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Abstract

This project develops the navigation system for agricultural vehicles using the global
navigation satellite system (GNSS) technology which give precise position estimation. The
Graphic User Interface (GUI) helps drivers to control agricultural vehicles on the correct path.
There are two main parts in this project: base station, and rover station. Both stations consist
of an antenna connected to Raspberry Pi and 3G module. This kit receives the parameters
obtaining the coordinates from the base station to estimate a position of rover station more
accurately. With the assistance of 3G modules to transfer data between both stations, the
obtained positions from Raspberry Pi are displayed on the map with the moving path via
Graphic User Interface (GUI). Drivers can control agricultural vehicles precisely by instruction
on the monitor. The results show that the number of constellations of the GNSS satellites has
more influence than the baseline on the accuracy in RTK testing with precision about 2.9
centimeters. The time to get a high precision position is about 7 seconds. While the driver
runs out of the path, The systems offers warning to the driver and can be adjusted the position
to the path correctly. Finally, on the part of Graphic User Interface, the developed program
can create the pathway for agricultural vehicles by entering just four-cornered points of the
affected area. Then it calculates the pathway automatically and displays on the map for

navigations of agricultural vehicles.
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4.2.3 szagnneszndnannligousasaniiiaail 6 Alawins

6 KM baseline

0.06 . .

0.05 4

error distance (m)
o o
o o
w I

T T

L 1

©

o

(v}
T

0 50 100 150 200 250 300 350
Time (sec)

U7 4-6 AnuAIAARBUNNSAUIAIWIIILAz Y1 leanntiguegvieeanly 6 Alawns

MnHanTAaesfuIMm L eatzudl 4-6 WeduruAanandgiuiifisseziing 6
Alawasnuindaueainiadousglutisiaud 0 - 3 wufwes Wellsususundsiiduanlfegg
wiug1an91n9n A fa D Ineiitursrsiiinaufianatavisdstuluanunid 6 wuiiuns uagndy
asnwihdualaoiads nanisnaesifailndifesfutunanismeaesszogiariify 1 wag 3
Alawng uazdmnaziiluBosmilagFuanatites luauisfiun eausathuuiouldie
Uszavisnmiuszervinsnanigiudulddsgud 4-7
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JUN 4-7 Sewazanupaiadaulunisimuinsiuniadioaniiigiuegvinvesnty 6 Alawuns

MneansisesfosazanuiianatnAinnuaaniadeulunsssaiuiesani i
Wieannfignuegvineeanly 3 Alawns wuitisesay 95 IAnuAaAAGRUINTY 2.9 lWudwnes lag
aglurisigensulaliiu 30 wuRasmuausvasivedlasinisil lnedalavagunanisnaaesling

AN5197 4-1

M99 4-1 mannaesUszansnnlunisussanuiniaiiszes baseline #ing9|

1KM (cm) 3KM (cm) 6KM (cm)
GPS 19.2 3.7 11.8
GNSS 5.27 3.36 2.9

IINNANTINABBITLELUNTENINEN g IULazanTIadAA 1 89 6 Alans WUINEIWAU
Anupatataasuluntsuszuuiurlsnemaila RTK Weoldszuudus) uenuileainssuu GPS
WsUsznamuriagiaueanniousglutaia 3 8 5 wuRing Fadlanulndlaseiu uaz

anuneglutisiivansulafeliifiu 30 wufwnsiuidseuvasdvinnaiinmiuaainianain
lun1sweusiedu vilianuRanatnlunIsUsEIam L aieEaduLn winuRanaIndaiuise
sanuuusEUULILFiau ielilvissuunvendesginluldmsmuaugunsalnmsiumslumendsld
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4.3 NAN1IINATUNTBIUAIYNTILEAINITIAFIUNYEInglaeldiwueas IMU u GY-

85
nsianuwiuglun1sinygu Roll Pitch waz Yaw agl¥nnsuensosasainuunnd1asening

ANIALANUANAIMUS @UNSRAIUIBAAINANNISN 19

SovarAuuansslunsingy = 2(a—b)x100 (19)

