AfnEF = E23FEEEAS €= —0

GNSS Precise Positioning with RTKLIB

Part |

2011-4-25,26 @EFUEEART R BKSEE QA ESUEERY =AM—



)
=
s
)
)
e
)

GpsTools 0.6.4 RTKLIB 2.4.0

ik v
e B telted | B %
L s ne

P o ari20 I 0 5 T terssouce b s S il m
[ o e e [0

| s o ||| e P
L3 oy e v =1 || g i
| i A S e
- R S e A o : Fanwm
B KRR P e e e S @ e W
) S e | 3 oo
[ f?"‘*"|l‘|‘\|l“ [N b i ogsche —= 3 [
LYRTL |.'H."VL ez R = z 1 H
B i | e oo ] en H
| H
| 5 TR i o B "
R [P et T : %
N 32T 1 I | Hemdl F E
s —
= ‘ e e e W | e =
e

o e o e 2 s

z T a

] et g

F ok [ e = e
b =

ip Suce Table Srersec
AL
e (013007 o Tt
Snpeed )

P

RTETOST
WARTELE w210
o €3 3907958 by Tk




Timetable
1. GPS/GNSS April 25 9:30-10:40
2. Signal and Receiver 10:50-12:00
3. Standard Positioning 13:00-15:10
4. RTKLIB 15:30-16:40
5. RTK April 26 9:30-10:40
6. PPP 10:50-12:00
7. RTK System 13:00-15:10
8. Advanced Topics 15:20-16:20




0.Preparation



WiFi Connection:
SSID: ipntj_2011, PW: XXXXXXXX

RTKLIB Package:
http://www.rtklib.com/prog/rtklib_2.4.0.zip

http://www.rtklib.com/prog/xxxxxxxxxx.zip
(23.0 MB, 26.1 MB)

Sample Data:

http://www.rtklib.com/prog/xxxxxxxx.zip
(18.9MB)



1. GPS/GNSS
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* NAVSTAR GPS

— Satellite navigation system developed by US DoD
— Operated by US Air Force GPS Directorate (GPS Wing, JPO)

e History
— 1978/2 First satellite launch
— 1983  Freely available for civilian use
— 1993  Fully operational (FOC)
— 2000/5 S/A Termination
— 2011/4 31 operational satellites (Test: PRN1=SVN49)
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* GNSS (Global Navigation Satellite System)
— GPS (US)
— GLONASS (Russia)
— Galileo (EU)
— Compass (China)
* RNSS (Regional Navigation Satellite System)
— QZSS (Japan)
— IRNSS (India)
 SBAS (Satellite Based Augmentation System)
— WAAS, EGNOS, MSAS, SDCM, GAGAN
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Military Applications: ...
Civil Applications:
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Air Navigation
Nonprecision approach and landing
Domestic en route
Oceanic en route
Terminal
Remote areas
Helicopter operations
Aircraft attitude
Collision avoidance
Air Traffic Control

Land Navigation
Vehicle monitoring
Schedule improvement
Minimal routing
Law enforcement

Marine navigation
Oceanic
Coastal
Harbor/approach
Inland waterways

Static positioning and timing
Offshore resource exploration
Hydrographic surveying
Aids to navigation
Time transfer
Land surveying
Geographical information systems

Space
Launch
In-flight/orbit
Reentry/landing
Attitude measurement

Search and Rescue
Position reporting and monitoring
Rendezvous
Coordinated search
Collision avoidance

(B.W.Parkinson, Introduction and Heritage of NAVSTAR, the
Global Positioning System, 1994)




Space Segment

R PER N S

Ranging Signal C.omr.nand,
L1,L2,L5 Telemetry, Navigation Data
Ranging Signal
MSC (Master
Military 0 %/f % Control Station)
Jser N~ % Monitor
Stations
Civil User @ @ % %
6> GO B3 Grphnd
Antennas

User Segment Control Segment
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o Satellite Constellation
— 6 Plane x 4 = 24 Satellites (Nominal)
— Altitude: 20,100km
— Inclination: 55°

— Period: 1/2 Sidereal Day (11h 58' 2")
GS Block I

+

(http.//www.ion.org/museum) (http://en.wikipedia.org/wiki)
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GPS S .g 1diS
e Signals
— L1C/A : Block llA, IIR
— L1C : Block IlIA -
— L1P(Y), L2P(Y) (military): Block IIA, 1IR, ( -2020)
— L2C : Block [IR-M -
— L1M, L2M (military) : Block IIR-M -
— L5 : Block IIF -

 Multiplexing
— CDMA (Code Division Multiple Access)

13



S-Band

MCS at Schriever AFB, CO ® 16 Monitor Stations /' 12 Ground Antennas
& Alternate MCS at VAFB 6 OCS + 10 NGA 4 GPS + 8 AFSCN

Greenland

CE g

Wellington

g

@ Monitor Station
Metwork Control Center

@ NGA Monitor Stations
<4 oCs Monitor Stations

MCsS AMCS A
. Master Control Station Alternate MCS GPS Ground Antennas
Schri AFB Vandenb AFB
chriever andenberg A AFscN Remote Tracking Stations 4

(L.C.P.Harrington, GPS Status and Modernization, 2009)
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)

e Development
— USSR and Russia

e Satellite Constellation

— 3 Plane x 8 = 24 Sats + 3 Spare (FOC)

— Altitude: 19,100 km, Inclination: 64.5°

— GLONASS, GLONASS-M (2003- ), GLONASS-K (2011- )
e Signals

— L1C/A, L1P (FDMA: 1602+n x 0.5625 MHz)

— L2C/A, L2P (FDMA: 1246+n x 0.4375 MHz)

— L3 CDMA (GLONASS-K- )
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e Development
— EU and ESA

e Satellite Constellation GALILEO
— 3 Plane x 9 = 27 Sats + 3 Spare (FOC)
— Altitude: 23,200km, Inclination: 56°
— Test Sats: GIOVE-A (2005), GIOVE-B (2007)
— 2012 4 Sats (IOV), 2014/15 18 Sats, 2016/17 FOC

e Signals
— E5a (0S,CS), E5b (0S, Sol, CS)
— E6a (PRS), E6b/c (CS), E1a (PRS), E1b/c (OS, Sol, CS)

16
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Compass (Beidou-2, 1t} )

e Development
— China
e Satellite Constellation e
— Phase | (-2012): 3 Sats (GEO) Atip-//Wwwbeidot:gov.cn
— Phase 11 (-2020): 14 Sats (5 GEO, 5 1GSO, 4 MEO)
— Phase IIl (2020-): 35 Sats (5 GEO, 3 1GSO, 27 MEO)
— 2011/4: 8 Sats (4 GEO, 3 1GSO, 1 MEO), No ICD
e Signals
— Phase ll: B1, B2, B3 (?)
— Phase lll: B1, B2, B3 (L1C, L5 GPS Compatible?)

17
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FNP7CC 1A~  _ _c=> ol ~_a_11
WE&JII (LUASI Zenitn scatell

QZSS Ground Track
e Development
— Japan, JAXA
e Satellite Constellation Aol \
— 1 Sat (I0C), 4 or 7 Sats (FOC) O
— Altitude: ~36,000km, Inclination: 43°
— Eccentricity: 0.075 (1S-QZSS 1.2)
— 2010/9/11 First Sat "Michibiki" Launch “Michibiki”
* Signals <y e
; 4__.”%\
— L1C/A, L1C, L2C, L5: GPS Compatible 253“1 -—

— L1-SAIF, LEX: Augmentation (http-//az-vision.jaxa.jp)

18



SBAS tellite Based Augmenta

omdee onse Cesomdeom
tion yyste

c _— o GEO Satellite
ystem evelopment peration
TN T

WAAS UsS, DOT, FAA 2003/7- -

120
ESA EC 2009/10,

EGNOS S 2011/3- 124
Eurocontrol
129
MSAS Japan, JCAB 2007/9-
137
?
SDCM Russia 2014- ?
?
GAGAN India, AAI, ISRO 2011- 127

Galaxy 15
Anik F1R

Inmarsat-3 AOR-E

Artemis

Inmarsat-3 IOR-W

MTSAT-IR
MTSAT-II
Luch-5A
Luch-5B
Luch-4

GSAT-12

133W

107.3W

15.5W
21.5E
25E
140E
145E
16E
95E
167E

?
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GENEQInC.

(by GENEQ Inc.)
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Catall
1l

2010/01/16 16:12 Compass (Beidou-2) G2 Long March 3C Xichang, China

2010/03/01 21:19 GLONASS-M x 3 MEO Proton-M Baikonur, Kazakhstan
2010/04/15 10:57 GSAT-4 (GAGAN) GEO GSLV Satlsh Dhawan, India Failed
2010/05/28 03:00 GPS Block IIF-1 MEO Delta-IV Cape Canaveral, USA

2010/06/02 15:53 Compass (Beidou-2) G3 GEO Long March 3C Xichang, China

2010/07/31 21:30 Compass (Beidou-2) 11 IGSO Long March 3A Xichang, China
2010/09/02 00:53 GLONASS-M x 3 MEO Proton-M Baikonur, Kazakhstan
2010/09/11 11:17 QZSS-1 "Michibiki" IGSO H-11A Tanegashima, Japan

2010/10/31 16:26 Compass (Beidou-2) G4 GEO Long March 3C Xichang, China

2010/12/05 10:25 GLONASS-M x 3 MEO Proton-M Baikonur, Kazakhstan Failed
2010/12/17 20:20 Compass (Beidou-2) 12 IGSO Long March 3A Xichang, China

2011/02/26 03:07 GLONASS-K1 MEO Soyuz Pleasetsk, Russia
2011/04/09 20:47 Compass (Beidou-2) 13 IGSO Long March 3A Xichang, China

Planned: 2011/5 GSAT-12, 2011/6 GPS Block IIF-2, 2011/7 GLONASS-M x 3, 2011/8 Galileo IOV x 2
21



JINOD CUIIOLC Ul

Number of Planned GNSS Satellites

G)

Eallad
LCIIdAdl

GLONASS 23 (+2) 24 (+3) 24 (+3) 24 (+3)
Galileo 0 4 18 27 (+3)
Compass 6 12 30 32 (+3)
QZSS 1 1 7 7
IRNSS 0 7 7 7
SBAS 7 8 11 11
Total 68 88 129 140
L3 GNSS Signal Frequencies
L5/E5a ESb L2 L2 E6/LEX ) L1/E1
- \ A o : [ S
N V74N N\ AN | | /7 /\l N AN AN N/
1WA f\ I T Mﬂ"\m/fk\\‘w i) /}JUA .

