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RTK (real-time kinematic)

o ERMEIICKORBE BB
— A—N\T7UTFHRED) 7 ILIALEH
—BEUVY
— OTF (XY I35A1) BET7 VEX 1/ T4RE
— #FE: 1 cm + 1ppm x K OKFERMS)
— ICR: AIMEIE, EEREAHIE, RERXRF

=
%’—%E’ E1§U>7 D_/{_
SZIEH e S —— Z{EH

10




RTK with RTKLIB] (1)

RTKNAVI RTKPLOT RTKPLOT (GE View)

Receiver: OND_A
V919 Air CH
CSG Shop 9.7"
u-blox NEO- (2048x1536)
M8T card ATOM X5-8300,
RAM 4GB,
Flash 64GB
Com Link to base-station: Y-mobile WiFi Router
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RTK with RTKLIB (2)
: Ty
= Antenna:
Tallysman

TW4721

Receiver:
CSG Shop

u-blox NEO- Tallysman !
MS8T card TW2400




RTK with RTKLIB (3) oEmcrrr

75 FTMPLOT wpe2.4.3 B9: Groghs Barth View.

| 4 ‘test_20160115¥rov_20160115055239.pos

[Edit Wiew Windows Help
afedves] Woclic < £ o - - -

ORI=35.86989587-
AVE=E.

016/01/15 05:52:40 GPST-01/15 06:00:32 GPST : N=1382 B=0.0km Q=1:1345(3
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| Construction
Machine Control

TS (Intelligent Mobile Mapping
Transport System) System

http://www.trimble.com, http://www.leica-geosystems.com, http://www.gpsworld.com 14
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UAV (Drone)

.............

SMARTNAV LI RTK GNSS

SMARTHAY LI RTK GNSS

http://www.drotek.com http://www.emlid.com
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RTKLIB §

* An Open Source Software Package
for GNSS Positioning
— Has been developed since 2006
— The latest version 2.4.2 p11 distributed
under BSD license

Portable APIs and Useful APs

— "All-in-one" package for Windows

— CLI APs for any environments

http://www.rtklib.com

https://github.com/tomojitakasu/RTKLIB
https://github.com/tomojitakasu/RTKLIB_bin
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RTKLIB: History

2006/04
2007/01
2008/07
2009/01
2009/05
2009/12
2010/08
2011/06
2013/04

2015/03
2016/12

0.0.0
1.0.0
2.1.0
2.2.0
2.2.1
2.3.0
2.4.0
24.1
2.4.2

First version for RTK+C program lecture
Simple post processing AP

Add APs, support medium-range

Start to distribute as Open Source S/W
Support RTCM, NRTK, many receivers
Support GLONASS, several receivers
PPP and Long-baseline RTK (<1000 km)
Support QZSS, JAVAD receiver, ...
Support Galileo, Enable BeiDou, ...
Hosting at GitHub, BSD License

2.4.2 p11 The newest patch

2.5.0

New version release (planned)
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Downloads

[" RTKLIE: An Open Source % ;' [} RTKUB: Downlood Stati: %

AEYT @ G

€ C  ® www.riklib.com/rtklib_dow

| Support | Documents |

RTKLIB: Download Statistics 2015/12/02
Number of Downloaded RTKLIB/GT Package Filgs,
rtklib_ | rtklib_ | rtklib_ rtklib_ | rtklib_ | rtklib_
2.2.0 2.2.1 255 2.4.0 2.4.1 2.4.2 J9t-06.3)|(gt0.6.4)
2009/01 73 - - - - - - - -
2009/02 390 - - = = = = = -
2009/03 197 = = 5 = | — E 3 5
2009/04 73 - - > - - ———2_ -
\ 2014/05 236 118 10— — 170 109 531 2645 113
—ag | 221 | e —— g5 111 146 1338 2105 1111
2014707 T—ee———79__ &8 o4 100 419 1862 208 87 \
2014/08 217 69 73 89 80 344 2471 38 72
2014/09 220 a7 a5 57 63 299 3273 58 109
2014/10 201 33 a0 a3 57 207 2730 a1 83
2014/11 132 56 53 50 56 174 3332 53 1057
2014/12 108 57 52 79 72 170 2379
2015/01 129 51 59 72 65 1011 2279
2015/02 87 58 58 57 89 641 1869
2015/03 a8 62 55 87 79 348 2244
2015/04 84 37 35 46 50 333 2375
2015/05 159 99 a1 96 101 1143 2265
2015/06 151 110 108 101 216 516 2003
2015/07 102 70 63 54 77 457 2492
2015/08 104 76 74 75 93 420 2557
2015/09 119 77 97 80 102 349 2140
2015/10 81 a0 44 48 59 250 /115
2015/11 171 56 77 81 92 304 2170
Total 8971 3363 4377 11226 11010 49140 80462

