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Carrier-Phase-Based Positioning
with GNSS

RTKLIB Practice (1)

RTK-Demo Port Cruise (G-l)
Visit Museum (G-Il)
Visit Museum (G-I)
RTK-Demo Port Cruise (G-Il)

RTKLIB Practice (2)

July 29, 2015

8:30-10:00
10:10-11:40

12:30-14:00

14:10-15:40

15:50-17:20
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Carrier Freq (MHz) Code Modulation Data Rate GNSS
50 bps GPS, Q7SS
C/A BPSK (1)
250 bps QZSS (L1-SAIF), SBAS

L1/E1 1575.42 P(Y) BPSK (10) 50 bps GPS

L1C-d/p | MBOC (6,1,1/11) |-/100 bps GPS (lll-), Galileo

L1C-d/p | BOC(1,1) -/100 bps QZSS
L1 1602+0.5625K | C/A BPSK 50 bps GLONASS

P(Y) BPSK (10) 50 bps GPS
L2 1227.60

L2C BPSK (1) 25 bps GPS (IIRM-), QZSS
L2 1246+0.4375K | C/A BPSK 50 bps GLONASS

L5-1/Q | BPSK (10) -/100 bps GPS (lIF-), QZSS
L5/E5a |1176.45

E5a-1/Q | BPSK (10) -/50 bps Galileo
E5b 1207.14 E5b-1/Q | BPSK (10) -/250 bps Galileo

E6-1/Q | BPSK (5) -/1000 bps Galileo
E6/LEX |1278.75

LEX BPSK (5) 2000 bps QZSS




Spreading (PRN) Code
GPS C/A Code Generator .
/ﬂf G1 Generator
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DQD % Baseband Processor
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Chl At,Af
Code NCO
Range |
T DLL Pseud-orange,
Cep, Navi-Data
CD CDd;  CDyo [ — ]
X)—— Correlator (] I {3
Ar |
RF- ' >
Frontend CI)"Q Carrier'Phase,
L - Doppler-Freq
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Definition:
The pseudo-range (PR) is the distance from the
s _ = sy receiverantenna to the satellite antenna including
P=cr=c(t —t") . .
r receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delays) (RINEX 2.10)

@ At Satellite 4 ~ L. —7 Time by Satellite Clock (s)
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MMMUMM I O o gy




11ITI“ri1idotT

-~
wd

Definition:
... actually being a measurement on the beat

¢s _ ¢s . ¢ LN frequency between the received carrier of
ro 4 the satellite signal and a receiver-generated

(cycle) reference frequency. (RINEX 2.10)

Y Received Satellite Carrier: ¢S (ZS)/Q\\

S~

Local Reference Frequency: é,.(t.)
Carrier Beat Frequency: O.=¢ —¢ + N/J%

/\/\/\/\/\/\/\/\P



Code vs Carrier-Bas
Standard Positioning Precise Positioning
(code-based) (carrier-based)
ovsenates | Pt e e
Receiver Noise 30cm 3mm
Multipath 30cm-30m 1-3cm
Sensitivity High (<20dBHz) Low (>35dBHz)
Discontinuity No Slip Cycle-Slip
Ambiguity - Estimated/Resolved
Receiver Low-Cost (~$100) Expensive (~$20,000)
Accuracy 3 m (H), 5 m (V) (Single) 5 mm (H), 1 cm (V) (Static)
(RMS) 1 m (H), 2 m (V) (DGPS) 1 cm (H), 2 cm (V) (RTK)
Application Navigation, Timing, SAR,... Survey, Mapping, ...

10
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(3) Satellite

P’ =cr Clock Bias

=c(t. —t") (1) Geometric
Range

=c((t. +dt) - (¢' +dT*)) + &, .
:C(tr —ts)-l-C(dtr —dTS)+5P (4) Ionosphere

=(o, +12+T’)+c(dt. -dT’) + ¢,
=p +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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Carrier-Phase:

9. =¢.()—¢ )+ N, +¢, (8. 0=0,(t0). 40 = ¢ (%))
=(f (. +dt, 1)) +9.,)—(f(& +dT" —1,))+ &)+ N, +¢,

C s & s s s
:Z(l‘r_t )"‘Z(dtr_dT )+(¢r,0_¢0 +Nr)+g(0 (CyCIQ)

D, =g, =c(t,—t')+c(dt, —dT’)+ A(p,, — ¢ + N.) + L¢,

=p +c(dt, -dT’)-1I' +T' +AB +d’ +¢, (m)
7\

Carrier-Phase Bias Other Correction Terms

Pseudorange:
P'=p +c(dt. =dT’)+ I +T’ +¢,

12
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Carrier-Phase Bias:

Bl=¢.0—¢y +N; (cycle)
N  :Integer Ambiguity
¢r,o : Receiver Initial Phase
¢  :Satellite Initial Phase

Other Correction Terms:
T T
ﬁ: _dr,pco ei,enu + Esat—)ecefd;coy‘ei T dr,pcv T d;cv - ddisp ei,enu
+ dnw + drel (m)

d, ,co : Receiver Antenna Phase Center Offset

rpev - Receiver Antenna Phase Center Variation
S

pco Satellite Antenna Phase Center Offset
d;cv : Satellite Antenna Phase Center Variation
dgisp :Site Displacement
d : Phase Wind-up Effect

d : Relativistic Effect

pw
rel

13
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@, = A4, —4,)— (8 - 4)))
= Py Heldty, —dTR) =1, + Ty + ABy, +d,, + &,
=ph =1 +T + AN, +d}, + ¢,
dt’, = dt] —dt] =0, dT" =dT}, —dT} ~0
By, = (d00 =96+ Ni) = (.0 —#6 + Np) = (40— 85 + N) + (d0 — 9 + NJ) =N}y
- (short Baseline and same antenna type)
! ~ pl, + AND, + 2,

77 =t ~0 TV =71 ~ l]_,f 1)~
b—lub—lb 01b—1ub‘1b 0,d),=d,—d,; =0

Satellite i @ % j &)0 Satellite j

¢i ¢]

u b Memo for Misra & Enge:
http://gpspp.sakura.ne.jp/

Receiver u Receiver b diary200608.htm

Baseline
14
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Nonlinear-LSE:

Parameter Vector:

_ T S2S1 S3S1 Smsl T
X—(I’u ’Nub ’Nub ""’Nub )

Measurement Vector:
Y=Yy Yy ¥ )T
Meas Model, Design Matrix:

() =, 07y, (07 by, (07 f

A=,

Meas Error Covariance:
R = blkdiag(R, R, ... R, )

Solution (Static/Float):
X =xo+(H'RTH)TH R (y —h(xq))

Y, :(Q)stl @531
k

ub,tk’

ubt, "

stmsl )T

ub,tk

S281 _ 45251 $281
'Ou,tk pb,tk +ﬂ’]\/vub
8351 5351 SmS1
— + AN
htk (X) = pu,tk pb,t‘k ub
SmS1 SmS1 SmS1
pu tk pb,tk +/1Nub
_ ;szl A 0 --- 0
SaS
_| —e’3t 0 4 0
Htk - u'tk .
;mtil O 0 --- A
R = 20'@2 40'@2 20'@2
t, — . . .
20@2 20'@2 40'@2

I, : Fixed Base-Station Position

15
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RMS Error:

E: 0.2cm
N: 0.6cm
U:1.0cm
Fix Ratio:
99.9%

RMS Error:

E: 10.0cm
N:12.0cm
U: 30.2cm
Fix Ratio:
64.3%

0.2
E-W (m) ORI= 36.10363513° 140.08630715° 69.7449m
AVE=-0.001m STD=0.002m RMS5=0.002m
0.1
0.0
-0.1
-0.2
N-5 (m) AVE=-0.005m STD=0.003m RMS=0.006m
0.1
[ P
-0.1
-0.2
U-D (m) AVE=-0.008m STD=0.006m RMS=0.010m
0.1
010 At A o Ot Ryt OO o O S
-0.1
-0,2
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
-
BL=32.2 km
0.2
E-W (m) ORI= 35.97040871° 140.40295058° 55.185m
AVE=0.014m STD=0.099m RMS=0. 100m
0.1
D0 AP S g LY W Ry L
LIV B
-0.1
-0.2
N-S (m) AVE=0.003m STD=0.120m RM5=0. 120m
0.1
0.0 ey, o N “ M,l" o F i w
M@y A Y . 1 ’1% ' i Aty
0.1
-0.2
U-D im)

AVE=0.020m STD=0.301m RM5=0.302m

A B adih e
R T At N

-0.2
Q0:00 03:00 05:00 03:00 12:00 15:00 18:00 2100

(24 hr Kinematic e: Fixed Solution ¢ : Float Solution)

ength

BL=13.3 km

©ORI=36.03133950° 140,20244350° 70.903m
AVE=-0.003m 5TD=0.022m RM5=0.022m

2
E-W {m)
0.1

DO A gt ppeseniam RMIS ErroOr:

E: 2.2cm

-0.2
N-5 (m) AVE=-0.003m 5TD=0.024m RM5=0.024m

U: 10.6cm
NS : Fix Ratio:

-0.2

AVE=-0.015m 5TD=0.105m RM5=0. 106m

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
0.2
E-W (m) ORI= 35.64235344° 140.44830086° 77.853m
AVE=0.009m 5TD=0.13%m RM5=0, 140m
0.1
e ) O ASTER g IR Nk A B RMSE .
re S Mg I i rror.
-0.1

E: 14.0cm

N-5 (m) AVE=-0.0Z6m STD=0. 146m RMS5=0. 148m
0.1 ¢

n.n'fd}“" i ~* Q‘ff \-R", : ’;i o *‘/'W!ﬁ N- 14-8cm
U: 26.7cm

o2 U-D {inj . AVE=0.002m STD=0.267m RMS=0.267m Fix Ratio:
"l ! ! ‘ 0
n.nt‘,f‘ {%ﬁf ,‘; fﬁ &;‘ L ?i’{n LiE ‘}‘ v Q‘! “’,MV 44.4A)
Q.1 3 ¥ H : “ §

0.2

1
4
00:00 03:00 08:00 09:00 12:00 15:00 18:00 21:00
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 Objectives
— More accurate than float solutions
— Fast converge of solutions

* Many AR Strategies
— Simple Integer rounding
— Multi-frequency wide-lane and narrow-lane generation
— Search in coordinate domain

— Search in ambiguity domain

— AFM, FARA, LSAST, LAMBDA, ARCE, HB-L3, Modified
Cholesy Decomposition, Null Space, FAST, OMEGA, ...

