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Receiver used in this training

1. u-blox GNSS receiver (M8P or M8T)
2. Trimble NetR9

u-blox M8T

- U-blox M8P

Trimble NetR9



You can purchase MS8T

* http://www.csgshop.com/product.php?id product=205

UBLOX NEO-MS8T TIME & RAW RECEIVER BOARD WITH SMA (RTK READY)

UBLOX NEO-MS8T GPS, GLONASS,
Galileo, BeiDou, QZSS and SBAS RAW
and timing receiver EVAL module USB,
12C, UART with SMA antenna
connectors. RTK ready.

| Moredetails |

$74.99
Quantity: 1

167 items in stock

> Send to a friend
> Print

> View full size


http://www.csgshop.com/product.php?id_product=205
http://www.csgshop.com/product.php?id_product=205

Some Data used in Practice

Static raw data set (24h)
- u-blox M8T (ref/rover) + Trimble/NovAtel ant.
- Trimble NetR9 (ref) Trimble ant.
Static raw data set (1h)
- u-blox M8P (ref/rover) + Trimble/NovAtel ant.
- Trimble NetR9 (ref/rover) + Trimble/NovAtel ant.
Kinematic raw data set (0.5h)
- u-blox M8T (ref/rover) + Trimble/NovAtel ant.
- Trimble NetR9 (ref/rover) + Trimble/NovAtel ant.



RTK DEMO

e Both reference station and rover station are installed
on the rooftop of our building.

* Using the “RTKLIB” and “internet”, we can check RTK.

* You will learn why the cm-level navigation can be
achieved by RTK-GNSS through this class.

Receiver u Receiver b

Baseline
u-blox M8P Trimble NetR9




ORI= 35.666342230° 139.,792210090° 59.7350m
N AVE=E:-0.2368m N: 1.1001m U:-0.6957m
STD=E: 0.7813m N: 0.8869m U: 1.8977m

romemmmemmmm - RTK pe rformance
12h, rooftop, our building

35.666342230° 139.792210090° 59.7350m
E=E:-0.0160m N:-0.0395m U: 0.1039m
0 0.2253m N: 0.2461m U: 0.5594m

RMS=E: 0.2259m 493m U: 0.5689m 2D: 0.6728m

ORI= 35.666342230° 130.792210000° 59.7350m
AVE=E:-0.0000m N: 0.0002m U: 0.0028m

STD=E: 0.0017m N: 0.0015m U: 0.0039m

RMS=E: 0.0017m N: 0.0016m U: 0.0048m 2D: 0.0046m

RTK : mm level

Same scale

50 cm



Carrier-Phase-Based
Positioning with GNSS



GNSS Signal Structure

Carrier
+1
Code
+1
Data
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GNSS Signal Specifications

Carrier Freq (MHz) Code Modulation Data Rate GNSS
50 bps GPS, QZSS
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 (l1l-), 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 (IIF-), QZSS
L5/E5a |1176.45
E5a-1/Q | BPSK (10) -/50 bps Galileo
ESb 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

G1 Generator
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Carrier/Code Tracking in Receiver

Baseband Processor
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Pseudo-range (Code-phase)

Definition:
The pseudo-range (PR) is the distance from the

s _ ~_ _ ~(c Fsy\ receiverantenna to the satellite antenna including
P'=cr=c(t —t°) . .
receiver and satellite clock offsets (and other

(m) biases, such as atmospheric delays) (RINEX 2.10)

@ At Satellite t B -7 Time by Satellite Clock (s)
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Carrier-Phase

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

¢s . ¢s _¢ +N frequency between the received carrier of
ro r the satellite signal and a receiver-generated

(cycle) reference frequency. (RINEX 2.10)

Y Received Satellite Carrier: ¢S (t_s)/@

Local Reference Frequency: Oy (fr)
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How about accuracy (Code) ?

Real correlator samples (40MHZz)

Received code

3500

GPS L1-C/A : 1chip (293m)

Normalised

— — — 2000
T 1
1 1
! ! 1500
S N ] I
L b 1000

3000

2500

Generated codes

correlator output p P
L 500

-1 =172 0 +1 -1 -1720 +1 0

Chip offset Chip offset -300m Om

With the aid of “loop filtering + correlator characteristic”,
we try to estimate the code measurements
approximately desi-meter level (- 1m).

300m



How about accuracy (Carrier) ?
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With the aid of “loop filtering + correlator characteristic”,
we try to estimate the carrier-phase measurements
approximately mm meter level.