The number is the sum of downloaded binary-packages and full-packages

Copyright (C) 2007-2015 by T. , All rights reserved.
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GitHub

B - o «x
[ RTKLIE: An Open Source % /() tomojitakasw/RTELB
< C | @ GitHub, Inc. [US] | https//github.com/tomojitakasu/RTKLIE QY O G
O his repositor Pull requests  bssues  Gist £+ -
tomajitakasu / RTKLIB @ unwatg{~ J3o desae 3 Yk nd
<3 Code Issues 75 Pull requests 9 "l Projects o Wiki Pulse Gfaphs 3 Settings
No descriptior — Edit
739 b 2 branc
master = New pull request

= tomejitakasu r1ikdb 242 p11
. app
W bin
i bed
m data
i doc

B readme.tot

https://github.com/tomojitakasu/RTKLIB ' 20




Google Scholar

[ RTKLI: An Open Sowrce % [ Takswu Tomaji - Google X

L C | @ hitpsyscholar goegle.cojp/cital sot= WA TwAAMA el o a
Takasu Tomoji Google Scholar
Tokyo University of Marine Science and Technology
Safellite Navigation, Precise Positioning, GPS Q

WL AL TFLA: ykrimorjp

BT - RV

Bkt ] THT 2011 ELIF
5@ 570 507
Sk 1-20 51A% ® h 15 12 "

0 fi
Development of the low-cost RTK-GPS receiver with an open source

13 1"
program package RTKLIB 154 2009 154 I I I I

Quasi real-time faull model astimation for near-field Sunami
forecasting based on RTK-GPS analysis: Application to the 2011

Tohoku-Oki earthquake (Mw 9.0) ] 202
7 (B2

RTKLIB: An open source program package for GNSS positioning 48
T Taka 48 20m

7 www, riklib, comiprogirtkiin 2 4.1, zip
Ray-traced troposphere slant delays for precise point positioning
T Hi T Takasu, ¥ Koyama, T Kond 48 2008
Evaluation of RTK-GPS performance with law-cost single-frequency
GPS receivers 4 2008

Kalman-filter-based integer ambeguity resolution strategy for long-
baseline RTK with ionosphere and troposphere estimation W 2010

f{TEIl:!B ver. 2.4. 1 Manual & % 22
https://scholar.google.co.jp/citations?user=9XWI41wAAAA) 21
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Y. Ohta et al., Quasi real-time faultmodelestimation for near-field tsunami forecasting base on RTK-
GPS analysis: Application to the 2011 Tohoku-Oki earthquake (Mw 9.0), JGR-solid earth, 2012
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Development of a prototype of GEONET Real-time Analysis System: REGARD

HFHREE R v & —  JIIEE R
Geography and Crustal Dynamics Research Center Satoshi KAWAMOTO
RHEHE & — LT - HEREK - EEEER
Geodetic Observation Center
Yohei HIYAMA, Tomoaki FURUYA and Yudai Sato
HAERFZRFEFEI PR AR AR - MU T e i v ¥ —  KHEBESRE
Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of
Science, Tohoku University
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e Raw antenna/receiver performance
— Antenna phase center stability
— Carrier-phase multipath
— Code multipath
e RTK-GPS performance
— Positioning accuracy (RMS errors)
— Ratio of correct AR (ambiguity resolution)
— TTFF (time to first fix) with AR

* Various antenna/receiver combinations

25

Antennas
Low-cost
u-blox ANN-MS S31
AeroAntenn AT575 $200
AntCom AG15A2-XS-3 S194
MicroPlus  2335TB S47
Pioneer GPS-M1ZZ Ant ?
Trimble Bullet Il S125

Geodetic-grade (for reference)
NovAtel GPS-702-GG S995

26




Receivers

Low-cost
u-blox AEK-4T S179™1
u-blox EVK-5H"2 $99 "1
NovAtel Superstar || S165
Hemisphere Crescent 5285

Geodetic-grade (for reference)
NovAtel OEMV-3 $7,995

*1 module only, *2 F/W version 3.00
27

Configuration of Experiment

gﬂ GPS Satellite

Reference %: . % ;
Antenna ApprOX. 1m 3 l..
(Dual-freq) _

=

Antenna Mount
© m - . with Ground Plane
20cm®

Reference
Receiver //
(Dual-freq) Target Receiver —L—=—) PC(Data Logger)
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Results of Experiment (1)

