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ABSTRACT

The article presents technical solutions for the implementation of a high-precision satellite positioning
system when performing mine surveying in an open pit. A system was put into commercial operation at
one of the fields of JSC "Sokolovsko-Sarbayskoe mining and processing production association" (JSC
"SSGPQ") this year. The project was funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan through grants for scientific and technical projects 2018—-2020 and
was co-financed by a private partner, JSC "SSGPQO". All work was carried out jointly with the Subsidiary
Limited Liability Company "Institute of Space Engineering and Technology". The technology of differential
correction of GNSS signals in the form of base stations of differential correction (BSDC) allows solving the
problems of high-precision satellite positioning. The main task assigned to the continuously operating base
station is the collection of code and phase data from GPS/GLONASS satellites and the distribution of this
data to users (services of JSC "SSGPQO" and specialists of contracting organizations performing mine
surveying and geodetic work at the field). Development of a mobile module and the rationale for its
inclusion in the BSDC is provided in this work.

Keywords: base station for differential correction (BSDC), active repeater, ultrashort waves (VHF), Global
Navigation Satellite Systems (GNSS), pit.
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Introduction

The base station for differential correction  signals, processing, storage, and provision of
(BSDC) refers to the systems of receiving and navigation data to consumers in the served area, as
processing navigation signals. BSDC is a land-based ~ well as transmission of navigation data and service
stationary station for receiving and processing information to the differential correction center
GLONASS/GPS/BeiDou signals, includes software  (CDC).
support (SS) for processing satellite measurements  SS BSDC is intended for decoding the differential
and a complex of radio-electronic and technical  corrections stream, processing navigation data and

means [1, 2].

inverse coding of the differential corrections stream

The base station of differential correction is  for transmission via GSM and VHF channels to
intended for automated reception of navigation consumers of correcting information. CDC software
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Figure 1 - Location of the BSDC complexes. Mobile complex BSDC

is designed for remote monitoring of the BSDC state,
control of operating modes, and control of the BSDK
operating modes.

The purpose of the BSDK creation is the
formation and transmission of differential
corrections, which are used by GPS receivers
(rovers) of the Kacharsky pit of JSC "SSGPQ".

BSDC can be divided into 3 interconnected
complexes (navigation, transmitting and mobile
complexes), containing the following main types of
equipment:

v’ navigation equipment;

v’ computing equipment;

v’ telecommunication equipment;

v’ other equipment and devices.

The location of the BSDC complexes is shown in
the figure 1.

The mining enterprise developed working
design documentation (WDC) for the base station of
differential correction (BSDC) prior to the start of the
project. In general, the developed WDC includes: the
BSDC specification; drawing of the geodetic point on
which the base station is installed; BSDC operation
manual and BSDC test program.

The development of a mobile complex is further
considered in detail, taking into account the
conditions of mine surveying at the Kacharsky pit.

The manual for the operation of the mobile complex
BSDC is part of the general manual for the operation
of the BSDC. The central element of BSDC is the
repeater.

An active repeater is a transmitting and
receiving radio technical device, which is located at
intermediate points of radio communication lines,
the function of which is to amplify the received
signals and their further transmission [3]. The
equipment of the mobile complex BSDC in general is

shown in Figure 2.
Location::
ledge / pit area or storage room
Basic equipment:

Active repeater of VHF signals

Repeater mast

Receiving Directional Repeater
Antenna

Transmitting Directional Repeater
Antenna

Figure 2 - Equipment of the mobile complex BSDC
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Hytera RD625 analog-to-digital repeater was
selected as a VHF signal repeater. Built-in mini
duplex and power supply allow up to 25W output
power. This functional design of the RD625
combines in one housing: a transceiver, a power
supply, and a duplexer (see Figure 3) [4].

The power supply unit integrated into the RD625
allows for autonomous charging of the backup
battery. Its output voltage is 13.6V £ 15%, and its
output system voltage is 90 ~ 264VAC. If the input
voltage is lost, the repeater automatically starts
switching over to operation from the backup
battery, without breaking the connection. RDAC
software application allows to increase the
efficiency of maintenance and control of the
repeater and is used for its diagnostics and control
[4].

- Figure 3 - Hyte.ra RD625 repeater

This type of repeater proved to be quite heavy
and required a serious wind-resistant mast.
Therefore, a folding design of the tripod-type
repeater mast was developed. In order not to mount
such structure every day, it was installed on a
transport trolley (trailer), which made it possible to
carry out its mobility.

The repeater with frequency transfer f1/f2 is
intended for radio coverage of shadow zones by
creating a secondary radio zone at frequency f2. This
repeater has been tuned to operate with a VHF input
signal at a frequency of (f1) 408.00 MHz, and its
output frequency (f2) is 411.00 MHz.

As aresult, the mobile repeater included: folding
telescopic mast, directional antennas with cables
and connectors - 2 pcs, rotary nodes - 2 pcs, a
protective box, the repeater itself, a power battery,
wire extensions with tensioners and anchors - 3 pcs.

Orientation and setting the tilt of the antennas
relative to the horizon, special mechanical tilt units
3 and 4 are made for fixing the antennas to the mast
(see Figure 4). The nodes provide antenna tilt + 30°,
+ 15°, 0° -15° -30° as well as the necessary
resistance to wind loads.

To change the angle of inclination of the
antennas, it is required to unscrew the fixing screws
shown in Figure 4, turn and tilt the plate with the
antenna to the desired angle and torque down the
screws.