Code vs Carrier-Based Positioning

Standard Positioning
(code-based)

Precise Positioning
(carrier-based)

Observables Pseudorange Carrier-Phase +
(Code) Pseudorange

Receiver Noise 30cm 3 mm
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, ...




Pseudorange Model

(3) Satellite

prS =Cr Clock Bias
=c(t —t°) (1) Geometric
= c((t, +dt)— (t° +dT*)) + & Range
=c(t, ~t°) +c(dt, —dT) +g, ~(4lonosehere

=(p, + 1, +T’)+c(dt —dT>*) + &,
=p, +c(dt —dT*)+1"+T° + ¢,

m 2) (3) (4) (5) (6) (2) Receiver ROV
Clock Bias

(5) Troposphere

(6) Multipath +
Receiver Noise + Other Errors



Carrier-Phase Model (1)

Carrier phase measurement is
accumulated Doppler frequency.

Carrier-Phase:

¢ =¢.()-¢ (¢r0 =90 (t0).do =&’ (t))
=(f(t, +dt, —t) +4, ) - (f( +dT° =t)) + ) + N, +¢&,

C S C S S S
Iz(tr_t )+Z(dtr_dT )+(¢r,0_¢O+Nr)+g(p (CVCIE)
D) =Ag; =c(t, —t°)+c(dt, —dT°) + A(d,, — 5 + N;) + Ag,
=p°+c(dt —dT*)—I°+T°+AB’ +d® + ¢, (m)
N\

Carrier-Phase Bias Other Correction Terms

Pseudorange:
P'=p +c(dt, —dT*)+ 1" +T° + &,

18



Carrier-Phase Model (2)

Carrier-Phase Bias:

Bi=¢ o5 + N/ (cycle)
Nf : Integer Ambiguity
¢r,0 : Receiver Initial Phase
@ : Satellite Initial Phase

Other Correction Terms:
2?_: _dr, pcoTer enu + \Esat—secef d pco) er + dr pcv T dEcv ddlSp er enu
+d pw T drel (m)
dr 0Co ° Receiver Antenna Phase Center Offset
rpov : Receiver Antenna Phase Center Variation
gco : Satellite Antenna Phase Center Offset
pcv : Satellite Antenna Phase Center Variation
ddlsp : Site Displacement
d ow : Phase Wind-up Effect
dye : Relativistic Effect



Phase Wind-up Effect




What happens in carrier-phase ?

0
376000
-50

-100
-150

-200

Difference (m)

-250

-300

Code minus Carrier-phase

376500 377000 377500

TOW (s)

378000 378500

32.62 min.

2045 m

Basically, “code-carrier” indicates the code multipath errors (+ionosphere effect)
Turn table rotates 33.3333.../min.

It means that the number of rotation was 1077.22.

Converting to “meter” of L1-C/A, 1077.22*0.19... = 204.98 m
204.98/1939 s = 0.1057m / turn have to be compensated in carrier-phase.




After compensation,

Code multipath {m)

-2.5
376000 376500 377000 377500 378000 378500

TOW (s)

You see code multipath...



Antenna Phase Center

P . . =—L2APC (0.1159 m)
d . ™ =—L1 APC (0.0854 m)
|
‘ . ‘ ~— ARP (0.0000 m)
- o394 m T

The GNSS measurements are referred to the so-called
antenna phase center. The position of the antenna phase
center is not necessarily the geometric center of the antenna.
Indeed, it is not constant, but it depends on the direction the
radio signal coming in.

Source: Navipedia



DD (Double Difference)

D, = (4~ )~ (4 — &)

:pub+c(dt —dT )10 +T + ABY +dY + ¢,

|j |J |J |J

dtu dtbJ dTu”b = dT'b dTu‘b ~0

/V

time difference between u and b
satellite clock changes...

ub—(¢uo d+ Ny - (o~ @ +Np) - (duo— ¢o+NJ)+(¢oo ¢0+NJ) N

- (short Baseline and same antenna type)

j o Al i
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A j
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A
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Memo for Misra & Enge:
http://gpspp.sakura.ne.jp/
diary200608.htm




Baseline Processing

Nonlinear-LSE:

Vo, = (PGt (D% o Do)
Parameter Vector: < . o
2°1 2 1 /'LN 2 1
x= (T NG NG s NG e
n, 00 =| Pt~ Poi; * ANGE”
Measurement Vector: M
T T AT SmS1 5 Sy
y:(yt1 vyt1 reey ytn ) putk pbtk + ANyh
S,S
) ) —e 21 A 0 A O
Meas Model, Design Matrix: o
\[ _pnS3%
h(x) = (B, (0T R, (0T By (0T ) | e 0 4 A0
\[ T
H=(H, T H T T e 0 0 A 2
. 2 2 2
Meas Error Covariance: 4%2 2%2 A 204
R=blkdiadR, ,R ... R ) R —|200° 4ou” A 20,
: M M O M
Solution (Static/Float): 2652 205° A 4oy’

X = Xg + (HTRH)HTR Yy - h(xg)) ' : Fixed Base-Station Position

It is similar to the single point positioning except for KF




Effect of Baseline Length

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%

BL=0.3 km

E-W (m) ORI= 36.10363513" 140.08630715% £9.744m
AVE=-0.001m STD=0.002m RM5=0.002m
0.1
0.0
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0.2
00:00 03:00 05:00 09:00 12:00 15:00 18:00 2100

BL=13.3 km

ORI=36.03133950% 140.20244350% 70.903m

2
E-W {m)
AVE=-0.003m 5TD=0.022m RM5=0.022m

0.1

DO s A At peemiemes RMIS ErrOT:

~Gi2 N-5 {m) AVE=-0.003m S5TD=0.024m RM5=0.024m E: 2.2cm
N: 2.4cm
o.owwnmwwwﬁgmw ¢
U: 10.6cm

o U-D (m) AVE:-U.UISmSTD:U.lUSmP..MS=U.lUGm Fix Ratio:
°°W~W!&gf%¥m3}:w 94.2%

-0.2
00:00

03:00 06:00 09:00 12:00 15:00 18:00 2100
BL=60.9 km
o2 E-W (m) ORI= 35.64235344% 140.44830086° 77.853m
o1 AVE=0.009m STD=0.139m RMS=0. 140m
o
Pt iy AT Ty 2 e RMIS Error:
0.1
E: 14.0cm
N-5 {m) AVE=-0.026m STD=0.146m RMS=0. 148m
0.1
4 N: 14.8cm

~t, - gkl .
oow” !‘K’ i Q‘;’i .,J&",: e w1 “/‘W"‘

U: 26.7cm
0.2 U-D {in} \BVE=0.002m STD=0.267m RMS=0.267m Fix Ratio:

0.1 ¥

| i !

ﬁ‘ggi& & P & V)
op st 3 DA s 44.4%
0.1 3}' H k HANE
0(‘)%:00 03:00 06:00 09:00 12:00 15:00 : 18:00 21:00

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



Integer Ambiguity Resolution

* 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, ...



ILS (Integer Least Square Estimation)

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

>(< = argmin (y-— Hx)T Qy_l(y — Hx)
acZ" beR™

Strategy:
(1) Conventional LSE
A a TA -1 Qa Qab T -1
=| ~|=QxH ,Qy = =(H'Q,H
X Lb} OxH QY. Q (Qba ij (HQyR)
(2) Search Integer Vector with Minimum Squared Residuals

é =argmin(a—a)’ Qa_l(é —a)
acZ"

(3) ImProve solution
b =B~ QueQs"(a~4)



LAMBDA

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

7'4,0,=2"Q,7
- argmin(d—a)’ Q, t(a-a)k—=> { - argmin(Z-2)' Q, '(2-2)

aezZ" zeZ"
$-77¢

Z




Performance of LAMBDA

15
e : with decorrelation
e : without decorrelation
)
L
()
£
|—
c
0
5
O b5
Q
X
LLl
0

5 10 15 20 25 30 35 40
N : Number of Integer Ambiguities

(Pentium 4 3.2GHz, Intel C/C++ 8.0)



RTK (Real-Time Kinematic)

* 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 Communication Link Rover
Station I S —— Receiver




RTK Application (1)

Geodetlc Survey Construction Precision Agriculture
Machine Control

ITS (Intelllgent Mobile Mapping Sports
Transport System) System

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



RTK Application (2)

@ SMARTNAV LIRTK G x \_§

€« C  [% www.drotek.com/shop/en/home/762-11-rtk§

drotek

BLOG  FORUM  DOCS  SUBSCRIBE

#  AUMENTATION  ELECTRONICBOARDS  FPV  MULTIROTORS ~ GIMBALS ~ ACCESSORIES ~ FORUM  CONTACT

ELECTRON

Reach

Q SMARTNAV L1 RTK GNSS High accuracy L1 RTK GNSS

Short description

Full description

SMARTNAV LT RTK GNSS

Drotek is proud to release its L1 RTK GNSS! RTK technology allows to enhance GNSS

of RTK board: However i RTKLIB 9DOF IMU 10T CONNECTED

the UAV it and

environments.