17
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ILD (Integer Least Square Estimation

"

Problem: x=(’,b")" H=(AB)
y=Hx+v=Aa+Bb+v

~

X= argmin (y-Hx)"Q, " (y - Hx)
aeZ" beR"™

Strategy:
(1) Conventional LSE

~ a T~ -1 Qa Qab T -1
=| ~|=Q.H Q. = =(H'Q H
(2) Search Integer Vector with Minimum Squared Residuals

a=argmin(@a-a)’ Q, (a-a)
aeZ”

(3) Improve solution
QbaQ (a a)

18
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Teunissen, P.J.G. (1995)
The least-squares ambiguity decorrelation adjustment: a method for fast GPS
integer ambiguity estimation. Journal of Geodesy, Vol. 70, No. 1-2, pp. 65-82.

e |ILS Estimation with:

— Shrink Integer Search Space with "Decorrelation”
— Efficient Tree Search Strategy

— Similar to Closest Point Search with LLL Lattice Basis Reduction
Algorithm

7=2"3,Q.=2"Q,z
4 =argmin(a—a)7 Q, (@ —-a)k—>| Z=argmin(Z-2)" Q. *(Z-2)

aeZ” zeZ”

a=z2""17

19
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e : with decorrelation
e : without decorrelation
)
£
" 10
£
-
c
A=)
)
S 5
]
X
L
5 10 15 20 25 30 35 40

N : Number of Integer Ambiguities
(Pentium 4 3.2GHz, Intel C/C++ 8.0)

20
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* Technique with Baseline Processing

— Real-time Position of Rover Antenna

— Transmit Reference Station Data to Rover via Comm. Link

— OTF (On-the-Fly) Integer Ambiguity Resolution

— Typical Accuracy: 1 cm + 1ppm x BL RMS (Horizontal)

— Applications:

Land Survey, Construction Machine Control, Precision
Agriculture etc.

Reference
Station

7 T A}

Communication Link
—_ N s

—

Rover
Receiver

21



Precision Agriculture

| onstruction
Machine Control

ITS (Intélllgent Mobile Mapping | Sports
Transport System) System

http://www.trimble.com, http://www.leica-geosystems.com, http://www.gpsworld.com 22
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e Extension of RTK
— RTK without User Reference Station
— Sparse Networked Reference Stations
— Correction Messages via Mobile-Phone Network
— Format: VRS, FKP, MAC, RTCM 2.3, RTCM 3.1
— Server S/W: Trimble GPSNet, GEO++ GNSMART, ...
— NTRIP Networked Transport of RTCM via Internet Protocol

e NRTK Service in Japan
— GEONET: ~1200 Reference Stations by GSI
— NGDS (www.gpsdata.co.jp), JENOBA (www.jenoba.jp)

23
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://terras.gsi.go.jp/ja/index.htm)

Map | Home
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{ ‘ce Paint Pacitinning)
\ Ise Point Positioning)

* Feature
— with Single Receiver (No Reference Station)
— Efficient Analysis for Many Receivers
— Precise Ephemeris
— Conventionally Post-Processing
e Applications
— GPS Seismometer
— GPS Meteorology

— POD (Precise Orbit Determination) of LEO Satellite
— Precise Time Transfer

25
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Kinematic PPP
Station: IGS CONZ

D:¥proj¥gt_support£2(
File Edit View Help

ORI=-35.84375628% -73.02551480° - 180.553m
AVE=1.495m STD=1.388m RM5=2.039m

w1 & = [positon ~|—FEA-H M E ® o o e
p

AVE=0.259m STD=0.359m RM5=0.442m

20cm |

06:30 06:40
[112010/02/27 06:28:00 GPST-02/27 06:45:00 GPST : N=1017 B=0.0km Q= 5:5(0.5%) 6:1012(23.5%]

2010/2/27 6:28-6:45 GPST
Interval: 1s

(2 ValYaael

(o |
ilid

C

1~ DDD
vik rrr

Static PPP
Station: GEONET 0837

¥ Dr¥projertklib_test¥ppp¥sol3¥0837_2009.

File Edit View Help
-||-’_1 2] 12 IPosiﬁon vl,EIALL Vl+'|‘"|}: Lo ] :I I >I x5
0.10

E-W (m) ORI=31.824060872% 130.599593859% 314.6565m

AVE=0.0000m STD=0.0084m RM5=0.0083m
0.05

X I o
. ?““:‘ow\;,‘.‘:,‘:“‘:\\:f.e..f.wzgo’qfa',wwm.-’v"x\mj‘.’"’”’ S,

0.00 |y MM&W’“"“”@MM%

M-8 (m) AVE=-0,0000m STD=0.0059m RM5=0.0055m

A
il ot i i vy i VX LY,
ooo Y e b o PP o GG

AVE=-0.0000m 5TD=0,0110m RM5=0,0110m
0.05 v

. . s
ey, Sl W v

s N
e e e TR
Ty B

5em T

09/10 09/12

-0.10

0afo3 0305 09/07
[112005/01/01 00:00:00 GPST-12/31 00:00:00 GPST : N=365 B=0,0km Q= 6:355(100.0%)

2009/1/1-2009/12/31
Interval: 1day

26



Mining Machine
Control

Pressure WISL (hPa) : 2004/10/15 0000 T= 0 H= OhPa

Offshore Autonomous Weather Forecast
Construction Driving 27



DTV NDDD
NINVS. Frr
RTK Real-Time PPP
Local/Regional
I
Coverage (< 1000km) Globa
Typical 1-3 cm HRMS 2-10 cm, -much depen.dmg
Accuracy on orbit/clock quality
Effect of Ref Hard to separate ref and Less effect by distributed ref
Movement user movement stations
System Simple, Complicated,
Complexity at least one ref station need many ref stations
LatencY of ~1s 5 ~ 95
Corrections
Biases Basically cancelled by DD Need careful handling

Which is better depends on AP requirement and technology level.
RTKLIB offers both. They are user-selectable by option settings.

28
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* Precise Satellite Orbit and Clock

— By Post-Processing or in Real-time
— Observation Data of Tracking Stations World-Wide

* Format:
— Orbit: NGS SP3
— Clock: NGS SP3 or RINEX Clock Extension

e Contents:
— Orbit: ECEF-Positions of Satellite Mass Center
— Clock: Clock-biases wrt Time Scale Aligned to GPS Time

29
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Data (GPS/GLONASS

Raw, Ephemeris,...) Global Data Centers

'—ﬁ' l—ﬁ' Analysis Centers (ACs) > CDDIS >I0
NN CODE || NRCan IGN || KASI
nﬁn,ﬁm — || Esoc || sio

"ﬁ'/l\ :’: GFZ USNO ([~ ACC
NN pL | T Products

GNAACs Regional DCs
S . RNAACs Oper. DCs
Tracking Network

30
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i i Ultra-Rapid (IGU
Final Rapid pid (IGU) Broadcast
(IGS) (IGR) Observed Predicted
Orbit ~2.5cm ~2.5cm ~3cm ~5cm ~100cm
Accurac ~
y Clock | ~75PS RMS | ~75ps RMS éiﬁl)gs ~3ns RMS | ~5ns RMS
20ps STD 25ps STD ~50ps STD 1.5ns STD | ~2.5ns STD
Latency 12-18 days 17-41 3-9 hours realtime realtime
hours
Ubdates every at 17 UTC at 03, 09, at 03, 09, )
P Thursday daily | 15,21 UTC | 15,21 UTC
Orbit 15min 15min 15min 15min daily
Sample
Interval :
Clock >at: 30? 5min 15min 15min daily
Stn: S5min

(2009/8, http://igscb.jpl.nasa.gov/)

31
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 Developed by IGS-RTPP
— RTCM v.3 MT1057-1068 (SSR)
— Corrections to broadcast ephemeris
— Real-time NTRIP stream

— Interval: 10 s, Latency: 5-10s
— GPS and GLONASS

e Analysis Strategy
— Orbit: fixed to IGU or estimated

— Clock: estimated with IGS real-time
tracking network

TPl WS BT OME Je0v-7 O0E7 ALT
= ||+ 8 rrpuiirs ios orgibroductar =R ¢ | [Q- Googe O &-

iinternational,GNSS|Service

@ A rmerly the International GPS Service

Real-time Service eac hccon RiSMonicdng  Cosbbukrs W

RTS Products
cordist NS5 Tocti Tha RTS comection strearr

MMMMRYCMSSRMM Iard for State Space R 0 brasdcast using the NTRIP protocal. RTS conmic
‘exprossed within the Infernational Terestrial Reference Frumu ?ﬂﬂﬂtlmfﬂﬂ)
The product the RTS processing mww Real Time solutions 'w
me Anal lpaca nlars (RTAC). The of Nmmwmmam!u nt aa
AC's prod L m\nmlﬁsﬁnltmmmm
i o Indude and dlock:

. Single spoch GPS softwarn davelor
The sohuton epochs in this produs uammmmdumm M’iﬂ‘\hl the advantage that the Al accu
ofsat from al lmm: at each o)

processing pairs of Analysis Cantar sohitions, in arder 1o algn the docks
outbers snd combined by celouleing & weighind wiersge cloch vekue for sech sell InTMMllhlnammmbmn‘-
valup Trom ol contrttions, The product

mrummmmwammmnnwmm\ Analyss Cont e R’lcumnnsmdmg phipadicd
encoding uses BRG's BNC scltwan

- 10802 iman fiter using BKG's Tree Kl
requines a few minutes cor 1o reach ful ged. uniess thes
restart the softwarn. A mechanesm s in place b avoid o 9 the period. T

ipid schutions. In approach
[ACs) are used as pseudn observations witin the adjusiment procuss. Em- cbsarvalion = modeied a5 a bnear unctan
parametors: AC spocfs cRaal, satelts spociic ofsel ormemor 1 al ACS, and the actual saisBo Gock CorTocton Whih
the combination, Tl‘wulﬂnﬂunwl‘mﬂ s 9 i e statistical propertios. Tha satedtn clock ofsats arg assumed