5%722 117645 118668 119691 1207.14 1217 276 1237.83 124806 125829 126852 127875 128898 1299.21 96 1558 1595

( YYang, COMPASS: View on Compatlb//lty and Interoperabl/lty, 2009)



1. GPS/GNSS:
Exercise
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Al \Incilala ANICC CaAadrAllieaAnn~
WIICTU VIDINIT UINJDD IALTIIILTD
* Objective

check visible GNSS satellites N

* Program
.. ¥rtklib_2.4.0¥bin¥rtkplot.exe
.. ¥rtklib_2.4.1b¥bin¥rtkplot.exe

 Data
...¥seminar¥samplel¥

javadl_201102030000.0bs
javadl_201102030000.nav

Acknowledgment:
Sample data were captured by JAVAD DELTA receiver provided by JAXA

24
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Satellite ID
Gnn: GPS
Rnn: GLO
Enn: GAL
Jnn: QZS
1nn: SBAS

Eile Edit View Help

.."..|_12 1.2|vl ||_1 vl- [T ’E-@- o W p[;l_l _I»I X Ei
- ezt 3

%@ f = ke - = st
s = e — - — "7||Tracking Data
5 T o e m—— F— - .
g | : Cycle-Slip
Hg | : Parity
i Unknown
ﬁ «««««
204
23
5
o 28
; 2gql»---u | [ < e — o Ta—
E Poic = ke e E fiof s e
& E? i Dt -+t , - e r o+
R/ gpmmmme s oo S racites “"““:;'-"L"““‘
Eglb—-—-_-- oo} - | et | . o e
ot T B e v
o e B
RiS i i ] T e
Eﬁ - g LD et = .
R30l T T T e - Ephemeris
fosgsozziond . iy = et i
Rﬁ e ey frou et - - Hemm—t o : Toe
- . e e s o o o
éﬁla%%%%%wﬂﬂ . == BN M s oSt S s ine s g i Red:
UU;UU " UH:ﬁU O:00 09:00 . -lZ:UlJ 15:06 13:00 21:00
|[1]2011IUZIUSUU:UU:UU.UUU GPST : M=19 NSAT=19 SMR.=>45 =35 »30 =25 <25 unhealthy

25
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C milaAadk Avw H
SOKYPIOT Oi

T VUl Jd

¥ D:¥proj¥seminar¥samplel¥javadl_201102030000.nav... =

File Edit View Help

------ W2 EEEE] =l -t oeo » »GT 2l xa|
Skyplot ::T !

[ —
ﬁ D:¥proj¥seminar¥samplel¥javadl_201102030000.nawv...

File Edit View Help

______ M- - ot =l- =t oo » » LT =

e oo it el T o M = N gyt .« A
09:00 12:00 15:00 18:00 21:00
AT=19 PDOP=1,4HDOP=0.3 VDOP=1.1

# of Visible Satellites and DOP

|[1]2011,|’02f0300:00:00.000 GPST : N=13 NSAT=19 SMR.==>453 »35 »30 =25 <25

26



Time Format Error BarCirde IDFF vI
Show Statistics Direction Arrow IDFF vI i
Cyde-Slip Graph Label IDN vI

Parity Unknown
Ephemeris
Elevation Mask (%) |0 Plot Style Im
Elev Mask Patern |OFF i i IF'_ vI

Tahoma &pt J

—

Grid Label 0N

Hide Low Satellite |OFF

Maximum DOP

atellite System
¥ GPs [v GLO v Galleo
¥ QZss [ seas [ cComp

Exduded Sats I

OBS Data Options Solution Data Options Common Options

27



2. Signal and Receiver
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g CC C
GINDD I
Carrier

+1
Code
+1
Data 4
||
Signal

00

=)
Q)

N

e~
.
)
et
=g

®

sin(2ft + @)

C(t)

D(t)

|
J2PC(t)D(t)sin(2ft + @) + ...
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G)

L1/E1

L1

L2

L2
L5/E5a
ESb

E6/LEX

Pl P B s
CUITHILAULIVIIID
o e i i T
3PSk (1) 50 bps GPS, QZSS
250 bps QZSS (L1-SAIF), SBAS

BPSK (10) 50 bps GPS
MBOC (6,1,1/11) -/100 bps GPS (llIA-), Galileo
BOC (1,1) -/100 bps Qzss
BPSK 50 bps GLONASS
BPSK (10) 50 bps GPS
BPSK (1) 25 bps GPS (IIRM-), QZSS
BPSK 50 bps GLONASS
BPSK (10) -/100 bps GPS (IIF-), QZSS
BPSK (10) -/50 bps Galileo
BPSK (10) -/250 bps Galileo
BPSK (5) -/1000 bps Galileo
BPSK (5) 2000 bps QZSS

cC C
JJJ

1575.42

1602+0.5625K

1227.60

1246+0.4375K

1176.45

1207.14

1278.75

C/A

P(Y)
L1C-d/p
L1C-d/p
C/A

P(Y)

L2C

C/A
L5-1/Q
E5a-1/Q
E5b-1/Q
E6-1/Q
LEX

30



I')DI\I fm~_ _ __ _ 1 _ ™ _ __ 1 _ _ ar_°_ _\ r.t\tll\
r NIN (FSEeUdO-Rdnadom NOISE) WCUUC
C/A Code Generator M
/ﬂ/ G1 Generator
N1(2(3[4|5|6|7[8]9|10
owseecor | IV
X, Epoch I » Reset B g\ > C(t)
RN C/A
10 ‘ R
10.23M_>Hz M1(2(3|als|6]|7|8|9]10
M G2 Generator
€/

Auto-correlation function

1

z(chip)

-1|1

R(z) = %IOT CHtC! (t - o)t

Cross-correlation function
A

1

z(chip)

0

1T o
R(r):?jo cimCit—ro)dt (i = j)
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3PS Navigation Data
Subframe 30bits x 10words = 300 bits (50bps x 6 s)
1 GPS Week #, SV Accuracy and Health, SV Clock,...
2 Ephemeris
3 Ephemeris
4 | Almanac and Health SV 25-32, lono/UTC, ... | Page 1-25
5 | Almanac and Health SV 1-24,... | Page 1-25
Prea\mble Subframe 24bits 6t}its
TLM | |P| HOW ||P P P P
/15/ p P p p
TOW Count (x 65) ID

32



CRAS Maccace
DDA IVIESSAEE

RTCA/DO-229C 0  For WAAS Testing
Minimum Operational Performance 1 PRN Mask assignment
Standards for Global Positioning
System/Wide Area Augmentation System

Airborne Equipment
(Nov 28,2001) 7  Fast Correction Degration Factor

2-5 Fast Corrections

6 Integrity Information

9 GEO Navigation Messages
SBAS Message Frame

250 bits - 1 Second R 10  Degradation Parameters

12  WAAS Network Time/UTC Offset

A

212-bit Data Field 17  GEO Satellite Almanac
L 6-bit Message Type ID (0-63) / 18 lonospheric Grid Mask
—— 8-bit Preamble 24-bit Parity 24  Mixed Fast/Long Term Satellite Correct.

25 Long Term Satellite Error Corrections
26  lonospheric Delay Corrections

27  WAAS Service Messages

RTCA: Radio Technical Commission for
Aeronautics
33



SiRF, u-blox, Garmin, Hemisphere, Trimble, Leica, Topcon, NovAtel, JAVAD, Magellan, ...

Handmade GPS recelver' $400

34
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s
L
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Cl
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INNCTLC

V Antenna

PaYa
CL

=
L

B

>

Baseband Processor

D PaY
1T

Solution
(NMEA)

L1 RF

A 4

Front-End

A

A 4

A

12 DEC

\ 4

A

LL I\

Front-End

\ 4

A 4

\ 4

\ 4

A

Reference Oscillator

\ 4

Receiver
Processor

Navigation

Processor

Rcv Clock

v

Raw Data
(Pseudorange,
Carrier-Phase,
Ephemeris, SV

Clock)
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"
)
~r
M

X
-5
O

Antenna

Y

BPF

RF
Processing

)
Q.

AGC

ADC

Synthesizer

A

_@_

Reference Oscillator

 1stDown | 2nd Down

. Conversion : Conversion .

§ BPF § BPF *[>+
Frequency

H

Baseband
Processors
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Ot
Reference Oscillator

Rcv Clock

DAOTNAIIU FIULTOOVI
| and Q Sampling Correlators Accumulators
Front- »(X) S i,
end g f : S |,
) 4 X A 2 QE
i QO y'Y = : 2 &»
Ic Qc ? q i Receiver :
7 > 2 —L> Processor
— el e |
Carrier . Code ' E,PL Reference
NCO NCO Code Generator
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INNCTLC

* Receiver Processor
— Acquisition : Search Doppler Shift and Code Phase
— Code Tracking : DLL (Delay Lock Loop)
— Carrier Tracking: FLL/PLL (Freq/Phase Lock Loop)
— Navigation Message Decode (Ephemeris, SV Clock, SBAS,...)
— Generate Pseudorange, Carrier-Phase, Doppler-Freq

 Navigation Processor
— Navigation Processing (Single Point, DGPS, SBAS, RTK, ...)

— XYZ to LLH, Geoid model, Code Smoothing
— Output NMEA

38



|:| : I:I % Baseband Processor
]

Code NCO [«
Range |
ﬂﬂmﬂ[m DLL
CE,P,L
3

co¢l Obr o Diaf
,®_. Correlator [ 2

Pseudorange,
Navi-Data

>

[
»

Carrier-Phase,
Doppler-Freq

Y
RF— A
Frontend P
MWWNWMNWW PLL/FLL
]
Local @—, carnie “
Oscillator Mo Aol
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Iro CpPIeIimiceris
Mg, 4An,e,v A, Qy,iy, @, €2, 1DOT,Cye,Cuss Cres Cres Cics Ciss Toe
Q ° A Z
Orbital plane ... Satellite

E=M —esinE

M: Mean Anomaly.f""'

[ORNCLEIIIEE,

major Axis

o
g /;k(
A Ae : Argument of
:Semi-  : Eccentri Péfigee

: Right Ascension of
Ascending Node
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Catalli:a D a1 Ivv2 cecre)
Sdteite rosSition \AY4-coicr)
tk :t—toe _//_f—@l\ .....
n =\/u/A3 +4n B
M = Mg +nt, tk
E =M +esinE : Kepler Equation *I**
- tC t. t L >
¢ = ATAN2(vV1—e? SinE,cosE —e) + @ P o2t loeg TOW (s)
1 0 0
. 9 CUS CUC sin 2¢ R, ()=|0 cos® sind
r (=| Al—ecosE) |+| C,s C,. c0s24 0 —sing cosd
i iO + IDOT tk CiS CiC coséd 0 —sind
Ry@= 0 1 0
0= QO+(Q a)e)tk a)e oe sin@ 0 cosd@
. T cosd singd 0
r (t): RZ(—Q)RX(—I)(rCOSU,I’SII’]U,O) R,(8)=|—-sind cosd O
0 0 1
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W
W
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O
O
2]
N
A",
Q)
-
e~
M
-
N

afo,af1,af2, Igp loc

Satellite Clock Bias

2
dT (t) =dfp + afl(t _toc) + Ay Z(t _toc) + Atrel + AtGD

Relativity Correction:

— 24/ 1t AesinE
Apey = )
C
Group Delay Correction:
(—Tep  (L1)

Moo =1-7Tep  (L2) (¥ = £/ f,°)
0  (LC)