Thisis why devel i Drotekis
specialized in electronic design for UAVs and has put ail its expertise in designing this
board, it enter for (CNES) and French
= Institute for Aeranautics and Space (ISAE).
What is RTK for?
RTK tions f i “base’, the -

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



GNSS TSUNAMI BUOY
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Smart Construction

ion

ided construct

* Computer a




Precision Farming

* Precision farming resolves the issue in decreasing
farm family
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Quality of Big data

* Road condition monitoring
* Traffic information in big disaster

EC] , P LIFELINES B:tiscoBme faoRs

Accuracy improves the quality of Big data



Autonomous car with precise map

* Autonomous car
* Smart control




RTK on the wall

Recent Test

E,N series
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Recent Test : Running

-19.0
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-19.2
Height series
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Horizontal



Network RTK (NRTK)

* 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

* NRTK Service in Japan
— GEONET: ~1200 Reference Stations by GSI
— NGDS, JENOBA, Terasat



Concept of NRTK

Network of Individual Reference Stations

To cover a large area with single reference stations to run RTK, we
need multitude of points and still we have huge gaps between the
points.

The Solution is Network RTK (NRTK)!

The same area is covered with much less number of points using the
Network RTK concept. All the area is covered with no gaps.

Accuracy, Reliability, Availability
Good mmss== wwmm Bad

Accuracy, Reliability, Availability
Source: GEO++ Goog==== === Baq



Relationship between Errors

Error

NTRK error surtace

/I&ﬂ

/ (plane tor 3 stations)

Ref3 /

error at
error at ] )
Refl rover ¢rror at
Ret3
Rover
Distance

Several interpolation algorithms



Japanese GEONET

GEONET STATIONS MAP by Google Maj

HOSH |BE+ER

FUEINRY.
fas @

[k ©2011 TerraMetrics, $[E7—% ©2011 Geocentre Consulting, Mapabc, SK M&C, ZENRIN, Europa Technologies, Tele Atias - #{ 1% [N}




Actual Steps of RTK

* After this summer school, please check the
followings regarding the process of RTK to
deepen your understanding |

1. Generating “double difference”
2. Finding “integer ambiguities”
3. Baseline processing



1. DD (Double Difference)

By, = A - 4) - (4] -4)
= Pl +C(dty, —dTR) = 1y, + Ty + ANy, +dy; + 2,

— Aj ij ij ij ij
=Puw Iub +Tub +ﬂ“Nub +dub +&4

oty = - =0 {07y 7} =0

Bll, = (.0 0+ No) ~ (dho — 0 + No) — (dho — g +NJ) + (g0~ +Ng) =N}

Without reference station,

it is impossible to remove “receiver
And satellite clock error” completely !
Generate new observation

which means double difference.

Why do we say the

(short Baseline and same
antennatype)

ij _ i I~ ij _Ti i~ ij _qi I~
Iub_Iub_Iub~0’Tub_Tub_Tub~0’dub_dub_dub~0

baseline limitation of RTK ?
(10-100 km or more)
It strongly depends on

Satellite i @

A j

Baseline
Receiver u

% Satellite j
%

each RTK engine !

Receiver b

Memo for Misra & Enge:
http://gpspp.sakura.ne.jp/
diary200608.htm



2. Integer Ambiguity Resolution

svl sv2 _ ..svl sv2 svl sv2
I:)rov_ref o r.rov_ref +gp,rov_ref

svl sv2 _ ..svl sv2 svl sv2
¢rov_ref o rrov_ref ++ g¢,rov_ref

* Once you can resolve integer N in carrier phase double
difference, you get accurate position about 1 cm.

* It can be imagine that the pseudo-range (code) accuracy is
quite important.

