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RTK-GPS

e Real-time kinematic GPS

— Most precise positioning technique with cm-level accuracy
(100-times accurate compared to general GPS positioning)

— Use carrier-phase measurement as well as ranging code

— Determine relative rover position wrt base-station
(baseline vector)

— Need (wireless) communication link between rover and

base-station

Base <> Rover
Station Receiver

e A\
Data Link




RTK Applications

“Geodetic Survey  Construction PreC|5|onAgr|cuIture
Machine Control

~ ITS (Intelligent ~ Mobile Mapping ~ Sports
Transport System) System

http://www.trimble.com, http://www.leica-geosystems.com, http://www.gpsworld.com



Cost Issue

 High operational cost for RTK-GPS

— Expensive geodetic-grade receivers
— Expensive RTK F/W Options
— Expensive post-processing software

— Limited applications by cost issue 510,000-530,000

 RTK-GPS with consumer-grade receiver

— Feasible and practical, little performance
degradation with high-performance antenna

— Public/commercial service to provide base-
station measurement data via Internet

— Needs external RTK-GPS processing



@ RTKLIB: An Open Source Program Package for RTK-GPS || = e
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p p g @l Overview | Release Notes | Support | Documents | References | Porting to B8 | To Do £
@ RTKLIB: An Open Source Program Package for RTK-GPS
package for RTK-GPS -~
Version Date Binary AP Package for Windows Full Package with Source Programs
220 2009/01/31 220 bin.zip (10.7MB) T B (23.4MB)
L . it 2009/05/17 k (153MB) rtkli - (30.6MB)
— Distributed under GPLv S35 SORF |l 23 bt e
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ease refer the support information to get the latest patchs.
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Overview

RTKLIB is an open source program package for RTK-GPS. RTKLIB consists of a simple and portable program library and
_ several application programs (APs) utilizing the library. The program library of RTKLIE provides:

(1) Matrix and vector functions
{2) Time and string functions

L]
(3) Coordinates transformation and geoid model
(4) Navigation processing
) ing models (troposphere, ionosphere, antenna PCV)

(6) SBAS DGPS correction
(7) Single point positioning

il

. (8) Carrier-based and code-based relative positioning
— i lte St Ve rS I O n (] (9) OTF integer ambiguity resolution
. (10) Receiver raw binary data input
(11) Positioning solution/NMEA input/output
{12) RINEX observation data/navigation message inputioutput

{13) Precise ephemeris input
S a e e V e (14) Stream data communication libra;
L L] ’ L L] L] (15) NTRIP (Networked Transport of RTCM via Internet Protocol) library

(16) RTK-GPS positioning server
(17)RTCM 2.3 and 3.0/3.1 message handling

The GUl and console (command line) APs of RTKLIB includes:

P [ ]
‘ o rt a e c I ra r I (1) Real-time positioning (RTKNAVI)
(2) Post-mission baseline analysis (RTKPOST, RNX2RTKP)

(3) Communication utility (STRSVR)
{4) Plot graph of positioning solution and observation data
{5} RINEX converter of receiver raw data log (RTKCONY, CONVBIN)

several positioning APs

All of the executable binary APs for Windows are included in the package as well as whole source programs of the library and
the APs

The receiver have to output raw measurement data of psendorange/carrier-phase and satellite ephemerides. NRTK (Network

.
RTK) service supporting RTCM 2 or 3 can also be used for the base-station. Please refer Release Notes for supported receivers
S O n I O W S and data messages. The post-mission baseline analysis can process X 11 observation data and navigation

‘messages supported by many receivers. Future version will support other GNSSs such as GLONASS, Galileo or QZS55.

License

— Console APs on Linux etc... R S e :

httb://gpspp.sakura.ne.jp/rtklib/rtklib.hfm
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History

e 2006/4
e 2007/1
e 2007/3
e 2008/7
e 2009/1

e 2009/5
e 2009/9
e 2009/E

v.0.0.0
v.1.0.0
v.1.1.0
v.2.1.0
v.2.2.0

v.2.2.1
v.2.2.2
v.2.3.0

First version for RTK+C prog. lecture
Simple post processing AP

Add windows GUI AP

Add APs, support medium-range

Add real-time AP, support NTRIP,
start to distribute it as open source

Support RTCM, NRTK, many receivers
Fix bugs, provide English manual
Support GLONASS, INS/GPS, ...



