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HpI/IBCI[eHO OInucCaHME CTEHOA IJId MPOBEACHUS UCTIBITAHUIT HABUTALIMOHHBIX MOI[yJ'[Cﬁ JIOKJIbHOI cucTeMbl HaBUTralmu. OnucaHa

KOHCTPYKIIMS y3JI0B CTeH1a. PaccMOTpeHbl clieHapyuy IPOBEIeHUS UCTIBITAHUI HAaBUTAIIMOHHBIX MoxyJieii JICH.

Kntouessle crosa: 10kanvHas cucmema Hasueauuu, npuemonepeoarouue mooyau,; 6azosvie cmanyuu; makem cucmemst JICH; ITJIHC; eno-

banvHble HagueayuoHHble cnymuukossie cucmemst (ITHCC).

The article gives a detailed description of the test bench for navigation modules of the local navigation system, as well as the design

of the nodes of the test bench. Test scenarios for LSN navigation modules have been described.

Keywords: local navigation system, transceiver modules; base stations; prototype of local navigation system; FPGA; Global Navigation

Satellite Systems (GNSS).

[Mpu pa3zpaboTKe HaBUTAIITMOHHBIX MOAYJeil 1 GA30BBIX CTAHIIUI
JIOKaJTbHOU CUCTEMBI HABUTAIMU BCTAET BOIPOC O TECTUPOBAHUU
paboTHI B COCTaBE MOJHOM CUCTEMBI, OTPA0OTKE MTPOTPaMMHOT0 00e-
CIIeYeHU ST, MPOBEPKE TOUHOCTHBIX U OKCTITyaTAllMOHHBIX XapaKTepu-
CTHK, TPOBEPKE HOBBIX METOJOB CUHXPOHU3AIUU U CAMOOPTaHU3a-
LIMY CUCTEMBI. B 11en1s1X peleH st JaHHbIX 3a1a4 pa3paboTaH CTeHA 115
MPOBEACHMS UCTTBITAHM T HaBUTaLlMOHHBIX MoayJieit JICH.

CTeHJ1 COCTOUT U3 610KOB (hOPpMUPOBAHU S paIMOHABUTALIUOHHOTO
noJist JICH, 6;10ka cuHXpoHU3aluKM U abDoOHeHTCKoro 6JoKa. B cocras
KaxJoro 6JI0Ka BXOISIT TprueMotepenaomue Monyin. OCHOBOM MpH-
eMOoTIepenalonX MOIYyJIel sIBJISIETCS ClapKa U3 BBIYUCIUTEIHbHOTO
06J0ka — oTjiamouHoro Komruiekra Ha 6a3e I[TJIMC Xilinx Zyng-7000
AP SoC ZC706 Evaluation Kit u mpuemornepenaIieii pagno4yactoT-
HOI MuKpocxembl — AD9361, ycTaHOBJIEHHON HAa ME30HUHHOM 11aTe
pacmupenust pas [IJTAC AD-FMCOMMS3-EBZ. 15151 MOBBILIEHU ST
YPOBHSI U3JIy4aeMOro cUrHajaa, KOMMyTalluu paguoTpaktoB AD9361
Ha aHTEeHHY U QUABTPALMU MPUHUMAEMbIX CUTHAJIOB K ME30HMHHO
nnate paciiupenus i [TIJTAC AD-FMCOMMS3-EBZ noakitoueHa
niata GUAbTpaUUM, YCUJIECHUSI U KOMMYTAallMM PagnuodyacTOTHOTO
curnana JICH, paszpa6oranHasi B AO «<HUMUMA «IIporpecc». [TJINC
Xilinx Zyng-7000 ¢ moakroueHHOI MUKpocxeMoit AD9361 Ha Me30-
HUHHOM TUTaTe M MAAaTON GUIBTpAllMK, YCUICHUS U KOMMYTalluK
paaunovactotTHoro curHazia JICH yOpaHbl B aJlOMUHUEBbII KOPITYC TSI
9KPAHUPOBAHWS OT BHEITHUX 2JIEKTPOMAaTHUTHBIX HABOIOK W 31N ThI

oT arMoCc(EPHBIX BO3ACUCTBUIA.