\



2. Signal and Receiver:
Exercise
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L P vernwe £ sk
LCUI Tl WUUl

V o Dﬁﬂﬁ
Ul INNCTLC

RTKLIB - RTKNAVI
° Objective RTKNAVI ven2.4.(-

2000/01/01 00:00:00.0 &psT| 1 |O00~-0~00000 o] L

monitor receiver output data S OD'

* Program m - oown
... ¥rtklib_2.4.0¥bin¥rtknavi.exe _____
..¥rtklib_2.4.1b¥bin¥rtknaviexe =

e PData

...¥seminar¥sample2¥
ubx_20090515c.ubx (u-blox)
oemv_2009515c.gps (NovAtel)

u-blox AEK-4T NovAtel
(LEA-4T) OEMV-3G

44



(1} Rover v| X o |I ASC HEX Close
LatfLon/Height Rover SNR (dBHz) N _ -
Solution: SINGLE r & 51,18 255,49, 21,12, 217,37 =
F 43, 50,458,185, 42, 30,28,185,47,12, 52
o (2048, 22, . .
35.71895653 7.03841,E,051e37.70, 8, D*aZ
"

,0_064,142
N, 0,158

90,3543 _12534,N,13 0 10,0.90,371.3,M,38_5,M, 999 _9, *72
7,15,26,14,0%,18,21,22,30,12,,,1.78,0_590,1_54%0¢
095,45,26, 49 14,159,293, 4z

NMEAO0183: S e

SGPRMC : Recommended minimum 2. .
data for GPS

SGPGGA : Fix Information

SGPGSA : Overall Satellite Data

SGPGSV : Derailed Satellite Data

SGPGLL :Lat/Lon Data, ...

e

-10

- . F=F

-03644 . E

S

2,10,0.90,371.3,M,38_5 M, 989 _9, +72

7.03644,E,051638.10, 8, D*&F
00, 00%64

$GPGGA,123519,4807.038,N,01131.000,E,1,08,0.9,545.4,M,46.9,M, ,*47

Time (UTC) Latitude Longitude /# of Sats \ Altitude Geoid Height
Quality HDOP
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NlAawAdAal
INUV/AALCI

RTKNAVI ver.2.4.0
2009/05/15 05:16:19.9 GpsT| 1 |WOI-+E—00 000 o

[Rover SNR (dBHz) - RaW OBS Data
oo P Irmow verz 1 i vort o

]

Lat/Lon/Height

N: 719 Close |
E: 384501170, SAT [Rev [P1 (m) [p2 m) [P5 (m) |L1 (cycle) |L2 (cyde) |L5 (cycle) [pitHz)  [p2(H)  [ps(Hz) |51 (dffs2 (dfs5 (@Liis [iir2 [1u15 [Codei|Code2|Codes]
; RS 8 1 |20254045,344 | 20254045273 0,000 106435723,359 B2936926,625 0,000 -1569.516 -1223.004 0,000 51 47 0 @0 0 0 L P
2008/05/15 05:16:55.050 |12 1 21293395828 21293396.062 0.000 111900178.059 B7194946,887 0,000 2080633 1605.588 0,000 50 47 0 0 0 0 Lic P
2008/05/15 05:16:55.050 |14 1 | 23920224.086 23920225.992 0.000 125701628750 97949332531 0,000 2577.184 2008.195 0,000 44 3 0 0 0 [0 LIC 1P
2008/05/15 05:16:55.050 |15 1 | 23184243,391 23184250.945 0.000 171834049,105 94835627.551 0,000 -2278,723 -1775.633 0.000 4 42 0 0 0 [0 Lc Lw
o 2008/05/15 05:16:55.050 |18 1 | 20337804.664 20397803.867 0.000 107191184,340 83525594,473 0,000 144,500 112,534 0.000 50 46 0 0 0 0 Lic P
2008/05/15 05:16:55.050 |21 1 24087102391 24087105.648 0.000 126578593.832 98632661410 0,000 -2798.957 -2181.008 0.000 3 3 0 0 0 [0 L 1P
ol 5|l 2009/05/15 05:16:55.050 |22 1 21637873453 21637871398 0.000 113707737.055 88603462492 0,000 2030.109 1581.802 0.000 50 42 0 0 o0 0 Lic P
2008/05/1505:16:55.050 |26 1 21781140.951 21781141672 0.000 111833159,336 _87147709.066 0,000 -1709.853 -1332.363 0.000 S0 44 o 0 o o i e
2008/0) ¥ RTKNAVI ver.2.4.0: RTK Monitor
2008/0)| ——
20090 [ ~ [[current | 10N/UTC: 7.45E-08 2.246-08 -5.36E-08 -1, 19E-07 5.60E+04 8. 19E-404 -1, 3 IE405 -5, 246405 -2,79E-09 7.99E-15 4,53 +05 1. 28E-+03 Close |
2009/0| |SAT |10 _|statuf1ope|100c | AcaHeal| Toe [Toc [Ttrans |a @ le lio (deq) _ |OMEGAD (ddomega (deg|M0 (deg) |deltan (deg/s)|OMEGAdot (d{IDOT (deg/s) ~
2008/0) 1 - 52 |52 0 |3 |3011/02/17 20:00:00 2011/02/17 20:00:00 - 26550239.017 |0.00448206 55.43803 -69.30387 50.33524 -175.02323 2.67S0E-07 | -4.82B0E-07 -1.5593E-08 | |
o090 (2 2 - 21 |21 |0 00 2011/02/18 02:00:00 2011/02/18 02:00:00 - 26560729310 |0.01000893 5381631 43.80734 |-176.47563 -92.40715 2.9107E-07 -4.7527E-07 |4.7230E-03
o08fof(3 3 - (52 52 |1 00 |2011/02/17 22:00:00 |2011/02/17 22:00:00 - 26560157900 |0.01396957 5321504 -16.41322 61.46513 145.44613 2.7460E-07  -4,50B0E-07 -8,1677E-03
oo0sfof(4 4 - (74 (74 0 00 2011/02/18 0Z:00:00 2011/02/18 02:00:00 - 26550578082 |0.00961511 5376371 50.81085 |40.64354 79.96080 \2.9613E-07 -4.871E-07 3.2271E-08
5 5 - & |6 |0 |00 2011/02/1710:00:00 2011/02/17 10:00:00 - 26550661.202 |0.00225705 5470653 | 110.66967 16.08544 -116,18357 2,9312E-07 | -4,8045E-07 -2.B395E-08
6 6 - 8 (83 0 |00 2011f02/17 22:00:00 2011/02/17 22:00:00 - 26560246840 |0.00646562 |53.62838 -12.24224 -49.26303 -94.66636 2.6840E-07 | -4.6851E-07 -2.3672E-03
7 7 - 43 43 0 00 2011f02/17 22:00:00 2011/02/17 22:00:00 - 26560350034 |0.00417408 5579834 12883702 -177.57532 49.20372 | 2.5221E-07 -4.7203E-07 |2.13446-08
8 8
0 o[/ RIavE verz.4.0: R Montor e e
3
10 1 Close "
GPS E ! Trov PRNlTvdee_ssage |Conhems | o
. 13 00490 05:16 137 26 |Co6ADC3IZE18F11F04F3 1DCOBED4F02FC IFE 12F08F3735 13E0AFD4FEDDD Ionospheric Delay Corrections ’:I
Ephemerls 14 |14 |2009/05/1505:16:11 129 26 | C869IC41SEIFFOF78A7C3C21EDT04F8 19COAED4FB23C4 E IEF 1476000 Tonospheric Delay Corrections
15 | 14I[?009/05/1505:16:12 137 28 |537224CSSBECS08T6E46037EBBOF ABBC 2BEFFASEE0C 2EE 44F SBA41080 Clock-Ephemeris Covariance Matrix Messz
= 2008/05/15 05:16:12 | 129 |28 | 537224C55BECS0876E 4603 7EBB0F ABBC 2BBFF69880C 2EE 4447 56441080 Clock-Ephemeris Covariance Matrix Messz
2008/05/15 05:16:13 | 123 |25 | 9AG651D309006008053077E000927A8000000000000000000000000000 Long Term Satelite Error Corrections
[ 1l 2000/05/15 05: 15113 | 137 |63 | 9AFCO000000000000000000000000000000000000000000000000000 Null Message
2008/05/15 05:16:14 | 137 |4 | C612800DFFDFFFFF IFFDFFC287FD 1IFFDFFOFFDFFOFFDBEA TBB33FFFFCO Fast Corrections
2008/05/15 05:16:14 | 129 |4 | C610800DFFDFFFFF IFFDFFC287FD 1IFFDFFDFFDFFDFFDBEA TBB33FFFFCO Fast Corrections
2008/05/15 05:16:15 129 |2 | S3089FFFFFOFFDFFOFFDFFDFFDFFCO2400DFFCO0SFFFEEBEFEESBEFS0 Fast Corrections
2008/05/15 05:16:15 | 137 |2 | S3089FFFFFOFFDFFOFFDFFDFFDFFCO2400DFFCO0SFFFEEBEFEESBEFS0 Fast Corrections
2009/05/15 05:16:16 | 137 |3 | 9AOCBFCBFFOFFDFFFFFSFFDFFCO17FF SFFFFFDFFCO06SEB9BES0DFERS0 Fast Corrections
2003/05/15 05:16:16 | 129 |3 | 9ADEBFCBFFSFFDFFFFFSFFDFFCO17FFSFFFFFDFFCO06 SEB9BBI0FEE3E0 Fast Corrections
SBAS 2003/05/15 05:16:17 | 137 |26 | C66A1023E0CF04F82FCODEDAFO00000000000000000000000000006000 Ionospheric Delay Corrections
2008/05/15 05:16:17 123 |63 | C6FCO00000000000000000000000000000000000000000000000000000 Null Message
2008/05/15 05:16:18 | 129 |63 | 53FC000000000000000000000000000000000000000000000000000000 Null Message
Messages 2008/05/15 05:16:18 | 137 |1 | S307FFFFFFFC0000000000000000000000020200000000000000000080 PRN Mask
2008/05/15 05:16:19 | 129 |26 | 9AG9CE47CIFEODE53413A07E03F023C07E20FIEFASFE43C IFEODEGOD0 Tonospheric Delay Caorrections i
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3. Standard Positioning
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nl‘ S 0 B A M £ N
rsSeuaordnge
Definition:
The pseudo-range (PR) is the distance from the
PS = = C(t_ _ t—s) receiver antenna to the satellite antenna including
S receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delays) (RINEX 2.10)
=
@ At Satellite t 7 t-7 Time by Satellite Clock (s)
| >

UL UL U T OO UL ot e Juu o

N
D
\ 4

~t

@ At Receiver r Time by Receiver Clock (s)

MMUWJHWWMW UL U L gy
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FoCUUVIiIdl |5c IVIUUCCI
(3) Satellite
|:)rS =Cr Clock Bias
=c(t —t°) (1) Geometric
R
=c((t. +dt)— (t° +dT*) + &, Anee
— C(tr _tS) + C(dtr . dTS) + gp (4) Ionosphere