(a+b)

lnefl a = yuidwualumiieem
b = yuiigunsaliwuiges Ju GY-85 Jnlalumiiasen
R

9

HaN13InYY Roll Meiwuwas Ju GY-85 anyy -15° Gy 15° lnswdeuyulunsiay 5° ag

Wusamnsan 4-2

M13099 4-2 nan13inyu Roll fewuiees Ju GY-85

A1 Roll firviun A1 Roll #iTaléass SovazAnuuAnA1lunITIn

-15 -15.17 -1.13
-10 -10.06 -0.60

-5 -4.95 1.01

0 0.08 -200.00

5 5.18 -3.54

10 10.1 -1.00

15 15.17 -1.13

IINHANTIINABBINUIIANTDEALANULANGITBILN Roll 9nn15inmegunsalisuses Ju
GY-85 fiugy Roll N vuaureud1eties lnglmnaniisosas -0.60 wiiyy 0 84A1 NUIAT a
AINENNISN 4.1 991U 0 danalvinisAunaiifosazanuuansislunsiniiyudanand dawvindu

Souaz 200 1o
HANTINLY Pitch fewuwes Ju GY-85 91nuw -15° Sy 15° Inewdeuyulunsay 5° 9z

Wumamnsan 4-3

M5 4-3 HANTIAYY Pitch anuyuinvue

A Pitch fifuun | #1 Pitch 7ivaldas SovazAuuana1elun1Tin
-15 -15.32 -2.11
-10 -10.14 -1.39
-5 -5.21 -4.11
0 0.3 -200.00
5.19 -3.73
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A1 Pitch Ainvue

A1 Pitch NiAlaase

Sp8aANULANANNIUNNTIR

10

10.06

-0.60

15

14.86

0.94

NANTNDN 4-3 AIANUUANAIITENINYY Pitch TTaliatngunsaliwueas Ju GY-85 wasyy

Pitch Wi miun TAAeudiees lnefifavarannuunnd1eigawiniuiesas -0.60 waghuu 0 a9en 3

Afeazauuandslunsinwiiviesas -200 awsaesuiglaanaunisin 19
NHANITNAaeITAY Roll wazyy Pitch A1Segavarnuuand1ufindulaainraiganie
oiuA auRavesiasuesmnsin ldinyuidudauidn sarsanuaziBenlunsuiasdeyao
< < aa Y 4 s 1 a J o . ¥
weundenidufdneauuiigunsalisuees Ju GY-85 Unasani1sAuIayys Roll wagys Pitch ¢7e
Tumsiayy Yaw asisuinanyy 0° ludidaudunssas 10° laudeyy 350° dnanisinds

AN5199 4-4

MISNA 4-4 HaN1TInYY Yaw A8 GY-85

A Yaw fifvun A1 Yaw 5algase SovazAULANA1TuNTIn
0 0 -
10 10 0.00
20 20 0.00
30 31 -3.28
40 40 0.00
50 51 -1.98
60 61 -1.65
70 71 -1.42
80 81 -1.24
90 91 -1.10
100 101 -1.00
110 111 -0.90
120 121 -0.83
130 131 -0.77
140 141 -0.71
150 150 0.00
160 160 0.00
170 170 0.00
180 180 0.00
190 190 0.00
200 201 -0.50
210 211 -0.48
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AN Yaw firviun A Yaw 73nlase SpgarANULANA1TLUATTIR
220 220 0.00
230 232 -0.87
240 242 -0.83
250 252 -0.80
260 263 -1.15
270 272 -0.74
280 283 -1.07
290 293 -1.03
300 302 -0.66
310 312 -0.64
320 322 -0.62
330 332 -0.60
340 342 -0.59
350 351 -0.29

HAIINNTINYY Yaw A1um13199 4-4 wuderfevazainuunnaiadialifiusesay 3.28

wsellanuudugiliiiu 3 Fuileaadensldnudmiussyiiamauuiuiingugnmanisinens

4.4 NANSNAFIUNITINADINISHALINNANNAAINAULD B9UB a8 INATUIUSATY

4.4.1 HAN35I1ABUBYIEYDINARIYIH Roll NYN -45° U 45°

Adjusted distance haversine vs trigol

1.8 T

121

o9r

Adjusted distance(m.)