Download

rtklib_ | rtklib_
2.2.0_bin| 2.2.1

2009/1
2009/2 352 38 - - - -
2009/3 93 104 - - - -
2009/4 98 53 - - - -
2009/5 45 57 123 63 - -
2009/6 1 0 221 434 - -
2009/7 0 0 138 132 - -
2009/8 1 0 327 191 - -
2009/9 0 0 74 52 314 187
2009/10 0 0 21 6 701 407
Total 645 268 904 878 1015 594

Japan, Network (net), Commercial (com), Germany, Poland, Italy, Canada,
Educational (edu), Ukraine, Austria, Australia, Switzerland, Portugal, Taiwan, Non-
Profit (org), Russia, France, Finland, Spain, United Kingdom, Czech, ... )



RTLIB Library/APIs: ANSI-C

/* matrix and vector functions */

mat (),imat(), zeros(), eye(),dot (), norn(), matcpy(), matmul (), matinv(), solve(),!lsq(),filter(),snoother(),matprint(),matfprint()
/* time and string functions */

str2num(), str2time(),tinme2str(), epoch2time(),ti me2epoch(), gpst2tine(),time2gpst(),timeadd(),timediff(),gpst2utc(), utc2gpst(),
timeget (), ti me2doy(), adj gpsweek(), tickget(), sl eepns()

/* coordi nates functions */

ecef 2pos(), pos2ecef (), ecef 2enu(), enu2ecef (), covenu(), covecef (), xyz2enu(), geoi dh(), | oaddat unp(), t okyo2j gd(), j gd2t okyo()

/* input/output functions */

readpcv(), readpos(), sortobs(), uni geph(), screent ()

/* positioning nodels */

eph2pos(), geph2pos(), sat pos(), sat posv(), sat posi ode(), sat azel (), geodi st (), dops(), i onmodel (), i onmapf (), tropnodel (), tropmapf (),
ant nodel (), csnoot h()

/* singl e-point positioning */

pnt pos(), pntvel ()

/* rinex functions */

readr nx(), readrnxt (), outrnxobsh(), outrnxnavh(), outrnxnavb(), unconpress(), convrnx()

/* precise epheneris functions */

readsp3(), readsap(), eph2posp(), sat posp()

/* receiver raw data functions */

getbitu(),getbits(),crc32(), crc24q(), decode_word(), decode_frame(),init_raw(),free_raw(),input_raw(),input_rawf(),input_oemd(),
i nput _oen8(), i nput_ubx(),input_ss2(),input_cres(),input_oendf (), input_oenBf (), input_ubxf(),input_ss2f(),input_cresf()

/* rtcmfunctions */

init_rtem(),free_rtcm(),input_rtcnR(),input_rtcnB(),input_rtcn®f(),input_rtcnBf()

/* solution functions */

readsol (), readsol t (), outsol heads(), out sol s(), out sol exs(), out sol head(), out sol (), out sol ex(), setsol opt (), setsol format (),

out nmea_r nt(), out nmea_gga(), out nnea_gsa(), out nnea_gsv()

/* SBAS functions */

sbsreadnsg(), sbsreadnsgt (), sbsout nsg(), sbsupdat est at (), sbsdecodensg(), shssat pos(), sbspnt pos()

/* integer |east-square estimtion */

| ambda()

/* realtime kinenmatic positioning */

rtkinit(),rtkfree(), rtkpos()

/* post-processing positioning */

post pos(), post posopt (), readopts(), witeopts()

/* stream data input/output */
strinitcom(),strinit(),strlock(),strunlock(),stropen(),strclose(),strread(),strwite(),strsync(),strstat(),strsun(), strsetopt(),
strgettine()

/* stream server functions */

strsvrinit(),strsvrstart (), strsvrstop(),strsvrstat()

/* rtk server functions */

rtksvrinit(),rtksvrstart(),rtksvrstop(), rtksvrlock(), rtksvrunlock(),rtksvrostat(),rtksvrsstat() ...