=(p;, +1; +T.)+c(dt, —dT>) + ¢,
=pr+c(dt —dT)+ 1" +T° + &,

W 2) (3) (4) (5) (6) (2) Receiver RCV
Clock Bias

(5) Troposphere

(6) Multipath +
Receiver Noise + Other Errors
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rcC naiige

— Signal Transmission Time —
t°=t, —P>/c—-dT(t%)

(1)
L UG OETSIN S
(2)
_ _ pr =~ e () = Ry (@ (ty —t))r° (1)
Signal Received R
I () Geometric (3)
r'r’ Range @
,OEQ’ ~ | (t) — R, (a)eprS [e)r®(t)
@ S
8 =) - 1) =Y 20

Sagnac Effect Correction
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N alI WU It V/ =
LU (Line-of-Sight) VveCtor
LOS Vector:
S rS_rr S S
Cr s I €renu = Eecef senu€r = (eelen’eu)
r —rr‘
—sin A cosA 0
Eccef senu =| —SIN@COSA  —singsin A cos¢
CoS¢pcosA  cos¢sinAd  sing

Satellite Azimuth/Elevation Angle:

Az = ATAN2(e,,€p)
El =arcsine,

TW .....
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Reference GRS 80 WGS 84
Ellipsoid: ; a (m) 6378137 6378137
f 1/298.257222 1/298.257223
101 563
a(lb_:eZ)* GM 3986005.000 3986004.418
(m3/s?) x 108 x 108

Lat/Lon/Height to X/Y/Z-ECEF:

X,y plane
e?=f(2-f)
N = a
\/1—e23in2¢
(N +h)cos¢gcos A
¢': Geocentric Latitude A : Longitude r.=| (N +h)cosgsini
¢ : Geodetic Latitude  h : Ellipsoidal Height (N@Q+ e2) +h)sing
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i H : Geodetic Height
Geopotential: eodetic Heig
&
h
V(r’¢"/1): ZZ annmc"‘Sannms) g
n=2m=0 |

Refere\nce Ellipsoid

EGM96 Ge0|d Model . .(I’T-1)
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M
=
>

s
O
L

T
e
@

%)

=

O

Q.
D

g, 0, 2,03, Po: Prs P2, P3

Klobuchar Model:

w =0.0137/(El +0.11) - 0.022
& = ¢+ cosAz

A4 =A+ysin Az/cosg

S = ¢ +0.064cos(4; —1.617)

t=4.32x10% 2 +t
F =1.0+16.0x (0.53— EI)3

3
x=27(t~50400)/ Y ot
n=0

Fx5x107°
| =< 4 X2 X4
-9 n T
Fx[leO +nz_;an¢m x£1 o

-~ Klobuchar

>
2 Model
()]
8
C
o
.TEU e /l
5
>

| | | | | | | | | | | l=
0 4 8 12 16 20 24
(‘x‘ > 1.57) Local Time (hr)

<1.57)
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1ropospnere Mod

~
<

Standard Atmosphere:
P =1013.25x (1— 2.2557 x 10> H )>2°8

T =15.0-6.5x10°H +273.15
17.15T —4684.0}>< Nyl

T -38.45 100
P :Pressure (hPa)

e =6.108 x exp{

H : Geopotential Height (m)

T  :Temperature (K)

e :Partial Pressure of WV (hPa)
Nrel : Relative Humidity (%)

Saastamoinen Model:

Zenith Tropsphe

Ay

2.1

M

o

@

—
-

—a
[o7]

0 500 1000 1500 2000 2500 3000

Tropospheric Delay

Height (m)

h,=50%, z=90°

TS :M{p (1?'_55 OOS)e tan z} ( Z : Zenith Angle)

COSZ
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I J_ ___ _- — B _

CI: a2 _ _ _ . -
LJIL (LCEd5t q are Estim

_a°®°_ __\
ation)

Measurement Equation:
y :Measurement vector H : Design matrix

y=Hx+v X : Parameter vector vV : Residual vector
Jis =% +Vp? + .+ V2 =vTv = (y = HX)T (y — HX)
=y y—y Hx-x"H"y+x"H"Hx - min
s

- =0" —yTH-(H"Y) +(HTHX)T +x"HTH
X

=2y"H+2x"H'H =0
Normal Equation (NEQ):
H'Hx=H'y> x=(H"H)H Ty
Weighted LSE:

x=(H"WH)TH™Wy Iy s =V Wv — min)
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Measurement Equation:
y=h(X)+V
h(x)=h(xg) + H(X - Xg) +... :Taylor Polynomial
y=h(Xy)+ H(X—Xg)+V
y —h(xg) = H(X = Xp) +V [ _ oh(x)
H'H(X~%0) = H' (¥~ h(x0))

X=xo+(H H)™HT (y—h(xq))

Iterative Solution (Gauss-Newton):
Xivg =%+ (H'H)"HT (y-h(%))

lim )A(i
|—00

x>
[l
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Navigation Processing

X = (rrT ,Cdt)T ’ y — (PS]_’ Prsz ’ Pr33 s Prsm )T

R T
Pt +cdt—cdT™ + 171 + T, -t 1

> T
) pr? +edt—cdT™2 + 172 + T e 1
h(X)=| p3 +cdt—cdT> +12+T> | H= —ef3T 1
Sm 3 Sm Sm Sm : :
oM +cdt —cdT®m + I7m + T, —efmT 1

X0 =(0,0,0,0)" S5

Xivg =%+ (HTH)THT (y = h(%))
%= lim % = (F.",cdt)”
| —>00

Single-Point Solution + Receiver Clock Bias
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Estimated Parameters in LSE Iteration Loop

i x (m) y (m) z (m) cdt (m)

(0) X= 0.0000000 0.0000000 0.0000000 0.0000000
(1) X=-4739338.8790644 3968053.3426383 4470195.0681293 1290751.6350707
(2) X=-3990084.5939062 3334559.7805777 3763444.6383541 50195.3310677
(3) X=-3957255.7455862 3310242.1098583 3737755.6233736 510.7878812
(4) X=-3957205.2229884 3310203.7001970 3737718.0508664 432.5789153
(5) X=-3957205.1820501 3310203.6651692 3737718.0078941 432.4910365
(6) X=-3957205.1820116 3310203.6651363 3737718.0078537 432.4909539
(7) X=-3957205.1820116 3310203.6651363 3737718.0078536 432.4909538
(8) X=-3957205.1820116 3310203.6651363 3737718.0078536 432.4909538
(9) X=-3957205.1820116 3310203.6651363 3737718.0078536 432.4909538
(10)X=-3957205.1820116 3310203.6651363 3737718.0078536 432.4909538

2001/1/1 0:00:00, TKSB, processed by RTKLIB 2.2.1, n=8
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* Error sources of Standard positioning
— Ephemeris/SV Clock Error
— lonospheric Model Error
— Tropospheric Model Error
— Multipath
— Receiver Noise

— Other Errors
— S/A (Selective Availability)

o Satellites-Receiver Geometry
— DOP (Dilution of Precision)
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LMl ieémer

Position Error RfASC (m)

Clock Bias Error {nsec)

“an

WIUUVN L

I'TOIi

2004/4/1-4/7 (PRNOS) Ephemerls Error

Satellite Orbit GPS08 : 2004/04/01 00:00:00-2004/04/07 23:55:00

2009/4/1-4/7 (PRNO8)

ST T T T T T Ferrtr S I 0 N S A At At A A M R A e s et e et 2
nadial nadial
4 — Along-Track [ Along-Track [
Cross-Track Cross-Track
3 ; =
2
E
1 <
=
oo
0 5
| I
' c
-1 =]
=
o
o

BE.F‘.JGS FLr'LaL
34mA i sé43m Ci0.3646m

13r4n1A ? DqS?W il ??2§n‘|

RMS$ 1

_______________ BE.F‘.JGS FLr‘LaL
MF_AN A oagém-A. .osgom Ci0.1983m

RIVIS ?;-D.QSan‘iA: }..31—81‘\1 ;0. qDSQm

a2 a3 a/a 4;*5 4/ 4/7 7

a2

SV Clockjarameter Error

Satellite Clock GPS08 : 2004/04/01 00:00:00-2004,/04/07 23:55:00

4/3 a/a 4;5 4/6 a7

Satellite Clock GPS08 : 2009,/04/01 00:00:00-2009/04/07 23:55:00 <|= I

T

0T : R RE|’ I[gSI—J:lna |n}erpoIaEedf M;EAI‘:I S-bﬁé?nqec{ll\ﬂg ?b??eanec

I3 m 4439nsqc Rf«ls 2. 4063 5

: REF: EGS Flnal[lr} erp.

15—

10f-

Clock Bias Error {nsec)
=]

-10

-15

57y T T T T Y Y O O

a/1 afs5

Satellite Orbit GPS08 : 2009/04,/01 00:00:00-2009,/04/07 23:55:00 <|= I
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~DC CIC I1IDE
G 19 UNNL
= T - m Signal-in-Space User Range
Ll 4 Error is the difference
nD: v between a GPS satellite’s
= 6 - - Q01 SPS Performance Standard _ _ _ _ _ ’ ek and the truth,
E (RMS over all SPS SIS URE) projected on the line-of-sight
= to the user
L
o
S
€ 4- 2008 SPS Performance Standard _ _ _ _ _ _ _ _ _ _ _ _
E = (Worst of any SPS SIS URE)
=T
S B -
o
) D
[ ] ecfe ¥
% 2 16 asmg range error
'§ 1.2 1.1 1.0
5 1 -
(7))
2
m 0 I I I 1 I I I I

1990 1992 1994 1996 1997 2001 2004 2006 2008 2009
e e
Selective Availability (SA)

L.S.Steiner, GPS Program Update to CGSIC 2010, Sep 21, 2010
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Zenith lonospheric Delay (L1) at TSKB
2004/11/03-11/09

E

o

o

()]

2

o

E

S

=

o

o)

o

C

e

Ws 114 115 11/6 11/7  11/8  11/9  11/10

— Klobuchar Model — |GS TEC Final
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ZTD (Zenith Total Delay) at TSKB
2009/1/1-2009/1/31 2009/7/1-2009/7/31

Tropospheric Parameters TSKB : 2009/01,/01 00:00:00-2009/01,/31 23:55:00 <|= | Tropospheric Parameters TSKB : 2009,/07 /01 00:00:00-2008,/07/31 23:55:00 <|= |
2? T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 2? T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

23 L|JJJLLLL§|JJiiLLiijjii'L'LiJJJi'L pall U0 b J b n b Vb ]
11 1/3 /5 1/7 1/9 1/11 1/13 1/15 1/17 1/19 1/21 1/28 1/25 1/27 1/29 1/31 71 7/3 /5 77 /9 /11 7/18 7/15 7/17 7/19 7/21 7/23 7/25 7/27 7/29 7/31

— Saastamoinen Model — Estimated by PPP

64



E’

____abuilding

tipat

Signal
reflected by

—

GPS
Antenna

:T

Direct
Signal

7777777777777 77777777
Signal

reflected by

the ground

Geodetic-Grade Antenna

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

NovAtel
GPS-702-GG IR ’