* Code-phase is noisy (1 m-) but absolute distance
* Carrier-phase is accurate but includes integer ambiguity



3. Test results on the rooftop

- double difference of 10 m baseline-

237300 437400 437500 437600 437700 437800 437900 438000 438100 438200 1-1237300 437400 437500 437600 437700 437800 437900 438000 438100 438200
1 :

=2 -11

3 -12

-4 ‘ 13 //

-5 , -14

-6 Wi Nl -15

i -16

-8 -17

-9 Unrt |S meter in y axis -18 Ul’llt iS meter in y aXiS

1. Reference satellite GPS PRN 16
and target satellite is GPS PRN 8
2. Which is code-phase double difference ?
3. If you subtract from right to left, what happen ?

svl sv2

P svi sv2 r svl sv2
p,rov_ref

rov_ref — “rov_ref

+ &

svli_sv2 __ ..svl _sv2 svl_sv2 svl_sv2
¢rov_ref o If.rov_ ref + I\Irov_ref + g¢,rov_ ref




4. (Carrier DD) - (Code DD)

237300 437400 437500 437600 437700 437800 437900 438000 438100 438200 _2237300 437400 437500 437600 437700 437800 437900 438000 438100 438200
-2 -30
-4 -35 ‘
-6 » -40 ; | |
-10 -50
-12 -55
The unitis meter  Divided by wavelength The unit is cycle

0.19029 m... (L1)

Probably, we guess the integer ambiguity between
PRN16 and PRNS8 is about - 40 ?
In fact, the average of this right results was - 41.3



5. What is the correct ambiguity ?

* “Integer least square method” tells us “—42” in a single
epoch |

* If you know the 3 or more ambiguities, you can estimate
the user position with the level of carrier phase because
only 3 unknowns remains.

* Then, (dx, dy, dz) can be estimated and finally,
e (X user, Y user,Z user)=(X,Y,Z)+ (dx, dy, dz)

Satellite i Satellite j
4 a Dy

i
svl sv2 svl sv2 svl sv2
Por-S? =i + g2 g
rov_ref rov_ref p,rov_ref

svl_sv2 _ ..svl sv2 svi_sv2  Receiveru : >
¢rov_ref = Trov_ref g¢’rov_ref Baseline
(X_user, Y _user, Z user) (X,Y,2)
Reference sta.

Receiver b




6. Test results (dx, dy, dz)

Reference

B 11.05 Pole Earth
1431,300 437400 437500 437600 437700 437800 437900 438000 438100 438200 11.048 Center
11.046
-2 11.044
3 | 11.042
4 11.04 v
= 11.038
6 | 11.036 ¥
7 11.034
11.032
8 | 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 Reference
9 idi ECEF
: meridian
—distance
—dx —dy —dz
-7.955 - - -2.26 -~ . -7.28
437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200 437300 437400 437500 437600 437700 437800 437900 438000 438100 438200
-2.265 | |
796 -7.285
22 -7.29
‘7.965 _2'275
-7.295 |
-7.97 | -2.28
2.285 | 73
-7.975 | [ 7305
-7.98 -2.295 -7.31
—dx —dy —dz

Std. = 2.8 mm Std. =4.0 mm Std. = 3.4 mm



7. Convert to horizontal position

-8.63
6.86 6.87 6.88 6.89

-8.64

-8.65

(X’ Y1 Z) } N1l 2 3 4 5 6 7
Reference sta.
Enlarged view of the very small plot a
shown in the bottom-right corner. :
-8.66 6
| am repeating myself, RTK tells you only dx, dy, dz.

You have to decide the precise reference positions ! (X_user, Y_user, Z_user)



Difference between expensive and

low-cost receiver

Cost
Multiple GNSS

Multiple Frequency
Number of channel

RTK (short baseline) + open sky

RTK (over 20 km baseline) + open sky

RTK under mid obstructed area (short)

RTK under dense obstructed area
(short)

Accuracy of fixed position + open

Accuracy of code position + open

Survey-grade receiver

$100,00~

Perfect

Perfect
400-500-

Perfect

Almost perfect up to
100 km or more

Almost perfect

Sometimes not good

mm

Deci-meter

Low-cost receiver

$100~

BeiDou or Glonass
Other are OK

L1/B1/E1/G1 only
-100

Almost perfect

Impossible

May be difficult
Difficult

9

1-2 meter



PPP (Precise Point Positioning)

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

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



Static PPP vs Kinematic PPP

Kinematic PPP
Station: IGS CONZ (Chile)

¥proj¥gt_sup|

e Edit View Help

lljl 2| 12 |Posion ¥ EEVI—{»-H T ® o @ <11
3

ORI=-36.84376628° -73.02551480° -180.653m
AVE=1,495m STD=1,388m RMS=2.039m

Magnitude of 8.6 ‘

Al

AVE=0.259m STD=0.359m RMS5=0.442m

AVE=-0.008m STD=0.070m RM5=0.070m

20cm

[1]2010/02/27 06:28:00 GPST-02/27 06:45:00 GPST : N=1017 B=0.0km Q= 5:5(0.5%) 6:1012(33.5%)

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

Static PPP
Station: GEONET 0837

%2 D:¥proj¥riklib_test¥ppp¥sol3¥0837_2009.
File Edit View Help

[ = [roston v|=far ~|H T & ¢ o = C | 3 X G
10

-
0.