0.3

nometry (h =2 m.)
T T

Haversine
Trigonometry

Sl
I | | | |

45 40 -35 -30 -25

=20

45 0 5 0 5
Roll angle(degree)

10 15 20 25 30

35 40 45

JUN 4-8 SzevldeqvesagaInNTAmily Roll
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NFUN 4-8 NUITrULIBaRIEIERINIAINGNNTT Haversine gilsvagineseningiinnves

angInARIn It uaIeeINIATIgNLae IndlAeeiuszeideanis Trigonometry UALAINITANIAIY

waneavessveElafegun 4-9

Difference havesrine and trigonometry adjusted
T T T T

4.8
4.5
4.2
3.9
36
33

A o
24
210
1.8
1.5
1.2

Difference{cm.)

0.6
0.3

0.om—

1 1 1 | e I 1

-10 o 10
Roll angle({degree)

JUT 4-9 Har1avesEevldgIveIeINIAmes Roll WiguiusseziBewmuaun1si 2.37

NNFUN 4-9 wudhsseeidevesaiseinia daulnalfssiussezeslummeug Inedidd

Aafulszanm 8.6 fiaduns aguladnaunisveadinenansanunsonnleiiinvesaigeainiandenie
131 Roll ldagnegnaias

4.4.2 HAN13INADUBYIEYDINAGWYN Pitch 1NYal -45° U9 45°

Adjusted distance haversine vs trigonometry (h = 2 m.)
T T T T T T T

15 T T T T T T T T T T
1.4 P -
N Halaver.'slne
\\ Triganometry
T2 2
- N\
E 1t N
] R
5 \
W 0B 3
o N\ y
B b l
06 \ % .
S
=l f’“
< 04 o
0.2 N
o I I I I I I I T T I I I I I I I
45 40 -35 -30 26 -20 15 10 5 O b6 10 15 20 25 30 35 40 45

Pitch angle(degree)
U7 4-10 seezideevadangeInAmely Pitch
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NFUN 4-10 nuseezidevesa1seIna (@ Haversine) flaailndiAssiussezidg g

Trigonometry annduilumanuuanssmeiuaglanadagui 4-11

4.5
4.2
3.9
36
—~ 33

W27
524
& 21
018
15
1.2

0.6
0.3

Difference havesrine and trigonometry
T T T

-30 -20 -10 o 10 20 30 40
Pitch angle(degree)

JUT 4-11 Was 90952 evldesuad01nAmesu Pitch guiuszeeldeewmuaunisi 2.37

1NFUN 4-11 wudszezidewedatgeinia dadulndlAeiussesideddunimyul lned

Az 4.01 wuRwes asulahaunsneedaaansaiunsowilufiinvedaisoiniandene
w1 Pitch 1

4.4.3 HaN13INADUBYIEYDINIAAWYN Yaw 31AYH 1° JUA9 360°

m.)
o o o
B 8 =

I
o
a
M

01

Adjusted distance(
o
2

Adjusted distance haversine vs trigonometry (h = 2 m.)
T T T T T T T T T

Haversine
Trrigonometry

61 91 121 151 181 211 241 27 301 331
Yaw angle(degree)

4-12 5388LP89UDEEDINANILLL Yaw

360

INFUN 4-12 WUIT2ELB80E80INAMEYY Yaw (U Haversine) dAuuansinaiy

SeeEiBean Trigonometry Ly 0.18 Tadwns anunsouanalanagui 4-13
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Difference havesrine and trigonometry
0.258 T T T T T T T T T

0.24 N

o

[

P
T
|

=

ra
T
|

X:178
¥:0.1748
|

=

o
T
|

Adjusted distance{mm.)
=
&
T
1

<

Y

£
T
I

=

(]
T
1

I 1 I 1 I 1 I I I 1 I
31 61 91 121 151 181 211 241 2 301 a3 360

Yaw angle{degree)

e
L

JUN 4-13 HAAN9UD958 8L BE9UBIDNAGILYL Yaw LHeuiuegud

NNFUN 4-13 wudssezidesiilannnisdesaseinia dandlndifesgud lnediauseanu

o

0.17 fadwes agulusunsufisenwuulianunsawiluiiinvesaigeinianidesmeyy Yaw e e

aa

NARN952ULLDU9UDIAYDINIAN LAIINATSIUSHASUNDDNLUULABUAUTLE LD 89N 19RT LN Ui &

(Fvualidu Deltal) uuand azlanasanis1en 4-5

A15799 4-5 NamnasEezdeaNlaantus kN SUBUNUT 8L De9N19n S IR

HAR193vEEIB8agEa(m.) Deltal
Roll [-45,45] 0.0086
Pitch [-45,45] 0.0401
Yaw [1,360] 0.0002

