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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). lLe., 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 area. 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

—  ——



ISSN 2224-526X Cepus acpapnuix nayx. 2. 2019

=

il Passcwposey Bea Hecrpyuene Jobeme, Crpmesa
& ]

M=
il e Rp— Bazosan
LEG E Tonisd o wligons TERPHTOPHA
= Bigrn
L= S Hlmd}ﬂ_ﬂﬁlhl
o
[ P
U Oy
v O Morass
¥ [esepes
" '_"[m'.-wﬁo-ccw..-r}.-—e-n:«

-8
P D e

;_G-d'big'lleEarth
a e '.{".“'EJI-

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®UPMAHBIH HABUT AIIAAJIBIK KEHICTITTH JTAWBIHIAY

AnHotanus. EHOexTe arpoeHEpKICINTIK KeIIeH AepiiK KEeHiCTIKTIK-YaKbITTHIK IepeKTepaeH TYPaThIHBI HaK-
ThUIaHFaH. JleMeKk, arpoeHepKocinTIK KelleHai HudpiaHablpy, HABUTALMSUIBIK JKYHENepAeH aJlbIHFaH aKmapaTThl
KEHICTIKTIK-YaKbITTBIK JePEKTEp/IiH KajblnTacTeipyMeH Oaitnanbictel. Con cedenred «ndpns Kaszakcran» 6araap-
JlaMachl mapanapbiHbiH 51 0a0bl ere YITTHIK KEHICTIKTIK JepeKTep HHPPaKYPbUIBIMBIH KYpYabl MexernereH. Kazak-
ctaH PecnyOnuKachIHBIH YITTBIK KEHICTIKTIK JepeKTep MHGPaKypbulbiMbl HerizineH Government to Government,
Government to Business n Government to Citizen qeHreiepinae KeHiCTIKTIK-YaKbITTBIK JepeKTepi IupIanabIpy
MacerenepiH memryre Oarsiuranrad. Business to Business neHreiiinge nndpiaanappy Maceienepin menry ic xy3iH-
Jie arpOKYPBUIBIMIApABIH 63/1epi KapacTeIpy KepeK. byt ypaicTin MaHbI3/1bI MoceseepiniH Oipi ceHiMIl HaBUranus-
JBIK KeHICTIK KYpY ’KOHE OHBI JAMBITY OOJBIT TaObUIaAbl. 3epTTeYAiH MaKcaTh - Oenrimi O6ip arpodupma aymarsiHAa
JI9J aybll MIapyalIbUIBIFBIH JKYPri3y YIIH HaBUTAIMSIIBIK OPICTi HaiblHaay. 3epTTey MIHASTTEpi arpopupMa ayma-
FBIHBIH CPEKIIETIKTEPiH 3epTTey XoHe 2,5-3,0 ¢M AANIIKIIEH NIapyallbuIbIK CyOBeKTICIHIH TePPUTOPHUSICHIHBIH Ke3
KeJreH OeliriHae Il aybul MapyanlbUIBIFBIH JKYPTi3y YILIIH KapaMmIbl )KOFaphl JJIIKTEr1 )KePCePIiKTiK HaBUTaIHs-
JBIK KYHeH1 Kypy. MyHOail MakcaTka sxeTy ymiH Kazakcran PeciryOnmKachIHBIH JKOFaphl JOIIIKTET] JKePCepiKTiK
HABUTAIMSUIBIK KYHEHI KYPY TEXHOJIOTHSACHI MaiaiaHbuIIbl. HaBUTalMsUIBIK KSHICTIKTIH IONIITiH Oarajnay YIIiH
3epTreyiep yur pexumae xypriziaai: DGPS ke3meri; RTK kpi3meri; PP kpi3meti. DKCIEpUMEHTTED KYPIi3y YIIiH
Kasakcran PecryOnuKachIHBIH JKOFAPBl AIIKTEr KEPCEPIKTIK HABUTALMAIBIK JKYHECIHIH KbUIKBIMAIbl AU de-
PEHIHANIBIK CTAHIUACH opi ACTaHa KallaChlHAa OpHAaNacKaH IudGepeHIanabl TY3eTy KOHE MOHHTOPUHI OpTa-
JIBIFBI JKOHE OHBIH JUG(GEpeHINaNAbl CTAaHIUSIAp JKeici maiianaHeuIbl. 3epTTeyliep HOTHKeciHae, arpodupma
aymarbl OipOYTiH aypUIIApYyalIbUIBIK XepJiepiHIe OpHATacIaraHbl, ayMaKTapbslH pelbedi oTe KypAei eKeHi, ai
Kaszakcran PecryOimMkachIHBIH JKOFaphl JAIIIKTET1 XKEPCePiKTIK HABUTAIMSUIBIK JKYHe *Kellici HaKThl MPOoOJIeMaHbl
MIETy YIIiH )KeTKUTIKTI oIk Oepe aIMaiThIHbI aHBIKTAIIIbL. balikaynap coHai-ak, arpoupMHiH KentereH 0erik-
Tepinae 00bEKTIep IiH OMIKTIrT MEH KAIIBIKThIFbIHA OaiaHbICThI ceHiMIi GSM GalTaHbICH! J)KOK €KEeHIH KOpPCETTi.
AWMaKTapIbIH KOFaphIIa aTallFaH )Kep yJacKelepiHiH epeKIIeNiKTepiH eCKepe OThIPHIN, 013 auddepeHnnanpl Ty-
3eTyaiH 4 0a3aibIK CTAHIIUACHIH KOChIMIIIA OPHAIACTHIPYIBI JKoHe arpodupMa aymarbiHaa audHepeHnaiibl Ty3eTy
YKOHE MOHUTOPHUHT OPTAJBIFBIH KYPYAbl YCHIHIBIK. biTkeH eHOCKTiH HOTHXeci OOMbIHIIA, OAa3aJIbIK CTAHIIHSIAPIBIH
opHajacybl arpodupMma aymarbiHIa 2,5-3 ¢M HaBUTALMSUIBIK KEHICTIK Oepe anaThiHbl aHbIKTaNbl. byt skeTicTik ma
ayblJl IapyaibUIBIFBIHBIH (IoJ1 €riHIIUTIK TeH J9J1 MalllapyIIbLIbIFbI) TOJBIK CIIEKTPIH JKY3€re achblpyFa MYMKIHIIIK
Oepeni. Kenripiiren 3eppTeyniep/iiy peciy0OarKana aaFail peT Kypri3iireHiH aTam oTy Kepek.