To set the required orientation of the antennas,
it is needed to loosen the upper and lower nuts of
the tilt unit, shown in Figure 5a. While supporting
the antenna and node, the antennas must be turned
towards the control tower and secondary area,
respectively. At the end of the procedure, tighten
the nuts back.

cukcaTopbl
aHTeHH

HaKroHa

v /
g /

a) tilt node -3 of receiving b) tilt unit -4 of the
antenna -2 in position + 15°  transmitting antenna -7 in
the 0° position

Figure 4 - Special mechanical tilt units 3 and 4

To link antennas to the repeater, the antenna
cable of the receiving antenna is connected to the N-
type connector on the repeater body, see 5b. The
antenna cable of the transmitting antenna is joined
to the N-type connector on the repeater body. If the
length of the receiving antenna cable is not enough,
an extension cable adapter is used.
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Figure 5 - Repeater and VHF antennas
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Figure 6 - Orientation of antennas when installing on dumps

dispatcher's mast

Figure 7 - Orientation of antennas when installed in a pit

It is important to remember that turning on and
supplying power to the repeater - 20 by pressing the
button -28 (see Fig.5b) is allowed after connecting
the antenna cables and the power must be turned
off before disconnecting the antenna cables.

Antenna orientation in various operating
modes in open pit conditions

If the working area is located on the surface of
the pit behind the dumps, the receiving antenna of
the repeater (upper) should be oriented towards the
control tower using tilt nodes 3 and 4. The secondary
radio coverage area (at frequency f2) will be
provided in the sector of the transmitting (lower)
directional antenna. The width of the secondary
sector will be approximately 35°. The length of the
secondary radio coverage area can be from 3 to 5
km, depending on the height of the repeater
antennas above ground level.

If the repeater is far away from the control
tower, the repeater should be located at a height
(see Figure 6).

When placing the repeater in a pit, fix the
antennas at tilt nodes 3 and 4 using locking screws
23 in the position + 300 and - 300, respectively. The
secondary radio coverage area (at frequency 2) will
be located at the bottom of the pit (see Figure 7).

Conclusion

The use of global navigation satellite systems
(GNSS) in open-pit conditions has some specific
features. The design of the pit walls in the extreme
position with steep slopes, as well as a constant
increase in the pit depth, entails not only a decrease
in the number of visible satellites but also an
increase in sighting angles, which leads to an
increase in the DOP coefficient (geometric decrease
in accuracy) [5]. One of the possible ways to solve
this problem was the development of a mobile
complex BSDC, in particular, the use of an active
repeater.

The significance of this project on a national
scale consists of providing high-precision positioning
of the territory of a mining enterprise and allows
solving two main problems of open pit mining
hereafter: increasing labor productivity through the
introduction of digital technologies and significantly
increasing its safety [6-8]. Implementation of the
developed high-precision positioning system at the
Kacharsky field will allow its use at other mining
enterprises in Kazakhstan.
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AHHOTALUMUA
B cTaTbe npepcTaBnieHbl TEXHUYECKME pelleHUA ANA peanusauyu CUCTEMbl BbICOKOTOYHOTO
CMYTHUKOBOrO MO3ULUMOHUPOBAHUA NPU BbIMOJHEHUN MapKLIenaepckux paboT Ha OTKPbITOM
Kapbepe. B aTom rogy faHHas cuctema BBeZ,eHa B MPOMBILINEHHYIO IKCMyaTaLmio Ha OAHOM U3
mecTopoxaeHuii AO  «CokonoBcko-Capbalickoe ropHo-oboratutesibHoe NPOU3BOACTBEHHOE
o6begnHeHune» (AO «CCIMO»). MpoekT 6bin npodprHaHCcpoBaH KoMUTETOM HayKM MUHUCTEepPCTBA
obpasoBaHnA M Hayku Pecnybamku KasaxctaH (MOH PK) no AuvHWM rpaHTOB Ha Hay4yHo-
Cratba noctynuna: 10 okmabpsa 2020 TeXHUYeckne npoektbl Ha 2018-2020 rr. M nNpocodpMHAHCMPOBAH 4YacTHbIM napTHepom AO
PeueHsnposaHue: 27 okmabpa 2020 «CCIMO». Bce paboTbl BbINOAHAAMCL COBMECTHO € ATOO «MHCTUTYT KOCMWUYECKOH TEXHWKM W
MpukATa & neuatb: 30 okmAbpa 2020 TEXHONOMMI». TexHoNornei, NO3BONAKOLLEN pelaTb 334a4YM BbICOKOTOMHOMO CMNYTHUKOBOTO
NO3ULMOHUPOBAHMUA, ABNAETCA TexHonorua auddepeHuManbHol Koppekuun curHanos MHCC B
Buge 6asoBbix cTaHumii  auvddepeHumansHo  Koppekuun (BCAK). OcHoBHas 3agaua,
BO3/I0}KEHHAA Ha HeMpepbIBHO AelCTBYIOLWY0 6a30BYIO CTaHLMIO - 3TO c60p KOAOBLIX U Pa30BbIX
[AaHHbIX Mo cnyTHUKam GPS/TTOHACC v pacnpeaeneHmne 3TMX AaHHbIX Noab3osaTensam (caykbam
AO «CCITMO» 1 cneuuanuctam NOAPAAHbIX OPraHWM3aLuniA, BbINOAHAKOWMX MapKLeWaepcKo-
reogesvyeckne paboTbl Ha MecTopoaeHwuu). B paHHoW pabote npusoauTcs paspaboTtka
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