Application Programs (APs)

RTKNAVI : Real-time positioning

RTKPOST : Post-processing baseline analysis
RTKPLOT : Plot raw observation data and solutions
RTKCONV : RINEX converter for raw receiver log
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RTKNAVI: Real-Time Positioning

/O Stream Types
- Ser|a| (RSZ32C/USB) % RTK Map = EI ‘

LI_EBS_‘;_‘E"‘E_Efc"l_.;j |Ei b B O

= TC P Se rve r‘/CI i e nt FIX N:35% 52 22,7540" E:138° 23 22.7950" H:1004.022 m § = Ratio: 119.4 :u’u.-
- NTRIP Server/Client

- Local File B ﬂ
¥ RTKNAVI ver.2,3.0b [ 4

2009/10/30 05:44:41.5 GpsT| | | W —E—»ECIE O |

Il
LatfLon/Height T || Rover : Base MNRTK SMR ;dBH:i-”* @ ol
Input Formats g [ s

N: 35°52 22.7696" ke

- RTCM v.2.3  sssezsaene | SECUOREER
-RTCM v.3.1 S 1 Y 1 E
- NovAtel OEM4/V C

- NovAtel OEM3
- NovAtel Super Star I Output Formats
- Hemisphere Eclipse - NMEA-0183

- Hemisphere Crescent - Lat/Lon/Height

- u-blox LEA-4T/5T - X/Y/Z-ECEF

- SkyTraq S1315F - E/N/U-baseline Copyright (€) Zenrin 2009

JI 8 11 17 19 20 28 32

[m]




RTKNAVI: Example 1

# |BaseStation w|. (6o B £
FIX M:35% 52 22,7341 E:138% 23 22,7972 " H:1003,220 m of 5at: &

2009/11/01 21:43:33.9 15T o
Lat/Lon/Height + || Rover : Base/MRTK SNR. (dBHz) ~
50
o

20

Sclutien: FIX ||
N:  35%52'22.7340"
E: 138723 22.7969"
H: 1003.927 m

v

Receiver: e
SkyTraq S1315F S
(Venus 6 raw F/W) RTKNAVI
$25@sample (o) N

(module) '

0 kmjh-To Base Station: Distance 6882, 330m Direction 254, 1°

12



RTKNAVI: Example 2

& Google Earth

[ 710 REE HT w-b 80 ANT

W (02 2 fondT =] [l ~] #1(T @ o o [« .

Receiver:
NovAtel OEMV

P2 F:¥gpslog¥20090515¥s0l_20090515¢.pos

-:-El-u

24 F:¥gpslog¥20000515¥s0l_20090515¢.pos

File Edit View Help

(10 2 0= [endTrk =] [a v] #i T @ = o [« 3

File Edit Vview Help

(12 = [anatk v] [ v] # T & = o [ 3

5m
et — —
e
¥ Fr¥gpslog¥20090515¥s0l_20090515¢.pos (= E [ ¥ F:¥gpslog¥20090515¥s0|_20090515¢.pos [E=E

File Edit View Help

File Edit View Help

02 i fonatrk v| fa ] # T @ o ¢ [ = om




RTKPOST: Post Processing Analysis

e |Input : standard RINEX OBS/NAV files
e Positioning mode:
— Kinematic/Static/Moving-Baseline
 Smoother solution
e High-rate analysis with GEONET 30s data

* long baseline analysis (<1000 km)

— lonosphere/troposphere estimation
— Support precise ephemeris (SP3) (v.2.2.0~)

14



RTKPOST: Example 1
KGPS with GEONET 30s data

¥2 F¥gpslog¥20080511¥ubx4_0263_20080511_... (=] E [

File Edit View Help
1 2 EEDd~| [aL «| H T @ 1| 5

ORI=35,87299233% 138, 38966954 1001, 792m
AVE=E: 0.001m M:-0,002m U:-0,003m

STD=E: 0.006m M: 0.006m U:0.012m

RMS=E: 0.006m M: 0.007m U: 0.012m 2D: 0.018m

b

S5cam

——f

¥2 F:¥gpslog¥20080511¥ubx4_0263_20080511_1Hz.pos =NREN X
Eile Edit View Help
1 2 oAl »| HHT @ K| | 5
0.2
E-W {m) ORI= 35.87299233% 138.38966934" 1001,792m
AVE=0,001m STD=0,006m RMS=0,006m
0.1
U.UMWWMWW
0.1
0.2
MN-5 (m) AVE=-0.002m 5TD=0,006m RM5=0.007m
0.1
D-DMMWWW
0.1
0.2
U-D (m) AVE=-0.003m STD=0.012m RMS=0,012m
0.1

0,2
00:00 00:15 00:30 00:45 01:

[1]2008/05/12 00:00:00-05/12 01:00:00 GPST : N=3601B=6.9km Q=1:3501(100.09

[1]2008/05/12 00:00:00-05/12 01:00:00 GPST : N=3601B=56.%m Q=1:3501(100.0%:)
Q [ )

Receiver: u-blox AEK-4T (Single-freq), 1Hz X 1hr,
Base station: GEONET 0263 (30s), Baseline: 6.9km
Fixing ratio: 100%, STD: E 0.6cm, N 0.7cm, U:1.2cm

15



RTKPOST: Example 2

¥# F:¥riklib_2.2.1_longbtest¥solution¥2110_0586_20090101.pos

File Edit View Help

a1
UD m)

0.1}

0.0 F4%

01

T [ B S TR e S 5] o
0.2
EW (m) ORI= 36.10611429° 140.08719041° 70.301m
AVE=0.009m 5TD=0.007m RMS=0.01m
0.1
i gt e e vy '3
0.0 e o b b i i i
0.1
2
NS ) AVE=0.018m STD=0.011m RMS=0.021m
0.1 I

0.0 AP RN i sl gy ; . Wiy

00: 03:00
[1]2009/01/01 00:00:00-01/01 23:

06:00 03:00 12;00 15:00
59:30 GPST : N=2880 B=100. 2km Q=1:2786(36, 7%}

AVE=0.042m STD=0.030m RM5=0.052m

18:00 21:00

Baseline: 100.3km (2101-0586)

¥4 Fr¥rildib_2.2.1_longbtest¥solution¥2110_0174_20090101.pos

Eile Edit View Help

v 2 P ] #E e - o GO 3 g
0.

0.1

0.2
G0:00

E-W (m) ORI= 35,10611429° 140,08719041° 70,301m
AVE=0,012m STD=0,006m RM5=0,014m
0.1
g B Al . .y e - in
0.0 B o e e e
0.1
0.2
NS (m) AVE=0,016m STD=0.012m RMS=0,020m
0.1

03:00

AVE=D.042m STD=0.028m RMS=0.050m

06:00 09:00 12:00 15:00 18:00 21:00
[1]2008/01/01 00:00:00-01/01 23:59:30 GPST : N=2580 B=300.0km Q= 1:2354(32.4%)

Baseline: 300.0km (2101-0174)

20cm

20cm

¥ Fr¥rikib_2.2.1 longbtest¥solution¥2110_0241_20090101.pos =i [
File Edit View Help
e [ =+ E @ [T o o
2
E-W (m) ORI=36.10611429° 140.08718041° 70.301m
1 AVE=0.010m 5TD=0.010m RM5=0.014m
0.1
i b ik . o aauliiiinn e
0.0 Wermapin/i “ptuluiriy SRS vty APy’ B
-0.1
2
N-5 (m) t AVE=0.017m STD=0.027m RM5=0.032m
0.1 I
0 A, RN Al i P rmp s g P Wiy
H
0.1 H

9 8 L I /
0:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
[1)2008/01/01 00:00:00-01/01 23:5%: 30 GPST : N=2880 5=200, %m Q=1:2635(35.4%)

Baseline: 200.4km (2101-0241)

¥4 Fr¥rildib_2.2.1_longbtest¥solution¥2110_0369_20090101.pos

Eile Edit View Help
T E L=t o = 5
0. T
E-W (m) ORI= 36.10611429° 140.08718041° 70.301m
{ AVE=0.015m STD=0,011m RM5=0.015m
0.1
M & P i 7
0.0 1l ai Bdo e E L
0.1
2
NS (m) AVE=0.015m STD=0.021m RMS =0,026m
0.1 .
i A
0.0 A P ol S Sy P10 W e oy Ppag o ity
0.1
R |
U-D (m) ' AVE=0.025m STD=0.067m RMS=0.071m
0.1 2
Rt
U.UF% -4 = d R
0.1 -
0.2 L
60:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
[1]2008/01/01 00:00:00-01/01 23:59:30 GPST : N=2580 B=500.%m Q= 1:2776(35.4%)

Baseline: 500.4km (2101-0369)

16



RTKPOST: Example 3

Iwate-Miyagi Earth Quake
2008/6/13 22:00-6/14 0:30 : GSI 0193 Minase

Post Processing KGPS Kinematic PPP

(Ref:0041, Eph: IGS Final, Baseline: (Ephemeris: IGS Final+
219km) IGS 30s Clock)