PNAITNA 4-5 I‘ULLﬂi‘J,JLLm‘Uﬂ’]’mﬂaWﬂLﬂa@uﬁ’lﬁJaﬂﬂﬁﬂﬁﬂ’J’lﬂJﬂa"lﬂLﬂa‘@usLUﬂﬁiLLfﬂ“Uﬂﬁ’ﬂ

gegausznns 4.01 wuhns agulidmanisdnaeddlsunsuanansouilafidaiinainanudes
UBNGRERRRGIELEIWIREARELE

4.5 NaﬂqiﬂﬂﬁaUQUﬂﬁiﬁUU§ﬂﬂq\‘lLﬂ‘lﬂﬂiﬂii&l

dleldnansmaassanidedl 4.1 wagidedl 4.4 wh Fnheunsaifioenuuuiuluneasuuy
savanuasnssuiignldaueds Weneasurnuwivglunssyyfifnsums Snuaznsideves
av9In1A MItuLTINIEUNnTesiaTaLargUNTaifigninds TawEaadesnmmsinauvesgunsn
Tnesa Tnesfuvisasnshndagunsaline vusamanunsnss uanafaguil 4-14
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5U7 4-14 M15AARIQUNTAIULTANINEATNTIH

N3UT 414 andunsindaaeenialivinundensn Beusetugunsal Ublox MST i
wdandesgunsnindn wazgnandaliusnaiietmesnuiu Wefindigunsalneg afaidousenuda
wwyhmsadeuiisamanuasnssluvudumaannuasnsssassgUdmdeniifveuvesitui fu
udunss uagameseuiinanisaaeum sszyaiidaduniadulunadunsilfosnuuuly
viold Tngietnaweadumsilinaaeunansiagud d-15

SUN 4-15 W@EUNNISNAFDUVBITON N YA TN T

Y

Wevin1svadaeunuguR 4-14 uaggun 4-15 SeuTesudiFaifidaduwnienduiinliu

wansuUlUsUNTH RTKPLOT LivegHansvngaunsSuAifinfduiisn1sidun1e wansisgun 4-16
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b4 W P S T SR T RS T Sose S Ll R
o T b e S e E T

10m

'E‘Uﬁ 4-16 NAN1TNASEBUUUTONIUNYAINTTU

MnuansadauULdunslullasnunInssy AfidadumidildfianulndiAsaiuidun
sUBmAsTveuvasiiufidudunss Taodrsgadth3uansaniug Fixed Solution dl¥imnmusiug
Tunsszyfidadumisiigs 9259a@idenansaniug Float Solution delianuusiugilunisszyfida
ﬁT']meﬂasJﬂ’mma;mﬁﬁmﬁu Fsenainannsiiinquatiinsfudygaesaseinia vieduiu
afeniisudynaldisuuleniiuly waresiluuimiweadunsiliusngaiidasiumie
(vevvauiiuiiniadude) feilauvdesnniuiludiniudduligauataduumn viliameoinie
Lignunsasudayaamaiienls Tnenanismaassiuanddiiiugi SoiSsuiisuiiunisszysumis
Tngliodomufnnanilgiu @eduny) nuiiilszdvsamlumstmeiini Taevinswiouiie
Tuvagngaiadunan 30 Jund faguil 417

JuAAvnaaiigu

lifauiananitignu
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MnsansIsuifisunuimnlildruiainaanigiu dumisildeznsedanszaeeglu
fufiseivszana 2 wes wideldduaudananigiuuds aanuianaiaiild azeglunguind
Usvanas 2 wufimns faiufeannsoaguldihmsussanasumidasESuaudananidgiuandam
feu aunsaannnufsmarlioglunasininiy 30 wuhunsld

ileruazmnlumsiUisuiisulssavsamlumsssydiumiseinissiuanifiendidued
auunisaudiigesnuuuldaidly Faimanismasowimuanasiidumaavisudisunans
nagousTUUseg Tismnsneit 4-6 Tnefifhdausyavannldun 1. srusumaiionlussuy (Number

of satellites) 2. LU@%L‘?U@%’@;@N&LaaEJLL‘U‘U?\IﬂSZ? (Fixed rate by the ratio test) 3. nanilalunism
HaasluUTng (Time to first fix: TTFF)

M137 4-6 nansUSeuisunMImegeulseansnislunsseydunia

3 TaUsyavEAN 1 KM 3 KM 6 KM
Number of GPS 8 8 8
satellites GNSS 25 27 26
Fixed rate by the GPS 88.67% 100.00% 27.81%
ratio test GNSS 100.00% 100.00% 100.00%
GPS 34.55 min. 7.42 min. 34.55 min.
Time to first fixed
GNSS 7 sec. 175 sec. 73 sec.