Consumer-Grade Antenna

Cede Multipath : u-blox ANN-MS-NevAtel OEMV-3 (L1)

30

RMS=0.73m (m)

u-blox ANN-MS
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UJUr (v

GDOP, PDOP, HDOP, VDOP

Dilution of Precision)

GDOP = +0nn +dyy + T
\/Qee Gnn * Quu + G Oee  Gen  Geu et — e??enu 1
PDOP = \/Qee + 0Onn t Quu Ty iv—1 One 9 Ynu Ynt _e%2 T 1.
Q=(H H) "= H = renu
HDOP = ,/0ge + U OQue Qun  Quu Yut : :
T
VDOP = /gy, Ote  Ytn G Yt =&y
# of satellites =5 # of satellites =7 # of satellites = 27
fﬁ 15 > 3: le > b A2 le >
23’221 - 21 0 é 1
£ e a5 20 % §/ 42 45 20 @ g 15 Qg 45 0 %
2 @ 0 oy 50 O @ E1Z @
149 4 8 33 149 Q 4 e 230 14 % @’49?6@2 33 % R1S
= = Q i ) Re Q2 i
@ @ g 2 @ 1 E Ei7 @ E; 5818
7 ¥ 25 i e 1l 25 @ R.7§ @ @ i 1 O 25
@ 10 i L @ 10 i @ & @ 10 Bl e %; &
A B b %%n % @ Ris's
o TR g & oSN g 4, e g

GDOP=33.4 PDOP=25.9
HDOP=8.1 VDOP=24.7

GDOP=2.5 PDOP=2.1
HDOP=1.2 VDOP=1.8

GDOP=1.2 PDOP=1.0
HDOP=0.5 VDOP=0.9
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e Differential GPS

— Fixed Reference Stations at Known Position
— Generate Correction Messages

— Broadcast Correction Messages to User

— Eliminate Most of Errors of Positioning

e Service of DGPS
— Space Based DGPS: OmniSTAR, SkyFix, StarFix
— Maritime DGPS: Marine Beacons
— National DGPS: VHF/FM-band, Cellular Network, Internet
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DTCANACOH 1N
NIGIVE OGCT LU
RTCM 2.3 Messages RTCM 3.1 Messages
Differential GPS Corrections 1001 L1-Only GPS RTK Observables

3 GPS Reference Station Parameters 1002 Extended L1-Only GPS RTK Observables
10  P-Code Differential Corrections 1003 L1&L2 GPS RTK Observables
11  C/A-Code L1, L2 Delta Corrections 1004 Extended L1&L2 GPS RTK Observables
17  GPS Ephemerides 1005 Stationary RTK Reference Station ARP
18 RTK Uncorrected Carrier Phase 1006 Stationary RTK Ref. Stn. ARP with Hgt.
19 RTK Uncorrected Pseudorange 1007 Antenna Descriptor
20 RTK Carrier Phase Corrections 1008 Antenna Descriptor & Serial Number
21  RTK Pseudorange Corrections 1013 System Parameters

22  Extended Reference Station Parameter 1014 Network Auxiliary Station Data

23  Antenna Type Definition Record 1015 GPS lonospheric Correction Differences
24  Antenna Reference Point (ARP) 1016 GPS Geometric Correction Differences
59  Proprietary Messages 1019 GPS Ephemerides

RTCM: The Radio Technical Commission for Marine Service -
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LITUI DUuUg
DGPS
m SEIEPOINt | (g1-100km) “

Ephemeris Error 0.1m
SV Clock Param Error om 0.0m o-4m
lonospheric Error 1.5m 0.2m 0.2m
Tropospheric Error 0.3m 0.1m 0.3m
Multipath 1.0m 1.2m 1.0m
S/A 0.0 m 0.0 m 0.0 m
Rcv Tracking Noise 0.3m 0.3 m 0.3m
UERE 2.1m 1.3 m 1.1m

HDOP/VDOP 1.5 2.5 1.5 2.5 1.5 2.5
Horizontal/Vertical

RMS Error 32m 53m 20m 33m 17m 28m
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RMS Error:

E:21.51m
N: 33.81m
U: 59.65m

100m |

RMS Error:

E:1.73m
N:2.51m
U: 4.24m

10m |

1999/1/1 24hr, TSKB

s
L

N N | N T
oning
2001/1/1 24hr, TSKB

¥ G:¥evasingle¥tskb0010.pos El ¥ G:¥evasingle¥tskb0010_2001.pos =
File Edit View Help File Edit View Help
(D2 - ][ | eI & - < > 2] RERE o=t B = T e A < v 2]
100 100
E-W (m) ORI= 36 10557095" 140.08750769° 69.034m E-W (m) ORI= 36.10567098° 140.08750769° £9.034m
1 s R AVE;1.776m STD =21, 444m RMS =21, 514m AVE="0.416m 5TD=1.976m RMS=2.019m
50 : fipk i 3 50
e s
1Y Al e *« J:‘ i 0
Wi
L el ¢
i i #
-50 b -50
¢
N N-5 (m) AVE=2.678m STD=3.099m RM5=4.096m
é 50
ik
';:: i OMM
4
t
+
-50
< -100
¢ \ﬁ aoswn? =53 ss.’mms 59,653 UD (m) AVE=1,257m STD=5,556m RM5=5.656m
11 13
+ .,. .‘ ‘i «, 3, 1:-‘ ..’ el LR 50
& Luliy 2" et o ;%%M',‘.%
i Ialin el —,
0 e .n-,"”‘ T 0 ot g o T e e e et e et ™
LI # oA |
4 4117 !
5018 e 50
{ SE M
-100 - . . : L s -100
00:00 03:00 06:00 UQ.UU 12:00 15:00 18:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
[1]1999/01/01 00:00:00-01/01 23:5:30 GPST : N=2880 5=0.0-0.4km Q= 5:2880{100.0%} [1]2001/01/01 00:00:00-01/01 23:59:30 GPST : N=2865 B=0.0km Q= 5:2865(100.0%)

2004/1/1 24hr, TSKB

2009/1/1 24hr, TSKB

2 G:¥evasingle¥tskb0010_2004.pos =

2 G:¥evasingls¥tskb0010_2009.pos

File Edit View Help
M2 - P [ o] 5T e -
10

E (m)

: v 2]

ORI= 36.10567098° 140.08750769° 69.034m
AVE=-1,256m S5TD=1,191m RMS=1731m

Mu
ot " WN’A’\

N-5 (m) AVE=1,764m STD=1.788m RM5=2.512m
s o
ot }
by
. 5\.},\\ Mﬂ/"‘\,\ /\‘ ‘/‘N
5
U-D (m) \VE=-3.373m 5TD=2.574m RM5=4.243m
5
o \ } + 4 .
_SMQ t. hﬁiq’?‘\/-w\v ) Lot f ‘“‘y
y tha ) \
-%%‘UU 03:00 06:00 09:00 12:00 15:00 18:00 21 00

File Edit View Help

[ R JJF T 2 = e [5] o] o
0
EW (m) ORI= 36, 10567038° 140.08750769° 69.034m
AVE=-0.934m STD=0,580m RM5 =1,09m
5
0
m."‘m...
E
NS (m) AVE=1,183m STD=0.829m RMS=1.4%m

Ll

U-D (m) AVE=-3.647m STD=1.425m RM5=3.915m

5

, \'..,,»" “W‘*‘NWH he

-10
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

[1]2004/01/01 00:00:00-01/01 23:59:30 GPST : N=2832 B=0.0km Q= 5:2832(100.0%)

[1]2009/01/01 00:00:00-0 101 23:59:30 GPST : N=2880 B=0.0km Q= 5:2580(100.0%)

RMS Error:
E: 2.02m
N:4.10m
U:5.70m

[100m

RMS Error:
E: 1.10m
N: 1.44m
U:3.92m

] 10m
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Single-Point
RMS Error:
E:1.02m N: 1.36m U: 4.00m

O

o

MSAS

RMS Error:
E:0.43m N: 0.57mU:1.21m

;_‘;g. F:¥gpslog¥20071015¥ubx20071015_msas.pos

=

o X

¥ Fr¥gpslog¥20071015¥ubx20071015_single.pos = | 5] |-
Eile Edit View Help
E [l ~| H T @ LT =] S
E-W (m) ORI= 35.87298885% 138.358966547° 1003.860m

AVE=-0.403m STD=0.937m RM5=1.020m

AVE=0.768m STD=1.127m RM5=1, 364m

4
15:00

A
03:00 05:00 03:00 12:00 15:00
[1]2007/10/16 00:00:40-10,/17 00:00:00 GPST : N=8633 B=0,0km Q= 5:5633(100.0%)

21:00

File Edit
1 [2

E-W (m)

View Help

[Pasition [ S TR Sl <)

7]

]

ORI= 35.87298885% 138.38966547° 1003.860m
AVE=-0.082m 5TD=0.420m RM5=0.428m

LT

AVE=0,025m STD=0. 564m RM5=0. 565m

AVE=0.430m 5TQ)=1.107m RM5=1.210m

*
=
*=

15:00 18:00

21:00

03:00 06:00 09:00 12:00

[1]2007/10/16 00:00:40-10/17 00:00:00 GPST : N=8637 B=0,0km Q= 4:8637(100.0%)

(2007/10/16 24hr, Antenna: NovAtel GPS:702—GG, Receiver: u-blox AEK-4T (raw),
Processing S/W: RTKLIB 2.1.0, All Corrections=ON, Ranging=ON)
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Standard Data Format

 RINEX (Receiver Independent Echange)
— Text-based Standard GNSS data file format
— Mainly for post-processing
* RINEX Types
— OBS: Observation data
— NAV: navigation data, (GNAV: GLONASS, HNAV: SBAS)
— MET: Meteorological data
— CLK: Clock product

 RINEX Version
— ver. 2 (2.10, 2.11, 2.12), ver. 3 (3.00, ...)
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2.10 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE
RTKCONV 2.4.0 20110423 090647 UTC PGM / RUN BY / DATE
MARKER NAME
. . MARKER NUMBER
Receiver Time Tag OBSERVER / AGENCY
REC # / TYPE / VERS
ANT # / TYPE