EE= Y - ) Recefver Position ; f:¥iwate miyagi_eq (posfb)
IFAILE) #|EE) FRV) BAQD YoLI) Do FoWw) ~JLF(H) Data  Plot

EE C:¥gpslog¥20080612¥01931650.pos
Eile Edit Niew Help

Receivers

1 2 Positon w|—fall =] Hi T @ ‘ 3 S
s - -l o Receiver Position 950193 - 2008/06/13 23:00:00-2008:06/14 00:30:00 <|=]
A 02
= EHW . - m @ % 0w & a4 & b oA F: Averags MEAN: -0,0000m RAMES: 0.1140m
0.0 :I: =
0.2 -
NS
0.0 R —ae PR, E
) .WM“M"“"W.NMV. E

T
- \ |
uUbD

- * Pl . o AL =
0.0 sprretmme eSSt o ", S e W A S B
L X

33:00 2330 0:00 0:30

-0
2%:00 23:15 23:30 23:45 00:00 00:15 00:

RTKPOST v.2.2.1 GpsTools v.0.6.3




Low-Cost RTKR with RTKLIB

 Objective
— To demonstrate and verify the low-cost RTK-GPS receiver

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

— To provide a platform for various RTK applications

 Implementation
— Beagle Board + u-blox LEA-4T + Ubuntu Linux
— Total parts cost: about $400 w/o options
— RTKRCV AP in RTKLIB v.2.3.0
— Support WiFi, Bluetooth, HSDPA (mobile internet)

18



Low-Cost RTKR with RTKLIB (cond.)

Receiver Board

Beagle-Board (Rev C)




Low-Cost RTKR: CPU Load

- 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 mn, 1 user, |oad average: 0.16, 0.24, 0.18
Tasks: 46 total, 1 running, 45 sleeping, O stopped, O zonbie
Cpu(s): 24.3%s, 1.3%y, 0.0%i,73.4%d, 0.7%a, 0.3%i, 0.0%i, 0.0%t
Mem 239616k total, 30476k used, 209140k free, 3540k buffers
Swap: Ok total, Ok used, Ok free, 12492k cached
1876 ubunt u 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 200 0 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 wat chdog/ 0
5 root 15 -5 0 0 0S 0.0 0.0 0:00.04 events/O
6 root 15 -5 0 0 0S 0.0 0.0 0: 00. 05 khel per

20



Low-Cost RTKR: Performance

E-W (m): | | | ' ' '
) ks B USRS OSSR O N W RMS Error: 3.0 cm
R — A S N— A ) T S N —
027 )5 i i i i Al ;
-2 Lmy) o : : : '
0 AU SO N -~ RMS Error: 4.9 cm .
0.0 P~ —— ||
Y| S A ISR SOV AN SOy & [N TN OO I
. TLD (m) ! 5 :
Timetoos i e _—

First Fix:oo -

S \ i i i i i i i i
8 15" o4f : : ! : i ! : :
o} : : : : : : P :

I 09:45 10:00 10:15 10:30 10:45 11:00 11:15 11:30

® : Fixed Solutions (59.6%) ©: Float Solutions (40.4%)
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Future GNSS

GPS: 32 (US) Compass: 35 (China)
GLONASS: 30 (Russia) QZSS: 3 (Japan)
Galileo: 30 (EU) IRNSS: 8 (India)
. 30 O 30 »
o o 45 @ > 45 =17
60 @
75 @ %75 % .
= e @ e m = @e @ @ m
g W e | % $
0] 4B
GPS in 2009 GNSS in 2015

22



F_uture RTKLIB

e Ver. 2.3.0: end of 2009
— Support GLONASS, Galileo, QZSS
— Add console real-time positioning AP on Linux
— Support receiver dynamics
— Support INS/GPS integration (experimental)

e Ver. 2.4.0: 2Q (?) of 2010
— Support real-time PPP
— Change GUI toolkit to Qt (?)
— Integrated map

23



Summary

* RTK-GPS

— cm-level accuracy with GPS carrier-phase measurement
— Many existing and potential applications
— Cost issue

e RTKLIB
— Open source program package for RTK-GPS
— Portable C library + several APs
— Support low-cost receivers, NRTK

e Future GNSS and Future RTKLIB
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