Antenna PCV

Carrier-phase
Multipath

Code

Multipath
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Results of Experiment (2)

RTK-GPS
Positioning Accuracy

RTK-GPS
TTFF with AR

AEAD Ty AT 0

i

-

| ————
=

| 5 i 4 & Al
/ :F Bl 1 ¢ i
g i 3l - £
1_'- 5
.
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Carrier-phase Multipath

Low-cost Geodetic-grade
Antenna/Receiver Antenna/Receiver
(ANN-MS/AEK-4T) (GPS-702-GG/OEMV-3)

Catrier Phase Multipath : u-blox ANN-MS-u-blox AEK-AT (L1} Carrier Phase Multipath : NovAtel GPS-702-GG-NovAtel OEMV-3 (L1)
T

3 T T T 3 T T T

T
RMS=044 cm

T
RMS=0.32em

Multipath (am)

0 " Elevation Angle (deg) ~ 90 0 " Elevation Angle (deg) =~ 90

RMS=0.44cm RMS=0.32cm

Code Multipath

Low-cost Geodetic-grade
Antenna/Receiver Antenna/Receiver
(ANN-MS/AEK-4T) (GPS-702-GG/OEMV-3)

Code Multipath : NovAtel GPS-702-GG-NovAtel OEMV-3 (L1)
3 T T T T

T
i RMS=022m

Multpth (o)
<
Mfultipath (m)

0 " Elevation Angle (deg) = 90 0 " Elevation Angle (deg) *~ 90

RMS=0.75m RMS=0.22m




Comparison of Antennas/Receivers

Antennas ! Receivers 2
1 | 1
Carrier-phase § 08
Multipath 06 ] 06
(RMS, cm) 04[] - 04
0.2 = _: 0.2f - F
0 I 0
1 1
Code 08f 0.8
Multipath ool | — [] 06
(RMS, m) 0.4 ] - 0.4 —
0.2 0.2 - i
T g g 8 £ = 9 5 3 & ¢
z E X8y % ¢ 55 o § 3
*1 with receiver OEMV-3 z < g « T @ 5 < b g2 5 0
*2 with antenna GPS-702 § g’ o @
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RTK-GPS Positioning Accuracy

Low-cost Geodetic-grade
Antenna/Receiver Antenna/Receiver
(ANN-MS/AEK-4T) (GPS-702-GG/OEMV-3)

.=.._-,-_= z 080514, pos - : | 3 - i

:T | NS AVE=0.014m STD=0.0 34 AMS 0,007 i NS e Al
“-“WMWW A o—_ -
::T | UD : AVE=].0¥m STD =001 7 RMT . 040 ::: I UD AVE=D.064m STD=d. ‘I)— M ). 06 5m
o1 10cm a1 10cm
i'yﬁ:ro 0300 06:00 000 12200 15200 18:00 21300 O e 0300 DE=00 09200 12:00 15:00 00 2100 Lo

‘EJ'_-.M.::':am.ocma:_-'.:oq.oc.c-; GFET i H=8029 =0, 0hm Q=1 ‘Elj&;«.\:amw::.‘:wo)_-;:w:w;:c-; GIST : H=86.28 B=0, Dk O 1:5% 13

RMS Error (cm): RMS Error (cm):
E0.39,N0.59,U1.08 @ fix E0.26,N0.36,U0.77
Fixing-ratio: 98.7% Float  Fixing-ratio: 99.8%
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TTFF with AR

Low-cost Geodetic-grade
Antenna/Receiver Antenna/Receiver (L1/L2)
(ANN-MS/AEK-4T) (GPS-702-GG/OEMV-3)

RTK-GPS TTFF (Time To First Fix) - u-blox ANN-MS.-blox AFK-4T RTK-GPS TTFF (Time To First Fis) - NovAtel GPS-702-GG-NovAtel OEMV-3 (L112)
S 100 3000 ——————— 100

0 % TTFF(sec) ' 1800 0T TR (se ™ 1800
Mean: 652.8 s Mean: 0.5s
95%: 1840.0 s 95%:0.0s
Max: 3490.0 s Max: 130.0 s
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Low-Cost Receiver with RTKLIB

* Objectives

— To demonstrate and verify the low-cost RTK-GPS receiver
without PC

— To evaluate production cost, CPU load, memory usage,
power consumption, RTK performance, etc.