PNNANTNANITNAADIAINANTNT 4-6 WUINHDIANTEUUA LA ENA9DUY) 19 m19aeTuns

Uszanasumis nuinduniuaafisnanniduegivszanu 8 asluszuy GPS anunsaifisau
Uswanal 25 - 27 makdandtienaild Tneravesnisfiusuaunaiisndy dwaseUssansnwly
N15USERNA LML UAY Fixed rate by the ratio test ianunsalinataasuuuiinglduiniy
nanfAoaansnyszanuiumitldeswieidedasiidilifnnudeweswiumisiigs ufazegien
anfigruusvana 6 Alawesld wazgavined doflumafinduiuaaifisulunisUssanusumsdy
fedsnasonalumsseliiszuunienldaunie Time to first fixed Invanasainyszanandsialus
widosnegiiussanallaiiy 3 udild

4.6 M3UsZUTIANERNLUURUNTA]

dmsuludiunisussliunaduyusiegunsal 1 yanasil ssuseneulumeeazdenmingg

v

Al

- Raspberry Pi 3 Model B 411U 2 n x 1,500 U = 3,000 Um
- gunsnlaneInatledy 91uIu 2 4a x 150 UM = 300 um
- AT SD Card $919 2 B x 500 U = 1,000 UM
- Tugadudayayrad GNSS 91U 2 ¥ x 2,500 UM = 5,000 UM
- @10INNATY TW-3740 12U 2 fid x 4,200 UM = 8,400 UM
- @18 Mini USB 91124 6 1dU x 50 U =300 UM

unil 4 Wil 4-16



- @18 Micro USB 813U 4 1dU x 50 U =200 U

- aeidgann TNC-SMA 117U 2 1@ x 500 U = 1,000 UM
- ADRNWUUTINAWIS = 10,000 UM
- 299suUasusesuludi = 570 UM
- UTNBUEAINE = 2,200 UM
- Tuga Wifi 91u7u 2 1394 X 3500 UM = 7,000 UM
- aircard 91U 2 Lﬂéa\‘i X 740 U = 1,480 UM
- naesfuisuau 2 naes x 450 U =900 UM
- battery 91u2U 2 Aol x 800 UM = 1,600 UM
- Tripod = 1,500 U
sudunuildiaiy 44,450 UMsiBYn

4.7 ayegranisuntulguselevd

v

gunsalAuwuURTALITY Az lUARReTUTaNILNYAINTIN A93UT 4-18 Taeauisasey

]

AunianigauLiug lusEAuEuAasle wazdalinsimuinisasiuduniasasiunuiinig
nensnssy asnsatufindumslildenluasidaly siutvenssesiilernniduniedsgun 4-19

iandadoulitudl murusalidunsedunustlanaeniian wargaelfiamnsayssendidniu
nsfuAdeyanie 3ngld eanunsaiudiudeyaaslulunauila

T A

JU 4-18 MsfafagUnsaliukuuiuIanIaunymsnss
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unil 5
ayunansAneuazdaiauauue

IINNANITOONKUUTEUUTTYRTUNUIIINA1TBuT O ULDaL0d 2875 RTK (Real-Time
Kinematic) Im‘h’f@ﬂmaﬁ Raspberry Pi, Arduino nano, Ublox M8T GNSS tag TW 3710 PUINTEUU
fanmpanunsadeustofuld Inglffisduauguaunssiuasliuansaniugvassyuy Weldldau
anunsavhanuldleglidesderuazifeusotiu Raspberry pi lalnonse

fannfutumeulunsdumisesaniipulnewioudioussuisnadenldieiesiu 1
war 2 Ml JuAufinaniedesiuuaniiigiudnneands nudusleidenldaniigudsdud 2
anvduazandguildsnamdiumia 2 anuiituiuasiinnuraiandousindu 0.71 wufuns
Tagldnanlunisduin 103 Jundt Teewloidsuweiesiunnanidguildlunsdunsiunmiadu
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The analysis of positioning accuracy from the usage of multi-constellation in

The 33rd International Technical Conference on Circuits/Systems, Computers and Communications (ITC-CSCC) 2018

single-frequency RTK technique in Bangkok.