0.0000 0.0000 0.0000 APPROX POSITION XYZ
~0000 0.0000 0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
8 17 11 b1 S1 P2 L2 D2  S2 # / TYPES OF OBSERV
2010 1 5 0 00.0000000 TPS TTVE OF ETRST OB
2010 1 15 2 28  54.0000000 GPS TIME OF LAST OBS
END OF HEADER Types of OBS
10 10 15 0 O 0.0000000 O 10G 6G23G16G19G21G13G 3G31S29S37 £.
SS0849928 484 100567124 316 103068 45000 20849930.125 =P - Pseudorange
85377001.480 1511.441 41.000 L*: Carrier-phase
22450960.859 117980618 .953 1062.035 42.000 450959.898 ..
91932917.910 827.555 38.000 D*: Doppler Freq
20790247.117 109253470 .496 334.336 45.000  20790246.844 S*: CNO (dBHz)
85132587 . 789 260.520 41.000
24794846.031 130297776.969 3763.289 38.000  24794848.422
101530723.414 2032.430 32000
23378478.469 122854746 .020 860.133 40.000  23378477.9 Satellite List
95730986191 670.234 34000
24155219.492  126936537.238 2611.234 35.000 24155223.109 hn, Gnn: GPS
98911564 .082 2034.727 33.000 Rnn: GLONASS
21765068.656 114376223 .133 3035.375 42.000  21765071.242 :
89124339934 2365.223 38000 Jnn: QZSS
21044041.703  110587188.461 _1456.918 45.000  21044041.797 o
86171830.961 ~1135.266 42000 :
37172827.633 195344531 .559 2.965 38.000 Snn: SBAS
37203973.328  195508183.188 ~0.992 39.000
10 10 15 0 O 1.0000000 O 10G 6G23G16G19G21G13G 3G31S29S37
20849559.430 109565184 .891 1939.090 45.000  20849561.062
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DI“'EV hl A‘l fnn___° ___a°____ m™~m_a_\
NIINLEA TNV (NAVIgallOon Dald)
2.10 N: GPS NAV DATA RINEX VERSION / TYPE

RTKCONV 2.4.0
1.1176E-08 0.0000E+00 -5.9605E-08 0.0000E+00
9.0112E+04 0.00O0OE+00 -1.9661E+05 0.0000E+00
-.838190317154E-08 -.310862446895E-13
15

20110423 090647 UTC PGM / RUN BY / DATE

31 10 10 15 2 0 0.0 -.724568963051E-06
-810000000000E+02
.571832060814E-06

-105937500000E+02
.746127020102E-02

61440 1606

-352429196937E-11
-427089218552E-08
.472925603390E-05

ION ALPHA

ION BETA

DELTA-UTC: AO,A1,T,W

LEAP SECONDS

END OF HEADER
-.000000000000E+00

-.148856857180E+01
.515378055573E+04

.439200000000E+06 -.176951289177E-06 .679765366385E-02 .540167093277E-07
.978380240916E+00 .300062500000E+03 -.105249752834E+01 -.819426989566E-08
.142863093678E-10 .100000000000E+01 .160500000000E+04 .000000000000E+00
.240000000000E+01 .000000000000E+00 -.130385160446E-07 .810000000000E+02
.432006000000E+06___.000000000000E+00
6 10 10 15 2 0 0.0 .455596484244E-03 -.140971678775E-10 .000000000000E+00
.230000000000E+02 -.352500000000E+02 .500699427569E-08 .227090783348E+01
-.185333192348E-05 .616293260828E-02 .853091478348E-05 .515365624428E+04
-439200000000E+06 .104308128357E-06 .204411629865E+01 .353902578354E-07
.934819176502E+00 .200625000000E+03 -.936257940341E+00 -.811783814054E-08
.169649923743E-09 .100000000000E+01 .160500000000E+04 .000000000000E+00
.240000000000E+01 .000O00O0O0O0O0000E+00 -.512227416039E-08 .230000000000E+02
.432006000000E+06 .000000000000E+00
PRN Toc SV _clock _bias SV _clock drift SV _clock drift_rate
10DE Crs Delta n MO
Cuc e Cus sqrt(A)
Toe Cic OMEGA Cis
i0 Crc omega OMEGA _DOT
IDOT Codes on L2 ch GPS Week # L2 P _data flag
SV_accuracy SV_health TGD 10DC
Trans_Time Fit_interval spare spare
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3. Standard Positioning:
Exercise
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M

 Objective
Analysis by standard positioning

* Program
... ¥rtklib_2.4.0¥bin¥rtkconv.exe
... ¥rtklib_2.4.0¥bin¥rtkpost.exe
... ¥rtklib_2.4.1b¥bin¥rtkconv.exe
¥rtklib_2.4.1b¥bin¥rtkpost.exe

 Data
...¥seminar¥sample3¥
oemv_201010150000.gps

T
¥ RTKCONV ver2.4.0 - _@ﬂ

[ Time Start (GPST) [~ Time End (GPST) [~ Interval
[2010/10/15 :l [00:00:00 :l [2010/10/15 :l [02:28:54 :l [(0 =ls

RTCM, RCV RAW or RINEX

‘D:¥pr0j¥seminar¥sample Z¥oemv_201010150000.gps J
RINEX OBS/NAV/GNAV/HNAV and LOG Format. [Novatel OEM4 |
[+ |D:¥pr0]¥:zcm|nnr¥::.:\mplc F¥ocmv_201010150000,0bs = J
v |D:¥proj¥seminar¥sample 3¥oemv_201010150000.nav = J
v |D:¥proj¥seminar¥sample ¥oemv_201010150000.gnav = J
- |D:¥p|'cj¥s r¥sample 3¥oemv_201010150000.hnav J

oemy_201010150000 sbs =

RTKLIB - RTKCONV

TE— ™
ﬂ RTKPOST ver.2.4.0 ‘ L-:" = éj

[~ Time Start (GPST); [~ Time End (GPST) [~ Interval [~
[2010/04/01 :“-:-a: 15 :“2-:-11_-‘-:-1.-‘25 :“23:59:59 :l [0 ]|
RIMEX OBS (Rover) & B
|D:¥pr0j¥rﬂdib_support¥2011041?¥r0ver.0bs jJ
||| RINEX OBS (Base Station) S|
I |D:¥proj¥rﬂdib_support¥2011041?¥masber.obs jJ
RINEX MAV/GNAV,CLK, SP3, SBS or EMS ERSES|
|D:¥proj¥rﬂdib_support¥20110417¥masber.nav jJ I
|D:¥pr0j¥rﬂdib_support¥2011041?¥master.gnav jJ

| =l

Output File
|D:¥pr0j¥rﬂdib_support¥20 11041 F¥rover .pos jJ

Flot... | View... |Tn@‘IL... | Options... | Execute | Exit |

RTKLIB - RTKPOST
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Settingl

Settingl | Setting2 | Output | Statistics | Positions | Files | Misc |
Frequencies IL 1H2 _I
Solution Type ICDmI:uineu:I ;I
Elevation Mask (%) / SNR. Mask (dbHz) |15 |u

Rec Dynamics/Earth Tides Correction IOFF LI]OFF LI

Positioning Mode

Ionosphere Correction IEruadmst

Troposphere Correction ISaasiﬁmninen
Satellite Ephemeris/Clodk Broadcast

Exduded Satellites (FRM ...)

W GPs [ GLO [ Gallec [T 9255 [ SBAS [ Compass

Load | Save | oK I Cancel

Output

Settingl | Setting2 Output |S1_3ﬁstics|Eusiﬁuns|Eiles | isc |

Solution Farmat I TI
Qutput Header Processing Options IDN L"DN ;I
Iww ssss GPST - “3
Latitude f Longitude Format Iddd.ddddddd ;I
Field Separator I

Datum/Height [wess4 +][Geodet =]
Geoid Model IInternaI ;I
Solution for Static Mode I,a.ll ~]

Time Format [ # of Dedmals

IC/GEA, GSAJGSY ||:| ||:|

Output Solution Status f Debug Trace IDFF L”DFF ;I

Load Save I oK | Cancel |
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* An Open Source Program
Package for GNSS Positioning =~ >~ - e

Jvervi Release atistics | ST
?! RTKLIB: An Open Source Program Package for GNSS
&%/ Positioning

— Distributed under GPLv3 —
— Has been developed by the

— Latest version:
2.4.0 (formal), 2.4.1b (beta)

 Portable Library + |
useful positioning APs -
— GUI APs on Windows ' :
— CUI APs on Linux etc... "I http://Www.rtinb.co;r;
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2006/4 v.0.0.0
2007/1 v.1.0.0
2008/7 v.2.1.0
2009/1 v.2.2.0

2009/5 v.2.2.1

’)000/1') v.2.3.0
UuJ/ 1

2010/8 v.2.4.0

2011/5(?) v.2.4.1

First version for RTK+C program lecture
Simple post processing AP
Add APs, support medium-range

Add real-time AP, support NTRIP,
start to distribute as Open Source S/W

Support RTCM, NRTK, many receivers

CiinnAnr PlnklACC v/
Jup

(e a QV")I [ .\l
MVI UJLUVUINMNVY, oL vaidl

nnrnl laY g
1 CLCiIVC]

Support PPP Real-time/Post-processing
PPP and Long-baseline RTK (<1000 km)

Support QZSS, JAVAD receiver

2011/12(?) v.2.5.0 Support Galileo, SDR-receiver Front-End



Download
" version | 220 | 221 | 222 | 230 | 240 |

2009/1—4 733 - - - -
2009/5 51 120 - - -
2009/6 31 141 - - -
2009/7 28 110 - - -
2009/8 43 168 - - -
2009/9 30 45 211 - -
2009/10 25 18 190 - -
2009/11 65 31 987 - -
2009/12 46 22 218 1380 -
2010/01 47 15 25 471 -
2010/02 38 16 23 324 -
2010/03 40 10 13 1556 -
2010/04 30 9 17 775 -
2010/05 33 12 15 1007 -
2010/06 34 5 13 860 -
2010/07 28 2 3 916 -
2010/08 63 20 26 118 1245
2010/09 51 9 10 222 1356
2010/10 58 11 13 490 382
2010/11 62 20 39 48 484
2010/12 44 12 12 32 974
2011/01 43 18 12 4?2 400
2011/02 65 20 13 29 441
2011/03 53 9 10 21 861
Total 1741 843 1837 8291 6143
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Standard and precise positioning algorithms with:
— GPS, GLONASS, SBAS, QZSS, (Galileo)

Positioning mode for real-time and post-processing:

— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

Supports many formats/protocols and receivers:

— RINEX 2.2, RINEX 3.0, RTCM v.2, RTCM v.3, NTRIP 1.0,
NMEAO183, SP3, RINEX CLK, ANTEX, NGS PCYV, ...

— NovAtel, Hemisphere, u-blox, SkyTraq, JAVAD, ...