— To provide a platform for various RTK applications

* Porting RTKLIB to Embedded CPU

— Needs powerful CPU for many floating point operations

— Needs various peripherals for rover-base station
communications like WiFi LAN, Bluetooth, modem devices

36




Hardware

Receiver Board

Beagle-Board (Rev C)

Selection of Receiver Module

vendor | poaiiodute | 1 | FOH | aate | prce

NovAtel SuperStar I B 12ch 1Hz $165

NovAtel OEMStar *2 B 1l4ch 10Hz 2009/4Q
Magellan AC12 M 12ch 1Hz $106
SiRF SiRF star Il C 12ch 1Hz S57
GARMIN GPS 15L/15H M 12ch 1Hz $60
I u-blox LEA-AT M 16ch 10Hz $179
u-blox LEA-5T M 50ch 2Hz $179

u-blox LEA-6T M 50ch ? 2010/1Q
Hemisphere Crescent B 12ch 10Hz $285
SkyTraq S1315F M 12ch 20Hz $25

*1 B: OEM Board, M: Module, C: Chip, *2 Supports GLONASS
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Parts List and Price

No Parts Specs Provider | # Price
1 Beagle-Board |OMAP3530, 256+256MB RAM/Flash| Digi-key 1 $149
2 LEA-4T 16ch, Single-Freq Receiver Module u-blox 1 $179
3 |Extension Board 3" x 1.2", double-side Silver Circuit| 1 S18
4 |TPS79933DDCR| ICLDO Reg 200mA 3.3V TSOT-23-5 Tl 1 s1
5 |[TPS79930DDCT| IC LDO Reg 200mA 3.0V TSOT-23-5 Tl 1 S1
6 TXS0108E IC 8bit Non-Inv Transtr 20TSSOP TI 1 S2
7 TXS0104E IC 4bit Non-Inv Transtr 14TSSOP TI 1 S2
8 Connectors SMA, D-Sub-9P, Header-28P-M/F - 1s S20
9 | Chip Cap, Reg. - - 1s S2
10 | Case YM-115 115x 80 x 20 mm Takachi 1 S6
11 |Screws, Spacers - - 1s S3
12 SD Card 2GB - 1 S20
Total - - - S403
OP1 ADIS16354 6-Axis MEMS-IMU, 1.7g, 300deg/s ADI 1 $720
OP2| CLM-112-02 24P 1mme-pitch sockets Samtech 1 S7
39

Software Configuration

* Operating System

— Kernel: Linux 2.6.29-OMAP1+Patchs
— Root FS: Ubuntu 9.04 for ARM on SD-Card
— Peripherals: USB LAN, USB WiFi, USB Modem,...

* Cross-compiler

— ARM-gcc 4.2.1
— Compiler options

-03 -mfpu=neon -mfloat-abi=softfp -ffast-math

* LIBC: glibc 2.9, libc6-vfp

— Optimized floating-point library for ARM co-processor

40




RTKRCV

* Console AP for real-time positioning
— Newly implemented for Beagle-Board-based RTK receiver
— Portable to many targets like Windows, Linux, Mac OS X
— Will be incorporated into RTKLIB ver.2.3.0

* Features

— Various receivers, input/output formats, stream types,
positioning options are supported same as RTKNAVI

— No GUI but support TELNET login from remote console to
set options, control and monitor the receiver

— TCP/IP stack and device drivers are provided by OS

41

CPU Load and Memory Usage

- 10 Hz update of RTK-GPS solutions
- Receiving RTCM v.3 via NTRIP with E-Mobile HSDPA modem
- Logging all raw measurement data and solutions to SD card

$ top

top - 00:08:24 up 24 min, 1 user, load average: 0.16, 0.24, 0.18
Tasks: 46 total, 1 running, 45 sleeping, O stopped, O zombie
Cpu(s): 24.3%us, 1.3%sy, 0.0%ni,73.4%id, O.7%wa, 0.3%hi, 0.0%si, 0.0%st

Mem: 239616k total, 30476k used, 209140k free, 3540k buffers
Swap: Ok total, Ok used, Ok free, 12492k cached
1876 ubuntu 20 0 11896 2344 1256 S 25.1 1.0 4:13.09 rtkrcv
1894 ubuntu 20 0 2492 1160 936 R 0.7 0.5 0:00.16 top
1 root 20 0O 2860 1896 572 S 0.0 0.8 0:01.49 init
2 root 15 -5 0 0 0S 0.0 0.0 0:00.00 kthreadd
3 root 15 -5 0 0 0S 0.0 0.0 0:00.07 ksoftirqd/0
4 root RT -5 0 0 0S 0.0 0.0 0:00.00 watchdog/0
5 root 15 -5 0 0 0SS 0.0 0.0 0:00.04 events/0
6 root 15 -5 0] 0 0S 0.0 0.0 0:00.05 khelper
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Positioning Error and Fixing Ratio

------------------------------------------------------------------

........................................................................................................