Jlnst obGecrieyeHUsI MUTAHUS 2JIEMEHTOB CTEHA B MOJIEBBIX yCIIO-
BUSIX U BBIPAOOTKM BHICOKOCTAOMILHOIO TAKTOBOTO CUTHAJIa pa3pa-
6OTaHBI MOIYJIU MUTAHUS W TAKTUPOBaHUS. B KauecTBe 271eMeHTOB
MU TaHW S UCTIONb30BAHBI CBUHIIOBO-KUCIOTHBIE aKKyMYJISITOpsI Delta
cepun DT emkocThio 7 A4 1 HanipsixkeHueM 12 B, uTo nmo3BoJisieT npo-
paboTaTh KaXXA0MY MpUeMorepenaiieMy Moyt 10 10 yacoB B aBTO-
HOMHOM pexume. [IpeaycMoTpeHa BO3MOXHOCTb paboThl OT CETH
220 B ¢ aBTOMaTHYeCKUM 3apsiioM OaTapeil. B kauecTBe BhIcOKOCTA-
OUIBHOrO TAKTOBOIO reHepaTopa UCIOJIb3YIOTCSl TEPMOCTATUPOBAH-
Hble reHepaTopbl [K-142TC dupmbl «MopuoH». Moayiu nuTaHus
Y TAKTUPOBaHUsI cOOpaHbl B Koprycax ctanmaprta [P65 nbiie- u Bia-
TO3aIIUTHI.

Ha ITJIMC Xilinx Zyng-7000 pa3pa6otano [P-sgapo, onuceiBaioiiee
CBUC uundposoro TpakTa npueMornepeaaTInKa JOKaIbHONU CUCTEMbI
"asurauuu K1917BC014 pazpaborku AO «<HUUMA «IIporpecc»,
KOTOpasi SIBJsIeTCSI OCHOBOIl BCeX HaBUTallMOHHBIX Monyaeit JICH,
C yueToM paboThl ¢ paanoyacToTHON Mukpocxemoit AD9361, u po-
rpaMMHoOe obecrieueHue A1 HAaBUTALlMOHHBIX MOAYJIEel U 6a30BBIX
craHumii. Pazpa6oranHoe I1O no3Bosisier opraHuzoBath paboty JICH
B pa3HbIX BapMaHTax MOCTPOEHMUSs cucTeMbl. TakuM 0O6pa3om, 1OCTHU-
raeTcsl MojHasi UACHTUYHOCTb CTeHJa U HAaBUTaLlMOHHOTO MOIYJs
Ha otaeabHbIX CBUC npoussoactea AO «<HUMMA «ITporpeccs.

Jlnst pa3MenieHusl Y3JI0B CTEHIa MIpoBeieHa reone3nyueckast mpu-
BsI3Ka 5 TOUEK Ha Mojie MOCKOBCKOI CeTbCKOXO3SICTBEHHOM aKame-
muu umeHu K. A. TumMupsseBa: 4 TOUKHM Il pa3MelieHust 6a30BbIX




CcTaHLU# MO yrjiam npsaMoyroJibHUKa 1 OAHAa TOYKa B LEHTPE OJIsd pas3-

MEIIeHU ST TPUEMHOTO MO yJis. [IpuBs3Ka TOYeK OCYIIECTBACHA IPU
TMOMOIIIM BBICOKOTOYHBIX T€0Ie3MUeCKUX TpUueMHUKOB Trimble.

s npoBepku HaBUuraumoHHbiXx Moaysieit JICH u 6a30BbIX cTaH-
LUl OMMH U3 Y3JIOB CTEHa 3aMEeHsIeTCSl Ha TeCTUPYyeMoe U3aesne
U UMUTHUPYETCS paboTa JIOKAIbHOU CUCTEMbl HABUTALIMK HA PeabHbIX
curHaiax. st npoBepku HaBurauMoHHbIx Monysieil JICH Tectupye-
MO€ M3IeJIMe pacrojaraeTcs psiioM ¢ abOHEHTCKUM OJIOKOM CTeH/a,

HaBuranmmoHHo-cBsA3HBIE CBMC 1 MOAYAU

MIPOBOJSITCSI M3MEPEHU st KOOPIMHAT ¥ CPAaBHEHUE C MOKAa3aHUSIMU a00-
HEHTCKOTO0 6JI0Ka U U3BECTHBIMU KOOpAMHATaMu. st TpOBepKu 6a30-
BBIX CTAHIIMI ONMH U3 Y3JI0B 06J10Ka GOPMUPOBAHUSI paIMIOHABUTALI M-
onHoro noJist ICH 3amMeHsieTcs Ha TecTupyeMoe U3ene U mpoBepsi-
€TCs1 MPUEM CUTHAJIOB Ha aDOHEHTCKOM OJIOKe, a TaK3Ke MPaBUIbHOCTD
ornpeseneHusi COOCTBEHHBIX KOOPJIMHAT.