Tyiiin ce3nep: umpaanabIpy, KEHICTIKTIK AEPEKTEP, YITTHIK KEHICTIKTIK JepeKTep MH(PaKyphlIbIMbI, HaBH-
Talys, )KOFapFbI JOJIIKTET1 HABUTAIUSUIBIK JKYHe, 19T ayBUIIIaPYallbUIBIFBL, arpodupMa.

0. A. Ammﬁeml', Y. A. Annnﬁekona', A. Sterenharz

'AO Kasaxckuii arporexundeckuii yausepcuter uM. C. Ceiiymnma, Acrana, Kaszaxcras,
’ECM kocmuueckue texuonornn GmbH, Bepmun, Tepmanust

PABPABOTKA HABUT'AITUOHHOI'O ITPOCTPAHCTBA JJIS1 ATPO®UPMbI

AnHoTanus. B pabore mokazaHo, arponpoMBIIIICHHBIH KOMIDIEKC TPAKTHYECKH MTOTHOCTHIO COCTOMT W3 TIPO-
CTPaHCTBCHHO-BPEMEHHBIX JaHHBIX. ClieoBaTeIbHO, IM(POBHU3ANUS arpONPOMBIIUICHHBIN KOMIUICKC, CBS3aHA C
(hopMupOBaHHEM MPOCTPAHCTBEHHO-BPEMEHHBIX NTaHHBIX C HCIIONB30BAHHWEM CBEACHUI HABHUTAIIMOHHBIX CHCTEM.
[Mostomy, 51 myrkT Meponpustus no peanusanun [Iporpamma «udposoit Kazaxcran» npexycmarpuBaeTr co3za-
HHE CTpaHOW HAIMOHANBFHOH WHQPACTPYKTYPHI MPOCTPAHCTBEHHBIX MaHHBIX. HarmoHambHOW WHQPacTpyKTypHI
MIPOCTPAHCTBEHHBIX AaHHBIX Pecrmybnmkm Kaszaxcran mpu3BaHa pemats MpoOieMbl HUGPOBU3AINH IPOCTPAHCT-
BEHHO-BPEMEHHBIX JaHHBIX Ha ypoBHiIX Government to Government, Government to Business m Government to
Citizen. Pemenne BomnpocoB nmdpoBu3aiuu Ha ypoBHe Business to Business mpakTHyeckud OCTaeTcsi 3a CaMUMH
arpodopmupoBanusiMu. OnHON W3 MpoOJeM 3TOro mpouecca SBISETCs pa3padOTKa HaJe)KHBIX HABHTAMOHHBIX
nosied. lesnp Hammx McciaenoBaHU - pa3pabOTKa HaBUTALIMOHHOTO IOJISL JUIsl BEICHHUS TOYHOTO CEJIbCKOTO XO03siii-
CTBa Ha BCEil TEPPUTOPUU KOHKPETHOW arpoupMsbl. 3aa4un UCCIEIOBaHUI BXOAMIO M3y4YeHHE OCOOCHHOCTH Tep-
putopuii arpoGUPMBI U MPEIUIOKEHNUE CUCTEMBI BBICOKOTOYHOH CITYTHHKOBOM HAaBHUTAIWH, IPUTOTHON JUIS BEICHUS
TOYHOT'O CEJIBCKOTO XO03SHCTBA B JIOOOW YacTH TEPPUTOPHH XO3SHCTBYIOLIETO CyObeKTa ¢ TOYHOCTBIO 70 3 cM. Jlis
3TOTO HCIOJBh30BaHA TEXHOJIOTHS CO3MaHUS HAIMOHAIEHOW HH(PACTPYKTYphI MPOCTPAHCTBCHHBIX NaHHBIX. Jlis