Bppropriale white noio, The 56
o 86 of minimal consmints. Avcirsive sgorti is ved 1 detect ot uars. Tre gmwm orencs batwasn AC 5p
satedity poaBons i computed, I T i Greater than & theashoid, than comectons of th aflsted AC & gnoned for the |

The 1G5 is okt or starting with GLONASS. A third combination peoduct, 1G5
nd GLONASS cormections is cffered 08 &N expermsntsl product

. 1GS03: using BKG's

approach as IGS02. Tumqpnﬁuurulmlﬁ&ﬂ? MIGLOMSSM s are included in addtion 1o GPS. Whil

for both systerms in a Kalman fiter approach, orists are extracted from one of the incoming comection straams and check
either from products (IGV), or own ¢

that a major part of the reak-tims 1GS referonce stations rowadays supports GLONASS,

of the RTS

The RTS products ane de: ummlmnhwﬂmcmmw uuuuu T of descrbec
Tha nencictsAmsnnted At ISP rrntain rreractnne b fnr e (ES ssteitnn The senanmantsl o
< >

http://rts.igs.org
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1 BKG: CLK10 * BKG: CLK11 (GPS ) :
E-W {m) 18 389665459° 1003.9071m + n E-W (m) 003.9071m
L 'D=0.0360m RM5=0.0381m L n L 15=0.0323m
0. [H] 05
Lo e, e 0.0 " e o = 00 S -
gt iy
-0. -05 -05
L 10 10
N5 {m) AVE=-0.0426m STD=0.0344m RMS=0.0548m N-5 m) AVE=-0.0382m STD=0.0318m RMS=0.0437m NS {m) AVE=-0.0423m STD=0.0295m AMS=0.0518m
0. 05 05
0.0 iy e ey o P ey 0. Ry it tw oo Sy 0.0 o i
-.‘W-W' i —d it
05 -05 05
-10 -10 -10
U-D (m) STD=0.0756m X U-D(m) AVE=-0.0149m STD=0.0689m RMS=0.0705m (m) WE=0.0174m STD=0.0664m RM5=0.0686m
05 05 05
\ .
°'°WWMWWM ”WMWMHMM 00
05 -05 05
_1 0 -1 u -1 n
03:00 06:00 12:00 03:00 05:00 12:00 03:00 06:00 12:00
i EQA ESOC CLK31 s ESAJESOC: CLK51 TUW: CLK61
E-W {m) 59‘ mus 9071m E-W (m) ° 11003.9071m E-W (m) ° 18.389665459° 1003.9071m
05 05 MS=0.0566m D=0.2333m RMS=0.3148m

oo‘mmu’b'{ o o

Ww.

AVE=-0.0541m STD=0.2280m RMS=0.2344m

\
|
\
i
03:00 06:00 12:00

RMS 14. O 12. 1 '23.4cm

00
" il
N
'

03:00 06:00 12:00

RMS 57 5.4, 116cm

0.
00 WM i "J
05 ' /
-10

-5 (m) |
05 |

7m RMS=0.2098m

76m RMS=0.2500m

03:00 06:00 12:00

RMS 23. 3 21. O '25.0cm

2010/9/18 0:00-23:59, 1Hz, Kinematic PPP, NovAtel OEMV-3+GPS-702, RTKLIB 2.4.1
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BE &R A 73 DA ED AT

An Open Source Software ESERESS o

Overview | Release Notes | Support | Desuments | Befersners | Porting to Bl | To Do | Ssatinics | SR Resriver
ﬁ RTKLIB: An Open Source Program Package for GNSS
‘eZ’ Positioning

Package for GNSS Positioning

S i o e B e o e I
74l % Fud 2

— Has been developed since 2006

— The latest version 2.4.2 p8
distributed under BSD license

Portable APIs and Useful APs E
— "All-in-one" package for Windows | -
— CLI APs for any environments -

oo |

http://www.rtklib.com or
https://github.com/tomojitakasu/RTKLIB
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Reference _ g ——
Station j :';iuK_igu:[Smmi-

Y. Ohta et al., Quasi real-time fault model estimation 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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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

2011/6v.2.4.1
2013/4v.2.4.2

ory

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 covinral r 1V
Jup 1

laYalaY| nr
MVI ULUINMAVDY, oL viidl 1CcLCivi

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

Support QZSS, JAVAD receiver, ...
Support Galileo, Enable BeiDou, ...

37
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Standard and precise positioning algorithms with:
— GPS, GLONASS, QZSS, Galileo, BeiDou and SBAS

e Real-time and post-processing by various modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

e Supports many formats/protocols and receivers:

— RINEX 2/3, RTCM 2/3, BINEX, NTRIP 1.0, NMEA0183, SP3,
RINEX CLK, ANTEX, NGS PCV, IONEX, RTCA-DO-229, EMS,

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

e Supports real-time communication via:
— Serial, TCP/IP, NTRIP and file streams
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MARKER: CUTO
REC: TRIMBLE NETR3
ANT:

SAT: 0BS  SNR :
G01: CLD

T cian

g GL2 CLO

CooOOooo:

D:¥prof¥rtklib_t

2009/05/15 05:16:31.5 GPST

e IEE s e @@ e

ORI=35°43'08.2231" 138°27'02.1209" 404.8966m
AVE=E:54.0068m N:-343.3849m U:-D.3535m
STD=E:138.3056m N:343.5323m U: 2:0104m

RMS=E:148.4699m N:485.7122m U: 4.0258m 2D:1015.7946m

okm/h

Lat/Lon Height - Rover SR (dBHz)
Selution: FIX

N:
E:  138°27'02.1531"
H:
N

A

35 43'08.2300"

[1]2003/05/15 05: 5,10 GPST : 35°4308.2301" 138°2702.1530" 408.9318m

% eurefip.asiit:2101

Mountpoint 1D
ACORD Coruna RT(

2013/03/08 06:43:17 GPST Connect Time:  0d 00:00:10

Stream Type OptCmd bytes

@put [seid =[] 14,47 6,94

Conv

(1) o
O (2o
I (3) Cutput

0 0
0 0

Time Span (GPST) Stations ()

Start 2012/01/01 % 00:00 % ?
End 2012/06/01 % 23:59 % 2 ||AMC2

Intv 24H

FTP Login

BJFS

anonymous user@®

U

kipfllxis ST
CAS1

neghn cHAT
Local Directory 2 CHPL

~ | i¥product

Ftps/cidis. gsfc.nasa. gov/gps/products %\ figs %W 4D 5p3.2

Ve¥producté

OK=0 No_File=0 Skip=153 Error=0 (Time =0.3 £)

AJACO Ajacco
ALACD Alicante RTCM 2.3
ALBAD Abacete RTCM 2.1
ALMED Almeria RTCM 2.3
AUT10 Thessaloniki RTCM 3.0
BELFO Belfast RTCM 3.1
BELLO Belmunt_de_Segarra  RTCM 3.0

BOR i 3
EOR. Bt 0
BOI Edfian| R

BRSTO Brest RTCM 3.0
BSCNO Besancon RTCM 3.0
BUCUO Bucharest RTCM 3.0
BUTED Budapest RTCM 3.0
CACED Caceres RTCM 2.3
CAGZO Cagliari RTCM 2.1
CANTO Cantabria RTCM 3.1
CANTL Cantabria RTCM 2.3

RCBROWS

1004(1), 1006(15), 1008(60), 1012(1), 1033(60)
(1), 3(10), 18(1), 18(1), 22(10), 23(10), 24(10),53(10)
1(1),3(10), 16(120), 18(1), 19(1),55(10)

(1), 3(10), 18(1), 18(1), 22(10), 23(10), 24(10),53(10)
1004(1), 1006(10),1008(10)

1004(1), 1006(15), 1008(15), 1012(1)

1004(1), 1005(5), 1008(5]

S

1004(1), 1006(15), 1008(15), 1012(1)
1004(1), 1006(15), 1008(15)
1004(1), 1006(10), 1008(10), 1012(1), 1015(120), 1020( 2

2
2
2
2
2
2
2
2
2
2
2
2

1004(1), 1006(10), 1008( 10}, 1012(1),1013(10) 2
1(1),3(10), 18(1), 18(1), 23(10), 24(10), 55(10) 2
1(3),3(80), 16(50), 18(1), 19(1), 31(3) 2

1004(1), 1006(15), 1008(15), 1012(1), 1013(120),1020(L: 2
1(1),3(10),18(1),18(1) 2

? meEnd(Elm ?
= =] 33.59.59 =
00 |5 20120101 5 23:59:59 5 30

Time Start (GPST) ? ime End (GPST) ?

‘zulz/us/ns | : |lﬁ:EIEI:EIIJ | z ‘1mzjn1f13| z |23:59:59 | S ows

RTCM, RCV RAW or RINEX OBS  ?

RINEX 0BS ?
Y2 ¥datak ¥ %k % %n0. %yo
RINEX OBS: Base Station
Di¥projégeonst_testé%b%n ™, 120
RINEX *NAV/CLgRs

i¥products %
¥ :¥product¥ %W ¥igs %l %D, dk_30s

O

£l
F]

Solution [7] Dir D:¥proj¥ppp_test
Di¥proj¥ppp_test¥%r%n0.pos

&l

¥ ¥rtilb¥uti¥stmon¥log¥TSK220130215 % log

tput Directory

| V:¥ridib¥uti¥strmon#log¥ TSK 2201302190, gnav

V¥rtidib¥uti¥strmon¥log ¥ TSK220 1302190, hnav

V:¥rikdib¥utiféstrmon¥log¥TSK220 1302190, gnav

¥ :¥rtidib¥utiféstrmon¥log¥TSK 2201302190, Inav

g¥TSK2201302190.5bs

['source table received

Options.

RTKPLOT
with RTKLIB ver2.4.2
Cogyright (C) 2007-2013 by T.Takasu

All rights reserved ]

RTKCONV
with RTKLIB ver242
Copyright () 2007-2013 by T.Takam

All rights reserved, =

STRSVR
with RTKLIB ver2 42

Cogyright (C) 2007-2013 by T.Takass
Al rights reserved.

