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PE®EPAT

Marucrepckasi auccepranusi CoOAepX)uT 54 crpaHunbl, 9 rnaB, 32

pucyHka,17 tabmui, 2 popmysbl, 32 HCTOYHUKA.

PA3SPABOTKA I OBOCHOBAHUE KOHILIEILMU BEICTPOI'O 3AITYCKA
YCTPOVMCTB CIYTHUKOBOI'O CJIEXXEHMS GNSS HA OCHOBE
MOJYJIEM U-BLOX.

OOBEKTOM HCCIEI0BaHUA ABIAETCs onleHouHad iara u-blox EVK-MS8C.

[enp paboThl — aHAINU3 BCTPOECHHOTO (DYHKIIMOHAJA U UCCIIEI0BAHNE
QJIbTEPHATUBHBIX TEXHOJIOTMI MUHUMH3AIUU BEJIUYUHBI BpEMEHU IIEPBOTO
UCITpaBJICHUS JJI1 ONTUMHU3ALNHN pabOThl IPUEMHOTO YCTPOMCTBA IIPHU XOJIOAHOM

cTaprTe.
Bbl1u ocTaBIieHbl ClIeyIONIUE 3aJa4l Ha MaruCTEPCKYIO JUCCEPTALUIO

1) AHanutndeckuii 0030p JIUTEPATYPHI IO METOAAM CITyTHUKOBOW HABUTAIUH .

2) Tlonck METOAOB ¥ TEXHOJIOTUH MUHHMHU3ALUU BEIMYMHBI BDEMEHHU TIEPBOTO
VICIIPABJICHUS

3) Pa3paboTka cpe/sl Asl TECTUPOBAHUS TPUEMHOTO YCTPONCTBA MTPH
PAa3IMYHBIX YCIOBUAX

4) DKCHEepUMEHTAILHOE UCCIICI0OBAHNUS IIPOU3BOIUTEILHOCTA 00OHAPYKEHHBIX
METOIOB 1 TEXHOJIOTUN

5) Pa3pabotka anropurma OBICTPOTO CTapTa yCTPOWCTBA
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AHHOTAIIUA

C npeBHHX BPEMEH YEJIOBEUYECTBO BOJHOBAJ BOMPOC 00 MX TEKYIIEM
MeCTOHax Ok AeHUU. JItoasiM Beeraa ObIO BaXKHO 3HATH, i€ OHU HAXOJATCS B
JAHHBII MOMEHT WJIM KaK JA00paThCsl 10 OMPEEICHHON TOYKU Ha IUIaHETe.
[Iporecc onpeeneHrss MECTOIOI0KEHUSI 0OBEKTOB HAa3bIBACTCSI HaBUTAITUEH.
B 200 r. 1o H.3. B Kutae Obu1 pa3paboTaH MepBbIl KOMITAC, KOTOPBIA CTaj
MEPBBIM YCTPOMCTBOM i1 HaBurauumu. Co BpPEMEHEM HaJIu4yue Komrmaca
CTaJ0 BaXXHBIM M HEOOXOJMMBIM aTpUOYyTOM KaXKJIOro ITyTEIIECTBEHHUKA,
OyZlb TO UCCIE0BATENb, TOPTOBEL WIIM MPOCTOM CTpaHHUK. J1Jist onpeneneHus
HaIlpaBJICHUS] JIBMKEHUS W TEKYLIEro IOJIOKEHHS JIIOJH HCIIOJIb30BaIH
COJIHIIE, 3BE€3/Ibl U APYrue 00BEKTHl NpUpoabl. M eciin B mpouiioM 3TO0 ObLI
JNEUCTBUTEIBLHO TPYJOEMKHUI MpOLIECC, TO TENepb TEXHOJIOTMU IIarHyJju
HACTOJIBKO JaJIeKO, YTO JaKe MOJPOCTOK CHOCOOEH JEerKo Y3HaTh CBOE
MECTOIOJIOKEHUE U MPOJOXKUTH MAapUIPYT B JIOOYI0 TOUKy mupa. Bce 310
CTaJI0O BO3MOXKHBIM 0OJIarofaps CIyTHUKOBOW HaBUTALIMM WM , YTO TO XKeE
camoe, ri100aabHBIX HaBUTAIMOHHBIX cyTHUKOBBIX cucteM (ITHCC) [1]. ITox
CIIyTHUKOBOW HaBUTalMeil OyaeM moapasyMeBaTh TaKOH METOJI, TP KOTOPOM
JUISL OTIPE/ICNICHUST MECTOIOJIOKEHUSI OOBEKTa HCIOIB3YIOTCS CUTHAIBI CO

CIIYTHHUKOB.

Nnes co3zmaHusi CyTHUKOBOM HaBUTanuu 3apoauiachk eme B 1950-x
rogax, korga B CCCP Obul 3amylieH MNepBblii MCKYCCTBEHHBIH CITyTHUK
3emiu. B TO Bpemsi aMepuKaHCKHE Yy4yeHble HAOJIOJaIM 3a CUTHAJIOM,
NOCTYMAIOIIMM CO CHOYTHHKA, W OOHApyXwiu, 4yto Onarojaps 3Qdekrty
Jlomepa yacToTa NPUHUMAEMOrO CHUTHAJa YBEJIMYMBAETCS IO MEpEe €ro
npubmkeHuss U Haobopot. Tak, B 1973 roay Obuta 3amylieHa mporpamma
«NavStar», koTopas mosxe Obula MeperMMEHOBaHA B HamOOJiee W3BECTHYIO
«GPS». IlepBoHayanbHO B 3alyCKe HAaBUTAIIMOHHOW CHCTEMBI Ipeodianann

HCKIIIOUUTCIBHO BOCHHBIC I1ICJIM, B pa3pa60TKe KOTOPBIX Y4YaCTBOBAJIN
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BoeHHble cuiibl CIIIA. TlpuGopsl ciyTHHKOBOW HaBHTalluu IUIAHUPOBAJIOCH
pasMeniatb Ha OopTax KopaOjei, MOABOJIHBIX JOAOK, TaHKOB W JApPYroi
BOEHHOUN TexHUKH. OJHAKO, HECMOTPs Ha TO, 4yTo NpoekT GPS n3HavanbHO
ObUT IpeIHa3HAYeH HWCKIIOYUTENIBHO JUIsl BOEHHBIX Lenel, ceiiuac GPS
LIMPOKO UCHOJIb3YyeTCs B MOBceneBHOM ku3HU. [Ipuemuuku GPS npopatorcs
B MarasuHax, OHH BCTPOEHbI B MOOWIIbHBIE TeJIe(OHBI, IMUPPOBHIC YAaCHI,
HABUraTOPbI U1 MHOTHE Jipyrue ycrporictea. Teneps Moayins ['THCC BecTpoeH B
Kbl MOOWIBHBIN Telne(OH, YTO MO3BOJIAET OPUEHTHUPOBATHCS B Jt00OE
BpeMs. KpoMe Toro, cymectByeT MHOKECTBO NPOIPaMMHBIX IMPOIYKTOB, C
IOMOIIBIO  KOTOPBIX  MOJB30BATEIM MOTYT BHJETh CBOE TEKYILEe
MECTOIIOJIOKEHUE, IUIAHUPOBATh MApUIPYThL, OTCJIEKUBATH JOPOKHBIE
YCIIOBHSI, HaXOJUTh JTOCTONPHUMEUYATEIBHOCTH B TOPOJE M APYIMX Ba)KHBIX

MeCTax, MpocMaTpuBaTh GOTOrpapuu 3TUX 0OBEKTOB U MHOT'OE€ JIPYTOE€.

Takum 06pa30M, TCXHOJIOTHH CHYTHHKOBOﬁ HaBHUI'allUKM  HAXOJIAT

IPUMCHCHUC B TAKHUX O6J'IaCT$IX, KakK:

e T'eome3ns v TEKTOHUKA TUIUT

» Kaprorpadus

e Hapuramms

* CHyTHUKOBBIM MOHUTOPHUHI TPAHCIIOPTA

» CotoBas cBs3b

e J'eoMeTkH 1 AKTUBHBIN OTIBIX

CoBpemennble  ['HCC-npueMHHMKH  CIIOCOOHBI  ONpPENENSATH  CBOE
MECTOIOJIO)KEHHE 32 KOPOTKOE BpPEMSI U C BBICOKOM TOYHOCTBIO.
lBeiinapckass koMmaHusi U-blox NPOU3BOAUT  BBICOKOKAUECTBEHHBIE
NPUEMHUKH, KOTOpPbIE HUCIOJIb3YIOTCS BO BceM Mupe. CorjacHO JaHHBIM
uccnenoBanusiM  [2] 3a 2018 1. cumTaercs, uto mpoaykTel u-blox
oOecrieunBalOT Kparyaiiiee Bpemst st nepBodl ¢ukcauuu (TTFF) npu

XOJIOZIHOM 3amycke. 3HaueHHE 3TOM BETUYMHBI XapaKTEepU3yeT Bpems, B



TEUEHHE KOTOPOro NPUEMHUK MOXKET OMNPEACIUTh IEpPBbIE KOOPIUHATHI
coOcTBeHHOro MecTomnoioxenus. 3Hauenue TTFF umeer Goinbiioe 3HaueHue,
M OOJBIIMHCTBO ITOJb30BaTelied, Bkmouas kommanuio |IBH-IMPEX,
3a/Iaf0TCS BOIIPOCOM, KaKMM 00pa3oM U Ha KaKylo BeIMUMHY 3HaueHue | [FF
MOET OBITb YMEHBIIEHO, MCMOJb3Yysl JOCTYyHHbIe (YHKIHMU. BONBIIMHCTBO
YCTPOMCTB  HMMEIOT  OTPOMHOE  KOJIMYECTBO  BCTPOEHHBIX  OMIIUH,
pa3paboTaHHbIX JUIsi OCOObIX cuTyanuil. [lo3TOMy BaXHO BBISICHUTS,
WCITOJIb30BAaHUE KAKUX KOH(PUTYpAIuil YCTPONWCTBA TO3BOJISIET MAaKCHMAIBHO
OBICTPO paccyuTaTh MecTornonoxkeHnue. JlaHHas paboTta mpenHa3HavYeHa s
pa3pelIeHusl 3TOM HEONPENEIECHHOCTU. B KauecTBe M3y4yaeMoro ycTpouCTBa
Obuta BBIOpaHa oneHouHas Iurata U-blox EVK-MS8C. JlanHoe ycTpoicTBO
paspaborano Ha ocHoBe ' HCC npuemnunka MAX-M8C, pazmepsl KOTOPOTO
noaxonatr s w3aenut kommanuu IBH-IMPEX. OchHoBHas mnpobGiema
3aKJII0YAeTCs B TOM, YTO MPU IUIOXUX YCIOBUSIX OIpPEICICHUE MO3UINU
MOYKET 3aHATh AeCiITKU MUHYT. bonbsmoe 3Hauenne TTFF nenpuemnemo s
YCTPOMCTB B 00JacTH clexeHus. B Buay Toro, yro pasmep YCTPOWCTB
CJIe)KCHUSI OYEHb CUJIBHO OTPAaHUYEH, 4 AHTCHHA B OOJIBIIMHCTBE CIIy4acB HE
MOXXET OBITh PACMOJIOKEHAa B MECTE, JIETKO JOCTYITHOM JIJISi CITyTHHUKOBBIX
CUTHAJIOB, HEOOXOJMMO HCMOJIb30BaTh BCTPOEHHBIN (yHKIMOHAN. Takum
o0pa3oM, OCHOBHOM II€JIbIO JAHHOM PabOThI SBISETCS aHAINU3 BCTPOCHHBIX
GyHKIIUN U BBISBICHHE HauOoJiee MPOIYKTUBHBIX IMPU XOJOJAHOM 3aIlyCKe
ycTporctBa. [IpenmnosiaraeTcs mpoBECTH aHAIW3 aJbTEPHATUBHBIX IMYTEH C
IeIbI0 MX JaJbHENIel peann3auu. B kauecTBe OCHOBHBIX KPUTEPHUEB OBbLITH
BbIOpanbl camblil kopoTkuilt TTFF u xopomas tounocts (Menee 10 m). 3amaua
npeanosjaraerT pa3paboTKy COOCTBEHHOTO alTOpUTMa M CPEIObl IS
TECTUPOBAHUS yCTpoHcTBa. BaykHO, 4TOOBI HaliJICHHBIC PEIICHUS] U METOJIbI
coorBeTcTBOBaIM nipoaykram komnanun I[IBH-IMPEX. Kpome Ttoro, on

JOJIDKCH OBITH MU POKO HOCTYIIHBIM U IMPOCTBIM B pcaln3aluu.
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B pesynbTaTe mpojenaHHOM paboThl ObUIM CHOPMYIHUPOBAHBI 2 HAYUHBIX

ITOJIOXKCHMUA .

1. Ilpu nBrkeHuu oueHouHoi miatel u-blox EVK-M8C ucnons3oBanue
Tpex  cnytHukoB  cucteMbl [JIOHACC  gnst  BBIUMCIICHHS
MECTOIIOJIOKEHHUS 00€eCIIeYBaIOT CPEIHION0 TOYHOCTH
MO3UIIMOHUPOBaHKs CBbIie 100 METpoOB, MPU ATOM €€ BEIUYHHA C
TEUCHUEM BPEMEHU HUTEPAIMOHHO YBEeIWYnuBaeTcs Ha 1-3 MeTpa

2. Ilpu HaxoxaeHun orieHO4YHOM 1Iathl U-bloX EVK-M8C B HeakTHBHOM
COCTOSSHUM Oojiee 2 dYacoB TIOCIE TIPEIBAPUTEIHLHON 3arpy3Ku
JNEeWCTBUTEIbHBIX HABUTAIIMOHHBIX JIAHHBIX peaju3aius Terioro
CTapTa YCTPOUCTBA TIO3BOJISIET COKPATHTH BPEMSI TIEPBOTO HUCITPABICHUS

B 7.07 pa3 npu ypoBHE Hecyllen He mpeBbimmatomeit 25 nbl i
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1. INTRODUCTION AND GOALS

Since ancient times, mankind has been concerned about their current location. It was always
important for people to know where they are at the moment or how to get to a certain point on the
planet. The process of determination location of objects called navigation. In 200 BC in China the
first compass was developed and it was the first device for navigation. Over time it has become an
important and necessary attribute of every traveler, be it a researcher, trader or simple wanderer. To
determine the direction or current position people used the Sun, stars and other objects of nature. If
in the past it was really complicated process, then now the technologies have gone so far, that even
teenager able to easily know his location and build a route to anywhere in a world. It all became
possible by satellite navigation or what the same Global Navigation Satellite Systems (GNSS) [1].
By satellite navigation we mean such method in which the signals from satellites are used to
determine the location of object.

The idea of creating satellite navigation appeared in 1950s, when the USSR launched the first
artificial satellite of the Earth. At that time American scientists observed for the signal coming from
satellite and found that due to Doppler effect the frequency of receiving signal increases as it
approaches and vice versa. Thus in 1973 was launched “NavStar” program, which was renamed to
most famous “GPS” later. Initially, the launch of the navigation system was dominated exclusively
by military goals, development of which was involved the three main US forces: Navy, Air Force
and Army. Devices of satellite navigation were planned to be placed on boards of ships,
submarines, tanks and other military equipment. Despite the fact that the GPS project was
originally exclusively for military purposes, now GPS is widely used in civilian life. GPS receivers
are sold in stores, they are embedded in mobile phones, digital watches, navigators and many other
devices. Now the GNSS module is built in absolutely every mobile phone which allows navigate in
every time. In addition, there are many software products with which you can see your current
location, plan routes, track road conditions, find sights in the city and other significant places, see
photos of these objects and much more.

Thus, the satellite navigation technologies are using in such areas as:

e Surveying

e Cartography

¢ Navigation

e Satellite monitoring of transport
e Cellular communication

e Tectonics plin

e (Geotagging

e Active rest

And over time this list will only increase, because satellite navigation is a permanent attribute of
modern human life.