0.1}-

0.0

-0.1

.........................................................................................................

----------------------------------------------------------------

Time to o1}l
First Fix:o.o!

8' 15" o4ff- 1
0.2}

------------------------------------------------------------------

09:45 10:00

10:15

10:30

10:45

11:00

T 11:15

11:30

® : Fixed Solutions (59.6%) ®: Float Solutions (40.4%)
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GNSSH 2 R WMEBTFiE

GNSSETE D
SRT L 2010 2014 2017 2020
GPS 31 31 32 32
GLONASS 23 (+2) 24 (+3) 24 (+3) 24 (+3)
Galileo 0 4 18 27 (+3)
BeiDou 6 16 35 35
(OVAN 1 1 4 7
IRNSS 0 1 7 7
SBAS 7 8 11 11
L 68 86 134 149
13 GNSSIE = B R & i3
L5/E5a  ESb 12 Eg___r__Ea/LEx/LG | L1/E1
B _“J;"_“i“%:i:j:_?_" S E :
' Q\ — MR T 7AW/ NN
fERVAT N IVERVARSE S8 f&‘ﬁ AR

L1

........

- ( YYang, COMPASS Vlew on Compatlbl//ty and Interoperabl/lty, 2009)




RR LEZOGNSSHE EEE

0 - O 3
S i: @ . @ GPS(12)
°® 2 ‘@ g0
@ @@
= 60§ @ @@ ) @ Galileo (4)
@ @ QZ7Ss(1)
@@@ % st @ BeiDou (10)
) @ Qg % o ¥ @ SBAS(4)
%7 o # Total (39)
2013-06-12 10:20 GPST (%5>10%)
RTKPLOTIZ&R AR AT Ovk .
Multi-GNSS-RTK
By Simulation , : ; I—

31GPS+
27 Galileo

31 GPS

LR
AL :JRZ T, .L AV

et P e

Skyplot . NSAT, DOP: El Mask>30°"
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GPS vs GPS+Galileo

RTK Performance: Baseline 13.3 km, Instantaneous AR

El Mask=15° El Mask=30"
o [ o | o | EMSErrfe o [ s e
L1 - 49.7% | 4.6 8.1 | 19.0 | 23.3% | 71.4 |115.0| 289
L1,L2 - 99.0% | 1.4 1.3 19 (87.6% | 3.4 | 10.5 | 15.5
L1,L2,L5 - 99.0% | 1.4 1.3 19 [(873% | 3.4 | 10.5 | 15.6
L1 El 98.8% | 1.3 1.2 19 [(90.1% | 1.2 2.1 2.7
L1,L2 El 98.9% | 1.4 1.2 1.7 [98.7% | 1.2 1.0 1.6
L1,L2,L5 ElE'EEa' 98.9% | 1.5 1.3 20 [989% | 1.3 1.1 1.8
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RTK (i€ 3k)

Antenna: ~¥400K

Receiver: ~¥2,000K

EER

W
R

GPS

Antenna-

E&T

1¥5005 {iL

— N —

http://www.trimble.com

Receiver:
~¥2,000K
[ Controller:
: ~¥500K

®EE
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RTK with RTKLIB

@ @ GPS, GLONASS,
QZSS, Galileo,
// X\ X\ BeiDou

Antenna: $75.45 Antenna: $75.45

-

8T
1 ¥6 A 1L
Receiver: Receiver:
$74.99 R S$74.99
Windows

.,,EC Tablet P

X (7 F) $179 . —
HER BeEmE
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RTKLIB® Jii:
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Mapping Drone

Trimble UX5 HP Sensefly eBee RTK

R
sensefly

<eBee

eBee RTK
survey-grade mapping
drone

http://www.uas.trimble.com https://www.sensefly.com
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Mapping Drone R0 — (& 1E)

Tallysman TW2710
CSG-Shop u-blox NEO-MS8T Card
OpenlLog + Micro-SD
LiPo 3.7V 110mAH
Weight: 48 g, OPR: 1H40min
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Mapping Drone

RTKLIB (RTKPOST) §

P\

https://pix4d.com 53 |

421

RTK-GPS/GNSS &l
RTKLIBOD Bl F
K& RTK
RTKLIB®D > A
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