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OIIEHKH TOYHOCTH HABHTAIIMOHHOTO TOJISI MICCIEIOBaHMUS MpoBeaAeHH B TpeX pexkumax: DGPS cepeuc; RTK cepsuc;
PP cepBuc. [lns mpoBeneHHsT 3KCIIEPUMEHTOB HMCHOJNIB30BaHbl MOOWIIbHAs MuddepeHnnansHas CTaHIUA CHCTEMBI
BBICOKOTOYHOM CITyTHUKOBOH Hauranuu Pecyomuku Kazaxcran, ceth €€ quddepeHnnanbHbIX CTAaHIUN ¢ IEHTPOM
i depeHInanbHON KOPPEKIUH 1 MOHUTOPHHTA B I. AcTaHa. McciaenoBaHus MOKa3aiy, 4YTO TEPPUTOPHUS arpodup-
MBI PACIOJI0KEHa HE B OJHOM MAacCHUBE CEIbCKOXO3IHCTBEHHBIX yrOJWH, penbed TEPPUTOPHUI JTOCTATOUHO CIIOXK-
HBIH, a ceTb CHcTeMBl BEICOKOTOYHOW CITyTHUKOBOW HaBurammu Pecnmy6mukn Kasaxctan He obecmeumBaeT nocTa-
TOYHYIO TOYHOCTb JUISl BEJCHHUS CHCTEMbI TOYHOT'O CEJIbCKOT0 X03SHCTBa HA U3y4aeMoM Maccuse. HaOmoneHus Tak
JKe TO0Ka3ajH, YTO B CHIIY TEperaioB BBICOT U yJAJICHHOCTH OOBEKTOB, Ha OOJIbILEH YacTH TEPPUTOPHUN arpoQupMBI
HEeT HaJaeKHOU cBsi3u GSM. Y4uuThIBask BHIICIPUBEACHHBIC 0COOCHHOCTH TEPPUTOPHIA 1O peibedy U OTIaICHHOCTH
YYacTKOB, HAMH TIPEJIOKEHA CXeMa C JOMOJIHUTEIBHBIM pa3MenieHneM 4 0a30BbIX cTaHIMN andepeHInaIbHOMI
KOppeKIMH W 1eHTpa auddepeHnnanIbHOl KOPPeKIMM M MOHUTOPHHTa Ha TEPPUTOpPHU arpodupMbl. Pacders
MIOKa3aJu, 4TO JIAaHHAS CXEMa PacIiojioXKeHHe 0a30BBIX CTAHIMN MOXKET 00ecreynTh 2,5-3 ¢M TOUHOCTh HaBHUIaLMOH-
HOTO TIOJIA TI0 BCEH TEPPUTOPHHU arpoHupMBl, TO3BOJISAS BECTH BECh KOMIUIEKC TOYHOTO CEJILCKOTO XO3SHCTBA, KOTO-
past COCTOMT M3 TOYHOTO 3eMJIEJIENUsI 1 TOYHOTO KUBOTHOBOJACTBA. CIeqyeT OTMETUTh, YTO TAKOTO poja MCCIeno-
BaHMS B CTPaHE IPOBEICHO BIIEPBBIE.

Karouesble cioBa: mudpoBusanus, HaBUralys, CUCTEMa BHICOKOTOYHOM CITyTHUKOBOI HaBUTallMH, IPOCTPAH-
CTBEHHBIE JJaHHBIE, UHPACTPYKTypa MPOCTPAHCTBEHHBIX JaHHBIX, TOYHOE CEJILCKOE XO34HCTBO, arpodupma.
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