Modern GNSS receivers are able to determine their location for short time and with high accuracy.
The Swiss u-blox company produces the receivers which are used over the world. According to the
research [2] for 2018 considered that the u-blox products provide the shortest time to first fix
(TTFF) at a cold start. This value characterizes the time during which receiver can determine its
first location. The value of TTFF has a great importance and most of users, including IBH-IMPEX,
are wondering how else they can reduce this value using available features. Most devices have
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huge amount of built-in options designed for particular situations. Therefore, it is important to find
out usage of which configurations of the device allows fastest position calculation. This work is
intended to solve this uncertainty. As the studied device EVK-MB8C evaluation board was selected.
It is developed on basis of MAX-M8C GNSS receiver, sizes of which are suitable for IBH-IMPEX
products. The main problem is that under poor conditions, position determination could take
several minutes. However the large value of TTFF is not acceptable for tracking devices. The
problem is very common especially for tracking devices. Due to the fact that the size of tracking
devices is very limited, and the antenna in most cases cannot be located at a place that is easily
accessible for satellite signals, it is necessary to operate with the built-in functionality. Thus the
main objective of this work is to analyze built-in features and to reveal the most productive at the
cold start of the device. It is supposed to conduct an analysis of alternative ways with a view to
their further implementation. As main criteria the shortest TTFF and good accuracy (less than 10
m) were selected. The task involves the development of own algorithm and environment for device
testing. It is important, that solutions and techniques found are consistent with the IBH-IMPEX
company’s products. Besides, it should be widely available and easy to implement.

Thus, the assigned task includes the following steps:

e Familiarity with the principles of satellite navigation

e Studying the protocols used information transmission
¢ Management and communication with used equipment
e Search for fast start acceleration techniques

o Development of a test environment

o Performance analysis of different configurations

e Processing results and making conclusions
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2. GNSS OVERVIEW

If until 2000 the positioning of the whole world was carried out by GPS and GLONASS, then by
now several satellite systems have already been launched and are functional. Nowadays, the
development of navigation technologies is also carried out by India, China, Japan and Europe and
each of them develop own systems. Thus, to date there are 6 active navigation systems: GPS,
GLONASS, BeiDou, Galileo, QZSS and NavIC. The satellite navigation systems which have a
global coverage over the world are called global navigation satellite system. Now there are only
two fully operated global systems: American GPS and Russian GLONASS. Other navigation
systems are either regional or do not have enough apparatus to provide full coverage. Even so,
Chinese BeiDou and Europian Galileo scheduled to be fully operational by 2020. This chapter
describes the structure of two main navigation systems: GPS and GLONASS.

2.1. GPS Structure

GPS is one of the leading and most widely used navigation systems. The history of GPS starts with
launching “DNSS” (Defense Navigation Satellite System) project in 1973. At the same year it got
two names: NavStar and later GPS. It was initiated by U.S. Department of Defense and at the
beginning it followed only military goals. It was fast developed and already in 1995 it was fully
operational. Now the most part of modern devices support GPS.

In general the GPS consists of three main segments: space, control and user (Figure 2.1). Space
segment is a number of satellites which are moving in concert along specially selected orbits.
Satellites broadcast a signal from space and all GPS receivers use this signal for determination of
their location in real time. Moreover to determine the exact location of the signal from only one
satellite will not be enough. Therefore, the tracking devices receive signals from each of the
available satellites. Such method of navigation allows serving an unlimited number of users. This
principle applies to all existing GNSS.

Space segment

- established ephemeris
- calculated aimanacs

- satellite health

- time corrections

From satellites
L1 carrier signals

- time pulses

- ephemeris

- almanac

- satellite health

@ o

TN

S —

User segment Control segment

From the ground
station

Figure 2.1 — Structure of GPS [3]
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For GPS space segment consists of 31 operational satellites orbiting the Earth on the 6 different
orbital planes. On each of apparatuses the atomic clocks (cesium or rubidium or combination of
them) are installed, which are synchronized with clocks on the central synchronizer of system.
Synchronized doesn’t mean that they go in phase. It means that the difference of the clock is
known. It is the central synchronizer stores the so-called system time scale. GPS satellites orbit at a
height of 20,200 km above the Earth’s surface. The tilt angle is 55° to the equator. Important
feature is that the orbit completes in around 12 hours, but during to rotation of the Earth satellite
will be at initial point after 24 hours (23 hours, 56 minutes to be precise). Such position of satellites
ensures communication with at least 4 satellites at all times anywhere in the world [4].

Latitude

-180° -120° -60° 0° 60° 120° 180°
Longitude
Figure 2.2 — Position of the GPS satellites at 12:00 hrs UTC on 14th April 2001 [3]

Each of these satellites broadcasts carrier oscillation in two frequency bands: L1 and L2. Satellites
transmit on frequencies of 1575.42 and 1227.6 for L1 and L2 respectively. The carrier oscillation is
modulated by a special code in sequence in such way that the phase of code signal coincides with
the readings of the satellite clock. In the GPS system each device has a unique code sequence that
allows distinguishing their signals, despite the common frequency.

The control segment is the main control station (located in the state of Colorado) and several
additional stations, as well as ground antennas and monitoring stations, some of the resources
mentioned are shared with other projects. The current Operational Control Segment includes a
master control station, an alternate master control station, 11 command and control antennas, and
16 monitoring sites (Figure 2.3)

Greenland

P Alazka
Schrisver AFE "
United Ki
g _\Mew Hampshire " & o Southoreall)
Vandegl:ﬁ:%:ﬁg ol ® @USHO Washington
@4 Cape Canaveral
[ ] Floride @ Bahrain
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G 0A
@ Ecuader am Kwajalein
L T
Ascension Diego Garcia
@ Unguay Zouth Africa Australia Mew
Zealand
% Master Control Station - Alternate Master Control Station g
A Ground Antenna _\ AFSCH Remote Tracking Station
@ Air Force Monitor Station ® NGA Menitor Station

Figure 2.3 — Control segment of GPS [4]
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Monitor stations tracks GPS satellites and collects navigation signals and feed the observations data
to the master control station. In turn master control station provides command and control of the
GPS constellation. It computes the precise location of satellites and generates navigation messages.

The user segment is represented by GPS receivers administered by state institutions and hundreds
of millions of receivers owned by ordinary users. Receivers can be categorized by their type in
different ways, and under different criteria. For instance, receivers can be stand-alone, or may
benefit from corrections or measurements. Moreover receivers might be generic or can be
specifically having the application.

GPS uses the World Geodetic System 1984 (World Geodetic System - WGS-84) and own time
system. WGS 84 determines the coordinates relative to the center of mass of the Earth, so the error
is less than 2 cm. The GPS system time is associated with coordinated universal time (UTC) in
accordance with observations of the United States Marine Observatory. Nominally, the GPS time
scale has a constant 18 s discrepancy with the international atomic time. The time is counted in
GPS weeks and seconds within the current week from 06.01.1980 at 00:00:00. In the GPS system,
the week number is recorded using a 10-bit binary number. The zero week number was repeated at
midnight from August 21 to August 22, 1999.

2.2. GLONASS overview

For the first time on the use of satellites for navigation was made by Prof. Shebshaevich V.S. in
1957. The opportunity was opened by him in the study of applications of radio astronomy methods
in navigation. These studies were used in 1963 during the development work on the first domestic
low-orbit satellite system “Cicada”. In 1967 the first Russian satellite Kosmos-192 was launched
into orbit. The “Cicada” system was commissioned as part of 4 satellites in 1979. After 2008 the
consumers of the space navigation systems “Cicada” and “Cicada -M” were transferred to the
GLONASS service, and the operation of these systems was discontinued [5].

Subsequently, the function for detecting objects in distress was implemented in “Cicada” satellites.
First of all it concerned various ships and aircrafts. Due to this, quite a few lives were saved, which
later drew attention to satellite navigation. Based on the research it was decided to use the
GLONASS orbital constellation. Now GLONASS is a main competitor to GPS and it was
developed by Russian Federation.

The first tests of the GLONASS system were started in October off 1982. In the same year the first
GLONASS navigation spacecraft was launched. And in 1993 the experimental exploration began.
At that time there was no civilian segment of consumers, which was a significant drawback. In
1995 the full-capacity orbital grouping was deployed and the system was fully operational.

Like GPS GLONASS also consists of space, control and users segments. Nevertheless it is two
totally different navigation systems. Currently GLONASS includes 27 satellites, 22 of which is
active and 3 reserve satellites. They are located in medium-altitude near-circular orbits at an
altitude of 19,100 km. Instead of 6 orbital levels GLONASS has only 3 with an angle of 64.8°
from the equator with the orbital period was 11 hours 15 minutes and 44 seconds, what totally
differs from GPS technology. Such period of circulation allowed creating a stable orbital system
that does not require the maintenance of corrective impulses, which was one of the main
differences from GPS. Also the inclination angle provides 100% availability of satellites in the
territory of the Russian Federation. In addition, two problems which important for satellite
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navigation were solved. The first is the mutual synchronization of satellite time scales with
nanosecond accuracy. The second is highly accurate determination and prediction of orbital
parameters of satellites. This became possible due to the inclusion of values of second order of
smallness such as light pressure, uneven rotation of the Earth, etc [5].

Every GLONASS satellite transmits two codes (C/A and P-Code) on two frequencies. Every
satellite transmits the same code, but at different frequencies in the vicinity of 1602MHz (L1 Band)
and 1246 MHz (L2 Band). The frequencies can be determined through the following equation,
where k (k=-7, -6, -5 ... 6) is the frequency channel of the satellite under consideration:

e Frequency in L1 Band: f1 = 1602 MHz + k « (9/16) MHz
e Frequency in L2 Band: f2 = 1246 MHz + k « (7/16) MHz

If at the beginning of 2000 accuracy provided by GLONASS was significantly below GPS
accuracy, then now both navigation systems determine the position of object with error less than 10
meters (Figure 2.4). Some sources claim that the accuracy of GLONASS exceeds the accuracy of
GPS [6].
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GLOMASS constellation orbital slots

Figure 2.4 — GPS and GLONASS User Range Error on 25.07.2019 [7]

GLONASS uses a coordinate system called “PZ-90” in which the precise location of the North
Pole is given as an average of its position from 1990 to 1995. GLONASS time corresponds to UTC
time in Moscow.
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3. GENERAL PRINCIPLES OF SATELLITE
NAVIGATION

The chapter describes the basic principles of satellite navigation. It tells what data the satellites
broadcast and how the receiving device uses it to determine its own location. The protocols used to
provide the results of calculations and their structure are described. Also, it provides information
about frequency bands that are used for the satellite navigation.

3.1. Position determination

The satellite navigation allows using the satellites to determine the location of an object. The
satellites are located on orbit in space and spinning around the Earth. Each of orbiting satellites
transmits information about its exact position. Each satellite equipped with onboard clocks. When
tracking device receives the signal from satellite, first of all it needs to determine the delay time
required for propagation the signal from satellite to the receiver. So, each satellite has an own time
and it transmits it as well as satellite location data. After receiving this signal, receiver is able to
calculate the signal travel time (Figure 3.1). To determine the distance it is assumed that the radio
waves from satellite propagate with a constant speed equal speed of light ¢ in vacuum (3108 m/s).
Thus, we will get the distance from the receiver directly to the satellite by multiplying the speed by
travel time. However this value is true, if clocks in receiver and satellites are very good
synchronized. If it is not, then there can be discrepancy between the calculated and actual distance.
In navigation this observed distance referenced to the local clock is referred to as pseudorange. For
example travel time of one microsecond generates a pseudorange of 300 meters [3]. To solve this
ambiguity it is needed to use the second synchronized time signal. In other words, when an
unsynchronized onboard clock is employed in calculating position, it is necessary that the number
of time signal transmitters exceed the number of unknown dimensions by a value of one.

Satellite and Satellite and
receiver clock receiver clock
display: Oms display: 67.3ms

oms Oms

1 75ms®25ms 75ms 25ms

L Signal

Signal transmission (start time) Signal reception (stop time)
Figure 3.1 — Travel time determination [3]

In this manner the receiver determines the distance to each satellite. Knowing the distance to one
satellite the receiver can be located at any point of a circle of radius equal the distance. In other
words, using one satellite is impossible to determine the location of the object. Two satellites will
give us the two circles, which are intersect in 2 points. If we have a third satellite, then these 3
circles intersects in one point. Exactly this point is a location of our object. So for determination
position of device needed to estimate distance at least to three satellites with known positions. Such
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method in geolocation called trilateration. In this case we speak about 2D positioning since we
don’t consider a third coordinate.

Corrected Range
@ Position Determined from
Pseudorange

Actual Position After
Correcting Time Error

Figure 3.2 — Two -dimensional trilateration with three satellites [8]

Thus geometry plays an important role in this process. If receivers and satellites clock are not
synchronized then we get a distance with error. To obtain the value of this error we should multiply
the speed of the light ¢ on difference between time of satellite and time of the receiver At:

Ar=ceAt (1)

This error leads to inaccurate position calculation. To eliminate this inaccuracy, the receiver needs
another satellite firstly to adjust the time, and then this correction will correct the pseudorange
error. Therefore, for determining 3D position at least 4 satellites are required: 3 of them are used
for 3 dimensions coordinates determination and 1 is for time synchronization.

3.2. Navigation radio signals

When choosing the types and parameters of signals used in satellite radio navigation systems, a
whole set of requirements and conditions are taken into account. The signals should provide high
accuracy of measurement of the time of arrival (delay) of a signal and its Doppler frequency and a
high probability of correct decoding of the navigation message. Also, the signals must have a low
level of mutual correlation in order for the signals of different navigation spacecraft to be reliably
distinguished by the navigation equipment of consumers. In addition, GNSS signals should use the
allocated frequency band as efficiently as possible with a low level of out-of-band emission, and
have high noise immunity.

Almost all existing navigation satellite systems, with the exception of the Indian NavIC system, use
the L-band (1-2 GHz) for transmitting signals. Instead of this the NavIC system will also emit
signals in the S-band (2-4 GHz).


https://en.wikipedia.org/wiki/Trilateration
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Figure 3.3 — Frequency bands occupied by various navigation satellite systems [9]

As satellite navigation systems developed, the types of modulation of radio signals used were
changing. Most navigation systems used signals with binary phase shift-keying (BPSK)
modulation. Now satellite navigation has begun a transition to a new class of modulating functions,
called BOC (Binary Offset Carrier) signals. The use of signals with BOC modulation increases
potential measurement accuracy and delay resolution. At the same time, the level of mutual
interference in the joint operation of navigation systems using traditional and new signals is
reduced.

3.3. Types of navigation message information

As it was said earlier, each of the satellites transmits information about its position and time from
the onboard atomic clocks. However, this is not the only information that allows determining the
exact location of the object. The most important are ephemeris and almanac data. The concept of
ephemeris appeared in astronomy. It is a table of the celestial coordinates of the Sun, the Moon,
planets and other astronomical objects. In navigation, this table consists of the coordinates of the
transmitting satellite, as well as its current health. In turn the almanac contains information about
each satellite of the constellation. In addition, the almanac contains data for time calibration, as
well as ionosphere parameters, etc. Thus, the following information is transmitted in the navigation
messages.
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Ephemeris information, which required for calculation of coordinates with sufficient
accuracy

Deviation error of the onboard time scale relative to the system time scale for taking into
account the time shift of the spacecraft during navigation measurements

The discrepancy between the time scale of the navigation system and the national time
scale for solving the problem of synchronization of consumers

Signs of fitness with satellite status information for prompt exclusion of satellites with
identified failures from the navigation solution

Almanac with information on orbits and the status of all devices in the grouping for a long-
term rough forecast of satellite motion and measurement planning

lonosphere model parameters required by single-frequency receivers to compensate for
navigation measurement errors associated with the propagation delay of signals in the
ionosphere

Earth rotation parameters for accurate recalculation of the coordinates of the consumer in
different coordinate systems

Signs of fitness are updated within a few seconds, when a failure is detected. The parameters of
ephemeris and time, as a rule, are updated no more than once every half hour. At the same time, the
update period for several systems is very different and can reach four hours, while the almanac is
updated no more than once a day.

According to its content, the navigation message is divided into operational and non-operational
information and is transmitted as a stream of digital information. Initially, all navigation satellite
systems used a frame / sub-frame / word structure. With this structure, the flow of digital
information is formed in the form of continuously repeating frames, a frame consists of several
sub-frames, and a sub-frame consists of several words and so on (Figure 3.4).
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Figure 3.4 — Navigation message structure

10



GENERAL PRINCIPLES OF SATELLITE NAVIGATION

In accordance with this structure, the signals of the Beidou, Galileo, GPS, GLONASS signals with
frequency division were formed. Depending on the system, the size of frames, sub-frames may
differ, but the formation principle remains the same.