External communication via:
— Serial, TCP/IP, NTRIP and file streams
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NDaAl/raccan Chw
I dU dsc DLl

rtklib_<ver>.zip

/src
/rcv

/bin

/data

/app
/rtknavi
/strsvr
/rtkpost
/rtkpost_mkl
/rtkplot
/rtkconv
/srctblbrows
/rtkrcv
/rnxX2rikp
/pos2kml
/convbin
/str2str
/appcmn
/icon

/mkl

/test

/util

/doc

~
&

L TR L a
LCUIC

Source programs of RTKLIB libraries

- Source programs depending on GPS/GNSS receiv.
: Executable binary APs and DLLs for Windows
: Sample data for APs

Build environment for APs

- RTKNAVI (GUI)
- STRSVR (GUI)
- RTKPOST (GUT)

RTKPOST_MKL (GUI)

: RTKPLOT (GUI)

: RTKCONV (GUI)

- NTRIP source table browser (GUI)
: RTKRCV (console)

NN/NONTI/MN Y AP PR [

RNXZRTKP (consoie)

POS2KML (console)

CONVBIN (console)

STR2STR (console)

Common routines for GUI APs

Icon data for GUI APs

Intel MKL libraries for Borland environment

; Test program and data
: Utilities

Document files
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e RNX2RTKP (rnx2rtkp)
Post-processing Positioning

e RTKRCV (rtkrcv)
Real-time Positioning

e CONVBIN (convbin)
RINEX Translator

e STR2STR (str2str)
Stream Server

e POS2KML (pos2kml)
Google Earth Converter

CUI Command Reference
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/* matrix and vector functions */

mat(), imat(),zeros(),eye(),dot(),norm(),matcpy(),matmul () ,matinv(),solve(), Isq(), Ffilter(),smoother() ,matprint(),matfprint()
/* time and string functions */

str2num(),str2time(), time2str(),epoch2time(), time2epoch(),gpst2time(),time2gpst(),timeadd(),timedifFf(),gpst2utc(),utc2gpst(),
timeget(), time2doy(),adjgpsweek(), tickget(),sleepms()

/* coordinates functions */
ecef2pos(),pos2ecef(),ecef2enu(),enu2ecef(),covenu(),covecef(),xyz2enu(),geoidh(), loaddatump() , tokyo2jgd(), jgd2tokyo()

/* input/output functions */

readpcv(), readpos(),sortobs() ,unigeph(),screent()

/* positioning models */

eph2pos() ,geph2pos() , satpos(),satposv() ,satposiode(),satazel () ,geodist(),dops(), ionmodel (), ionmapf(), tropmodel (), tropmapf(),
antmodel () ,csmooth()

/* single-point positioning */

pntpos(),pntvel )

/* rinex functions */

readrnx(), readrnxt() ,outrnxobsh() ,outrnxnavh() ,outrnxnavb() ,uncompress(),convrnx()

/* precise ephemeris functions */

readsp3(), readsap() ,eph2posp() ,satposp()

/* receiver raw data functions */
getbitu(),getbits(),crc32(),crc24q() ,decode_word() ,decode_frame(), init_raw(),free_raw(), input_raw(), input_rawf(), input_oem4(),
input_oem3(), input_ubx(), input_ss2(), input_cres(), input_oemdf(), input_oem3f(), input_ubxf(), input_ss2f(), input_cresf()

/* rtcm functions */

init_rtem(Q),free_rtcm(), input_rtcm2(), input_rtcm3(), input_rtcm2f(), input_rtcm3f()

/* solution functions */

ieadsol (), readsolt{(),outsolheads() ,outsolis{),outsolexs{),outsolhead() ,outsol ) ,outsoiex(),setsolopt(),setsoiformat(),
outnmea_rmc() ,outnmea_gga() ,outnmea_gsa(),outnmea_gsv(),

/* SBAS functions */

sbsreadmsg() , sbsreadmsgt() ,sbsoutmsg() ,sbsupdatestat(),sbsdecodemsg() ,sbssatpos() ,sbspntpos()

/* integer least-square estimation */

lambda()

/* realtime kinematic positioning */

rtkinit(), rtkfree(), rtkpos(Q)

/* post-processing positioning */

postpos() ,postposopt(),readopts(),writeopts()

/* stream data input/output */
strinitcom(),strinit(),strlock(),strunlock(),stropen(),strclose(),strread(),strwrite(),strsync(),strstat(),strsum(), strsetopt(),
strgettime()

/* stream server functions */

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

/* rtk server functions */

rtksvrinit(),rtksvrstart(),rtksvrstop(),rtksvrlock(),rtksvrunlock(), rtksvrostat(),rtksvrsstat() ...
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Data Message Types

RTCM v.2.3

RTCM v.3.1

NovAtel
OEM4/V,
OEMStar

NovAtel
OEM3

NovAtel
Superstar Il

u-blox
LEA-4T,
LEA-5T
Hemisphere
Crescent,
Eclipse

SkyTraq
S1315F

JAVAD
(GRIL/GREIS)

Furuno
GW10 I

Type 18,19 Type 18, 19

Type 1002,
1004

Type 1010,
1012

RANGESB, RANGESB,
RANGECMPB RANGECMPB

RGEB,
RGED

ID#23 =

UBX
RXM-RAW

bin 96

msg 0xDD
(221)

[R*],[r*],[*R], [R*],[r*],[*R],
[*rL,[P*],[0*], [*r],[P*],[p*],
[*p],[D*],[*d], [*p],[D*],[*d],
[E*],[*EL[F*] [E*L[*ELIF*]

msg 0x08 -

Type 17

Type 1019

RAWEPHEMB

REPB

ID#22

UBX
RXM-SFRB

bin 95

msg OxEOQ
(224)

[GE],[GD],
[gd]

msg 0x24

Type 1020

GLO-
EPHEMERISB

[NE],[LD]

IONUTCB

IONB, UTCB

UBX
RXM-SFRB

bin 94

msg OxEOQ
(224)

[10],[U0],
[GD]

msg 0x26

GPS Raw GLONASS GPS GLONASS ION/UTC Antenna SBAS
Meas Data | Raw Meas | Ephemeris | Ephemeris | Parameters Info Messages

Type 1,9,
Type 3, 22 14, 16
Type 1005
) SSR
11%%% 11%(;3 . corrections
RAWWAAS- )
FRAMEB
- FRMB -
ID#20,
_ ID#67 #21
UBX
RXM-SFRB
- bin 80 -
) i msg OxDC
(220)
- WDl "ozss Data,
Galileo Data
_ msg 0x03 ~ msg 0x20
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* Programming Language

— API, CUI AP : ANSI C (C89)
— GUI AP : C++

 Underlying Libraries
— TCP/IP Stack : standard socket or WINSOCK
— Thread : POSIX (pthread) or WIN32 thread
— GUI Widgets :Borland VCL on Windows

e Build Environment
— CUI AP : GCC, MS VS, Borland C, ...
— GUI AP : Borland Turbo C++ 2006 on Windows
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RTKLIB ver. 2.4.1 Manual )

Drat 20110027
Conrents
1 Overview 1
2 Spstem 3
3 Instructians 4
Y 4
32 Realtime ng with RTENAVI 5
33 Comtigure Input, Output and Lag Steeame for RTKNAVT 17
34 Past Pracessing Analysia with RTEPOST b2
35 Configure Posttioning Options for RTKNAVI and RTEPOST
36 Convert Recetver Rave Data to RINEX with RTECONV k]
37 View and Plot Solutions and O Diata with RTEPLOT, )
38 NTRIP Sounce Table Browser 52
3% Use Consale APs of KTKLEE 54
4 Develop and Lirk user AT with RTKLIB 55
Appendix & Console AP Commands %
Al RTKRCV 56
Al ENXIRTEP. 59
A3 POSIKML 61
A4 CONVBIN 62
A5 STRISTR <]
Appendix B File Focmats. %
Bl File. %
B2 SHAS Leg File =]
B3 Solution Starus Fil 7
B L son File .
P Library AP Program Interfaces) 75

L. Takasu. All ¢

rtklib_<ver>/doc/manual_<ver>.pdf

FrAN WE &R ME Jy07-0 TDLRT ART

[ w | [ 4 9 batp o st coen, ey suppert bm & [9- Googe o= &~
Owverview | Beleass Noses | Suppoet | Documents | Beferences | Porting to BE | To Do | Statistics
RTKLIB: Support Information pdate 20110305
Ingquiry
mail towing address for ingairy. by e
reklih_supportiagpspp.sabirsne fp
Bug and Known Problem List
Nakd A half hour offset of time-tag in converted RINEX OBS files (CONVBIN ver24.0)
I some envirorment, the me-tags in RINEX 085 files have a half hour (30 minutes) offset to propes values.
Due o a probl C-library localtimer). The localtimef) rebarns daylight

tm_isdh pplied. The current version assumes the time-shif is jast an hour. The
‘half-hour shift did not be considered. It will be fixed in next release (v.24.1) (2

Nos3 POSZKML always returns read error (POS2KML ver. 2.4.0)

POSKML always returns "l nead esror”, Any Google Easth KML file s not generated.

. For NMEA, it still i ibl No59. It wil be fixed i

Due to the same bug as No.55. Apply the patch
rebease (v2 A1) ¢ 24

Sol1-Sol2 d mode plot does proper values (RTKPLOT ver2.4.0)

Adter reading solution 1 and sclution 2 with RTKPLOT and pushing [1-2] button to shaw the difference between the solutions, the plots |
inproper values in “Cnd Trk" display mode.

Do 1 buag in app/rikployplotmsain.cpp. b will be fixed in the nest release (v.2.4.1)

No1 AP running as a TCP server stops if a TCP client stops (RTKNAVL, STRSVE, RTKRCV, STR25TR ver.2.4.0)
In case that an output or log stream type of AP is set as “TCP server” and TCP cli the AP, the AP stops | TEP clients stops
cansed by same errors,

a writing socket a3 blocking mode 1f full, “write” or “send” AP blocks the TCP server. I the
TEP client stops reading the socket wi i the TCP server due to th i ill be impraved in the
[v24.1) by using i Uniil th restart the AP in such sitsation. (2011/01/23)
o6 30 Hz or higher data are analyized (RTKPOST, RTKPOST_MKL, RNX2RTKP ver 24.0)

th 50 He o higher sate ckservation data, the analysis scmetismes laflod caused by P of tirrac-ta g in the ob data.

o " 4 analysis of 30 Hz of higher icn data. far the next version (v.24.1)

No3% NMEA solution data can not be read and displayed (RTKFLOT ver24.0)

s case of semdiong; NMEA solstion dats by RTKPLOT, RTKPLOT always shows the crros message ‘o sobution data " and mever displays the
solution data.