Jirapoom Budtho, Nattanarong Nilchan, Natthaphon Popaichit, Natdanai Ngamprasert, Watid Phakphisut

and Pornchai Supnithi
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok 10520, Thailand.
6060116 1@kmitl.ac.th, 57010397@kmitl.ac.th, 57010400@kmitl.ac.th, 5701042 1@kmitl.ac.th,
watid.ph@kmitl.ac.th, pornchai.su@kmitl.ac.th

Abstract

The real-time kinematic (RTK) technique is key to
reduce the errors of rover station positioning to sub-
meter levels with the aid of base stations. When using
the Global Navigation Satellite Systems (GNSS) with
single-frequency receivers, some issues affect the
positioning performances such as the high positioning
errors, low fixed rates and long Time-to-first-fix
(TTFF). Hence, this paper analyzes the usage of the
multiple GNSS such as QZSS, Galileo and BDS
system in Bangkok, Thailand. There are three
parameters which are used to compare the
positioning improvements. The results show that the
system with the lowest number of satellites, the
GPS+QZSS system, can still be useful to improve the
positioning error below 10 cm. Finally, from all the
parameters of positioning performance, the BDS
system gives the most improvement of positioning.

Keywords: single-frequency RTK. multiple GNSS
positioning, positioning performance

1. Introduction

Global Navigation Satellite Systems (GNSS) play
an essential role in modern-day positioning
technology. With the help of the carrier-phase, Real-
Time Kinematic (RTK) technique and dual-frequency
GPS receivers, the rover station can achieve sub-
meter levels in positioning. Nevertheless, when using
the GPS system with the single=frequency receivers,
the positioning issues such as the high positioning
errors, low fixed rates by the ratio test and longtime of
the first fix occurs. Nowadays, more positioning
satellites are launched to improve the positioning
ability such as the Quasi-Zenith Satellite System
(QZSS) [1], European GNSS (Galileo) [2] and Beidou
navigation system from China [3]. The improvement
of positioning with the aid of GNSS system was
studied in Japan [4] and China region [5]. Hence, to
analyze the performance in the Bangkok region, this
paper investigates the aid of these systems to improve
the performance of single-frequency positioning. The
methodology of obtaining the position is reviewed in

Section 2. The experimental setup and the parameters
of positioning improvement are described in Section
3. The compared results are shown in Section 4.
Finally, the conclusions are made in Section 5.

2. Methodology

Dual-frequency
Reference station

L?é

Single-frequency
Preprocessing Reference station
coordinate

Single=frequency Extended
Rover Kalman filter
Ratio test J

procedure

v

Single-frequency
Base station

Fixed solution
procedure

Fixed solution
of position

Figure 1. The flowchart in the RTKLIB GNSS
data processing software.

We use the RTKLIB software [6] for the multi=
GNSS data processing to obtain the positioning
solutions as shown in Fig. 1. By using the Extended
Kalman filter [7], a state vector for unknown model
parameters and its covariance matrix can be estimated
with a measurement vector at each epoch. The double-
difference and the Least Square AMBiguity
Decorrelation Adjustment (LAMBDA) method [8]
are used to obtain the appropriate solution of the

integer ambiguity vector N , i. e.,
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N=argmin((N—$4)' Q;‘(N—rﬁ))~ )

NeZ

where N is the vector of float=solution integer
ambiguities obtained from the extended Kalman filter,
N is a candidate vector of the integer ambiguity in
the search space Z and Q is the covariance matrix.

To validate the reliability of the integer ambiguity
solution, the ratio test procedure chooses the best and
the second candidates from the LAMBDA to compute
the reliability value and then compare it with the
threshold £, i.e.,

N2t)
= = = - > :
(N_NIJ/)FQ_Ql N_Nm) ﬂ (l)

Finally, if the solution of integer ambiguities pass
the ratio test, the fixed solution of position vector will
be obtained from the fixed solution procedure.