Most signals now use a flexible string structure. In this structure, the navigation message is formed
as a variable stream of lines of various types. Each type of line has its own unique structure and
contains a certain type of information. The tracking device selects the next line from the stream,
determines its type and selects the information contained in this line according to the type. Thus,
first sub-frame contains information about time corrections, second and third contains ephemeris
data, and last two transmits the current almanac frames.

The flexible string structure of the navigation message makes it possible to use the data
transmission channel bandwidth much more efficiently. But the main advantage of the navigation
message with a flexible string structure is the possibility of its evolutionary modernization while
respecting the principle of backward compatibility. This allows the user to add in the process of
upgrading GNSS to the previously existing row types with new types of strings. The tracking
devices, which released earlier, ignore lines with new types and, therefore, do not use those
innovations that are introduced in the process of GNSS modernization, but at the same time its
performance is not impaired. Messages of the GLONASS signals with code division have a string
structure.

3.4. Navigation messages protocols

Despite the fact that satellites continuously transmit auxiliary information, such as ephemeris and
almanac, the received data need to be post-processed. This task is performed by the GNSS receiver.
Based on the received data and their processing, the receiver determines the current location of the
object. As a result, most users do not have access to the raw data transmitted by satellites. Instead
of this the receiver provides the results of the calculations using special protocols. The u-blox
devices support NMEA and UBX protocols.

NMEA is abbreviation of National Marine Electronics Association. Each NMEA message starts
with a special symbol “$” after which follows an address block consisting of a talker id, defining
the GNSS system type and a sentence formatter, that determines the type of message and its
content. This is followed by all the transmitted information (payload). The data in the payload is
separated by a comma to identify the beginning and end of each value, since there can be
transferred data of different formats. Based on the payload content, a hash sum is calculated that
will be unique for each different message. Symbol “*” identifies the beginning of checksum block
and after that two special characters <CR> and <LF> are followed. They are indicate the end of a
message and are used to stop receiving the current message.

Talker ID consists of 2 characters, which in most cases are a shortened version of the GNSS used.
So, GPS = GP, GLONASS = GL, Galileo = GA, BeiDou = GB and any other combination is GN.
Sentence formatter consists of 3 characters. A complete list of available items can be seen in Table
3.1. In short, using the NMEA protocol, the user receives the information of number of visible
satellites, their coordinates and status, the calculated coordinates of the receiver, accuracy, time,
speed and more. Thus, the protocol has 5 letter message identification. The NMEA protocol was
designed exclusively for data exchange and is supported by most receivers. So this protocol is used
only for data exchange between receiver and user.
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NMEA Protocol Frame

Checksum range

$ <Address> {,<value>} *<checksums> | <CR><LF>
Start character Address field. Data field(s) Checksum field End sequence
Alvways '§ Only digits and Delimited by a°,. Length can vary, Always <CR==LF=
uppercase |etters, even for a certain field.
cannaot be null. This Starts with a ** and
field is subdivided into consists of 2 characters
2 fields: represerting a hex
number. The checksum
is the exclusive OR of
<HX> SHAK> all characters
Talker Idertifier, Sentence Formatter between '§' and ™.

always GP for a  Defines the message
GPS receiver, P for  content

proprietary Messages
Example:
$ GP ZDA  ,141644.00,22,03,2002,00,00 *67 <CR><LF>

Figure 3.5 — NMEA protocol frame structure [10]

Mnemonic Class/ID Description
DTM 0xFO 0xOA | Datum Reference
GBQ OxFO 0x44 | Poll a standard message (if the current Talker ID is GB)
GBS OxFO0 0x09 | GNSS Satellite Fault Detection
GGA 0xFO 0x00 | Global positioning system fix data
GLL OxFO Ox01 | Latitude and longitude, with time of position fix and status
GLQ 0xFO 0x43 | Poll a standard message (if the current Talker ID is GL)
GNQ OxFO 0x42 | Poll a standard message (if the current Talker ID is GN)
GNS 0xF0 0xOD | GNSS fix data
GPQ OxFO 0x40 | Poll a standard message (if the current Talker ID is GP)
GRS 0xFO 0x06 | GNSS Range Residuals
GSA 0xF0 0x02 | GNSS DOP and Active Satellites
GST O0xFO 0x07 | GNSS Pseudo Range Error Statistics
GSV 0xFO0 0x03 | GNSS Satellites in View
RMC 0xF0 0x04 | Recommended Minimum data
TXT OxFO 0x41 | Text Transmission
VLW 0xFO OXOF | Dual ground/water distance
VTG 0xFO 0x05 | Course over ground and Ground speed
ZDA OxFO 0x08 | Time and Date

Table 3.1 — NMEA protocol message classes [10]

As for the UBX protocol, its structure is noticeably different. This protocol was developed by the
Swiss u-blox company and is actively used in their receivers. While NMEA messages are
generated in a human readable form, UBX messages content is quite difficult to understand. The
messages are transferred in hexadecimal form and it is identified by a sequence of two characters at
once - ‘B5” and ‘62°. This is due to the fact that it was possible to distinguish the beginning of the
message, from its contents, since these values may occur repeatedly in the transmitted information.
The structure of UBX frame is below:
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Dec 181
Hex BS
(IS0 8859.1 for u) 1-byte Message Class
Dec 98 2-byte length of UBX
Hex 62 1-byte Message payload (not 2-byte standard
(ASCIIfor b) Message ID including anything else) UBX checksum
SYNC | SYNC
LENGTH
CHAR | CHAR | CLASS D . . PAYLOAD CKA | CKB
1 5 Little Endian

Range over which the UBX
checksum is to be calculated

Figure 3.6 — UBX protocol frame structure [10]

This is followed by a 1 bit identifying the class of the message, followed by message id. The value
of a class or message depends on the version of the protocol used. This chapter presents the values
for version 15.00 which is supported by EVK-M8C device. Inconsistency in numbering is
associated with constant changes in protocol versions, when new messages are added, and old ones
lose their significance. In total, UBX includes a few dozens of message IDs, a complete list of
which can be found in document [7]. This protocol is designed not only for receiving information
from the receiver, but also for implementing receiver configuration. In other words, by sending a
UBX message, you can change one or another receiver setting (change the port, configure the used
GNSS, etc.)

Name | Class | Description
NAV | oxo1 lI:|5f31e\(/j|g.';1t|on Results Messages: Position, Speed, Time, Acceleration, Heading, DOP, SVs
RXM | 0x02 | Receiver Manager Messages: Satellite Status, RTC Status
INF 0x04 | Information Messages: Printf-Style Messages, with IDs such as Error, Warning, Notice
ACK | 0x05 ACK/NACK Messages: Acknowledge or Reject messages to UBX-CFG input

messages
CFG | 0x06 | Configuration Input Messages: Set Dynamic Model, Set DOP Mask, Set Baud Rate, etc.
UPD | 0x09 Etlémware Update Messages: Memory/Flash erase/write, Reboot, Flash identification,
MON | 0x0A | Monitoring Messages: Communication Status, CPU Load, Stack Usage, Task Status
AID 0x0B | AssistNow Aiding Messages: Ephemeris, Almanac, other A-GPS data input
TIM 0x0D | Timing Messages: Time Pulse Output, Time Mark Results

External Sensor Fusion Messages: External Sensor Measurements and Status

ESF 0x10 .

Information
MGA | 0x13 | Multiple GNSS Assistance Messages: Assistance data for various GNSS
LOG | 0x21 | Logging Messages: Log creation, deletion, info and retrieval
SEC | Ox27 | Security Feature Messages
HNR | 0x28 | High Rate Navigation Results Messages: High rate time, position, speed, heading

Table 3.2 — UBX protocol message ids [10]

This is followed by 2 bits describing the length of the payload of the transmitted message, and then
the payload itself. The payload does not use any delimiting characters and the total numbers of bits
are determined according to the protocol description. The frame ends with two bits of checksum,
which is calculated by the 8-Bit Fletcher Algorithm, which is used in the TCP standard. In python
it could be represented as:
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CK A, CK B=0,0
for element in buffer:
CK_A =CK_A +element
CK B=CK A+CK B
CK_A=CK_A % 256
CK B=CK B % 256

The first CK_A element is the sum of all message elements, with the exception of UBX prefix (the
first two bits of the sequence). During each iteration the new CK_A value is added to CK_B, which
was initially equal to 0. Thus, we obtain individual numerical sequences that are distinguishable
from each other. The buffer contains the data over which the checksum is to be calculated. In
contrast to the algorithm described in the documentation [10], the modulus procedure (%) is
necessary to obtain the Unsigned Char format, which takes values from 0 to 255. The last two lines
of code are responsible for the translating data into that format.

3.5. Time To First Fix

To determine the location of the object, the receiver requires relevant data of ephemeris and
almanac. The receiver gets this data from the signals emitted by each satellite independently.
Starting navigation immediately is expected for people once their GPS receivers are turned on, but
this process can take up to several minutes, what is unacceptable in emergency and special
situations. The time depends on many factors, such as signal level, influence of the ionosphere,
multipath propagation, sky visibility (clear sky or urban environment), etc. In addition, the size of
ephemeris and almanac is significantly different. If the ephemeris contains data for one satellite, the
almanac contains data of the entire constellation. As a result, the receiver will take some time to get
the orbital data and calculate the current position. This time is called Time To First Fix. Its value
lies in the range from 18 to 36 seconds and depends both on the above factors and on the moment
when the receiver began to receive data (Figure 3.7).

Time 18s H

Subframe 1:
Navigation Clock correction Subframe 2: Subframe 3:
data & satellite Ephemeris Ephemeris
Quality

Figure 3.7 — Navigation message data stream to be downloaded [11]

Subframe 4:
Almanac &
lonosphere &

UTC correction

Subframe 5
Almanac

In urban conditions, it may take several minutes to calculate a location. In other words, this time
depends on what information the receiver has. According to the article [12] the TTFF
mathematically can be represented as:

TTFF =Ty + Taeq + Ter + Tym + T, )

where T, means the receiver warm-up time, T,., is the acquisition time, T, means the settling
time for tracking, T,,,,, represents the navigation message decode time and T, is the time to compute
the position. Values of T;, and T, are negligible in modern receivers. The value of T, can also be
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considered as relatively small value. Thus the total TTFF value depends mostly of acquisition time
Tacq and time for reading data T,,,, and to reduce the total value of TTFF, it is necessary to
minimize each of them. Also, the value of TTFF depends on resources, which receiver has, and on
quality of signals. Thus, environment conditions (for example urban area) may have a critical effect
of TTFF value. The signal may be multi-reflected or even blocked.

So, there are three types of start of the receiver: cold, warm and hot.

Hot start is the fastest possible option. In this case the receiver was not active for short time(less
than 4 hours), which means that the ephemeris data is still relevant. In other words, the receiver
does not need to download ephemeris data and it can immediately begin to calculate the position.
In addition to the ephemeris, the receiver has other data such as almanac, last position, time,
ionosphere correction and so on.

The next type is a warm start. In this case, the receiver was not active for more than 4 hours so that
the ephemeris is already outdated, but other data is still relevant. Thus, the receiver may have
information about the current time, its last position and almanac. This allows the receiver to
quickly calculate its current position because it needs to download only current ephemeris data.

Finally, a cold start is a start in which the receiver has no additional information. Such a start
occurs when the device is first turned on or if the device has been inactive for several days. After a
cold start the receiver starts searching for all available satellites and downloading new ephemeris,
almanac and other data as well as synchronizing the time. The receiver must decode data from
several satellites and then first fix will be established. This type of start is also called a factory
startup.

The value of TTFF at each type of start can significantly vary and depends of the model of the
receiver used. Considered, that on average receiver may need about 26 seconds to get the first
position at the cold start and 1 and 3 seconds at hot and ward start respectively. In addition, the
u-blox company provides the ability to Controlled Software Reset. In this case, the user can choose
which data the receiver will store and which data should be deleted. A complete list of data that the
user can manage is shown in Figure 3.8

P Configure - Reset EI@
ANT (Antenna Settings) ~
BATCH (Batch mode output
CFG (Configuration)

LIBX - CFG [Config) - RST (Reset)

] Feset Options Control GNSS
DAT (Datum

i . " Controlled " Stop
DGMNSS (Differential GNSS conf ® Contraled GNSS only O Stat

DOSC (Disciplined Oscillator,
EKF (EKF Settings
ESFGWT (Gyro+Wheeltick)
ESRC (External Scurce Config)
FXM (Fix Now Mode)

" Forced [watchdog)
" Controlled [Watchdog)

Startup Option 0 - Ephemeris
GEOFEMCE (Geofence Config)  Hotstart 1- Almanac
GNES [GNEE Camfin] 2 -Health
GNSS U_“" Config ™ warmstart 3 - Klobuchar
HMR (High Mav Rate) " Coldstart 4 - Position
INF (Inf Messages) & 4 g : Blsocciﬁa?or:ﬂ
ITFM (Jamming/Interference h - 7. UTC Parameters
LOGFILTER (Log Settings) 2-RTC Time

SG (Messages) 11 - SFDR Parameters

MSG (Messages) 12 - SFDR Vehicle Monitc
NAVS (Mavigation 5) 13- TCT Parameters
MAVX3 (Mavigation Expert 5) 15 - AssistN ow Autonome
MNMEA (NMEA Protocol)
0DO (Odometer/Low-5peed

PRA (Praneer blananement]
<

& | X | Esend X @ R

Figure 3.8 — The u-center CFG-RST features.
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4. HARDWARE AND SOFTWARE DESCRIPTION

In this chapter the equipment and software used are described. Firstly, we will describe the general
features and characteristics of evaluation board EVK M8C and GSG-54 Pendulum simulator,
which were used in experiments of this work. Also, we will briefly talk about used software and
describe the main algorithm of a test bench, using which all experiments were performed.

4.1. Device description

As part of this study, the receivers of the u-blox company, which is one of the world leaders in the
field of navigation, were chosen as test devices. The experiments used two the same evaluation
boards EVK-M8. General view of the device is presented in the Figure 4.1.

Figure 4.1 - EVK M8 evaluation board view [14]

According to receiver description [13] the device contains female type RF Input (A) for receiving
antenna connection. The device supports the usage of both active and passive antennas. Active GPS
/ Galileo / GLONASS / BeiDou antenna is supplied as standard. The maximum current supply is 30
mA. The receiver MAX-M8C, which supports up to 3 global navigation systems at the same time,
is installed inside the device. Also it supports differential correction systems such as SBAS, QZSS,
etc. During operation, the board should be permanently connected to a power source, which can be
supplied in two ways: via the USB cable (G) from the back or via V5 IN pin (D) on the front.
Communication between the receiver and the computer can be carried out at once in several ways:

1) USB (G)
2) UART via RS232 (F)
3) SPI or 12C (C) depending on the position of the switch (B).

In addition, there is a button RST (E) to reset the device to the factory settings and the button
BOQOT to set the unit in safe boot mode. The u-blox receivers include a time pulse function
providing clock pulses with a configurable pulse period, pulse length and polarity (rising or falling
edge), which connected to the led on front panel. Also it has a backup battery inside. It using to
store orbital information between operations and to enable faster start-up. By default it is a
RENATA 3.0 V Li / MnO2? battery of the type CR2450 (Figure 4.2). The battery has a rated
capacity of 540 mA. The battery could operate temperature range is -40° C to +85° C.

The receiver contains a crystal oscillator for own time counting. Oscillator frequency is 26 MHz,
but u-blox receivers are constructed in such way, that to provide a 1 kHz reference clock signal.
After warm-up of device it starts counting the ticks of oscillator and provides 1 ms accuracy. Of
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course the accuracy of oscillator inferior accuracy of satellite atomic clocks. That’s why the
receiver will jump to an estimate of GNSS time, when it got the time from satellite.