RTKPOST
with RTKLIB ver2.4.2
Copyright (C) 2007-2013 by T.Takasn

All rishts raservad (]

Nirip Browser
with RTKLIB ver2 42

Copyright (C) 2007-2013 by T.Takasms
All sights reserved,

RTKNAVI
with RTKLIB ver242
Copyright (C) 2007-2013 by T Takasu

All rights reserved. )

RTKGET
with RTKLIB ver2.42
Copyright (C) 2007-2013 by TTakase

All rights reserved. )
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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

CLI Command Reference
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rtklib_2.4.2.zip

/src

/mkl

/test
/util

/doc

/rcv

/rtknavi
/strsvr
/rtkpost
/rtkpost_mkl
/rtkplot
/rtkconv
/srctblbrows
/rtkrcv
/rnx2rtkp
/pos2kml
/convbin
/str2str
/appcmn
/icon

l- g g ~dep p
Structure

Kage

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 (GUI)

RTKPOST_MKL (GUI)

: RTKPLOT (GUI)

: RTKCONV (GUD)

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

RNX2RTKP (console)
POS2KML (console)
CONVBIN (console)
STR2STR (console)
Common routines for GUI
Icon data for GUI APs
Intel MKL libraries for Borland environment

APs

: Test program and data
- utilities

Document files

41



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

str2num(),str2time(), time2str(),epoch2time(), time2epoch(),gpst2time(),time2gpst(),timeadd(),timediff(),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_oemd4(),
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 */

ireadsol (§,readsolt{(),outsolheads(),outsols{),outsolexs(
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() ...

Y P el o P N ~ e~ BN\ P sl Py o N e Py [ IPRRRTEY 4 NPt Shuy | B e = VA
) ,outsoineaa() ,outsoi(),outsoiex{) ,setsoiopi),setsorioimai(),
s
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uppo

Py,
eG

Df\ﬁl\: V& Y
INCTLCIVC

Data Message Types

\ W | "
i

S

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%%9 . corrections
RAWWAAS- )
FRAMEB
- FRMB -
ID#20,
_ ID#67 #21
UBX
RXM-SFRB
- bin 80 -
) i msg OxDC
(220)
SN
- WDl "ozss Data,
Galileo Data
_ msg 0x03 ~ msg 0x20
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NAeeld: AANICC CrinmvAarvd
IVIUITI-GiINoO SUPPOrt
A0 NIS O
e " 0% . @ GPS(12)
5 08,08 -
. o G11§ oo - ® Galileo (4)
o @ ® QZsSs (1)
@ .
C1070003 @ ® BeiDou (10)
: o % ¢ @ SBAS (4)

L %
o9 @ # Total (39)

07> O S
2013-06-12 10:20 GPST (EI>10deg)

Visibility at Tokyo by RTKPLOT



RTKLIB ver. 2.4.1 Manual

w

Dradt 2011-01-27
Contents

1 Overview 1
2 System 3
3 Instructions 4
3l 4
32  Realtime g RTENAVL 5
33 Configure Input, Cuutpnst and Log Streame for KTRNAVI 7
34 Post-Pracesting Analysia with RTKPOST 53

35 Configure Posttioning Options for RTKNAV] and RTEPOST
36 Comvert Recetver Raw Data to RINEX with RTECONV £
37 View and Plot Solutions ard Ob Dista weith RTKPLOT, &
38 NTRIP Source Table Browser 52
39 Use Console APs of RTKLIB 51
4 Develop and Link user AP with RTKLIB 55
Appendix & Conscle AP Commands. £
Al RTERCY 54
Al RNXZRTKP. 5
A3 POSIKML 61
A4 CONVBIN 53
A8 STRISTR 88
Appendix B File %
Bl File. 73
B2 SBAS Log File &9
B Solution Starus Fil -
Bl G File .
Appendic© Library AT Program Interéaces) 7

Copyright () 2007-2010 by T. Takasia. All rights reserved.

rtklib_2.4.2/doc/manual_2.4.2.pdf

FrAL WE &R W

FuOT=2 TR ALT

[ 4 x| [+ 6 reto: vt coen/rtiiib_support.him €] Q- Googe O~ -

vrview | Belease Noses | Suppoet | Doguments | Beferoors | Porting o BB | ToDo | Statistics
RTKLIB: Support Information pdate 20110305
Inquiny

| ol dd

for ingairy. -

Neakd A half hoar offset of timetag in converted RINEX OBS files iCONVBIN ver24.0)

In scene enviroament, the me-tags in RINEX 085 fles have a half hour (30 minutes) affset to proper values.

Clsbeary Iocaltimer). The localtime() retarns daylight
tm_isdsti i i ing time applied. The cumment version assumes the time-shif is fast an hour. The
B willl be fixed

Dueta

halt-hour shift did AJ)R011/0305)

Mos3 FOSIKML always retarns read error (FOS2ZKML ver. 24.0)

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

Due to the same bug as No.55. Apply the patch 413,21, For NMEA, it still remai bl Na59. 1t wil be fived i
telease (v24.1). 2011/92724)

Sol1-Solz di mode plot does proper values (RTKPLOT ver24.0)

Adter reading solution 1 and solution 2 with RTKPLOT and i 112 button b shaw the d [t the plots indicate

inproper values in “Gnd Trk” display mode.

Due to bug i !

T B will be fixed in th "

24.1). (2011/02,/04)

No#1 AP running as a TCP server stops if a TCP client stops (RTKNAVL STRSVE, RTKRCY, STR2STR ver.24.00

In case that an cutput or log stream type of AT is set as “TCT server” and TCP cli the AT, the AP stops i TCT clients stops
canised by same errors.
[ a writing socket as blocking-mode. If Full, “write” or “send” AP1 blocks the TCF server. I the
TCP cli s reading the socket the TCT server diae to th ! i1l be improved in the
(¥24.1) by using i Lintil restart the AP in such situation. (2011
Nod 30 Hz or higher data are y TKPOST, RTKPOST_MKL, RNXZRTKF ver2.4.00
With 50 He or high i data, th ly: fabled caused by pretat B s e data.

is of 50 Hz or higher for 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.

Dhus

a g in secfeolution.c. 1t will be foed in the next version (v.2.4.1). Wait for a whil

NoS§ RTKNAVI crashs due to MKL library (RTKNAV] ver2.4.0)

I RTK

hs due to MXL library used

Lise non-MKL version RTKNAVE {riknavi_nomkbexe) in the patch 1
A b PRI AT

rustead of ariginal riknavi sxe for the environment having

#ekIih_suppert{akgpsppsakiane.fp b

http://www.rtklib.com
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RIKLID Fractice (1)

* Install RTKLIB

e Setup Receivers and Antennas

e Use RTKLIB in Post Processing Mode
e Use RTKLIB in Real-Time Mode
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* Copy the following directory and files in the USB
memory to your laptop PC.

school

¥rtklib_2.4.2p9
¥samplel

¥novatel
¥javad
¥googleearth
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* Receiver
— NovAtel OEM628 (GPS, GLO, QZS, SBS, BDS) x 6
— JAVAD Delta (GPS, GLO, QZS, SBS) x 2

* Antenna
— NovAtel GPS-702-GG or 703-GGG (L1, L2, L5) x 6
— JAVAD GrAnt-G3T (L1, L2, L5) x 2

e Others
— 12V Battery, Cables (Antenna/Power/USB) x 8
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Ca +al
Setup NovAtei

~
<

DI\A’\
INCLC

 Install Support S/W to your laptop PC

— NovAtel CONNECT PC Utilities 1.6.0
(school¥novatel¥NovAtelConnectSetup_1 6 _0.zip)

NovAtel

GPS-702-GG/ NovAtel OEM628 CONNECT

703-GGG

R

m——t 1 .

12V Battery
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Ca~ up \ll\l'\ DAa~Ansns
Setup JAVAD Rece

er

 Install Support S/W to your laptop PC.

— JAVAD NetView 4.8.1
(school¥javad¥NetView 4 8 1 18.zip)

GrAnt-G3T JAVAD Delta

12V Battery

JAVAD
NetView
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\'

* Execute RTKLAUNCH.
school¥rtklib_2.4.2p9¥bin¥rtklaunch.exe

RTKLIB v.2.4.2 |:
@ ’lr} '—|:| L‘lr% ﬁ‘ %

RTKPLOT STRSVR NTRIPBRS RTEGET
RTKCONV RTKPOST RTKNAVI




11
9

cn DTIIID [9)
SE NINLID (&)
Execute RTKPLOT by
RTKLAUNCH !

Execute Menu of RTKPLOT:

File - Open Obs Data...
school¥samplel¥

javadl_201102030000.0bs

JAVAD DELTA Receiver

Acknowledgment:
Sample data were captured by JAVAD DELTA receiver provided by JAXA
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RTKI IR (2)
NRIKNLID (9)

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

i e —
& D:¥proj¥seminar¥samplel¥javadl_201102030000.nav...