B craTbe mpuBOASITCS AeTalIbHOE OMKMCaHUEe KOMIIOHEHTOB CTEH/1a
M pe3yJIbTaThl 9KCIIEPUMEHTAJIbHBIX HccenoBanuit monyseii JICH.

While developing navigation modules and
local navigation system’s reference stations,
there arises an issue of testing their operation
within a completed system, processing soft-
ware, inspecting their accuracy and opera-
tional characteristics, as well as new tech-
niques of navigational system synchroniza-
tion and self organization. For solving these
problems a test bench for navigation modules
of LNS system has been developed.

The bench includes units of LNS radio-
navigation field formation, synchroniza-
tion and subscriber unit. Each of the units
includes transmit/receive modules (TRM).
TRM are based on pairing units from
the computing unit: evaluation kit using
FPGA Zyng-7000 AP SoC ZC706 Evalu-
ation Kit FPGA of Xilinx and TRM radio
frequency microcircuit AD9361 installed
on mezzanine card extension for FPGA
AD-FMCOMMS3-EBZ. To increase the
level of emitted signal, to switch radio links
ADO9361 to the antenna and to filter sig-
nals received, the mezzanine card exten-
sion for FPGA AD-FMCOMMS3-EBZ
is connected with the card that filters, mag-
nifies and switches radio frequency LNS
signal, the latter card has been developed
by JSC “NIIMA “Progress”. FPGA Zynq-
7000 of Xilinx with connected microcircuit
AD?9361 installed on the mezzanine card and
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the card performing filtering, magnifica-
tion and radio frequency LNS signal switch-
ing, are placed into aluminium package for
shielding them from external electromag-
netic interference and weather impacts.

To supply test bench elements with power
in the field environment and to provide high
stable clock signal generation, correspond-
ing power supply and clocking modules have
been developed. Lead-acid accumulators
Delta series DT with 7Ah capacity and 12V
voltage were used as power supply elements,
enabling TRM to work in stand-alone mode
up to 10 hours. Operation from mains sup-
ply 220V with automatic battery charging has
also been provided. As a highly stable clock
generator, temperature controlled “Morion”
GK-142TC oscillators have been used. Power
supply and clocking modules are installed
in packages of P65 standard by dust- and
moisture protection.

For FPGA Zynqg-7000 of Xilinx an IP-
core has been designed, which describes VLSI
of TRM digital tract in local navigation sys-
tem K1917BCO014, developed by JSC “NIIMA
“Progress”, which is the base for all navigation
modules in LNS, with due account of opera-
tion with radio frequency microcircuit AD9361
and software used for navigation modules and
reference stations. The developed software
enables organizing LNS operation in various

variants of the system design. Thus complete
test bench identity with navigation module
has been attained at separate VLSIs produced
by JSC “NIIMA “Progress”.

For bench assemblies accommodation
we have made a geodetic tie of 5 points on the
field of Moscow K. A.Timiryaziev Agricul-
tural Academy: 4 points by rectangular cor-
ners for reference stations accommodation
and one point in the centre for receiving mod-
ule accommodation. Points have been tied
by means of high precision Trimble geodetic
receivers.

For inspecting navigation modules of LNS
and reference stations one of the bench assem-
blies is substituted by the tested device, and
simulation of LNS operation is carried out.
For inspecting navigation modules of LNS
the tested device is placed near the bench sub-
scriber unit and measured coordinates of the
subscriber unit are compared with the known
coordinates. For inspecting reference sta-
tions one of the assemblies in the LNS mod-
ule of radio navigation field formation is sub-
stituted by the tested device and signals
receipt at the subscriber unit and the accu-
racy of determining its own coordinates are
checked.

The paper provides a detailed descrip-
tion of test bench components and the results
of LNS modules experimental investigations.
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