Figure 4.2 - EVK-MS8C inside view [14]

4.2. GNSS Simulator and GSG StudioView description

As the positioning procedure uses data from satellites, the position accuracy and time, which
required for its calculation strongly depends on a lot of factors. Firstly clear sky view is necessary
for the best performance. If the receiver is located in urban area with a lot of obstructions, than
signal quality could be poor. In other words the tracking device could use the wrong data for fix
calculations. And the problem is that is impossible to predict the error value. The main sources of
such errors could be ionosphere, troposphere, multipath, interference and etc. For these reasons the
accuracy estimation at the specific time moment could be incorrect. In order to evaluate the value, a
large series of measurements is necessary to obtain an average value with a minimum error. As
alternative the GNSS simulator can be used. It generates the satellite data with a predefined by user
characteristics. It means that the environment conditions will be same during all measurements
process. Basically using a simulator, you can test receiver characteristics such as:

e Position accuracy

e Time accuracy

e Multiple constellation testing
e Simulate trajectories and generate tracks
e Dynamic range

e  Susceptibility to noise

e Sensitivity to loss of satellites
e Multi-path

e Interference

e Atmospheric conditions

e Jamming and spoofing

In some our tests we are used the Pendulum GSG-54 simulator (Figure 4.3). It is able to generate
any combination of GPS, GLONASS, BeiDou, QZSS and SBAS satellite signals at the same time.
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In total it allows to generate up to 64 simultaneous signals what more than enough (for example,
EVK M8 supports maximum 32 channels for searching satellites at the same time). The simulator
provides the full control over all test parameters, such as signal level, number of channels,
satellites, level of interference, atmospheric model and so on. In additional, user can create personal
route and upload it on simulator. It is possible to make tests for stationary and for moving object.
Except of control buttons simulator has a display, which is able to present some graphics. So, even
the most inexperienced operator can configure scenarios on-the-fly without the need for an external
PC and pre-compilation phase. Via the front panel, the user can swiftly modify parameters. The
simulated data arrives to tracking device via coax cable, which connected to RF-out (N-connector)
of simulator. The pseudorange accuracy of output data for any one frequency band is 1 mm and 30
cm for different bands respectively [15].

s Mult-Function GNSS Simulator pend ul:l m
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Figure 4.3 — Pendulum GSG-54 simulator front panel view

To create a track for a device the GSG StudioView software is used. The track is creating as a
sequence of Google maps points. Points are added one by one. The program does not contain
smoothing algorithms and the next point is connected to the previous straight line. Thus, to
describe such elements as turning a road, it is necessary to use several points that are slightly
distant from each other (Figure 4.4). So the trajectory curve is totally up to user. In addition to the
exact coordinates of point the program automatically calculates the time moment in which the
device will be at defined point. The calculations are based on the speed of the device, which
assume will be constant during all path. To upload the trajectory file to the simulator it is necessary
to have 3 files: “nmea”, “traj” and “.scen”. The file with “.nmea” format contains the route
information such as coordinates, speed, direction, time and etc. The “.traj” file contains the settings
for the simulator and “.scen” file consist of information about scenario. After uploading these 3
files into simulator the user can choose the necessary scenario and start it. The simulator needs
some time to launch it and directly after that it will start sending simulated data to connected
device. The main advantage of such method is that the data is every time constant. It means that, if
we are starting the same scenario several times, each time we have the same conditions for device.
It allows excluding some factors of errors and get more reliable results. Another important
advantage is that it is possible to control the simulator using a computer. In this case,
communication between the computer and the simulator occurs via a USB cable. This function is
useful for automating the measurement process, because the measurements may take several hours.
You can start the device without a human intervention at any time (for example, at the night). To
control the device, the syntax of SCPI (Standard Commands for Programmable Instruments) is
used. This method uses string type commands and is intuitive for the user. Usually, command
names are limited to the first 4 characters of the original word in English. So, to run the script, you
need to send the simulator the command “SOURce: SCENario: LOAD” or, what is equivalent to
“SOUR: SCEN: LOAD” [16]. In Python to communicate with simulator pyvisa library [17] was
used.
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@ GSG StudioView [v.4.7.14] - [Trajectory editor - Trajectoryl *] - O X

[ File Edit Tools View Window Help -8 x
EdEORE IEr QELA dBH@ @

Te@EMX

2 Tme H(m) V(. Lattud. Longtu
1 00:00:00.000 0 0 51804. 12185,
2 000014581 0 0 5180499 12157
3 00002048 0 10 51805 12158
4 000024398 0 0 51805. 12158,
5 0000:30877 0 M 51806 12158
6 000038535 0 W 51806 12159
7 000050823 0 0 51807. 12160,
8 0001:02406 0
9 000115904 0

10 51.808.. 12160,
0 51808 12161

00.00:00 00:00:20 000040 00.01:00 00:01:20
Time

— Trajectory

Figure 4.4 — GSG StudioView trajectory creation process

4.3. Measurement procedure prototype

To receive messages and send control commands to the receiver USB connection is using. It is
possible to communicate with receiver via u-blox software called u-center, but it is not suitable for
our experiments for several reasons. For example, it is not possible to make a cyclic reset of device
without human intervention, but it is the simplest task for this research. So it was decided to write
an own script on Python to communicate with device. At the beginning it was important to write a
small script for sending and receiving commands but during time it was modified a lot. To start
communication need to open COM-port on PC and for these purposes the pyserial library [18] was
used. For sending and receiving information it has a write and read functions respectively. By
default the data is transmitted in bytes, but it is easy to convert it into hex or decimal format. The
data transmitted using NMEA and UBX protocols at the same time, so in the output we receive the
mixture of it. To send the command need to convert it into decimal or hexadecimal values. So the
command for a cold start of device has a following view:

coldstart = [0xB5, 0x62, 0x06, 0x04, 0x04, 0x00, OxFF, OxFF, 0x02, 0x00, 0XOE, 0x61]

Now, when we are able to receive and send commands, let’s speak about algorithm for device
testing. Firstly need to change the configuration of receiver by sending to it corresponding
command. After that it is necessary to make a cold start of device to delete all stored data.
Depending on the types of start described earlier, you can leave this or that information in the
receiver. In our experiments a cold start command was sent to the devices. When receiver will get
the fix, the received data will be written into a file for analyzing. Of course, one such measurement
will not be enough, because GNSS performance affected by a lot of unpredictable factors such as
ionosphere affection, noise, multipath propagation, etc. To avoid the influence of it is necessary to
repeat this procedure several times in order to obtain the average values for this time period.
Finally, algorithm can be represented as following view, where n is amount of measurements:
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Figure 4.5 — Measurement procedure algorithm prototype

F

Let’s consider each block more detailed. The first two steps are reached by sending to receiver
specific commands. These commands are using UBX protocol format, which doesn’t support
acknowledges. According to that, some delays between sending are necessary, which avoids data
loss. After resetting the devices, program enters the listening state and starts receiving messages
from both devices separately. It waits UBX-NAV-STATUS message, which contain information
about time to first fix. At the same time, the receiver continuously receives signals from satellites
and is engaged in their processing and decoding. When the receiver receives all the necessary data,
it begins to determine the position of the device and sends a message containing a TTFF. As
mentioned earlier the data receiving in hex format, so after getting a fix it needs to convert

extracted data into decimal values. Exactly this data will be written into Excel file for further
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analysis. For data writing openpyx! library [19] was used. It allows creating and editing Excel files
using Python. It means that after test the user will get already processed data, which is easy to
analyze.

To identify which configuration is better, need to use at least two same devices. In our test it will
be two evaluation boards EVK-M8C. One of them will use the default configuration of
manufacture and other is the testable. To achieve the better accuracy results, it is necessary to
create the identical conditions for both devices. In other words, both antennas should be placed in
the same place, or both receivers must use one shared antenna using RF splitter. It allows having
equal RF environment and avoiding influence of different noises, providing the same sky view with
same angles. Also both devices must use identical equipment (USB cables and etc). The procedure,
which was described before, should be executed for both devices simultaneously. Thus for one
configuration test need to create two threads in parallel for both devices and made a cycle
measurements a certain number of times.

xo|q®

EVK-MC
C€0680
dilh, =8
l

- ,.“»dy%‘]

eblox K-MBC
\!2

Figure 4.6 — Measurement stand

Thus, the application was written in Python and has the following features:

e  Sending control commands

e  Receiving messages

e  Decryption and extraction of necessary information
e Data processing

e Logging

e Writing into a file

In addition to the main functionality, there are also a number of additional features that are used
when necessary. So, the program is able to analyze data in Excel tables and format them for better
visualization, control other devices, such as GNNS simulator, track the location of an object, as
well as take measurements at the specified time. The listed features of the test bench can minimize
the need for human control. Thus, measurements can take place without user intervention, for
example at the night time. This primarily saves time. For example, to carry out the simplest cyclic
restart of a device after receiving a fix in the u-center, continuous human intervention and constant
monitoring of the status of a message are necessary. A full cycle of 100 parallel measurements may
require about 2.5 to 3 hours with a standard configuration. In addition, user can create a mixture of
data from information messages of different classes and track their changes simultaneously in one
table. All this increases the efficiency and allows you to most accurately evaluate the performance
of a particular setting. The program is capable of controlling two receivers at once in parallel.
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The structure of the output file can be seen in Figure 4.7.

(a = 5 21-07-2019 18-00 AIRBORNE2G.xlsx - Microsoft Excel - a bl
d
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78 2019-07-2119:44:49| 7,495 22,033| 29,627|3/41 [4/10 |[R11,37|R12, 38|R20,38|G2, 44 |G3, 35 |G6, 32 |GS, 41 |G16, 35|G26, 40|R3, 36 |62, 45 |R11, 35|R12, 37|R20, 38(G6, 35 |G9, 42 |G16, 35(G23, 30|G26, 35|R2
73 2019-07-2119:45:27| 0,011 34,158| 34,169(13/16 |13/17 |G2,46 |G3,33 [G6, 33 |67, 27 |GS, 41 |G16, 35/G26, 38|R20,41|R2, 37 [R12,34|G2, 46 |G3,33 |G6, 33 |GI, 41 |G16, 35/G26, 38|R20, 40|R2, 34 |R11, 40|R1:
80 2019-07-2119:46:52 5| 31,387 36,387[8/15 [10/13 |G2,46 |G9, 36 |G16, 38|G26, 39|R11, 39 |R20, 41 |R2, 37 |R12,37|G3, 28 [G6, 30 |G2, 46 |G6,29 |G9, 36 |G16, 37|G23, 37|G26, 40|R11, 38|R2, 36 |R12, 41 R2
81 2019-07-2119:48:08| 0,002 23,048 23,046[5/9 [5/10 [G2,45 |66, 39 |G3,36 |23, 39|G26, 41|67, 35 |R4, 43 [R20,41|R26, 37 62,45 |G6, 39 |69, 36 [G23, 39|626,41(G4, 16 |G7, 34 |R11,43[R20, 40 |R2{
82 2019-07-2119:48:48| 5997 30,632| 36,629]9/12 [8/9 G2, 44 |G6, 34 [G7,35 |23, 35/G26, 40|R2, 36 |R20,39|R4, 41 |R12,41|G9, 32 |62, 44 |G6, 35 |7, 35 |GS, 28 |G26, 39|R20, 39|R2, 42 [R12, 35|R26, 41
83 2019-07-2119:49:51| 13,5 20,325 33,825[8/11 [11/16 [G2,44 |G3,34 |G6,33 |26, 41|R11, 35|R12, 42|R20, 40|R4, 42 [R26,42|R2, 37 |62, 44 |G3, 32 [G6, 30 [G7, 27 |69, 30 |G23, 37)G26, 41|R12, 41[R20, 40|R3,
84 2019-07-2119:52:30| 0,001 31,898 31,899[10/43 [11/13 |G2,45 |G3, 27 [G7,40 |G9, 35 |G23, 36/G26, 43|R20, 40|R2, 41 |R12,40(R3, 41 |G2, 45 |G3,27 |G7, 40 |GS, 35 |616,31/G23, 36/G26, 43|R20, 39|R2, 39 [R1:
85 2019-07-2119:53:50| 3,998 31,306 35304[3/12 [s/11 [G2,43 |R2,32 |R12,39|G3,35 |G6, 33 67,37 |GS, 33 |G16, 30|G26, 40|R11, 36|62, 42 |G3, 35 |67, 37 |GS, 34 |G26,40|R12, 35 |R20, 36|R2, 29 [R26, 42 |R1:
86 2019-07-2119:54:49| 5994 30,564| 36,558[3/11 [6/11 [G2,39 |R132, 36|R20,36|G3, 32 |G6, 36 |67, 38 |G9, 29 [G16, |G23, 40|G26, 40|62, 39 |63, 34 (66, 36 |G7, 38 |R12, 34[R20, 36616, |G23, 41[G26, 4162
87 2019-07-2119:55:35| 0,001] 26,465] 26,466[12/15 [11/13 [G2,38 |63, 33 |G6, 34 |G7,37 |G9, 34 623, 43|G26, 43[R2, 31 |R12,40|R13,31[G2, 38 |63, 34 [G6, 34 [G7, 37 |69, 34 [G23, 43)626, 43(R2, 40 [R13, 33]R3,
88 2019-07-2119:58:31| 9,827) 39,824] 30,057(7/15 |7/10 (G2, 44 |66, 37 [G9,40 |616,34|G26, 35(R2, 28 |R12,43(G7,28 [G22, |G23,28|G2, 45 |G3,31 |G6, 37 |G, 34 |R3, 41 |R12, 35|R20, 29|G26, 40|R2, 43 |R2
89 2019-07-2119:5%:21| 0,001] 40,012) 40,011(5/14 |6/9 [G2,44 |G3, 29 [G6,29 |G16,30/G23, 35/G26, 40|R12, 42|R2, 36 |R20,32|G3, 25 |G2, 43 |G3, 29 |G6, 29 |G23, 35(G26, 40|R12, 42|G9, 28 |G12, 25|R26, 44
50 2019-07-2120:00:21| 5995 33,698 39,694[8/13 |7/10 |[G2,42 |63, 32 67,31 |G9, 33 |G26, 40|R12, 41|R20, 39 R2, 45 |G6, 22 |G16, 37|62, 42 |G3, 29 |G7, 31 |GS, 31 616,37 G26, 38|R12, 41|G29, 36|R26, 45 |R2
91 2019-07-2120:01:19| 5998 29,855| 35:853[8/9 [af8 G2, 40 |67 33 |63, 36 |G16, 37|G26, 41|R12, 41|R20, 39|R2, 32 |R26, 46 62,41 |G26, 42|R12,42[R20, 3967, 32 |G9, 36 |G16, 37|R26, 46
92 2019-07-2120:02:20| 3,998 31,225| 35.223[9/12 [af11 G2, 41 |63, 29 |69, 36 |616,35/G23, 37/ 626, 39|R12, 43|R20, 37|R3, 26 |G6, |62, 41 |G9, 36 |G26, 39|R12, 43]G3, 30 [G6, |67, 35 |Gls, 35/G23, 37|62
93 2019-07-2120:03:22| 6,001] 33,448 35,449(6/10 [5/14 [G2,42 |63,31 |G7,34 |G9, 38 |G23, 44/626, 40/G29, 39|R26, 45|R3, 40 |R12, 40|62, 41 |63, 30 |67, 33 |GS, 37 |G23, 44(G26, 41|R3, 40 |R12, 39[R4, 40 |G>
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Figure 4.7 — Example of output data table

4.4. Estimation parameters using in observations

As assessment criteria, we will use the values of position accuracy 3D and horizontal accuracy 2D
provided by the receiver in the UBX-NAV-POSECEF and UBX-NAV-POSLLH messages. The
values will be extracted by the program after the device gets the fix. After carrying out a test
experiment in which the cold start command was sent cyclically to both receivers, it was found that
the values of these quantities vary over a wide range. So, along with an accuracy of 10 or even 5
meters, the results reaching several thousand meters were obtained. However, this does not mean
that the obtained coordinates are so incorrect. As mentioned earlier, the receiver does not know the
exact location in which it should be at one or another time, and the accuracy is estimated based on
the environmental parameters. Since the simulator always provides data with the same parameters,
this leads to the idea that the accuracy values received by the receiver are random in some way and
are not suitable for quantifying the accuracy of the received data. Of course, the accuracy will
increase to a certain value over time without restarting the device. Is it possible to improve the
accuracy of the first correction? Using the simulator allows determining the real location of the
object with high accuracy. The difference in the coordinates of the real location of the object and
the coordinates received from the receiver will be the amount of accuracy. Thus, an algorithm for
determining this difference can be developed. The “.nmea” file contains data on the control points
on the basis of which the route was built. In total, the file contains two types of command: RMC
and GGA. The information contained in these commands is not very different, so it’s enough to use
only messages of the RMC class, which is the most informative. Consider the structure of one such
message in more detail. (Figure 4.8)
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SGPRMC,000137.572,A,5148.2995,N,01209.4444,E,2.72,68.63,280619,,* 3B
L ] 0 11 ]| ]l ]

time latitude longitude speed direction
Figure 4.8 - GPRMC message structure

This message contains information about the current time, longitude and latitude of this point, the
speed of the object and the direction of its movement. The data format is described in details in
document [10]. Thus, we have a set of points with a detailed description of the characteristics of the
object. If time, which passed from the moment of the last reference point to the moment of getting
the fix, is known, the actual location of the object could be determined.

