cTaHIMH Ju(@epeHIHATbHON
KOPPEKIMH W IEHTpa Ju((epeHIHaTbHON KOPPEKUMH M MOHHTOPHHIA HA TEPPUTOpPHH arpodupmbl. Pacders
TMOKA3AJH, YTO JAHHASA CXEMA PACIIOJI0KCHAC 0A30BBIX CTAHIHH MOKET 00CCHCUUTH 2,5-3 CM TOYHOCTH HABHTAIHOH-
HOTO TOJIA TIO BCEH TEPPHTOPHH arpo(hMpMbL, TTO3BOILII BECTH BECh KOMIIJICKC TOYHOTO CEJIBCKOTO XO3SICTBA, KOTO-
past COCTOUT M3 TOUYHOTO 3EMICACIUS W TOYHOTO »KHBOTHOBOJACTBA. CIEAYET OTMETUTB, YTO TAKOTO POJA HCCIEI0-
BaHWSA B CTPAHE MPOBEICHO BIICPBHIC.

KimoueBbie ciioBa: mu(poBH3aIms, HABUTAIMS, CHCTEMA BBICOKOTOYHOH CITy THHKOBOH HABHTALIMH, TIPOCTPAH-
CTBEHHBIC JaHHbBIC, HH(PPACTPYKTYpa MPOCTPAHCTBECHHBIX JAHHBIX, TOUHOE CEJILCKOE X03AHCTBO, arpoupma.
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