E-W (m) ORI=31.824060872" 130.599593859"° 314.6565m
AVE=0.0000m 5TD=0.0084m RM5=0.0083m

0.05

. g, T O ey IS
0.00 gz W”&:""W.M'Q’-kﬁsw‘“’w%"w‘ SRt B A T

AVE=-0.0000m 5TD=0,0059m RM5=0.0059m

AVE=-0.0000m 5TD=0.0110m RM5=0.0110m

T et e
o et By
o+ LR o

03/10

1]2009, 100:00:00 GPST-12/31 00:00:00 GPST : N=385 B=0.0km Q= &:365(100.0%:)
[12008/01/0 12] Q

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



PPP Applications

Offshore Autonomous Weather Forecast
Construction Driving



RTK vs. PPP

RTK Real-Time PPP
Local/Regional
Coverage (< 1000km) Global
Typical 1-3 crm 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 ~1q 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.




Error source mitigation (Typical)

Source/Error mm—

Satellite clock model
1 m (rms)

Satellite ephemeris
1 m (rms)

lonospheric delay
2-10 m (zenith)
X3at5°
Tropospheric delay

2.3-2.5m (zenith)
X10at5’

Multipath (open sky)
Code : 0.5-1 m
Carrier : -1 cm

Receiver Noise
Code : 0.1-0.5m
Carrier : 1-2 mm

Finally...

9

1 - 2 m (zenith)

0.1-05m
(zenith)

- Code

— Code

2-3m

0.0 m

0.1-0.2m

0.1-0.2m

- Code

— Code

-1m

0.0 m

0.0 m

0.01m

0.01m

— Carrier

- Carrier

-1cm

0.01-0.1m

0.01-0.1m

0.01m

0.01m

—> Carrier

—> Carrier

-10cm




RTK and PPP

RTKA = | § PPP/PPP-ARZ
(| DE P - Bt /
wmw R A wm A A
DA N NN T OREREE Ry
| R REEE |
FHERER
I BT -TILFIHR
Reference station Continuous communication

through satellite

Continuous communication

Wait for 5-30 minutes

Instantaneous position

No limitation

10-100km limitation




Actual performance...

° OmniSTAR-PPP (£ 521
Omn STAR- F’F’F’ £582

———————————————————————————————————————————————

_____________

-_B______ _
T
T

SPP P DU SN s s S A
o XY TN S S T S AU S
DGNSS After convergence

0.4

______________________________________________

“*
0

1 1 1 1 1
0.4 02 0.0 0.2 04
1 25 E(m)

Accuracy (95%)
o oo R o SPP 2] 36m
et | RTK
. DGNSS : 0.44m
RTK : 3 mm
PPP : 3.4 cm

-0.01



Precise Ephemeris

* 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

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



IGS: International GNSS Service

Data (GPS/GLONASS
Raw, Ephemeris,...)

Global Data Centers

@g@?@

D
D
D

N

>

D
D
D

D
D
D

AN

>

Tracking Network

Analysis Centers (ACs) > CDDIS SI0
CODE NRCan IGN KASI
.|| ESOC SIO
— | GFZ USNO ACC
| IPL MIT Products
NOM  bos/Nel ERP Mmoo
GNAACs Regional DCs
RNAACs Oper. DCs




IGS Products

Final Rapid Ultra-Rapid (IGU)
Broadcast
(IGS) (IGR) Observed Predicted
Orbit ~2.5cm ~2.5cm ~3cm ~5cm ~100cm
Accurac ~
Y Clock | ~75PS RMS | ~75ps RMS ﬁ;’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
Updates 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: 30.5 5min 15min 15min daily
Stn: Smin

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




IGS Real-time Service

 Developed by IGS-RTPP
— RTCM v.3 MT1057-1068 (SSR T —

\J ‘Inteéggtlonal GNSS|Service
Formerly the International GPS Ser:
[ WNetwok | P

— Corrections to broadcast ephemeris |=="==="=="= —E—_“_

RTS Products

.