Suppose that at the moment of the beginning of movement (point A) the application starts its own
timer. At the moment of getting the fix (point D), the program captures the value of time and
compares its value with the time of the reference points from the file. Having found the last point
that the device has crossed (point C), the program calculates the time difference between the time
of the point and the timer value. Knowing time and speed, the distance 4d, which the device has
passed after the last point, can be defined as A4d = 4t « v, where 4t is the time difference and v is the
speed of the object at point C. Knowing this distance and direction of movement, we can calculate
the true position (point E) of the object using Vincenty's formulae for direct problem [25].

Now, knowing the coordinates of the true position of the object, and the coordinates received from
the receiver, we can estimate the distance e between these points using the inverse Vincenty’s
problem [25]. This value will act as a parameter for assessing the accuracy of the data obtained. For
these calculations the geopy python library [26] was used.

e €

Figure 4.9 — Accuracy estimation algorithm description
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5. TTFF IMPROVEMENT TECHNIQUES

In this chapter we will speak about some techniques, which potentially could improve the TTFF
value. Test results with providing the current time to GNSS receiver are presented here. Also
u-blox GNSS receivers have a various different configurations, which according to official
documentation should reduce the TTFF value and increase the accuracy. So, we will test most
suitable of them and make an analysis of results. The test results for stationary and moving object
are given here.

5.1. Providing of current time

The value of the time of the first fix strongly depends on several factors. First of all, the receiver
needs to obtain valid data of ephemeris and almanac. Secondly, the receiver and the satellite clocks
must be strictly synchronized. Since the ephemeris data is a function of time, discrepancies in the
course of clocks can lead to significant errors. To avoid this, the receiver adjusts its own time based
on the received signals. This process occurs simultaneously with the reception of information from
satellites and requires a certain time. In the case of urban area GNSS signal can be blocked by
obstructions. This can lead to delayed reception of the time or even to the absence of a signal for
several minutes.

As mentioned earlier, at least 4 satellites are needed to determine the position of the receiver. The 3
satellites are used to determine the coordinates and 1 for time synchronization. If the determination
of the position of the device is impossible without satellites, then with time everything is different.
What will happen if after a cold start give the current time to the receiver in other way? Will it
speed up the calculations and reduce TTFF? As alternative way the time can be provided by
another source. So receivers can be equipped with their own clocks. For simple, let’s use a PC as
an external source of time. Time can be obtained using the standard datetime library in Python. The
receiver supports several commands at once, with which it is possible to provide time to the
receiver. The most widely used are UBX-AID-INI and UBX-MGA-INI-TIME_UTC. These
commands are distinguished by the fact that for MGA class messages, acknowledges are sent that
identify the message receiving status. Only MGA class messages have such feature. However, AID
class commands are the most widely used. This is most likely due to the fact that the MGA class is
much younger and not so long ago was introduced into use. In this regard, u-blox recommends
using the MGA messages, since it is likely that the AID class may soon be excluded. We have
connected two EVK-MB8C evaluation boards to one antenna using an RF splitter. Let both devices
work in standard mode, with the only difference that the second device after the cold start will be
given the current time. The receiver supports several types of time such as GPS, UTC, GLONASS,
etc. According to the documentation [10], the time in the UBX-AID-INI command should be
converted into weeks and seconds. The number of weeks is counted from 5th January of 1980, and
the number of seconds is counted from the beginning of the current week. This format corresponds
to the GPS time. The important point is to set the correct value of the flag. If its value is incorrect
(for example, zero), the receiver will reject the time being sent, no matter how accurate it was. In
this manner 100 parallel measurements were made for both devices. Due to the bulkiness of the
output results, only last 10 measurements are presented in Table 5.1, but average value is given for
all results.
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UTC date and time Difference of fixing time, s TTFF#1,s TTFF#2,s
2019-07-24 08:24:17 2,486 35,185 37,671
2019-07-24 08:25:49 0,003 35,542 35,539
2019-07-24 08:27:19 5,504 36,316 30,812
2019-07-24 08:28:28 0,003 27,586 27,583
2019-07-24 08:29:49 0,003 32,949 32,946
2019-07-24 08:31:20 0,503 35,606 35,103
2019-07-24 08:32:50 1,504 34,564 33,06
2019-07-24 08:34:30 0,009 25,294 25,285
2019-07-24 08:35:49 0,007 36,373 36,366
2019-07-24 08:37:17 0,039 38,521 38,482
Total average value 32,541 32,502

Table 5.1 — Comparison of default configuration (1) and providing UTC time (2)

Measurements were taken one after another. In other words, after the simultaneous restart of both
devices, at a fixed time (the first column of table), both devices begin to receive data from the
satellites and analyze it, on the basis of which they get a fix. The device that received the TTFF
waits until the other device finishes. Immediately after that the received data will be recorded into a
table and analyzed by the program. As we can see, there is no difference in fixing time. The
difference is only 0.039 seconds, which gives no advantage with such durations. Moreover, in the
case of poor conditions, when antenna was placed inside the building on distance of 2 meters from
the window, time providing has no positive effect (Table 5.2). In this experiment the sky view was
blocked by obstructions and interference was present. The average CNO value was 22.9 dBHz.

Configuration TTFF, s Accuracy, m
Default 184,76 378,462
Time providing 205,25 222,091

Table 5.2 — Time providing under poor conditions

Let's return to the coordinates. Let’s pretend that there be a device that is active while driving, but
goes into sleep mode, when it stopped. Suppose that during the movement the device already had a
fix and loaded actual ephemeris and almanac. After that, the device stopped for a long time, for
example, several days. During all these time period, the device remained stationary, and its position
has not changed since the last moment. In this case, if the device starts moving again, the
ephemeris data will already become obsolete and the device will need to download new
information, which will take some time. At the time of stopping the device already had information
about its position. In this case, providing of information about last position of the device should
allow more quickly and accurately determine its current location. The receivers will use the last
known position as a starting point for searching for the satellite. The position providing is also
possible with the help of the above mentioned classes. In the case of the AID class, the position, as
well as the time, is transmitted as part of the AID-INI command. In the case of MGA, there are two
available messages: MGA-INI-POS_XYZ and MGA-INI-POS_LLH. Based on the name, it is
already becoming clear that the choice of the command used is based on the format of the data
provided. Position data is stored in the device's internal memory, however, when making a cold
start, this and other information will be deleted. To avoid this, the user can use the Battery Backed
RAM (BBR) technology and save the necessary information in other storage. In our case, because
the device is stationary, it is enough to provide a fixed value of longitude and latitude. For this
purposes, we will use the MGA-INI-POS_LLH command, after sending which need to receive
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acknowledge in order to make sure that the receiver received the information. As can be seen from
Table 5.3, the results did not get better; moreover, the second device took 2 seconds more. As
receivers used shared antenna the RF conditions should be the equal. Such difference can be caused
by the difference in the ephemeris downloading, because it is important at which frame the receiver
starts to decode ephemeris.

UTC date and time Difference of fixing time, s TTFF#1,s TTFF #2,s
2019-07-26 08:37:14 0,013 34,743 34,73
2019-07-26 08:38:14 2,995 31,298 34,293
2019-07-26 08:39:24 8,434 30,49 38,924
2019-07-26 08:40:46 0,019 35,801 35,782
2019-07-26 08:41:45 13,504 20,148 33,652
2019-07-26 08:42:45 0,011 31,706 31,695
2019-07-26 08:43:45 0,005 39,549 39,544
2019-07-26 08:48:58 0,005 27,203 27,198
2019-07-26 08:49:44 1,504 32,966 31,462
2019-07-26 08:50:45 0,998 31,968 32,966
Total average value 34,431 36,306

Table 5.3 — Test result of providing the last position to second device.

Figure 5.1 — Scatter plot of positions for default configuration (blue) and last position providing (red)

The positions were plotting during all measurements and the final view is presented on Figure 5.1.
Blue squares represent the default configuration and red ones is location of the device to which last
position was provided. It clear, that in the second device (red squares) is more localized than first
one (blue squares).

5.2. Usage of various dynamic platform models

In addition to the standard settings, such as baud rate, COM port, GNSS used, etc., the modules of
the u-blox company support various dynamic platform models. The use of a particular model can
significantly affect on the output results, since the receiver will interpret input data in another way
with filtering and carefully selecting data according to specified parameters. Thus, the usage of this
function can both improve the output characteristics and have a negative impact, when using the
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wrong configuration. Therefore, it is important to find out which mode allows getting the best
results in the case of stationary devices, and which for objects of motion.

In total, the u-blox devices support 10 different configurations, but only 9 are available to the EVK-
MB8C device (except for the “Bike” mode). By default, the “Portable” mode is used. According to
this description (Table 5.5), if the object is moving, then it is likely that the usage of the
“Pedestrian” or “Automotive” will provide more accurate data. Conversely, in the case of
stationary objects, when data is received at a speed other than the specified threshold, the data will
be ignored and not participate in the calculation of the position. Limiting factors are listed in Table
5.4 below.

Dynamic Platform Model Details

Flatform Max Altitude | MAX Horizontal MAX Vertical Sanity check type Max Position Deviation
[mj Velocity [mis] Velocity [mis]

Portable 12000 310 50 Altitude and Velocity Medium
Stationary 9000 10 6 Altitude and Velocity Small
Pedestrian 9000 30 20 Altitude and Velocity Small

Automotive 6000 100 15 Altitude and Velocity Medium
At sea 500 25 5 Altitude and Velocity Medium
Airborne <1g 50000 100 100 Altitude Large
Airborne <2g 50000 250 100 Altitude Large
Airborne <4g 50000 500 100 Altitude Large
Wrist 9000 30 20 Altitude and Velocity Medium
Bike 6000 100 15 Altitude and Velocity Medium

Table 5.4 — Dynamic platform models and their limitations

Dynamic Platform Models

Platform Description

Portable Applications with low acceleration, e.g. portable devices. Suitable for most situations.

Stationary Used in timing applications (antenna must be stationary) or other stationary applications.
Velocity restricted to 0 m/s. Zero dynamics assumed.

Pedestrian Applications with low acceleration and speed, e.g. how a pedestrian would move. Low
acceleration assumed.

Automaotive Used for applications with equivalent dynamics to those of a passenger car. Low vertical
acceleration assumed.

At sea Recommended for applications at sea, with zero vertical velocity. Zero vertical velocity
assumed. Sea level assumed.

Airborne <1g Used for applications with a higher dynamic range and greater vertical acceleration than a
passenger car. No 2D position fixes supported.

Airborne <2g Recommended for typical airborne environments. No 2D position fixes supported.

Airborne <4g Only recommended for extremely dynamic environments. No 2D position fixes supported.

Wrist Only recommended for wrist worn applications. Receiver will filter out arm motion. (just
available for protocol version > 17)

Bike Used for applications with equivalent dynamics to those of a motor bike. Low vertical

acceleration assumed.

Table 5.5 — Dynamic platform models description [10]

According to the restrictions, there are a number of situations, where several dynamic models are
suitable for a particular case. In this case, there is an ambiguity in the application of a particular
configuration, and to eliminate it, it is necessary to make a series of observations. First of all, let’s
take measurements for a stationary object, when the device remains motionless throughout all
measurements. The measurements were carried out at fixed intervals for several days (Table 5.6).
For these purposes schedule python library [20] was used. It allows executing a program in specific
time and with defined intervals. It is worth noting that the experiment was carried out in the
evening and at night time. This decision was made due to the fact that during the day the jamming
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level was high (more then 20%), which greatly distorted the overall picture. If some measurements
were taken during the day with a high level of interference, then others at night, when there is
practically no interference. One of such sources of interference is computer monitors. That’s why
the measurements were made with interval of 3 hours after 15:00 of UTC time, when other
equipment was off. Thus, the program was executing at a strictly specified time. The measurement
process began with a change in the configuration of one of the devices, after which a cold start
command was sent to both devices. After a hundred measurements, the program went into standby
mode until the next measurement time point arrived and then repeats this procedure.

UTC date and Average number Average CNO,

Mode time Average TTFF, s of fixgsatellites ngHz
Automotive 16.07.2019 15:00 35,945 8 34.9
Pedestrian 16.07.2019 18:00 35,734 8 34.9
Stationary 16.07.2019 21:00 41,704 7 34.0
Sea 17.07.2019 00:00 39,451 7 34.8
Airbornelg 17.07.2019 03:00 43,997 7 34.8
Airborne2g 21.07.2019 18:00 35,041 8 37.3
Airbornedg 21.07.2019 21:00 36,059 8 37.4
Portable 23.07.2019 18:00 30,246 8 37.4
Wrist 23.07.2019 21:00 30,612 8 37.1

Table 5.6 — Dynamic platform models test results

As the comparison parameters, the average values of TTFF, the number of satellites involved in
determining the position, and the average signal-to-noise value were chosen. From the results
obtained, it is seen that the TTFF value varies in the range from 30 to 41 seconds. In addition, it
can be seen that the number of satellites used and the average value of carrier-to-noise density
(CNO) also differ. It is not clear whether these changes are related to the configuration used or
whether this is due to differences in the number of satellites and signal level. Over the time the
geometry of the satellites will be different. In addition, some satellites leave the field of view of the
antenna and new ones appear. Thus, the receiver can use different satellites to determine the
position at different times. To eliminate this ambiguity it is necessary to take measurements at the
same time for several days. Of course, the average value of the carrier-to-noise density also
depends on the day of measurement. This is due to the fact that the value of CNO depends on the
state of the ionosphere, such as electron density, which distorts the propagation path and weakens
the signal level. Thus, the measurement results are presented in Table 5.7.

Mode UTC date and time Average TTFF, s Average number of - Average CNO,

fix satellites dBHz
Pedestrian 16.07.2019 18:00 35,734 8 34.9
Airborne2g 21.07.2019 18:00 35,041 8 37.3
Portable 23.07.2019 18:00 30,246 8 37.4
Automotive 25.07.2019 18:00 31,042 9 36.6
Stationary 26.07.2019 18:00 32,980 8 36.6
Sea 30.07.2019 18:00 31,902 8 37.4
Airbornelg 31.07.2019 18:00 34,121 8 37.3
Airbornedg 01.08.2019 18:00 34,638 8 37.3
Wrist 02.08.2019 18:00 31,836 8 36.9

Table 5.7 — Test results for different dynamic models at the fixing time

As we can see, the average fixing time is more than 30 seconds and difference between values
reaches 5 seconds. Because the device was stationary during all experiments, it was expected that
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the “Stationary” mode would show the best performance. Despite its description, in both cases, this
configuration did not show a time reducing, and moreover, it is inferior to models created for
moving objects (for example, Automotive). The best results were shown by “Portable” dynamic
model, which, according to the manufacturer, is suitable for most situations. This experiment
showed that the usage of other dynamic model, which differs from the standard, unfortunately,
does not provide a shorter fixing time for stationary object, but it significantly improves accuracy.

5.3. Various configurations analyzing

The u-blox devices are designed in such way that they have a wide range of settings for various
situations. The use of other settings can lead both increase and decrease the accuracy of
positioning. For example, user can change the minimum number of satellites involved in position
calculation. According to the basics of navigation, accuracy of two satellites will be significantly
worse than its value of three satellites. At the same time, decoding data from two satellites will
require less time. Depending on the application, this or that parameter will have the greatest value.
So, each user independently determines which one is most significant. The full functionality of the
device is described in details in document [10]. After a thorough study, as well as taking into
account the recommendations of technical support and information from the official forum of the
company, an analysis of the available configurations was conducted. This study was conducted in
order to identify options that can optimize the value of TTFF and the accuracy of positioning.

Earlier it was shown that the geometry of satellites plays a decisive role and has a huge impact on
the accuracy obtained. However, the geometry of the constellation can also affect the magnitude of
the TFFF. So, if the satellite is located at a low elevation angle, then the signal will pass through a
thicker layer of the ionosphere. This means that the signal delay will be longer. For this reason, the
u-blox sets a default limit of 5 degrees for satellite filtering. In other words, satellites whose
elevation angle is less than the set threshold are not used for calculations. Thus, the use of this
filtering will make it possible to exclude satellites, whose data may contain unpredictable time
delays and reduce the data decoding time.

The other important feature is the Static Hold. The option is intended for stationary objects. In
other words, the object will be considered as stationary until the receiver gets data of the speed and
position deviation exceeding their predetermined threshold values. Observations showed that even
in the case of a stationary object, its speed is different from 0 and can change over time. This
option will reduce position deviations caused by factors such as multipath propagation.