Do 1y buag i srcfeoluation.c. Tt will be foed in the et version (v2.4.1), Wikt for a while. (2011/01/23)
Nass RTENAVI crashs due to MKL library (RTKNAV] ver2.4.0)

In some environments, RTKNAVI crashs due to MKL libeary used for fast matrix computation,

Uise nom-MKL vession RTKNAVT (rkravi_nomkLece) in the patch
s e P

stuad of original riknaviece for the environment having
am

http://www.rtklib.com
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4. RTKLIB:
Exercise
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I7OUE) \EE) FBRNV) FOSTHNP) ELRE) F/wdD) Y—UT) I12FIW) ALTH)
G- H @@ 9- o 55 b Release  r win3z ) M
o [ = =
. &g [ ar | = 3 4 B ST
|‘/U1—ba)ld... ~ I X| mxartip.c| - x [
D E & = +
|2 Bl & (Z0—/UL R3-7) - |
[@ YYai—3> 'msc (1 703 =7 -
M & Emsc ® rxdrikp.c ¢ read rinex obs/nav files and compute receiver positions H
l-l I | & &@v-z770 % i ) 3
i - &1 datum.c i Copyright (G) 2007-2008 by T.TAKASU, All rights reserved. EL
- ¢ ephemeris.c # version @ $Revision: 1.1 8 $Date 2008/07/17 21:55:16 & =l !
& geoid.c * history : 2007/01/18 bl ui
Oeaicd % 2007/08/15 1.1 aad library mode 35
¢ lambda.c * ZDDT;EIE;EIE 1.2 separate from postpos.c [
3 options. * 2008/01/20 1.3 support rtklib 2.2.0 api o ([
o &4 options.c p 2009/12412 14 support zlonass
& pntpos.c * add option -h, -a, -1, —x
- G postpos.c * 2010/01/28 1.5 add option -k
* 2010/08/12 1.6 add option -y inplementation
- 3 ppp.c /
&3 preceph.c Binclude <stdare.h>
° ° & rinex.c Hinclude “rikiib.h”
I S u a u I O I I & rmx2rtkp.c static congt char resid[1="81d: rnx2rikp.cov 1.1 2008/07/17 21:55:16 ttaka Exp §73
- o rtkemn.c Hdefine PROGNAWE  “roxZrike” /¢ progran name +/
- &4 rikpos.c Huefine MAXFILE i} /% max number of input files =/

& sbas.c
j t /5 help text ’
2] solution.c static const char thelpll={

[ [
() -~ A AYH— TP ) o .
J I w B2 UY—Z TP Wusage' rix2rike [option]... file file [...17,

” Read RIMEX CBS/NAY/GNAY/HNAY/CLK, SP3, SBAS nessaze loz files and coompute 7.
" receiver (rover] positions and output position solutions.”,
" The first RINEX OBS file shall contain receiver (rover) observatjons. For the”,

[ " relative node, the second RINEX OBS file shall contain reference”
" (base station) receiver ohservations. At |east one RINEX NAV/GNAV/HNAV .
r I a " file shall be included in input files. To use &P3 precise ephemeris, specify”,
(] L] (] " the path in the files. The extention of the GP3 file shall v
—

he .spd or .eph.”,
AL of the input file paths can include wild-cards (*). To avoid command”
" line deplovment of wild-cards, use ¥” "

. for paths with wild-cards.
Command |ine options are as follows ([Jidefault). With -k option, the

i M processing options are input from the confizuration file. In this case,”,
rl lX r p I I l SC I I ISC VC p rOJ cownand | ne options precede oplions in the configuration file.”,
L] P P e

< m 3

wh -1 X
WHROER(S): EILE ETEEY

TPentpos. o -
1>eptions.c

1> lanbde. o

1>geoid.c

I>epheneris.c

T>datum.c

DU/OLTU&? I

k.
b’c’i!mﬂ/u‘tl,li?
ﬁ ES d ¥DroJ¥rU<\ ib save¥rtklib 2.4 nx2r | BuildLoz.htn” IZ{FF 2 hE

< m v ] m, ] r
QY- [{§F5. 270 |G- FERS/ S FO[EutaElISoF g 4h |
o= 2547 13 13F B

MS Visual Studio 2008
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I7ILE) B\EE) FRN) TOSIHRPE) BILEE) F/wH(D) V=T D1 EDW)  ~LTH) I7LE ®WEE) FTRV) TOSTHNE) BLRE) FWwHD) Y-ILI) TR0 ~LTH)
|' S @ %G9 E B b Release  y Win32 - | u |uj S % 9-e-8-0] b Release  ~ win32 - | <
— & Sy Tt 5|
+ +
(#0-JuL Za-7) - I (#O0—/UL Z3—) - I
I * |
# rtklib.h @ riklib constants, types and function prototypes \|—:<r # rnulrikp.c @ oread rinex obs/nav files and compute receiver positions G
¥ *
| * Copyrizght (C) 2006-2010 by T.TAK&SU, &11 rizhts reserved. d l * Gopyright (C) 2007-2009 by T.TAKASU, All rights reserved. i‘JJ.
* b | * jn)
# options @ -DENAGLO  enshle GLOMASE [ # version @ BRevision: 1.1 % $Date: 2008/07/17 21:99:16 § [
* -DENAGAL  enable Galilen S # history @ 2007/01/16 1.0 new M
* -DENAGZS  enable QIS5 b * 2007403715 1.1 add library mode b
* -DENACMP  enshle Compass I # 2007/05/08 1.2 separate from postpos.c 3
* -DNFREQ=n sel number of carrier freguencies W * 200901720 1.3 support riklib 2.2.0 api ]
* -DMAKOBE=n set max number of obs data in an epoch 5 ¥ 2008/12/12 1.4 support glonass 5
¥ * % add option -h, -a, -1, -x =
+ wersion @ JRevision: 1.1 § $Date: 2008/07/17 21:48:08 § T * 2010401728 1.5 add option -k T
# history @ 2007/01/13 1.0 riklib ver.1.0.0 N * 2010/08/12 1.6 add aption -y iwplenentat ion i
* 2007/03/20 1.1 rtklib ver.1.1.0 /
* 2008/07/15 1.2 rtklib ver.2.1.0 b i
* 2008/10/19 1.3 rtklib ver.2.1.1 [ﬁin:lude “riklib.h"
* 2009/01/31 1.4 rtklib ver.2.2.0
® 2008/04/30 1.5 rtllib ver.2.2.1 |1 static const char resid[]="WNd: rnxZrike.c,v 1.1 2008/07/17 21:55:18 tiaka Exp §7;
* 2008/07/30 1.8 rtklib ver.2.2.3
* 2008412725 1.7 rtklib ver.2.3.0 fidef ine PROGNANE “rnuZrtke” /% program name */
* 2010/07/29 1.8 rtklib ver.2.4.0 fdefine MAXFILE 8 A% max number of input files #/
L+
= #ifndef RTKLIB_H Je help text /
Hilef ine RTHLIB_H static const char xhelp[]={ \
Hinclude <stdio.h>
giﬂclude <stdlib.h» e [...17,
include <stdarg.h>
Hine lude <string.h> 3 n . n 3, 5845 messaze log filss and coompute ”,
Hinclude <nath.h> 1 n C u e r 1 ° t position solutions.”,
#include <time.h in receiver (rower) ohservations. For the”,
Hinclude <ctvpe.h> file shall contain reference”,
Hifdef WIN3Z T TAL TS TECaTre 5. At least one RINEX NAW/GNAY/HNAY™,
FHinclude <windows.h» " file shall he included In input files. To use 5P3 precise ephemeris, specify”,
felse " the path in the files. The extention of the 8P3 file shall be .sp3 or .eph.”,
Hdinclude <pthread.h> 411 of the input file paths can include wild-cards (#). To avoid comnand”,
fendif “ line deployment of wild-cards, use ¥7...%" for paths with wild-cards.”,
Hifdef __cplusplus “ Command |ine options are as follows ([l:default). With -k option, the”,
extern 07 { " processing options are Input from the configuration file. In this case,”,
fend i f :"cnmmand line oplions precede options in the configuralion file.”,
/% constants / print help”,
input options from configuration file [off]”,
Hdefine VER_RTELIE 72.4.07 S ibrary wersion &/ sel output file [stdout]”,
start day/time (ds=y/n/d ts=himis) [ohs start timel”,
Hdefine PI 3.1415928535837932  /+ pi #/ end day/Line  (de=y/n/d te=h:in:s) [ohs end Line]”,
#def ine DIR (P1/180.0) Jx deg to orad %/ tine interval (sec) [alll”,
Hilefine R2D (180.0/P1} Axorad to deg %/ node (D:single,l:deps,2:kinenat ic,3:static, dimoving-hase,”,
Hdef ine CLIGHT 298792458.0 Fx speed of light (nfs) %/ 5:fixed,B:ppp-kinenat ic,7:ppp-static) [2]7
fdef ine SCIRAD 3.1415926535598 J+ seni-circle to radian (I8-GPS) #/ -n mask  elevation mask angle (deg! [15]7,
-f fres nunber of freguencies for relative mode (1:L1,2:L1+L2,5:L14L24L5) [2]7,
fidef ine OMGE 7.2921151467E-5 /4 earth angular velocity [16-GPS) (rad/s) +/ " -withres validation threshold for inteser ambieuity (0.0:no &R) [3.007,
" b backward solutions [off]™,
#def ine RE_WGEB4  B378137.0 /& earth seningior axis (WG384) (m) +/ - forward/backward conbined solutions [off]”,
Hdef ine FE_WGS84 (1.0/298.257223563) /x earth flatteninz (WGSB4) &/ =i instantaneous integzer ambizuity resolution [off17,
" -h fixw and hold for integer ambizuity resolution [off]7,
Hdef ine HION 350000.0 /% ionosphere height (m) #/ " -8 output x/fy/z-scef position [latitude/longitude/height]”,
- " -a outpul e/n/u-baseline [latituds/longitude/height]”,
« it ] v « i ] v
= o] 177 15 1EF BA = e o 147 15 1%¥F BA

rtklib_<ver>/src/rtklib.h

rtklib_<ver>/app/<app>/<app>.c
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...¥rtklib_<ver>¥src¥

convkml.c : Google Earth KML Converter
convrnx.c : RINEX Converter

datum.c  : Datum Transformation
ephemeris.c : Ephemeris Functions
geoid.c : Geoid Functions
ionex.c : IONEX Functions

lambda.c :Integer Ambiguity Resolution
options.c : Options Functions

pntpos.c : Point Positioning

postpos.c : Post-Processing Positioning

ppp.c : Precise Point Positioning
preceph.c : Precise Ephemeris Functions
rcvraw.c  : Receiver Raw Data Functions
rinex.c : RINEX Functions

rtcm.c : RTCM Functions

rtkcemn.c  : RTKLIB Common Functions

N F

| e )
rtkpos.c  : Real-time Positioning
rtksvr.c : RTK Server
sbas.c : SBAS Functions

solution.c : Solution Functions
stream.c :Stream I/O Functions
streamsvr.c : Stream 1/O Server

rcv/ : Receiver Dependant Func.

rcv/crescent.c : Hemisphere
rcv/gw10.c : Furuno GW 10
rcv/javad.c : JAVAD GRIL/GREIS
rcv/novatel.c : NovAtel OEM3/OEMV
rcv/skytraqg.c : SkyTrag S1315F
rcv/ss2.c  : NovAtel SuperStar Il
rcv/ublox.c : u-blox LEA-4T, 5T
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>d:
>cd <dir>¥rtklib_2.4.0¥app¥rnx2rtkp¥msc¥Release
>rnx2rtkp .. ¥..¥. . ¥.. ¥test¥data¥07590920.05* -p 0 -o test.txt

(“;5% D:¥p;j¥rtklib_save¥rﬂdi .4.0¥app¥rmx2rikp¥

=F EEE. aTw K TOS TN —=mesn| |[Fle Edit view Help
Mic ft | 4 p i"12 .of cnd Tric 1R [ PR e e A + = [T i X 5

AVE=E:-0.0000m N: 0.0000m U: 0.0000m

STD=E: 0.2681m N:'1.9709m U: 3.6119m
RMS=E: 0.2669m N: 1.9626m U: 3.5968m 2D: 3.9614m

[1]2005/04/02 00:00:00 GPST-04/02 00:59:30 GPST : N=120 B=0.0km Q= 5:120(100.0%)
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