— - The RTS Products consist of GNSS satellte orbit and clock corrections o the broadcast ephemeris. The RTS correction stream
according to the RTCM SSR standard for State Space Representation and are broadcast using the NTRIP protocol. RTS correc
expressed within the International Terrestrial Reference Frame 2008 (ITRF08).

The product streams available in the RTS are combination solutions generated by processing individual Real Time solutions fro

time Analysis Centers (RTAC). The effect of combining the different RTAC results is a more rekable and stable performance thi
AC's product, Operational responsibilty for the official combination products lies with the IGS Real Time Analysis Center Coordi

The official products currently include corrections to the GPS satelMe orbits and clocks:

L] L
— Interval: 10 s. Latencv: 5-10s s i————— o —
L] ’ L] The solution epochs in this product are completely independent of each other, which has the advantage that the full accu

s00n as product generation starts. The combination process removes a common offset from all satellte clocks at each e
processing pairs of Analysis Center solutions, in order to align the clocks in each contributing solution. The aligned clocks

thers and combined by calculating a weighted average clock value for each satelite. The orbit states are combined by
value from all contributions. The product is offered with the orbit solution referred to the antenna phase center under the
parallel product in center of mass coordinates is designated IGCO1. Analysis Center RTCM stream decoding and combin

encoding uses BKG's BNC software.
— l I « 1GS02: Kalman fiiter GPS combination is a Kalman fiiter combination produced using BKG's BNC software. The Kalma
requires a few minutes convergence time to reach full accuracy. Once converged, the accuracy is maintained unless ther

restart the software. A mechanism is in place 1o avoid publishing results during the convergence period. The orbit inform:
extracted from one of the incoming ultra-rapid solutions. In the Kalman Fiter approach satellte clocks estimated by indivi
(ACs) are used as pseudo observations within the adjustment process. Each observation is modeled as a linear function
parameters: AC specific offset, satellite specific offset common to all ACs, and the actual satellite clock correction which r
the combination. These three parameter types differ in their statistical properties. The satellite clock offsets are assumed
parameters while AC specific and satellte specific offsets are stochastic parameters with appropriate white noise. The so

e & set of minimal constraints. A recursive akgorithm s used o detect orbit outliers. The greatest difference between AC sp.
. satelite positions is computed. If this is greater than a threshold, then corrections of the affiiated AC are ignored for the ¢
The IGS is working on including solutions for additional constellations, starting with GLONASS. A third combination product, IGE

and GLONASS corrections is offered as an experimental product

« 1GS03: Kalman filter GPS+GLONASS combination is a Kalman filter combination produced using BKG's BNC software
approach as IGS02. The major difference from IGSO2 is that GLONASS corrections are included in addition to GPS. Whil
for both systems in a Kalman filter approach, orbits are extracted from one of the incoming correction streams and check
Contributing analysis centers use orbit information either from IGS Ultra Rapid products (IGV), or disseminate their own ¢

L] L] L]
. that a major part of the real-time IGS reference stations nowadays supports GLONASS.
— Orbit: fixed to or estimate s e i
The RTS products are disseminated in the form of RTCM SSR streams. The technical content of the RTS products is describec “

ha nrndiiete_dasanatad at IGRN1ACAN and IG/N2_cnatain rarrackinns ank for the alitee Tha axnarimantal nendiie

— Clock: estimated with IGS real-time

tracking network http://rts.igs.org



RT-PPP Performance with IGS

Tewim BKG: CLK10 sz * BKG: CLK11 (GPS+GLO): e GSOC/DLR: CLK20 =z

-05 -0. -05
-10 -10 -10
N-5 (m] AVE=-0.0426m STD=0.0344m RM5=0.0548m -5 [m) AVE=-0.0382m STD=0.0318m RMS5=0.0497m N-5 (m] =-0.0423m STD=0.0299m RMS=0.0518/
05 05
0.0 ki i s oy " ™ —— 0. i
L w.““,—-—f el i Mo T L e

-05 -0. -05

-10

148m STD=0.0689m RMS=0.0705m U-D(m) AVE=0.0174m STD=0.0664m RMS=0.0686m

AVE=-0.0124m STD=0.0756m

05
WWMMW WMMWW o0

-05
- *1.