In addition, the device contains a number of functions that are responsible for energy consumption.
An increase in energy consumption implies an increase in the number and frequency of
calculations. Accordingly, working in unlimited mode (fullPower function), it is assumed that the
receiver will conduct the maximum number of measurements and calculations, which will allow a
more accurate and quick assessment of the current location. The waitTimeFix function allows the
device to synchronize time in the shortest possible time. The doNotEnterOff option prevents the
receiver from becoming inactive even if positioning was not possible. Another way to speed up
computation may be to reduce accuracy. The device supports 2 types of positioning: 3D and 2D fix.
Their difference is that if in the first case, the receiver needs to determine all 3 coordinates, then in
the second the height value remains fixed and the receiver calculates only two coordinates.
Accordingly, the number of satellites for obtaining a 2D fix requires fewer satellites, and therefore
less time for decoding. According to the standard, the receiver uses a combination of two types of
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fixes, when the receiver independently decides which type of fix will be calculated based on the
available data. It makes sense to check whether position determination will be faster if user always
calculate only 2D fix or not.

Thus, a complete list of analyzed functions is presented in table below.

Configuration Date TTFF, s Accuracy, m
1 MIN EL =5 (Default) 22.08.2019 42,326 144,29

MINEL =0 42,915 128,59
2 MIN EL =5 (Default) 22.08.2019 37,251 104,232

MIN EL = 15 39,72 139,696

Default 22.08.2019 26,372 46,67
3 Static Hold 26,927 62,516

Threshold = 1m/s

Exit Dist=0m

Default 27.08.2019 41,377 124,245
4 Static Hold 41,749 105,642

Threshold = 1m/s

Exit Dist = 500 m

Default 27.08.2019 42,909 133,131
5 Static Hold 42,36 149,744

Threshold = 1m/s

Exit Dist = 300 m

Update period = 1 s (Default) 28.08.2019 46,999 129,158
6 Search period =10 s

Update period = 0 44,461 139,237

Search period = 0

Update period = 1 s (Default) 28.08.2019 42,368 149,708
7 Search period =10 s

Update period = 1 ms 42,913 136,121

Search period =1s
3 Default 04.09.2019 47,32 87,034

waitTimeFix 46,876 109,457
9 Default 04.09.2019 35,399 68,824

doNotEnterOff 36,287 87,688
10 Default 04.09.2019 34,886 93,385

fullPower 35,658 82,042
1 MIN SV = 3 (Default) 04.09.2019 38,691 115,109

Min SV =2 36,681 116,879
12 Rate = 1000 ms (Default) 05.09.2019 41,998 69,939

Rate = 100 ms 41,888 12,316
13 3D/2D fix 06.09.2019 31,239 77,893

2D only 31,305 55,433

Table 5.8 — Results of testing various configurations

The results of multiple measurements have shown that increasing the limit of elevation angle leads
to increasing of TTFF value, and the use of satellite signals with low values does not have an effect
at the cold start (cases 1, 2). The function of Static Hold did not give a gain either in time or in
accuracy of positioning during a cold start (cases 3-5).1t is assumed that its use can still be useful in
the presence of a constant signal, to reduce power consumption.

The value of the update period determines the time between two position calculations. If within a
certain time the receiver cannot obtain a position, then the device will retry after a time equal to the
search period. According to the description, setting the update period to 0 will lead to inactive state
of the receiver until it will not woken up by the user. Setting the search period to zero causes the
receiver to wait in inactive state undefined. Nevertheless, the experiment shows that in this case the
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TTFF was shorter than by default configuration (case 6) and usage other values don’t provide such
performance (case 7). We got a similar picture with set up minimum SV threshold to value of 2
(case 11). Nevertheless, both devices keep using 3 or more satellites for calculations. Rate reducing
increasing the amount and frequency of calculations, what provides the better accuracy.
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6. ASSISTED GPS TECHNOLOGY

Assisted GPS technology concept is described here and the u-blox company’s AssistNow services
are briefly explained. The chapter talks about their benefits and circumstances of use. The
AssistNow Online performance is analyzed here.

6.1. General information

To determine the location receiver needs information about satellites positions. If the signal level is
weak enough (below 30 dBHz), then it may take about 15 minutes, or even more. In satellite
navigation, a technology called A-GPS is widely used and it is newest mechanism of TTFF
improvement. The abbreviation is embroidered as Assisted GPS. This technology allows
accelerating the cold start time of the tracking device. Acceleration occurs due to the provision of
necessary information through alternative communication channels (for example, internet
connection). This technology is widely used in cell phones that contain GPS receivers. Thanks to
A-GPS technology, after turning on the receiver, it almost instantly determines the location.
Satellites can be searched even in closed rooms, and floor decks are not a hindrance.

The idea of creating A-GPS first arose from engineers Jimi Sennot and Ralph Taylor in 1981. In
particular, they proposed a signal that helps to capture a target for automatic tracking generated by
a ground station, broadcast to user terminals [21]. The system debuted on October 1, 2001 in the
United States on the 911 rescue network. The essence of the idea is simple. The main task of the A-
GPS is to provide information, to receive which the receiver takes most of the time. If the device
was inactive long enough, then a situation is possible, when ephemeris or almanacs had already
become obsolete. When the device is turned on, the receiver needs to obtain up-to-date information
about the satellites. The A-GPS is an auxiliary source that provides the necessary information to the
receiver in much less time. The structure of the technology is shown on figure below:

GPS satellites

3 {
GPS signals - -
\ /

M Auxiliary information =
)
Enlliguplipupilipugiliguniiiy

Recevier

Base station

Figure 6.1 — A-GPS technology
A-GPS server, have an own receiver, which permanently receives the signals from satellites. It

downloads the current orbital information and stores it. When receiver sends the request, the
server’s base station sends the auxiliary information to receiver through the network.
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Thus, A-GPS can be divided into 2 types: online and offline. In the first case, the information
comes to the receiver by downloading data using a mobile network. This type has a high speed of
providing information and a shorter time of the first fix. This technology shows the best results in
the urban environment, where the coverage of the operator’s mobile network has the largest area.
In addition, the use of this technology allows you to reduce the influence of multipath and allows
the receiver to get a fix even with a low signal level of the satellites. Nevertheless, it has several
disadvantages. First of all, the usage of this technology will be impossible in the absence of a
network (for example, in fields or wilderness) or it can be extremely costly if the user is abroad in
roaming conditions. The use of mobile technologies also significantly increases the power
consumption of the device, which is critical in certain cases. If the power consumption is an
important criterion for the user, as well as if you can use a good connection, then the offline version
will give the best results. In this case, the data must be loaded in advance into the device’s memory
or onto external media, from which the receiver can retrieve the valid data at any time. If the online
data has a size of 5-7 kb, then the offline version reaches 100 kb or more. Despite the long validity
period of offline data, it will be better to provide the receiver with the most up-to-date data, since
their accuracy deteriorates over time.

According to the [22] document AssistNow Online services provides the fix time about 1 second
for the cold start and the offline version ensures the fixing time about 5 seconds.

In addition, the company has developed an AssistNow Autonomous mechanism for the case when
the use of two previous AGPS is impossible. In this case, the receiver does not receive additional
data. Conversely, it uses the broadcast satellite data for future orbit generation. The receiver
independently calculates the orbits of GNSS satellites. This orbit information will store in a device.
When signal is blocked or connection with satellite was not established, receiver uses predicted
data, which reduces the time required for the device to determine the location. Of course, the load
on the device increases significantly, fixing time is also inferior to online and offline versions.
Nevertheless, the usage of this function is justified. Moreover, this technology can be used in
conjunction with the other AssistNow service version according to documentation. The
observations during the experiments showed that this function works only with the online version.
Besides, this function only works with GPS satellites and doesn’t supporting others.

6.2. A-GPS test

A-GPS technology is a powerful tool for satellite navigation. Nowadays, when the network covers
really vast areas, and the Internet is a constant companion of every person’s life and providing
information using the network can reduce the time spent on location.

The u-blox provides such information like ephemeris and almanac, which is the main advantage of
this technology. In addition to this, user can get information about current time, last position and
other auxiliary information, such as ionosphere corrections. Data is available for all major
navigation systems. To download the data file urllib python built-in library was used.

The user has the right to independently choose the algorithm for providing information. The u-blox
company does not recommend sending the entire file. Instead of this, its recommend to send data
by separate commands with some delay between sending. The use of delays is not a rational way.
The TTFF value depends on the speed of information transferring and the use of delays will in
reduce it. This will be especially critical with a large number of commands. The GPS constellation
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has 31 satellites, and GLONASS currently has 23 satellites. Then if you provide the receiver with
information about the current ephemeris and almanac, then for this you will need to send
(31+23)+2= 108 commands. Even if user make a delay of 0.1 second between sending, in total this
procedure will take about 11 seconds. This value of TTFF can be critical especially in emergency
situations. The user can use a faster algorithm, such as selective repeat. In this algorithm, delays are
completely eliminated and initially the entire file is transmitted to the receiver. After this, the
program should receive appropriate acknowledges for received messages. Based on the received
acknowledges, the program should calculate the numbers of the lost packets and send only them to
the receiver. This procedure will be performed until the receiver sends all acknowledgments. In
total, it takes not more than 1.5 seconds to send the entire file, what sounds more optimistic.

In previous chapter was showed, that providing current time not allows to receiver faster determine
its location. This is due to the fact that most of the time receiver spends on ephemeris downloading
and during this time period receiver is able to synchronize the time. The situation is opposite, when
the receiver already has actual ephemeris. In this case it will need 10 or even more seconds on time
synchronization, and here providing current time may help. For these purposes the u-blox by
default includes the current time information into AssistNow Online services. Interesting moment
will be to understand how helps other information, such as last position and auxiliary data. To
check it let both devices work in standard mode. AssistNow Online ephemeris and almanac data
will be provided to both devices. In additional, the second device also will be provided last position
using MGA-INI-POSLLH in first test, and with auxiliary data using in second experiment. To
avoid delays associated with downloading data, it would be downloaded before making a cold start.
Since the device was stationary during all time, we will provide the fixed coordinates. It’s expected
that it also could improve both accuracy and TTFF values.

The result of both experiments are presented in table below

Configuration Date TTFF,s Accuracy, m

AssistNow Online 06.09.2019 10,951 16,443
AssistNow Online + Position 8,325 15,213
AssistNow Online 12.09.2019 14519 17,646
AssistNow Online + Auxiliary 15,719 15,894

Table 6.1 — AssistNow Online test results

As expected, the experiment showed that last position providing could reduce the TTFF value as
well as improve the accuracy. Of course, the difference in accuracy is not so huge, but it is worth
noting, that for shorter time receiver gets the better accuracy. Thus, providing last position could be
helpful also when receiver has actual ephemeris data. Providing auxiliary data improves the
accuracy, but increases the TTFF value. The usage of auxiliary is necessary for high precision
devices, but not important for timing products. Besides, the TTFF values gotten during our
experiment significantly differs from the values stated in the documentation. Nevertheless, it is
worth considering that conditions of experiment was not perfect and were as close as possible to
real situations. In previous chapter was showed that reducing rate’s value could improve the
accuracy output. An interesting fact was also noticed when both receivers had assist data, but one
of them determined the position in less than 10 seconds, and the second required about 30. This
phenomenon has been observed repeatedly, which eliminates the possibility of accidental error.

34



POSITIONING ACCURACY ISSUES OF MOVING OBJECTS

7. POSITIONING ACCURACY ISSUES OF MOVING
OBJECTS

The chapter provides the basic theory about accuracy estimation methods and describes the main
values, which could be used in estimation of test performances. The main sources of positioning
errors are listed here. The values of accuracy parameters provided by u-blox tracking devices are
considered and the algorithm for more precise estimation was developed. In this series of
measurements the Pendulum GSG-54 simulator was used to modulate the movement object.

7.1. Accuracy values and calculation methods

In tracking devices, the step-by-step determination of position together with the TTFF value plays
an important role. In special situations, a person’s life may depend on the accuracy and speed of
determining the coordinates. The positioning process is iterative. Step by step, the position
accuracy is calculated and after some time reaches the maximum possible value. It is expected that
the receiver must immediately determine the exact location after switching on. However, the
position obtained during the first correction may turn out to be rather poor and inaccurate.
Positioning is based on data received from satellites, in many respects depends on how correct the
received data is. If the data contains erroneous information, then the location will be determined
incorrectly. The two sources of these errors are the ionosphere and multipath propagation. In
addition, errors can be caused by inaccurate ephemeris data and time synchronization. Thus, all
main sources of errors and value of their influence are listed below.

Source Effect (m)
lonospheric effects 5
Tropospheric effects +0.5
Ephemeris errors +2.5
Satellite clock errors 2
Multipath distortion +1

Table 7.1 — Sources of positioning errors [23]

Accuracy information is not transmitted by satellites; its value is calculated based on the measured
data. At the moment the device is turned on, accuracy takes on the starting value and remains
constant until the receiver establishes communication with the satellites. Receiving data from
satellites and assessing the state of the environment, the receiver recounts the accuracy value. First
of all, the accuracy depends on the geometry of the satellites used. Depending on their location, the
accuracy value will vary. To describe the geometric mutual arrangement of satellites in navigation,
the term DOP (decrease in accuracy) is used. So, when the satellites are located to each other
(Figure 7.1 (a)) speak of a weak geometry of location. In this case, the intersection area is
significant and the object can be at any point in this area. In this case, the accuracy of the obtained
coordinates will be low, and the DOP value will be high. In the case, when the satellites are quite
distant (Figure 7.1 (b)), the intersection area will be smaller, which means that the accuracy is
higher. In total the 5 types of DOP are distinguished:
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HDOP (Horizontal Dilution of Precision) — reduced accuracy in the horizontal plane
VDOP (Vertical Dilution of Precision) — reduced accuracy in the horizontal plane

PDOP (Position Dilution of Precision) — reduced accuracy in the location

TDOP (Time Dilution of Precision) — reduced accuracy in the time

GDOP (Geometric Dilution of Precision) — total geometric decrease in accuracy by
location and time

@ % ®
@“? %'@ éy"?} Y

a) b)
Figure 7.1 — The effect of constellation geometry

Therefore, the good satellite geometry is essential to ensure good accuracy. In addition, the receiver
takes into account signal strength, noise, and the amount of visible interference. This helps the
device better assess the value of the resulting accuracy. In fact, the receiver does not know the
exact location. To estimate accuracy, the receiver plots the positions over the time. Due to
measurement errors the positions are scattered across the area. The radius of a circle describes the
probability that the position will be within the specified accuracy. In general, there are several ways
to measure accuracy. They differ in the level of provided probability (Table 7.2). Each
manufacturer independently decides which method is used, but it is believed that most GNSS
receivers use the Circular Error Probability (CEP) algorithm with 50% of probability.

Type | AU | probability, % Tgspa'gZ' Definition

1D RMS 68 Vertical Square root of the average of the square errors

2D CEP 50 Horizontal | A circle’s radius, centered at the true antenna
position, containing 50% of the points in the
horizontal scatter plot

2D DRMS 63-68 Horizontal | Square root of the average of the square errors

2D R95 95 Horizontal | The radius of circle centered at the true position,
containing the position estimate with probability
of 95%

2D 2DRMS 95-98 Horizontal | Twice the RMS of the horizontal errors

3D RMS 61-68 3D Square root of the average of the square errors

3D SEP 50 3D The radius of sphere centered at the true
position, containing the position estimate in 3D
with probability of 50%

Table 7.2 — General accuracy estimation methods [24]

7.2. Experiment with simulated data

In practice, users often encounter a problem, when position of the tracking a device is different
from the true one. So when tracking the movement of a car along the highway, sometimes the
receiver shows that the device is off the road, which in these conditions is impossible. This raises
the question: how accurate the GNSS receivers?
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The purpose of this experiment is to study of dependency of the value of accuracy on the speed of
the object. Along with this, the influence of several dynamic models on the value of accuracy was
investigated. It has already been shown earlier that in the case of a stationary object, the usage of
another dynamic model different from default option does not provide a shorter TTFF. However, it
follows from the description of dynamic models (Table 5.5) that the effectiveness of using the
correct dynamic model should improve positioning accuracy. To proof it in the GSG StudioView
program, the motion trajectory for the device was simulated. Its final form is presented in Figure
7.2. It is supposed to check the performance for different speeds (50, 15 and 5 km/h), that
corresponds to different types of movement. The effectiveness of three configurations will be
compared: Portable, Pedestrian and Automotive. It is assumed that these configurations are most
applicable for tracking moving objects. Since in the course of the previous comparison of
configurations, the Portable mode showed the best performance, for that reason its results will be
taken as reference ones and will be compared with the results of other configurations. In other
words, the first device will always work in Portable mode, and the second device will use
Automotive and Pedestrian modes one by one. Using the simulator will create identical and
reproducible conditions. Thus, at each moment of time, the receiver will have signals with constant
characteristics and without interference.
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Figure 7.2 — View of simulated track for the devices

For each scenario (each speed), two experiments were performed. In the first case, both devices
was restarted only once at the starting point. In the second experiment the devices restarted
cyclically after getting a fix. By restart is meant making a cold start of a device. As expected, in the
first experiment, for each speed, the position was determined with quite good accuracy (Table 7.3).
A significant difference between the accuracy values received from the receiver and the calculated
accuracy is already becoming noticeable from the obtained data. The smallest accuracy value
indicates a more precise positioning. Surprisingly, the lowest value of 3D and 2D accuracy was
obtained at the highest speed in all cases, and their maximum value was at a speed of 15 km/h.
Meanwhile, the magnitude of the calculated accuracy decreases with decreasing speed. In other
words, the lower the speed, the higher the accuracy.