3. Experimental setup

Figure 2. The dual-frequency GNSS reference
station located on KMITL.

The permanent reference station with the dual-
frequency GNSS antenna (Fig. 2) is used to obtain the
precise position of the single-frequency base station
(Fig. 3), which is located away from the rover testing
area (Fig. 4). The baselines between the single-
frequency receivers are 1 km (DOY 265 2017), 3 km
(DOY2722017) and 6 km (DOY 019 2018).

Figure 3. Portable single-frequency base station.

Figure 4. The rover testing area.

The reference points in the rover testing area are
marked using dual-frequency receivers, located on a
parking lot of the convention hall at King Mongkut's
Institute of Technology Ladkrabang (KMITL) as
shown in Fig. 5.

Convention A B C D

Hall
KMITL

°

°
°
°

Figure 5. The reference points of the rover
station.

Once the positioning solution of the rover is
obtained and fixed, the rover station is moved to other
reference points of interest (A to D) and held for at
least 30 seconds. These positioning solutions are
compared with the reference one, and then the
performances of the positioning system are evaluated.
The satellite systems used in this paper are divided
into three groups, GPS only (reference), GPS+QZSS
and GPS+BDS.
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4. Results and discussions

4.1 The average number of satellites.

The average number of satellites from each
constellation is shown in Table 1. These results show
that when we use only GPS system, the number of
satellites in the RTK position estimation is
approximately eight satellites. The QZSS system is
designed to use in a specific region, and it can see a
few satellites. However, for the Compass (BeiDou)
from China, there are five geostationary satellites
which can be seen in Thailand region. When included
with the rest of this system, the number of the visible
satellite is about 12 satellites, which can be used in
positioning without using the GPS system.

Table 1. Number of visible global positioning
satellites.

1 KM 3 KM 6 KM
GPS 8 8 8
GPS+QZSS 9 10 10
GPS+BDS 21 21 19

4.2 Positioning errors.

The 95% error from each considered constellation
is shown in Table 2. These results show that when
using only GPS in the RTK positioning, the float
solution can reduce the positioning error to almost 20
cm. When including the other systems, the error can
be achieved below 10 cm. The most improvement is
the BDS which can decrease the error to about 5 cm.
in all baseline.

Table 2. The 95% error from the reference point.

IKM (cm) | 3KM (cm) [ 6KM (cm)
GPS 19.2 3.7 11.8
GPS+QZSS 8.4 3.7 3.5
GPS+BDS 5.3 5.2 4.1

4.3 The time to first fix (TTFF).

The time to first fix from each considered
constellation is shown in Table 3. The results show
that more satellites lead to lower initiating time of
positioning. Typically, the time to the first fix of
single-frequency RTK positioning is about half an
hour. When using twice number of satellites such as
GPS + BDS, the TTFF is lower than 200 seconds or
in 10 seconds for the 1km baseline.

Table 3. Comparison of time to first fix for the
considered system.

1KM(sec.) | 3KM(sec.) | 6KM(sec.)
GPS 2073 445 2073
GPS+QZSS 400 313 400
GPS+BDS 10 199 106

The 33rd International Technical Conference on Circuits/Systems, Computers and Communications (ITC-CSCC) 2018

5. Conclusion

This work investigates the benefits of aiding of the
other global positioning satellites in the single-
frequency RTK positioning system. The results show
that the lowest number of the satellites such as the
GPS+QZSS system can be useful to improve the
positioning error below 10 cm. Finally, from all the
parameters of positioning performance, the BDS
system gives the most improvement of positioning.
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R 1279 Fuaq
1 AndegenAuisUszuana GNSS asuu Woudl 1 Woud 1
vasnaueinailsfa Raspberry pi
2 NadaugaNALIsUTENIaNa GNSS woudt 2 doudl 2
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q NAADUIZUULATDUNY 3G Woudl 2 doudl 2
5 PONLUURUN I TEURMUMLAIEAUTIEY Fouil 3-6 Fouil 3-6
6 ¥msvnaosmeluiiuivesaantu doudt 79 doudl 3-6
7 | eonuuugUnIalsEuiuT e uTey Fouil 3-6 Fouil 3-6
8 ¥msnnassmeluiuivesaantu doudt 79 doudt 3-6
9 FONLUUSZUU GUI Wieduwisanuazain | ieufl 9-12 Weoudt 7-12
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