Eile Edit View Help

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

%

. = 1= =t
3 ——ty e e ol - .
s |Tracking Data
é‘ | : Cycle-Slip
Hg | : Parity
B Unknown
L
2
23
5
o 28
; 2gql»---u | hkw:: B o [ Ta—
E p%bm - b oo v s E fiof s e
- b PO E
woR2 # -t , - - )
Eg + o o S
Eg:h-—-*—-—-‘- e e I m:- S | v “_l o
Rl M i o T e e T
Ri% g s wir wir= v i s v v vira T
RIS R SR .
Eﬁ — . e e e e ;
= - i e L e e e
P | 2 s — -
2l e ey - Ephemeris
fosgsozziond ey v
Rﬁ s i s mim = A B . Hemm—t o : TOE
- . e e s o o o
éﬁla%%%%%wﬂﬂ . == BN M s oSt S s ine s g i Red:
UUiUU 03:00 O:00 09:00 12:00 15:00 13:00 21:00
|[1]2D11IUZIUSUU:UU:UU.UUU GPST : M=19 NSAT=19 SMR.=>45 =35 »30 =25 <25 unhealthy
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llce RTKI IR (A)
USE RNINLID (&4)

e —— = b
¥3 D:¥proj¥seminar¥samplel¥javadl_201102030000.nav... EE
File Edit View Help i
------ Dz EEEE~] o =]- w2 fose « »IT X 4
Skypl .
yplot . .
- — -
ﬁ D:¥proj¥seminar¥samplel¥javadl_201102030000.nawv... EE 2
File Edit View Help | =
...... |_121'2|'I|L1 |- tfe== s v LT X5 N . S S N,
I N VS S S J0Y S 1 {11
= m
e s s el s e A =T it
09:00 12:00 15:00 18:00 21:00
AT=12 PDOP=1,4HDOP=0.8 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
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Time Format him:s GPST
Show Statistics  |OFF -
Cyde-Slip LLI Flag
Parity Unknown  |ON
Ephemeris oM

Elevation Mask (%) |0

Elev Mask Patern |OFF

Hide Low Satellite |OFF

Maximurm DOP 30

atellite System
¥ GPs [v GLO v Galleo

W Qzss v SBAS [~ Comp

OBS Data Options

Exduded Sats I

RTKPLOT - Options

il — N

Error BarCirde
Direction Arrow
Graph Label
Grid Label

RT Buffer Size
Origin

IMarkﬂ_ine - I
I;_' - I
Tahoma &pt J

—

QC Command ch +qc +sym H Tep -plot

Solution Data Options

Common Options
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Use RTKLIB (6)

 Execute RTKCONV by
RTKLAUNCH

 Set Input Data

school¥sample3¥
oemv_201010150000.gps

 —
¥ 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¥seminar¥sample Foemv_201010150000.hnav J
v |D:¥proj¥seminar¥sample 3¥oemv_201010150000.sbs = J

RTKCONV

e Push Convert... Button
e Check RINEX Data -

* Push Process... Button to Launch |
RTKPOST

|
#4 RTKPOST ver.2.4.0 e e S

[~ ime Start (GP [~ Time End (GPST) [~ Interval [~
[2010/04/01 :“-:-3:15 :“2-:-11_-‘-:-1.-‘25 :“23:59:59 :|| Y
RIMEX OBS (Rover) & B
|D:¥pr0j¥rﬂdib_support¥2011041?¥r0ver.0bs jJ
RINEX OBS (Base Station) & =
|D:¥proj¥rﬂdib_support¥2011041?¥masber.obs jJ
RINEX NAV/GNAV/CLK, 5P3, SBS or EMS BE8d
|D:¥proj¥rﬂdib_support¥20110417¥masber.nav jJ I
|D:¥pr0j¥rﬂdib_support¥2011041?¥master.gnav jJ
Output File
|D:¥pr0j¥rﬂdib_support¥2011041?¥r0ver.pos jJ
Flot... | View... | To KML... | Options... | Execute | Exit |

RTKPOST
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Settingl Output

Settingl |5etﬁngg| Output | Statistics | Positions | Files | Misc | Settingl | Setting2 Output |51_31J'stics | positions | Files | Misc |

Positioning Mode I TI Solution Farmat I TI
Freguencies IL 1+H2 _I Qutput Header Processing Options IDN L"DN ;I
Solution Type ICDmI:uineu:I ;I Time Format [ # of Dedmals m
Elevation Mask (%) / SNR Mask (dbHz) |15 |o Latitude /Longitude Format | ddd. ddddddd =l
Rec Dynamics/Earth Tides Correction IOFF LI]OFF LI Field Separator I
Ionosphere Correction IEruadmst Datum/Height IWG584 L"Geudeﬁ;l
Troposphere Correction ISaasiﬁmninen Geoid Model IInternaI ;I
Satelite Ephemeris/Clodk Broadcast Solution for Static Mode |AII ;l

Exduded Satellites (PRN ...) NMEA Interval (z) RMC/GGA, GSA/GSY ||:| ||:|

¥ Ps [~ 6LO [T Galleo [T gzss [T SBAS [T Compass Output Solution Status /Debug Trace |OFF v |[OFF |

Load | Save | oK I Cancel Load Save I oK | Cancel |
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llce RTKIIR in BRT Made (1)
USE RINLID IN Rni IVIOGE (1)
* Execute RTKNAVI by
RTKLAUNCH
* Set Input Data Input Stream RTKLIB - RTKNAVI
Serial ETr
* Format { —

NovAtel OEM®6 or Javad

RTKLIB - RTKNAVI -
Input Streams



llen
JOT

RTKLIB - RTKNAVI -

Input Streams /

D
n

T
[

’iilD
NLID

Input Stream
(1) Rover
[[](2) Base Station
[[1(3) correction

OFF

Input Streams

Type
Serial
Serial

Serial

0.000000000

2

0.000000008

NMaAada
IVIUUCT

(9)
\<]

RTKLIB - RTKNAVI -
Input Streams - Serial Options
Serial Options n
Port v| Parity None v
Bitrate (bps) 300 v | Stop Bits 1bit v
Byte Size 8 bits v Flow Control | None v
OK Cancel

RTKLIB - RTKNAVI -

Input Streams - Serial/TCP Commands

Serial/TCP Commands

Commands at startup
unlog all
log rangecmpb ontime 1
log rawephemb onnew
log ionutch onnew
log rawwaasframeb onnew
log gloephemerisb onnew
log gzssrawsubframeb onnew

Commands at shutdown
unlog rangecmpb
unlog rawephemb
unlog ionutch
unlog rawwaasframeb

unlog gloephemerisb
unlog gzssrawsubframeb
unlog qzssionutch

2

~
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RTKNAVI ver.2.4.0

2009/05/15 05:16:19.9 GPST

1 |NO0-+E—00000 o L

]

I Lat/Lon/Height

[Rover SR (dBHz)

2

Solution: ST

e

Close |

Trov

2009/05/15 05:16:55.050
2009/05/15 05:16:55,050
2009/05/15 05:16:55,050

2009,05/15 05:16:55.050
2009,05/15 05:16:55.050
2009,05/15 05:16:55.050

2003/
2003/0)
20030

2009/05/15 05
2009/05/15 05:16:55.050

RTKNAVI ver.2.4.0: RTK Menito

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]
9 1 20254045343 20254045273 0.000 106435723.359 |82936926.625 0,000 -1568,516 -1223.004 0,000 s1 47 0 0 0 0 LIC L
12 1 (21293395823 21293896.062 0,000 111800178.058 87194946,887 0,000 2050.633 1605.588 |0.000 0 47 0 0 0 0 L 1w
14 1 23920224085 23920225892 0,000 125701628.750 97949332531 0,000 2577.184 2008195 |0.000 44 3 0 0 0 0 LIc P
15 1 23184249.391 23184250.845 0,000 121834049.105 94935627.551 0,000 2278723 -1775.633 |0.000 4 42 0 @0 @0 0 Lic P
18 1 20397304664 20397803.867 0.000 107191184,340 83525594,473 0,000 144,500 112594 (0,000 0 46 0 0 0 0 LI L
21 1 24087102391 24087105643 0.000 126578593.832 98632661410 0,000 -2798.957 -2181.008 |0.000 @ 35 0 @0 @0 0 Lic P
55050 22 1 | 21637873.453 21637871398 0,000 113707787.055 88603462492 0,000 2030.109 1581802 |0.000 0 42 0 0 0 o LI 1w
26 1 21781140.951 21781141672 0.000 111833150,33 |87149709.066 _ 0.000 -1708.859 -1332.363 0,000 0 44 o o o o i e

2009/0 [SAT
2008/0
2003/0
2009/0

2003/0)

GPS
Ephemeris

T

SBAS

Messages

[ ~ [[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 Cose |
1D _[statu{10DE [100c|Aca|Heal| Tos [Toc |Ttrans |a m) le lio (deq) _ |OMEGAD (ddomega (deg|M0 (deg) |deltan (deg/s)|OMEGAdot (d{IDOT (deg/s) ~
1 - |52 |52 0 3f 2011/02/1720:00:00 2014/02/17 20:00:00 - 26550230.017 |0.00443206 55.43303 -60.30397 50.33524 -175.02323 26750E-07 -4.8280E-07 |-15593E-08 | |
2 - 2t |20 0 |00 20110213 02:00:00 |2011/02/18 02:00:00 - 26550729310 |0.01000893 |53.51631 49.80734 -176.47563 -92.40715 23107607 |-4.7527E-07 4.7230E-08
3 - 52 (52 1 (00 20110217 22:00:00 20130217 22:00:00 - 26550157900 |0.01336957 |53.21504 -16.41322 6146513 145.44613 27460E-07 -4.53B0E-07 |-2.1677E-09
4 - 74 74 0 |00 2011/02/1802:00:00 2011/02/1802:00:00 - 26550578082 |0.00961511 |53.76371 50.81085 40.64554 79.96980 2961307 -4.871E-07 3.2271E-08
5 - & & 0 00 2014/02/1710:00:00 2014/02/17 10:00:00 - 26550661202 |0.00225705 (5470653 | 110.66967 16.09544 -116.13357 2.9312E-07 |-4.8045E-07 -2.889%5E-08
& |- 8% (83 0 |00 20110217 22:00:00 2013/02/17 22:00:00 - 26550246.540 0.00646562 | 53.62838 -12.24224 49.26303 -94.66636 2.6840E-07 | -4.6851E-07 -2.9672E-09
7 - & & o 2011/02/17 22:00:00 | 2011/02/17 22:00:00 26550350034 |0.00417409 5579834 |-128.83702 -177.57532 4320372 25221E07 |-4.7203E-07
B p = B — S-SRaRSakg = = Soso.oo.on ek ——— = & 2 = = BE = & &