Portable Pedestrian Automotive
Speed, km/h 50 15 5 50 15 5 50 15 5
Position 3D accuracy, m 7,6 50,4 | 30,8 24 | 63,1 | 353 2,3 67,0 | 31,1
Horizontal 2D accuracy, m 3,4 16,8 11,4 13 19,1 | 13,6 1,3 224 | 115
Calculated accuracy, m 6,8 1,4 0,8 9,4 2,8 1,5 7,9 1,4 0,9

Table 7.3 — Average accuracy values with only one cold start
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Throughout the experiment, the position of the devices was monitored, and at the end of the
measurements their track was built. The blue squares describe the Portable mode, the red one is the
tested mode (Automotive or Pedestrian). The pink squares correspond to the calculated position.
So, if you look at the whole picture at Figure 7.3, you can see that the shape of the resulting grater
completely repeats the shape of the original (Figure 7.2). If we will look at it in more detail (Figure
7.4), it becomes clear that each of three points is located close to each other. This means that the
positions of the devices are determined correctly and with good accuracy, clearly less than 10
meters.
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Figure 7.3 — Full track of an automotive mode Figure 7.4 — Part of track of an automotive mode
at 15 km/h at 15 km/h

Table 7.4 presents the results of the second experiment, when each device cyclically made a cold
start. As in the previous test, it can be seen that accuracy values are several times higher than the
calculated values. In this case, regardless of speed, we get approximately the same 3D and 2D
accuracy. If in the previous experiment the value of the calculated accuracy was minimal at the
minimum speed, now we have the opposite picture. In order to find out what the problem is, let's
take a look at the same section of both tracks at 50 and 5 km/h (Figure 7.5 and Figure 7.6). As we
can see, at a speed of 50 km/h almost all points lie on the simulated section of the track. The
difference in the location of the points is explained by the different moment of receiving TTFF. At
a speed of 5 km/h, the device’s position is most of the time off the road. The shape of the resulting
curve almost completely repeats the original track. Only in some moments the position of the
devices coincides with the calculated one. In addition, it is seen that when receiving the very first
fix, positioning accuracy is the worst, and over time it increases. This suggests that, even with a
cold start, the receiver uses the previously obtained data to estimate the current location, gradually
making changes.

Portable Pedestrian Automotive
Speed, km/h 50 15 5 50 15 5 50 15 5
Position 3D accuracy, m 223,2 | 2555 | 250,6 | 290,9 | 247,9 | 278,1 | 272,1 | 227,9 | 259,4
Horisontal 2D accuracy, m 181,4 | 65,3 60,2 | 1143 | 66,2 | 66,6 | 55,3 59,4 63,1
Calculated accuracy, m 79,9 | 126,5 | 104,12 | 70,8 | 117,3 | 1245 | 80,9 | 113,9 | 113,0

Table 7.4 — Average accuracy values with cyclic cold start
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Figure 7.5 — Pedestrian mode at 50 km/h Figure 7.6 — Pedestrian mode at 5 km/h

The reason for this problem becomes clear if you look at the resulting table for 5 km/h (Table 7.5).
Most of the time, the device used GLONASS satellites to determine the location and their number
did not exceed three. From this it follows that there can be two factors causing this error: using
only one GNSS does not provide good accuracy or the receiver used an insufficient number of
satellites. In view of the large amount of data, Table 7.5 contains the results only of 10
measurements. In most measurements, accuracy of less than 10 m (meaning calculated accuracy) is
achieved using at least 4 satellites, or using satellites of both navigation systems. There are a
number of cases, where 3 GPS satellites provided accuracy below 10 meters. Unfortunately, this
does not always happen and most of the time accuracy was several tens. Therefore, this
phenomenon is the exception rather than the rule. Nevertheless, during several series of
measurements this was not observed for GLONASS satellites.

Portable mode Pedestrian mode

GLO 3 333,13 719,675 32|GLO 3 33328 72382 37
GLO 3 334.63 77921 G1)1GLO 3 332,58 69,419 60
GLO 3 33441 76,914 62| GPS 4 33244 68,733 61
GLO 3 333,64 73,683 G4|GLO 3 331,93 66,313 63
GP3+GLO 5 354 226 3|GLO 3 33148 64431 64
GPS+GLO 6 8,76 3,822 3|GLO 3 330,81 61,224 65
GPS 3 24 50 14508 4|GPS 3 3219 22 683 4
GPS 3 343 3,697 4|GPSHGLO 3 7,62 3216 3
GLO 3 330,81 61273 T3|GLO 3 320,79 36,098 73
GPS+GLO 3 1324 8914 4|GLO 3 32086 36,446 74

Table 7.5 — Accuracy comparison of Portable and Pedestrian mode at 5 km/h

Let’s take a look at the results of sample measurements obtained at the 5 km/h (Table 7.6). GPS
satellites are indicated by the symbol ‘G’, and GLONASS satellites by symbol ‘R’. If the receiver
used at least 1 GPS satellite, then even when using only 3 satellites, the ensured accuracy was not
worse than 5 m. (case 1). In the second case, it is clear that when using the same satellites, but with
different configurations, the value of calculated accuracy is seriously different. So, when using the
Automotive mode, the resulting accuracy is 165 meters, while using the portable mode gave a
value of 13 meters. If we compare this result with the result of another experiment, where instead
of the Automotive mode was used Pedestrian (case 3), it becomes clear that the reason for this
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difference lies precisely in the applied dynamic model. This phenomenon is not accidental or one-
time, which is confirmed by cases 4 and 5.

Portable  |G12, 51 |R16, 33 1324 8,914
Pedestrian |R15. 53 |R16, 53 |R17. 53 329.86 56,446 74
Portable  |G9,352 |G12,352|G13, 52 1566,07 777,623 13
Automotive |G, 52 |G12, 52|G13, 51 303.84 114,189 165
G9,51 [G12,31|G15, 51 24,59 14,508 4
G9,52 |G12,32|G1S, 52 32,19 22,683
G952 |G12.52|G15, 52 |G17. 52 2024 13,837
Automotive |G, 51 |G12,51|G15, 52 159.49 90,333 239
Portable  |G9,51 |G12,51|G15, 51|G17, 51|G27, 51 |R16, 53 8.03 6,026 5
Automotive |G, 51 |G27, 51 |R16, 52 337002 3151426 119

Table 7.6 — Test results of different modes at 5 km/h

Thus, we can conclude that the use of a particular dynamic model affects the accuracy of the first
correction. This effect is observed at each of the considered speeds. The accuracy values generated
by the receiver can vary widely and are not suitable for quantifying the accuracy of the first
correction. However, they can be used to evaluate the relative importance of the data obtained or
for accuracy evaluation with continuous connection.

Most positions are calculated using only GLONASS satellites. This means that the data of this
navigation system is decoded by the receiver faster. The accuracy of the coordinates obtained is
relatively low. The use of three GPS satellites or a combination of both GNSS provides a more
accurate location. But usage of 4 or more GLONASS satellites also provides good (fewer 10
meters) accuracy.

In all three cases, regardless of movement speed, Portable and Pedestrian modes showed the best
results. Application of Automotive mode gives low accuracy, when the receiver used three
satellites to calculate the position. Talking about the average time it takes to fix, the obtained values
differ by a maximum of 1 second, which is not a significant value on these scales (>30 seconds)
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8. FAST START CONCEPT

Environmental conditions, in which position determination is carried out, play a decisive role and
have a direct impact on both the duration of the determination of coordinates and the accuracy of
obtained position. So, a lot depends on the location of the receiving antenna. To get the best
performance, it is necessary to provide a complete overview of celestial space. The greatest result
will be shown by the case, when antenna will be located on the roof of a tall building. In that
situation the antenna will have a stable connection with each of satellites, and there will be
practically no sources of interference.

Thus, the device is capable of continuously receiving data using signals reaching 50 dBHz and
higher. It is believed that for optimal operation of u-blox receivers it is necessary to have a stable
signal from 40 dBHz. The range of 25-30 dBHz is the absolute minimum acceptable for position
determination [26]. However, there are many situations where it is not possible to provide good
conditions for the receiver. This problem is especially relevant for tracking devices. Often, in these
types of devices, size is one of the most important parameters. In this regard, the antenna should
also have a small size, and providing clear sky is not always possible. In such situations, it is
necessary to use the internal functionality to accelerate a particular mechanism. In addition, it is
important to understand which situation is bad and which parameters should be taken into account
to detect it.

The u-blox devices have a number of messages that provide information on the current state of the
environment and the quality of the signals used. So using UBX-MON-HW user can evaluate the
level of visible interference. UBX-NAV-ORB, UBX-NAV-SAT and UBX-NAV-SVINFO provide
a detailed description of the data available in the receiver’s temporary memory, their validity
period and other information.

So, how to identify poor environmental conditions? After a thorough study of the main [3, 10, 27]
and additional documentation [23] found in other sources, an algorithm was developed to identify
poor conditions. According to our observations, we will assume that the conditions are poor if no
fix was received within 3 minutes. This time is sufficient to download the necessary data under
good and acceptable conditions, but not enough to download them in bad conditions. This is
accomplished by simply checking certain bits with a UBX-NAV-STATUS message. If after this
time, there was still no fix, then the algorithm for assessing the current situation begins. For these
purposes, the most informative message is UBX-RXM-SVSI. The main advantage of this message
is that it contains information about each satellite and, unlike others, allows to instantly
determining the validity of the data. So, it is possible to find out for which satellites the receiver
already has the necessary information. The receiver must have at least ephemeris data for four or
three satellites to establish 3D or 2D fix respectively. Thus, if these data are already in the
receiver’s memory and they still have not lost their relevance, then the fix will be immediately
calculated, and it makes no sense to take any steps. So, after checking all the satellites for the
presence of ephemeris, in the absence of the required amount of valid data, it is necessary to
receive the message UBX-NAV-SAT. This message contains more detailed information about the
status of the signal received from a particular satellite. In addition to the CNO, it contains
information like the residual pseudorange and quality index (Qi). The value of residual
pseudorange allows determining whether this signal was received with an error or not. So, if the
value of this quantity turns out to be sufficiently large, then this indicates that the signal has been
reflected and contains interference errors. Thus, the use of such a signal does not lead to a correct
location and can significantly affect the output. It is worth noting that the message displays
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instantaneous values of quantities and for a correct assessment it is necessary to conduct several
measurements and compare the average values, because the same signal can be reflected at one
time or another.
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Figure 8.1 — Algorithm for resetting device

If for some time we get high residual range values, then this signal is not suitable for use. The
quality index also allows evaluating the quality of the signal. Based on its value, it is possible to
determine the applicability of a signal. According to the documentation [10], the signal can be used
to calculate the position, if the quality index is not less than 4. Thus, if the device has at least 4
satellites with |Residual range| < 100, with a signal level above 30 dBHz and with Qi > 4, then
the conditions are acceptable. In other words, the receiver will be able to determine the location of
the object. If there are no such signals, then the received data is not suitable and position
determination is impossible. In this case, the implementation of the restart will delete irrelevant
data and speed up the process of determining the position. This fact is confirmed by an experiment
when both receivers were located inside a car. After downloading actual navigation data, the car
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was placed in underground garage to lose the connection with satellites. After 2 hours of standing,
it goes outside. The first device worked in default mode, and the second used the reset algorithm. It
seen, that the second device immediately got the fix. As we can see, in the first case (Figure 8.2)
the device didn’t track a significant piece (2.539 km) of route, and fix was obtained for 3 minutes
and 4 seconds. Unlike the second case (Figure 8.3), when the fix was obtained during 26 seconds,
and position of the device was monitored throughout the entire experiment. It proofs that under
poor conditions, deleting irrelevant data help to speed up the calculations and rapidly determine the
location of a device. During whole experiment the CNO level did not exceed 30 dBHz and average
speed of movement was 50 km/h.

RN i Start point
Rogling Start point b W

Figure 8.2 — Making a cold start for device Figure 8.3 — Making a warm start for device
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9. CONCLUSION AND FURTHER WORK

In this paper, we investigated a number of configurations that can improve the performance of
tracking devices. Studies have been conducted for a stationary, moving object, and for simulated
data, to eliminate some factors from consideration. The u-blox receivers, despite the large and
varied built-in functionality, are highly optimized. In other words, the use of various combinations
of settings in the situations considered does not allow us to obtain a significant gain in either time
or accuracy. It is believed that providing current time can speed up the calculation of a position.
However, in this paper it was clearly shown that this statement is true only for receivers of the
previous generation. The u-blox receivers are well optimized and allow quickly get time
information from satellites, and the receiver spends the lion's part of the time to receive data on the
current ephemeris and almanac. However, time information may be useful when using AGPS
services. Since the ephemeris and almanac data are loaded into the device within a few seconds,
obtaining accurate time can significantly reduce the fix time. Various dynamic models have also
been investigated. A number of measurements were carried out under various conditions during
which the Portable configuration, which is used as a standard setting, showed the best result.
Moreover, the best results were obtained, both in terms of TTFF and in accuracy. In experiments
with the simulator, it was found that when driving at speeds below 50 km/h, accuracy of first fix is
worse and most of the time the receiver uses only 3 GLONASS satellites to determine the location.
Moreover, the accuracy decreases over time, and the magnitude of the error increases iteratively.
Despite this, the device completely repeats the original path, and the movement is parallel to the
specified path. This is not observed when using 4 satellites or more. However, 3 GPS satellites are
able to provide good accuracy. The use of various dynamic models has a direct effect on both
accuracy and the TFFF value.

As part of this work, performance was not investigated when using SBAS services. This function
was not taken into account due to the fact that under the conditions in which most of the
measurements were carried out, SBAS satellites were not available. The device detected at least 3
SBAS satellites and even had some data from them. However, the use of this data by the receiver
was not possible. It is assumed that this service will significantly improve accuracy, down to the
centimeter level. In addition, based on the corrections obtained, it is possible to decrease the TTFF
value. In situations, when receiving a signal from satellites is difficult, it is possible to use a signal
from ground reference stations. In this case data can be obtained through an Internet connection. It
should be noted that in the case of a moving object the choice of station should be carried out
dynamically, because the accuracy provided will depend on the distance from the receiver to the
station. Fortunately, now there is a huge variety of loose-leaf services that provide coverage in
most countries. In other words, in most cases, you can find a station that will be closest to the
object. There is also an NTRIP function, with which it is possible to download ephemeris directly
via the Internet. It is difficult to say whether the results will be comparable with the results of
AssistNow Online. This issue requires a separate consideration. In addition, some versions of the
u-blox products used the CellLocate feature [28]. In EVK MB8C products, this option is not
available. The technology allows determining the location using a mobile operator based on the
location of the base station. Since IBH-IMPEX has a GSM module, this function, or its analogue,
can significantly speed up the positioning time. So, as the first correction, you can use the position
received from the operator; upon receipt of the required number of ephemeris, the device can make
a new location estimate and clarify the previously received position. Of course, the first location
may turn out to be rather rough. Accuracy of cellular networks are varies and according to paper
[29] its value 50-100 meters. Nevertheless, since mobile networks have almost over the world
coverage, using this method it is possible to get relatively good accuracy. In addition, access to raw
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CONCLUSION AND FURTHER WORK

data obtained from satellites is desirable. As already mentioned, the u-blox devices are well
optimized and the built-in functionality does not allow improving the performance. Therefore, it
makes sense to develop own improvement algorithms. So, according to the work [30], the usage of
a multi-hypothesized Kalman filter can enhance something. Also, the results obtained in project
[31] allow one to obtain higher accuracy. However, not all of these methods are easily accessible
and feasible. For this reason, these technologies require separate careful consideration and will
serve as the basis for new research.
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PernamenT moucka Ne 1

04.03.2019
dama cocmasnenus peziamenma

Haumenosanme pa6otsl (Tembl) PaspaboTka u 060CHOBaHKE KOHIIEIIAY OBICTPOTO 3aMyCKa YCTPOUCTB CIyTHUKOBOTO ciekernst GNSS Ha 6aze Monyieit U-blox
Mudp padotsr (temsr) 03.04.03
Howmep u nata yrBepsxnerns 3aganus Nel ot 04.03.2019 Dran pa®oThl 3aBepIuarommii
npu HeodxoouMocmu
Iens noucka nadopmanuu (B 3aBUCHMOCTH OT 3a/1a4 MATCHTHBIX UCCIICIOBAHMI, YKA3aHHBIX B 3aJaHUH)
Ha ocHoBe wuccnenoBaHMsi TEXHMYECKOTO YPOBHS M aHaIW3a TEH/CHIIMH PAaB3WTHs CIYTHUKOBOW HaBUranuu cQOpMYIHPOBATH KOHIEUTYAIbHYIO CTPATETHI0 Pa3pabOTKH: MPOrpaMMHO-

arnmnapaTHoro KOMIIJICKCA, IMMO3BOJIAOMICIO IPOBOJAMTh aHAJIM3 MMAaapMETPOB BPEMCHHU M TOYHOCTH ITPU PA3JIMYHBIX YCIIOBUAX. BhISIBUTH HATWYKME ONMUCAHMI B MIATCHTHOM U HaV‘IHO-TeXHI/I‘IeCKOﬁ

JIUTEPATYpPEC coco6o 6BICTDO cTapTa IpuCMHHKA.

O00CHOBaHKE peryiaMeHTa Moucka mouck mposectu B 6azax ganubix GUIIC (Poccus) u USPTO (CIIA)
Hauano noucka 11.12.2017. Oxonuanue noucka 23.12.2017

Ipeamer noucka | Crpana moucka Hcrounuku uHpOpMAIHMH, IO KOTOPBIM OyIeT PerpocniektuBno- | HammeHoBanue
(oOBekT TIPOBOJTUTHCS TIOUCK CTh HHPOPMAMOHHON 0a3bl
HCCIIEJOBAHMS,
€r0 COCTaBHEIE
YacTH, TOBAp)
MaTEHTHBIC HTHU
HaunmenoBanue Knaccupukammon- | HammeHnoBanune PyOpuxn
HBIE pyOpHKH VK
MIIK
1 2 3 4 5 6 7 8

TTFF Poccus, CHIA Ba3a maHHBIX MIIK Kypuan 621.396.676 1994-2017 (Poccus) Baza manaeix ®UIIC

H01Q 11/12, 621.396.946 1976-2017 (CILA)
Time to first fix PUIIC (Pocemn) | 515 16 3azr118: «Bapy6exnas 621.396.962.3.001.5 (Pocens)

Basa manHbeIx 342/127 PpaauosneKTpo- 621.391.1 Baza nanueix USPTO

Cold start USPTO (CIIA) | G01S 13/08, 342/125; | HuKa» 621.374 (CIIA)

342/90 621.396.677.3
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OTYET O IOUCKE

B.1 ITouck npoBesieH B COOTBETCTBUU C 3aIaHUEM

Ne 1 or 04.03.2019 wu Permamenrom moucka Ne

1 or 04.08.2019

B.2 Dtan paboTsl 3aBepiiaroniuii
B.3 Hauyasno noncka 04.03.2019 Okonuanue nmoucka 04.04.2019

B.4 CBe,Z[CHI/ISI O BBIIOJIHCHHH PErijlaMCHTa IIOHMCKa (YKa3BIBaI-OT CTCIICHb BBINIOJIHCHUA PCETJIAMCHTA IIOHMCKa, OTCTYIUJICHUSA OT
Tpe6OBaHI/Iﬁ periiaMCHTa, IPUYHUHBI 9THUX OTCTYHHGHHﬁ) — PErJIaMEHT ITOMCKA BBINNOJHCH IMOJHOCTBHIO.

B.5 Hpe,I[J'IO)I(eHI/IH 110 z[aaneﬁmeMy MMPOBCACHUIO ITOMCKa M ITaTCHTHBIX I/ICCJ'IGIIOBaHI/Iﬁ — IIPOBCCTH NOHCK TIATCHTOB aHAJIOI'OB
Hanbosee 3HAYMMBIX IIaTCHTOB, O6H3.DV)K€HHBIX IpU IIPOBEACHUHN MATCHTHBIX HcclieaoBaHui. bojee JeTanbHO NpoaHAIU3UPOBATh

HalpaBJICHUS MCCICIOBAHMN BEAYIIMX B PacCMaTpHUBACMbBIX 001acTIX (bHDM. PacimmpuThk HOMCK TEKYIIEH HAaYYHOW M NATECHTHOMH

nHGOpMAIINY B CMEXHBIX 00JIaCTIX.
B.6 Marepuansl, 0TOOpaHHBIE TSI TOCIEIYIONIEro aHAIu3a

Tabnuya B.6.1 — [lamenmnas ookymenmayus

[TpenmeT moucka Crpana BbIAauH, BUA 3asBUTEND CBeneHus o
(0OBEKT 1 HOMEP OXPAHHOTO } (marenTooOnagaTens), Haspanue n306peTcHus JEeUCTBUU OXPAHHOTO
UCCIIETOBAHMUSI, €T0 nokymenTa. Knaccupukannonunsiii | ctpana. Homep 3asBku, JIOKyMEHTa
COCTaBHBIE YaCTH) WHJICKC JaTa MPUOPUTETA.

1 2 3 4 5
TTFF 1. IMTarent P® Ne 2009130399, MIIK TOMTOM MHTEPH3IIHJI HABUI ALITMOHHOE YCTPOMCTBO U1 He neiictByer.
Time to first fix GO1S 1/00 (2006.01) B.B. (NL) CIIOCOB COKPAIIIEHNM I BPEMEHU 3asiBka 0TO3BaHa
Cold start 2009130399/09, 09.01.2008 NAEHTUOUKALIMN MECTOIIOJIOKEHUA 18.10.2011

HABUTALIMOHHOI'O YCTPOMCTBA

TEJE®OHAKTHUEBOJIATET
JI M DPUKCCOH (ITABJI) (SE)
2014124148/07, 14.11.2011

2. ITatent P® Ne2014124148, MIIK
G01S 19/34 (2010.01)

VJIVUILIEHHBIE BPEMS [TEPBOI'O
OITPEJIEJIEHVSI MECTOITOJIOXXEHUS, TTFF,
YYBCTBUTEJILHOCTb U TOYHOCTD JUUIS
YCTPOMCTBA OIIPEJEJIEHUS
[IOJIOKEHHS C IIOMOILBIO I'TOBAJIBHOI
HABUTALIMOHHOM CITY THUKOBOI
CHUCTEMBI

3KCHCpTH3a 0 CyHIeCTBY
3aBCPIICHA. Vurena
IIOIIJIMHA 3a
perucTpanurio 1 Bblaavy
IaTCHTa
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5. ITatent P® Ne 2604872, MIIK

SJIbOCTPEM ToposepH (SE),

VIJIVUIIEHHBIE BPEMA ITEPBOI'O

HenictByer

GO1S 19/34 (2010.01) IIEPCC OH Jlapc (SE), OIIPE/IEJIEHIS MECTOIOJIOXKEHMS, TTEE VuTeHa nouumHa 3a 8 rox

GO01S 19/25 (2010.01) 2014124148/07, 14.11.2011 UYBCTBUTEJLHOCTD ¥ TOUHOCTb :)lﬂﬂ ¢ 15.11.2018 o
VCTPOICTBA OIPEJIEJEHUS 14.11.2019
[NOJIOKEHUA C ITIOMOLIBIO I’ JIOBAJILHOI
HABUTALIMOHHOM CITY THUKOBOI
CHUCTEMBI

6. [Tarent P® Ne 2628769, MIIK TE IUPEKTOP JIUKEHEPAJL, VCTPOMCTBO (BSAT) 3ATIUCH, JHelictByer

HO5K 5/02 (2006.01) JUOEHCPUCEPY BH/] VYurena nouuuHa 6 rof ¢

ABJIAIOIIEECA YEPHBIM SIIIMKOM CO

OPTAHM3EMILIH (JPJI0)
(IN), 2016107010, 30.07.2014

TMIEPEJIAUU JIJIS1 IOJIBOJIHBIX CY/IOB

7. IMarent US Ne 10051499 AMAZON TECHNOLOGIES, JeticTByeT
Coan w103 oootio, | ING SATTCE WA (0gn | INDIVIDUAL RADIO FREQUENCY
HO04W 24/08 (20090101); DECEMBER 4, 2014
HO04W 36/30 (20090101)
8. ITarent US Ne 9989648 SEIKO EPSON HetictByer
GO01S 19/34 (20100101); GO1S CORPORATION, (E:IE)I'E\ICEI_L%?_NI\IACE?E\(;:DCE AND RECEPTION
19/19 (20100101) SHINJUKU-KU, N/A (JP)
16.10 2014
9. ITarent US Ne 9007261 WENG, CHIN-TANG, HeiictByeT
G015 19/27 (20100101): KAOHSIUNG(TW), METHOD AND APPARATUS FOR FAST TTFF
GO01S 19/42 (20100101) YAU, WEI GUAN,
HSINSCHU (TW)
05.2011
10. INatent US Ne 8009091 MEDIATEK INC, SCIENNCE- JetictByeT

BASED INDUSTRIAL PARK,
HSIN-CHU (TW)
04.12.2008

METHOD AND APPARATUS FOR REDUCING
TIME TO FIRST FIX (TTFF) OF GNSS
RECEIVER WITHOUT ACCURATE TIME
INFORMATION
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Tabnuya B.6.2 — Hayuno mexnuyeckas, KOHbIOHKMYPHASL, HOPMAMUBHASL OOKYMEHMAayus U Mamepuaisl 20Cy0apcmeeHHol pecucmpayuu (omuemsi 0 HAy4HO-

ucciedosamenbCekux pabomax)

IIpenmet noucka

HanMenopaHue HCTOUHHKA
I/IH(bOpMaHI/II/I C YKa3aHUEM CTpaHUIIbL
HCTOYHHKA

ABTOp, (hupMma (Ieprartep)
TEXHUYECKOU JOKYMEHTAIU!

l'ox mecto u opran uzganus
(yTBepKIeHHS, IETTOHUPOBAHNUS
HCTOYHHUKA)

2

3

4

TTFF
Time to first fix
Cold start

“Peanu3ariis MHOTOTHIIOTE3HOTO
¢unbTpa KanmMana BEICOKOTOYHOTO
MO3ULIMOHUPOBAHUA "

3axapos I'.1.

Cankr-IlerepcOypr, 2018

“How good is Assisted GPS?”

B. Li, J. Zhang, P.Mumford, A.
G.Dempster

IGNSS Symposium, 2011

“A fast cold-start method of GPS
receiver based on satellite orbit
prediction”

R.Yang, Z.Song, J.Zhang, X. Xi 1

MATEC Web of Conferences, 2018

“Future positioning technologies and
their application to the automotive
sector”

Sage A.

“The Journal of navigation”, 2001

“Method of fast first fix using low cost
gnss receivers”

Chistyakov V.V., Mikhailov N.V.,
Pospelov S.S., Vasilyev M.V,
Vasilyeva N.V.

Cankr-Ilerepcoypr, ICINS, 2010

“Improving TTFF by two-satellite GNSS
positiomimg”

J.Collin, J.Takala, J.Parvianen

IEEE Transactions on Aerospace and
Electronic Systems, 2012
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MNHPOPMALNA O AOKYMEHTE NHPOPMALNA OB OTHETE

Ne okymeHTa: 14 MocneaHNin roToBbI OTYeT (pea.)

Hauano 3arpysku: 18.09.2019 10:09:10 Hauano nposepku: 18.09.2019 10:09:17

[nuTteneHocTb 3arpy3kun: 00:00:07 [nnTteneHocTb nposepku: 00:00:13

Mmsa ncxogHoro daiina: Master_thesis KomMMeHTapuu: He ykasaHo

Pa3smep TekcTa: 3793 kb Mogynu nouncka: Mogynb noucka VIHTepHeT

CumBeonos B TekcTe: 149606
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3aUMCTBOBAHIA — [0NA BCEX HANABHHBIX TEKCTOBBIX MEPECEYEHII, 33 UCKTIDUEHVEM TeX, KOTOPbIE CUCTEMA OTHEDIA K LATUPOBAHWAM, MO OTHOLLEHNKD K o6LLemy o6bemy AOKYMEHTA.
LUnTtuposaHius — A0NA TEKCTOBLIX NEpECEHeHIi, KOTOpEIE HE ABNAIOTCA aBTORCKIUMK, HO CUCTEMA NOCHWTANE WX UCNONL3IOBAHWE KOPPEKTHEIM, N0 OTHOWEeHWIO K oblemy obbemy
AokymenTa. Cloga oTHoCATCA odopmneHHsie no FTOCTyY unTaTel; 06LeynoTpebuTeNbHEIR BblDAXEHWA; HParmMeHTsl TEKCTA, HANABHHBIE B MCTOMHWKAX M3 KOAABKLUMWA HOPMATUBHO
NPaBOBOA AOKYMEHTaLMN,

TeKkcToBOE nepeceveHne — gpparMeHT TeKCTa MpoBEePREMOro JoKyMeHTa, CoBMajaroLLMi vy MoYTy cosrajaroLlnii ¢ pparMeHToM TeKCTa NCTOUHNKA.

VICTOUHWMK — JOKYMEHT, MPOVHAEKCVPOBAHHBIN B CICTEME 1 COAepXKaLLNIACS B MOZYJe MOVCKE, Mo KOTOPOMY MpOBOANTCSA MPOBEPKa.

OprUrnHansHOCTL — AONA GParMeHToB TEKCTa NPOBEPAGMOro fOKYMEHTE, HEe 0BHAPYXEHHBIX H B OAHOM UCTOMHWKE, NO KOTOPBLIM WAa NPOBEPKA, N0 OTHOWEHWIO K 0BlemMy obbemy
AOKYMEHTA.

3aMCTBOBaHIS, LUTUPOBAHUA 1 OPUrMHANLHOCTL ABASKOTCA OTASNLHLIMW MOKa3aTenAMU 1 B cyMMe aaoT 100%, UTo cooTBeTCTBYET BCeMY TEKCTY MPOBEPAEMOro JOKYMEHTa.
ObBpawaem Bawe BHWMaHWe, 4TO CMCTEMA HAXOAWT TRKCTOBLIE NEPECEYEHWA NPOBEPAEMOTO AOKYMEHTAE C NPOWHAEKCMPOBAHHBIMK B CUCTEME TEKCTOBBLIMK WCTOUHWKAMW. TpM 3TOM
CWCTEME ABNAETCA BCOMOraTeNbHEIM WHCTPYMEHTOM, ONpeAeneHMe KOPPEKTHOCTY W NPABOMEPHOCTI 33UMCTBOBAHWIA MNW LMTUROBAHWIA, @ TAKME ABTOPCTEA TEKCTOBLIX GparMeHToB
NPOBEPAEMOro JOKYMEHTa OCTABTCR B KOMNETEHLWM NPOBEPAIOLLEra.

Ne Aona Aona McTouHunk Ccebinka AKTyaneH Ha Mogaynb noucka Brokos Brokos
B OTUeTe B TEeKCTe B OTUeTe B TEKCTe
[01] 1,04% 1,35% Marepuiansi 1C http://technolog.edu.ru 27 Aer 2017 Moayne noncka 1553 14
NHTepHeT
[02] 0% 1,35% FOCT P 15.011-96 CucTema pa... http://docs.cntd.ru 20 WioH 2019 Moayne noncka 0 14
NHTepHeT
[03] 0,39% 1,14% MeToanueckue ykasaHus Bon...  http://rudocs.exdat.com 24 VvoH 2015 Moayni noncka 578 14

NHTepHeT

Ewie ncrounmkos: 17
ELLle 3aMMcTBOBaHMIA: 2,52%