9

|Conhems | -

2009/05/15 05:16: Co6A0C39E18F 11F04F8 IDCOBEO4F02FC 1IFE 12F08FE7 38 13E0AFD4FEQDD
CE69C415E IFFOF78ATC53C21E0D704F8 19C0AED4FE23C41E IEF 1476000
537224C55BEC50875E4603/ES80F ABBC 2BBFFG9880C 2EE444F 5B441080
537224C55BEC50875E4603/ES80F ABBC 2BBFFG9880C 2EE444F 5B441080
9AB651D380900600805807F8000927A8000000000000000000000000000
SAFC000000000000000000000000000000000000000000000000000000
C612800DFFDFFFFF 1FFDFFC 28 7D IFFDFFOFFDFFDFFDBEA BB 33FFFFCO
C6510800DFFDFFFFF IFFDFFC 28 7FD IFFDFFDFFDFFDFFDBEA 7BEB33FFFFCO
53089FFFFFDFFDFFDFFDFFDFFDFFCO 2400DFFCO09FFFEEEEFEESBESFE0
53089FFFFFDFFDFFDFFDFFDFFDFFCO 2400DFFCO09FFFEEEEFEESBESFE0
9ADCBFCBFFSFFDFFFFF SFFDFFCO 17FF SFFFFFDFFCO06 SEESBBSDFBESS0
9ADEBFCBFFSFFDFFFFF SFFDFFCO 17FF SFFFFFDFFCO06 SBBSBBS0DFEE80
C56A 1023E0CF04F82FCODEQAFOQ0000000000000000000000000005000
CSFC000000000000000000000000000000000000000000000000000000
53FCO00000000000000000000000000000000000000000000000000000
5307FFFFFFFCO000000000000000000000020200000000000000000080
9AB9CE47C IFEODGE53419A07ED3F023C07E 20FOEFE9Fa43C IFEODESDOD

2009/05/15 05:

Ionospheric Delay Corrections
Ionospheric Delay Corrections
Clock-Ephemeris Covariance Matrix Messz
Clock-Ephemeris Covariance Matrix Messz
Long Term Satelite Error Corrections

Mull Message
Fast Corrections

Fast Corrections
Fast Corrections
Fast Corrections
Fast Corrections
Fast Corrections
Ionospheric Delay Corrections

Mull Message

Mull Message

PRN Mask

Ionospheric Delay Corrections i
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I

CJ
Q)

'<
'<
(')

Objective
RTK of by Playback Data

Program
rtklib_2.4.2p11¥bin¥rtknavi.exe

Data

sample2¥

oemv_2009515c.gps (NovAtel)
ubx_20090515c.ubx (u-blox)
0263 _20090515c.rtcm3 (VRS)

e~
Q)

RTKNAVI

2009/05/15 05:16:23.6 GPsT| 1 |EEC-E-10000 of L

LatfLon/Height

+ || Rover:Base SNR. (dBHz)

|| Solution:

N: 3571895279 ° =
E:  138.45059808° |83 itis ooaeran

FIX

H: 408.939 m
E: 0.005 N: 0.005 U: 0.014 m
Apged s Ratio: 9883 # of Sat: B
E 20
X 2| "o i 15 48 01 22 26 27 30
[m] (1) T+11.5s (2) T+12.495 I
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GEONET

VRS
Service

Ly Naka
LJald

NovAtel
GPS-702-GG

NovAtel
OEM-V &
20 Hz

E-

Mobile
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Settingl

Settingl |5etﬁngg| Output | Statistics | Positions | Files | Misc _|

Setting2

Settingl  Setting2 |Dgtput| Statistics | Positions | Files | Misc _|

Positioning Mode Ik‘&nemaﬁc

Freguencies

L1H2

Solution Type

Forward

Elevation Mask (%) / SMR. Mask {dbHz) |

15

|u

Integer Ambiguity Resolution IFix and Hold ;I
GLOMASS Ambiguity Resolution ;I

Validation Threshold to Fix Ambiguity

Rec Dynamics,Earth Tides Correction IDFF L"DFF LI

lonosphere Correction IBroadmst

Troposphere Correction ISaasEmuinen

satellite Ephemeris/Clodk IEruadmst

Exduded Sateliites {+PRN: Induded) |

W GPs [ GLO [ Galileo [~ Qzss [~ sBas [ Compass

Min Lock [ Elevation (=) to Fix Ambiguity ICI ICI

Min Fix f Elevation (%) to Hold Ambiguityllu Iu
Outage to Reset [ Slip Thres LG (m) |5 Iu,u5u

Max Age of Differential (s) ISU.U

Reject Threshold of GDOPInnov {m) ISU.U ISU.U

Mumber of Filter Iteration |1

[T Baseline Length Constraink {m) IIII.EIEIEI

Load | Save
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C
Reference S

Receiver:
Trimble NetR9

IP-Addr : *%% %k* skkk skok
Port : 2101

MountP :RTCM3

USER-ID : *¥¥*¥k*x*

PW . %k %k %k %k

Data : RTCM 3, GPS+GLO

IP-Addr %k ®x*k kkk kkk

Port :2102

MountP : BINEX

USER-ID : *¥k*¥k*x*

Data : BINEX, GPS+GLO+GAL+QZS+BDS

b+ 3 RTKPLOT ver.2.4.2: Google Earth View — =
D+ owm e A#@ﬁ'ii o= 906 0 ad | Close |

Lat: 35.666243069
Lon: 139.792308111

Height: 59.8700

64



RTK Reference

Station

RTKNAVI
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B-7a/7b
RTK-Demo Port Cruise
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[ | c L AIII
Port Sé SdCneauié

~
Ot Lfr

e Groupl (A, B, C, D)

— Loading : 12:25 (keep it!)
— Start :12:45
— Return : 13:50

e Groupll (E, F, G, H)
— Loading : 14:15 (keep it!)
— Start : 14:35
— Return : 15:40

 Waiting Group

— Visiting to Museum
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&l D
CIT N

RTKPLOT ver.2.4.2: Google Earth View
twBw | AF@c ¢loas 0B |0ad

'l &
SC W

NDaAawvd £ v
Ul U A

~
9

® ik

-
| Landsats®
mage Lan 5.3\.?/

b, A Sl S

»ogle earth |
C

= _’ A -’ L - 5 . . . N : - : e
o 0¥ % Data SI0, NOAA, US Navy. NGA, GEBEO' . $. ™ - ™5
I t E i - ,‘{:‘ / ; > - o -\ , = W




C
»

. 1Yy N1 A
yimer Schooil 2014

GNSS H<w—RH—JL
2014 B &
ARIEZIIL—X, 2 FL—F=4H s
MrhT, kG-1, FG-2 N
—FD/)/IEHE? (P10 ~) P

WXHEL 7H30 858 p

News Letter of IPNTJ, Vol.IV No.3, 2014
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B-8
RTKLIB Practice (2)
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* Time Systems

— TAI: International Atomic Time

— UTC: Coordinated Universal Time

— Local Time (JST, EDT, ...)

— UTO, UT1, UT2: Universal Time

— GMST: Greenwich Mean Sidereal Time
— GPS Time

— GLONASS Time
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T
[

:IMI\ Clll‘+l\lM rl\lﬁl'f\lﬁﬁ:f\lﬁ
1111 .)YDLCI 1 GUIIVCIOIUI ]
TAI to UTC: UTCTAT{s)
time = tryy +(UTC = TAI) =25 | 1990/1/1- -30 | 1996/1/1-
26 | 1991/1/1- -31 | 1997/7/1-
UTC to UT1: 27 | 1992/7/1- -32 | 1999/1/1-
tury =tyrc + (UT1-UTC) -28 | 1993/7/1- -33 | 2006/1/1-
=29 | 1994/7/1- -34 | 2009/1/1-

UT1 to GMST:

GMSTy), = 24110.54841 + 8640184 .812866 ", +0.093104 7", *~6.2 x 100" 3

GMST = GMSTyy, yr1 + r(turt — ton urt)

r =1.0027379093 50795 + 5.9006 x 10 117", —5.9x10° 7" 2
T',=d',136525 d', : number of days elapsed since 2000 Jan 1, 12h UT1

GPS Time to TAI:

trar = tgpsy +19s

GPS Time to UTC:

tyrc =tgpsy — (Atrs + Ay + A (tgpsT —1o1))




~
V00

velivre ~d
IUIIIAl

Q
€ OYS

ECEF: Earth-Centered Earth-Fixed
— |ITRF

— WGS 84: US (GPS)

— PZ90: Russia (GLONASS), ...

ECI: Earth-Centered Inertial

— ICRF: International Celestial
Reference Frame

ECI-ECEF Connection

— Precession/Nutation Model
— EOP: Earth Orientation Parameters

Reference

Reference
meridian
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ITDE
11\

* International Terrestrial Reference Frame
— A "Realization" of Maintained by IERS
— GPS, VLBI, SLR, DORIS Site Position/Velocity List
— |ITRF2005, ITRF2000, ITRF97, ITRF96, ...

VLBI: Very Long Baseline Interferometry ITRS: International Terrestrial Reference System

SLR: Satellite Laser Ranging IERS: International Earth Rotation Service
DORIS: Doppler Orbit determination and Radiopositioning Integrated on Satellite

.. ITRF2005 Sites
5 .

L . ol o
N X 7 -
[ L] .
LI - . e, - A 3
- . * . -
. * . * " : - "

* - A

. . ¥,

. 1 Technique g2 Technigues + 3 Techniques +4 Techniques

http://itrf.ensg.ign.fr/ITRF_solutions/2005/ITRF2005.php 75



Ap A&y

N eatA
e

Ecliptic of date

True equator Mean of

of date

Mean equator Date

of date

Ecliptic at epoch
J2000.0

Mean equator

True equator of date

Date of date mean equator

. Y atepoch
P : Precession 12000.0
N : NUtatIOn Ecliptic of ECI

W : Polar Motion a
GST = GMST + Ay cos ¢ 4 (ICRF)

+0".002645in 2+ 0".0000635in 22, . = PNR, (~GST)Wr,..
=Rz(C4Ry (=04)Rz(z4)Rx (e 4)Rz (49)Ry (64 + A¢)Rz (=GST)Rx (yp) Ry (xp)lecer
(3) (2) (1) 76




EN
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vkla Mrviantatiam DavareaadkAave
ILIT JIITIHILAUIUVUILIL FAiIidAdITITLCTIO

=
d

D.
I .

C A
Ld

Polar Motion: Earth Rotation Angle:
UT1-UTC

! |Yp(||l.las)‘ ! ! I 1 [
o o B A W o ra [T | '
£ = m Fo@ £ F= - ) Moom RO = ] r
k= E=T =1 E= =1 = == & & o & E=J =1 E=3

UTL = UTC {ms) Ohzervatoire de Pariz - SYRTE

400 5/18/2] E
200 - 89/8
0 S/

S
=~

17973

400

1960 1970 1980 1990 2000

|IERS CO4 Series (1962/1/1-2009/8/11)
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Cllevacrmniad amad Maksrrma
| I | IP VIU diiU Udliulll
Ellipsoid: GRS 80 WGS 84
a(m) 6378137 6378137
: 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 ECEF:

X,y plane
e =f(2- 1)
. a
\/1—ezsin2 ¢
(N + h)cosgcosA
@' : Geocentric Latitude A : Longitude r.=| (N +h)cosgsin
¢ : Geodetic Latitude 4 : Ellipsoidal Height (N(L+e?) + h)sin ¢
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Py |
U

=N
JCU

Geopotential:

Virg'4)=

H : Geodetic Height

&

n=2m=0

' Ellipsoid

EGM96 Ge0|d Model



SMLICTTILAl TidIiviiico

Spherical harmonic functions:

Y0 = Yaoe
Y, e =P, (sing")cosmA

Y, . =P, (sing)sinmi

Legendre function:

}_)nm :Nnman' POO(x) :1'H0(x) =X

D -\ —_ N

Iy g p\X) =Y,
Po(x)=(2n-DA-x*)Y2P,_1 ,1(%)
(2n _1)xPn—1,m (x) - (n +m _1)Pn—2,m (x)

n—m

N2n+1 (m=0)
Ny = \/2(2n+1)(n—m)! (m>0)

(n+m)!

an (x) =

EEEEENEE e
egeeecaeco
COLONEEEC
EEEORNECE O
CEECEE ST O
ereceeeee
COCNECEEE
CEEPE R
ceereeee

(00]
o



oV Yy o s Trvamectfaviesads
WCUUIUILIIAU 1I1dAIIDIVIINIIAdlLIVIL ]

~ -
Co

Helmert Transformation (A to B):

X ]1 1 —R3 R2 X
y = T2 + (1 + D) R3 1 — Rl y
Z B T3 — R2 Rl 1 Z y

-T1, T2, T3 : Translation along coordinate axis
-D : Scale factor
- R1, R2, R3 : Rotation of coordinate axis

Coordinates T1 T2 T3 D R1 R2 R3
A B (mm) | (mm) | (mm) | (10°) | (mas) | (mas) | (mas)
0.1 -0.8 -5.8 0.40 0.00 0.00 0.00
ITRF2005 | ITRF2000
-0.2/y | 0.1/y | -1.8/y | 0.08/y | 0.00/y | 0.00/y | 0.00/y

(Epoch 2000.0)
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lonospheric Delay Model:
X

n®=1- . - ~1-X =1- {1 £? (L-band)
. YT YT 2
1-iZ - 20- X _i2) * \/4(1_)( ~i7)? +Y;" . Appleton-Hartree Formula
2, 2 2 0 2 ) o Net
n= Jl—fN/f ~1- f512f°=1-40.30N,/ f* [fn e plasma frequency
0/,
2 16 2
~ _’-40'30Ne/f dl =40.30x10°TEC/ f TEC: Total Electron Content
Electron Densit
" 4x10" E 3
-
g S0 E E
il
T ox10M E- =
£ '|><'|0“;— —;
5 of e N :
4] 500 1000 1500 20040

Height, km

IRI-2007 model: 2009/7/31 0:00 Tokyo (http://modelweb.gsfc.nasa.gov/models/iri.html)
82



by SIDC (Solar Influences Data AnaIyS|s Center) in Belglum (http //SIdC oma. be)

Solar Cycle Prediction: Cycle 24

Solar Cyele 24 Sunspot Nurmber Prediction ISES Solar Cycle Sunspot Number Frogression
Date Through 31 Mar 07 ough Apr

175 [T T T T T T T T T T ™ 175 |

- 23 24 ] - 24 | -

1507 - . = 150_“ ﬁ —
125f hﬂj\ I f - f 125 [ I -

T L / W / \ 1 B ‘PJWLHV% .
] [ S - 0 | -
E 100 + i - 100 [T -
3 [ 3 - _ = ~ —
£ sy LETETT R
5 ™F | j\" A 1 5 ®F f - -
=% - AN - O - 4
L ﬂd i : 7 2 r \Mﬂk \
m% so: M 3.% - : \ ] 2 50: g 3
25: A I N 1 ] sk ?h i -

R I N I G «’-7/

-

Q

L L L

1996 1998 2000 2002 2004 2006 2008 2010 2012 2074 2016 2018 2020 “/QQ ot
3!

30
Low Prediction (Smoothed) ——— High Prediction (Smoothed) -+~ 1—Sigma Error — Srnaathed Monthly Yaluss —— Manthly VYalues —— Predicted Yoluss (Smoathsd)
Srnaathed Monthly Values —— Maenthly Volues
Updated 2007 Apr 20 MNOAASSEC Bouldsr, GO USA  Updated 2008 May & NOAA/SWEG Boulder,CO LISA

by NOAA SWPC (Space Weather Prediction Center) (http://www.swpc.noaa.gov/SolarCycle)
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C=a®@y+bDy+cP +dPy,(Dy = 1@, Py = Ary)
Coefficients Wave | lonos | Typical
LC Length | Effect | Noise
a b ¢ d (em) | wrtll | (cm)
L1 L1 Carrier-Phase 1 0 0 0 19.0 1.0 0.3
L2 L2 Carrier-Phase 0 1 0 0 24.4 1.6 0.3
LC/L3 lono-Free Phase G C, 0 0 - 0.0 0.9
LG/L4 | Geometry-Free Phase 1 -1 0 0 - 0.6 0.4
WL Wide-Lane Phase | /A4 |-4w /22| O 0 86.2 1.3 1.7
NL Narrow-Lane Phase | Av/4 | Av/4| O 0 10.7 1.3 1.7
MW | Melbourne-Wibbena | 4y /4 [-Ap 2| A1 4 | A4, | 86.2 0.0 21
MP1 L1-Multipath 20, -1| -2C, 1 0 - 0.0 30
MP2 L2-Multipath —2¢; | 2G -1 0 1 - 0.0 30

CL= K21 = 12°), Co = —1o" AZ = 15°), Ay =1 2y =11 4y), Ay =11 24 +11 25)
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lonospheric Delay Model:

16 16
1240.30><10 TEC ~ 1 40.30x10

12 cosz'  £?

IPP Position/Slant Factor:

z=n/2-FEl

, . R,sinz ,
z =adlfCSINN———,a=z—zZ
Re+Hion

¢,p = arcsin(Cosasin ¢+ sin a.cos ¢ cos Az)

. Sinasin Az

ipp = A+ arcsin

¢PP

~
<

x VIEC(t, 8, A

IPP: lonospheric
Pierce Poin

Receiver

SatelIit%
[\ N
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2009/7/31000 | 2009/7/31200 | 2009/7/31400 | 2009/7/31600

Tormeiphars Map VTECITECN) | 0RATIN1 12000 00 14508,

2009/7/31 8:00 2009/7/31 10:00 2009/7/31 12:00

2009/7/31 16:00 2009/7/31 18:00 2009/7/31 20:00

(IGS TEC Final, GPS Time)

2009/7/31 22:00
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Tropospheric Delay Model:

T = my,(EI)ZHD + m,,(EI)ZWD
0.0022768 p
1-0.00266¢052¢ —2.8x10""H

: Zenith Hydrostatic Delay (m)
ZwD  :Zenith Wet Delay (m)

my, (El) : Hydrostatic Mapping Function

ZHD =

Zenith
Delay

L1707/ 7777

m.,(El) :Wet Mapping Function

ZWD to PWV (Precipitable Water Vapor):

T,=70.2+0.72T
R, =461,k =T77.6,
1x10°

PWV = ( )ZWD kp =71.98,kg = 3.754x10°

k
ko — kg Y+ T3 m, =18.0152,m; = 28.9644
mgy m
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m(El) =

18

Elln V o Y
I Ul

P
1ICAL

o a
1+L
1+ c

1+

Hydrostatic Mapping Function : Pos=36.1= 140.1% 6Tm

sin(El) + ¢

b
sin(El) + ¢

sin(El) +

a,b,c : Mapping Function
Coefficients

NMF, GMF, VMF1

1017 : : ; : . . .
- Hydrostatic me]
VMFI
1015 h 108
= 1014} W '|‘ HWW I . 1085
;‘—’ 10.13 l“‘ ' 'I1ﬂ‘l| Nhl‘] |‘ I % 108
i A \I‘ rJ‘J' l] ] Fi‘ LEP
2 il }I "u ‘i‘ 2 107
s dl' ’ f Ik‘l' / i | 2 1065}
| i ﬁﬂ -...I":I!'!‘ﬁf ] 106}
i 7 1055}
10.08

Wet Mapping Function : Pos=36.1° 140.1% 6Tm

1 1
2006 20062 20064

— NMF
GMF
VMFL

Wet

I I I I I I I
20066 20068 2007 20072 20074 20076 2007.8 2008
Year

oj 1 1 1 1 1 1 1 1 1
2006 20062 20064 20066 2006.8 2007 20072 20074 20076 20078 2008

(2006/1/1-2007/12/31, TSKB, E|=5deg)w
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Receiver Antenna
Phase Center:

Antenna

Phase _, .
Center |/ A
’ Uy pev
dr,pco
Antenna Antenna Phase
Reference Center Offset
Point (ARP)
/7777777777 Z(U)
y (N) x (E)

~
W C

mbkaAaw 1
ILCI1 141

Antenna Phase Center Variation (PCV)

Choke-Ring Type

Zero-Offset Type

IGS Absolute Antenna Model (IGS05.PCV)




ANAmEnmm Dlhhaca CAanrnEar D
MMIILTIINIAd TFi1idoT (UCTIILCTI 4
Satellite Antenna Mass Center of
Phase Center: I Satellite
Antenna Phase d° Antenna Phase
Center PCO  center Offset
E Nadir Angle
d pCV
Satellite Coordinate to ECEF: Sunﬁ
Esat—)ecef :(esx,esy,esz) Q O Satellite
s S
eszz_r_’esz rsun r ~ >
re Voun — re e
S eSZ X eSS Ky Ky Ky estc'\h\"
efy =7 ——— e’y =, xe’; X
e’, xe, / 4
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* Displacement of Ground-Fixed Receiver
— Solid Earth Tide
— Ocean Tide Loading (OTL)
— Pole Tide
— Atmospheric Loading

e Tide Model
— |ERS Conventions 1996/2003/2010

— Ocean Loading: Schwiderski, GOT99.2/00.2, CSR 3.0/4.0,

FES99/2004, NAO99.b
— Mj,5,, Ny Ky Ky,04,P1,Q, My, M, S,
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E-W (cm)

N=S (cm)

U-D (cm)

| | | | | | |
T T T T T T T
0 . 1. . fl-
| | | i | i i
100 200 300 400 500 600 700
Time (H)

IERS Conventions 1996 + NAO99.b, 2007/1/1-1/31, TSKB
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* Relative rotation between satellite and receiver antennas
effect to the measured phase of RHCP signal.

d ,, = Aysign(e, -(D° x D,))arccos7————/27 + N

D°=e;—e,(e, -e;)—e, xe, :Dipole Vector of Satellite Antenna
y

D, =e, ,—¢.(e -e.,)+€.xe, , : Dipole Vector of Receiver Antenna
T . T . T\T : :
(e )" : ECEF to ENU Transformation Matrix

r,Xx ’er,y ’er,z
s

€. :LOS Vector from Receiver to Satellite Antenna
N :lInteger Ambiguity

Eecef —enu —
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e Satellite/Receiver:

— Frequency Shift by Earth Gravity (General Rel.)

— Frequency Shift by Sun/Moon Gravity (General Rel.)

— Second-Order Doppler-Shift by Motion (Special Rel.)
e Signal Propagation:

— Sagnac Correction (Rotating Coordinates)

— Shapiro Time Delay Effect

— Lense-Thirring Drag

Satellite Clock Bias/Rate Correction 205 .y

+ Periodic Term: rel = 2
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LEX Signal

Reference ~ 1.7 Kbit/s

Stations

MADOCA

Precise
MGM-Net Orbit/Clock

: : PPP Users
Estimation oo



MADOCA (1)
IVIARUUUCUA (1)

Multi-GNSS Advanced Demonstration tool
for Orbit and Clock Analysis

* For real-time PPP service via QZSS LEX
— Many (potential) applications over global area

* Precise orbit/clock for multi-GNSS constellation
— Key-technology for future cm-class positioning

 Brand-new codes developed from scratch
— Optimized multi-threading design for recent CPU
— As basis of future model improvements
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MGPLOT
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4 MADOCA: Real Time P

€ 3 C febups/

€ - X | B beps://wwwl234ug.sakura.ne.jp/m/madoca_rtmonitor.htm

QM By oy =

=2 kil { [ (e | | 1 [ [ e st | | |

Oyervicw | Survey(NTRIP,CODIS)| Products(MGU, MGR, MGF LOCAL) |
Monitor(MGL, MGR, MGF,LOCAL) | PPP{MGLI,MGR,MGF LOCAL) | PPP-AR{MGF) | Netwark | RT-
Preducts | Availability | RT-Monitor(MGRT MOC) | RT-PPP | LEX-PPP | QZS Orbit

MADOCA: Real Time Products

Real-time Products:

- Analysis software: MGRT1:MADOCA v.0.7.2 pl , MGRT2:MADOCA v,0.7.2

Observation data: MGM-net + Q2S5 MS + 1GS/MGEX (map)
= Option Settings: martel.conf,marte?.conf,marte def.conf, inpstr_rte.conf and outstr
- Station File: MGRT 1/MGTR

Updates: every 30 s for orbit, clock and URA, every 1 s for high-rate dock (latency: 3 - 55)

=

History:
2015-07-01 02:52 : MGRT1L/MGRTZ excluded Satelibe(GO8).(Ref 2177)
- 2015-07-01 02:52 : Started MGRT1/MGRT2,55R STOF for leap secand. (Ref. # 259)
2015-07-01 02:45 : Stoped MGRT1/MGRT2.(Ref.
- 2015-06-23 02:40 : Changed station info file{MGRT1/MGRT 2} before after).
- 2015-06-19 09:25 : MGRT1 excluded GOB).(Ref.£177)

{more)

Contents:

R11 GPS MGRTL
-Dirs P Fil

RT1 QLSS MERT2 CGPS b OMAS MGRTZ Q255

Product Stream:

= NTRIP Caster:
- User-ID: MADOCA

. Port: 2101 ar B0
, Password: MADOCA

Product Messages:

- RTCM Message Type : Update Notes
GPS |GLONASS| QZSS | Galileo |Interval
Satellite Orbit 1057 1063 1246 * | 1240 * 30s APC, ITRF2008, jgs08 atx **
Satellite Clock 1058 1064 1247 % | 1241 30s
MADOCA SSR1 Code Bias s
URA 1061 1067 1250 % | 1244 * 30s
High-rate Clock 1062 1068 1251 % | 1245 * 1s

MADOCA SSR2 same as above Test and backup stream

URL of Product Files

I| MGRT1 GPS Orbit/Clock Errors wrt IGU (GPS Week 1854, 2015/07/19-2015/07/25)

& 'SATELLITE ORIT ERROR (G)

'AVE 0.0033 m STD. 0.0212 fn AMS. 0.0230 m
o). 375 00050 m

Rim)

s

EY L
AVE 0.0004 m STD. 0.0258 t AMS. 0.0272 m

os

Adm)

o5

EY

‘AVE -0.013L m 5TD. 0.0228 I AMS: 0.0282 m

cm

/2 CZEl
TIME (2015/07/16 00.00:00 - 2015/07/26 60:00:00)

SATELLITE ORBIT ERROR

2 [ avE ©.000 ns 570 0086 s s 0566 ns

o728 07125,

o o120 23

MGRT1 QZSS Orbit/Clock Errors wrt MGR (GPS Week 1854, 2015/07/19-2015/07/25)

'SATELLITE ORBIT ERROR ()

]

3| AvE 00324 m 5T 0.0513 m AMs: 0 007 .
S 01263 m

2

1

Rim)

r| I
-1
-2
-

3| AVE: 0.0876 m 5TD: 0.0485 m AMs: 0. 1001 m,
2
1

atm

o
=
-2
a

AVE 0.0333 m STD. 5.0333 m AMS. 0.0475 m,

3
2
1
E,
“a
-2
-

s w1 w2t ) Wiz 2 s

TIME (2015/07/1% 09:00:00 - 2015/07/26 00-00:00)
SATELLITE ORBIT ERROR ()
al» AVE 2,717 15 STD: 0194 ns RMS. 2724 s T !

« [ ——
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STATION POSITION

: o .
| & 27 .
ity Ao o
ARESERL 1) TASHT
[ ~TNIGD0
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i N _ \§5 S
CPVG%\ il N
e N _g-,mfggx_"
hE\‘:.' NKEG ‘Nuﬁa{= E‘?G? i
RECFO A 2
il | /‘( oMo, @
% e
w;%% ‘REUND aasiTio
SUTM7
"
B KRGG7
I R N S U
M4 MAW 18y 0
W S 2 2l

® QZSS-MS ¢ MGM-Net ¢ IGS * MGEX
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(1)
S€TtUp (1)

QZ55-MS, NTRIP
MGM-NET {1 MADOCA .
IGS Caster \/\

IP-Addr ; *** #%% &&% *x* Port: 80
MountP : MADOCA_SSR1 or
MADOCA_SSR2

USER'ID . *******’ PW . % 3%k 3k kK Kk k |
Data : RTCM 3, GPS+GLO+QZS, APC RTKNAVI

NTRIP
Caster

\ 4

IP-Addr : *** #*¥* *x% *x*x% port: 80
MountP : ROV
USER_'D . *******’ PW . Kkkkkkk

Data : NovAtel OEM6
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RTKNAVI

RTKNAVI - Input Streams

RTKNAVI ver.2.4. Input Streams n
i 2000/01/01 00:00:00.0 epsT| 1 |OO0-+0-00000 o L | Input Stream Type OptCmd  Format  Opt
Lat/Lon/Height + |[ Rover SNR (dBHz) - (1) Rover Sexial v ||| | NovAtel OBME v ||]
Soton:  —  [J . [J(2)BaseStation _Serial v . . RTCM 2
N: 0.00000000° “ V(3 Comecton | NRPCient [/ -f | RTOM3 vl
E: 0.00000000 * Transmit NMEA GPGGA to Base Station
H:  0.000m . OFF 0.000000000 0.000000000
E: 0.000 IN: 0.000 U: 0.000 m 20
Apge: 0.0 5 Ratio: 0.0 # of Sat: 0 I File Paths
K - .
B Options “
o || settingl | setting2 | Output | Statistics | Positons | Files | Misc |
o - L - oK | Cancel
Positioning Mode ‘PPP Kinematic v ‘
Frequendes [ Filter Type L1#+2 Forward
Elevation Mask (%) / SNR Mask (dbHz) | 15 vl o |
Rec Dynamics /Earth Tides Correction | OFF [soid v
Ionosphere Correction ‘Imo—Free LC A ‘
| - RTKNAVI
Troposphere Correction ‘Estimate ZTD v )
. . | | - Options
Satellite Ephemeris/Clock Broadcast+SSR APC v
[]satPcv [¥]RecPCV [#]Ph-Windup [V]RejectEd | _|RAIM FDE
Excluded Satelites (+PRN: Included) |
[VlGps [v]GLO [ |Galieo [v]Qzss [ ]sBAS [ |BeiDou

. load || save

' ok || cancel |
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RTKNAVI ver.2.4.2 (2)

2014}0?!2?0629500 GPsT 1| WE—— o L|

Solutior: PPP m
N: 35° 41'41.1017"
E: 139° 42" 28.8408"
He: 97.675m {
!
- 1 0103

3040708 1119202 01
o (1) 153.121.4) 3

RTKNAVI ver.2.4.2 (2) : RTKPLOT

St File Edit View Help

]z = ootk v (A v - T[@l4 - ¢+ &8

[R12014/07/27 06:30:08.00 GPST : 35.694755276° 139,708013003° 57.1865m Qm 6:7FP

. RTKNAVI

RTKPLOT

- ol
.. RTKPLOT - GE View
l b4 RTKPLOT ver.2.4.2: Google Earth View — =] w
@b owmoan | A @k I Close

O= 98 ©ad

Sl
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RTKPLOT ver.2.4.2: Google Earth View
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