"RMS:3.8,55,7.7cm  RMS: 3.8,5.0, 7.1cm RMS: 4.0, 5.2, 6.9cm
oo ESA/ ESOC CLK31ypmy = cve ESA/ESOC: CLK51 ...... S TUW: CLK61 ey

——— DDMM | r‘(
05 L /
-10
N-5 (m) .
05 1

10 . -1.0
N-5 (m) 1 1 AVE={0.0110m STD=0.1207m RMS=0.1212m N-5 (m) AVE=-0.0363m STD=0.0406m RMS5=0.0544m AVE=0.1235m STD=0.1697m RMS=0.2098m
05 g 05 ‘
| | gl |
5 5
0

AVE=-0.0329m STD=0.2476m RMS=0.2500m

RMS: 14.0, 12.1, 23. 4cm 'RMS:5.7,5.4,11.6cm  RMS: 23.3, 21.0, 25.0cm
2010/9/18 0:00-23:59, 1Hz, Kinematic PPP, NovAtel OEMV-3+GPS-702, RTKLIB 2.4.1



RTKLIB Practice (1)



RTKLIB ©

* An Open Source Software ST
Package for GNSS Positioning -

— Has been developed since 2006

Trl RE Ex BE JvOI—L OA2FED LT

.

o539
W/

RTKLIB: An Open Source Program Package for GNSS
Positioning

Version Date Binary AP Package for Windows Full Package with Source Programs
2009/01/31 i bin.zip (10.7MB) 2
2009/05/17 5 (153MB)
2009/09/07 > (21.4MB)
2009/12/17 (26.7MB)
0 (17.4MB)
Please refer the support information to get the latest patchs

Overview

L]
— 2 2 I 2 RTKLIB is an open source program package for standard and precise positioning with GNSS. RTKLIB consists of a
. . portable program library and several application programs (APs) utilizing the library. The features of RTKLIE are:
(

distributed

. RINEX 2.10,2.11,2.12 OBS/NAV/GNAV/HNAV,
o r a e s a n S e u S I Release Notes for supported RTCM messages)

— "All-in-one'

' package for Windows | -t

(1) Supports standard and precise positioning algorithms with:

5 and SBAS (Galileo and QZSS are supported but disabled in current versions)

L)
under BSD license ot i gt i 8 b st sk

Single-point, DGPS/DGNSS, Kinematic, Static, Moving baseline, Fixed, PPP-Kinematic * and PPP-Static *

(3) Supports many standard formats and protocols for GNSS:

(4) Supports several GNSS receivers' proprietary messages:

5F (see Release Notes for supported messages)

and

Serial, TCP/IF, NTRIF, local log file (record and playback) and FTP/HTTP (automatic download)

( (7) Provides many library functions and APIs for GNSS data processing;

.
Satellite and navigation system functions, matrix and vector functions, time and string functions,
— V I coordinates transformation, input and output functions, debug trace functions, platform dependent
1 functions, positioning models, atmosphere models, antenna models, earth tides models, geoid models,

datum transformation, RINEX functions, ephemeris and clock functions, precise ephermeris and clock

functinne rarsiver raw data funetione RTOM finetinne snlifion finetions Gonels Barth KMI_sonvertar

= Y %
&) RTKLIB: An Open Source Program Package for GNSS Pasm’unmg—_ = Er

m

http://www.rtklib.com or

https://github.com/tomojitakasu/RTKLIB




RTKLIB: Application

a1 [ t 'U'S
w1
iss s & . |
3?‘ "
m’ o
Reference _ S
Station | R

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



RTKLIB: History

« 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
* 2009/12 v.2.3.0
e 2010/8 v.2.4.0

« 2011/6v.2.4.1
* 2013/4v.2.4.2
* 2016/12v.2.4.3

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
Support GLONASS, several receivers

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

Support QZSS, JAVAD receiver, ...

Support Galileo, Enable BeiDou, ...
TBD



R_TKLIB: Features

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

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

* 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



RTKLIB: GUI APs

D:¥proj#msm |

File Edit View Help File Edit View Help

i@ o . > [Tl - [@) ) = +oeE[EE e s @ e 0

2008/05/15 05:16:31.5 GPST 1| EN0—#—00000 of L

Lat/Lon/Height ~ Rover SNR (dBHz) - -

MARKER: CUTO SAT: 0BS : SNR : LLI : CODE N ORl= 55'45 08.2231" 138°27'02.1209" 404.8966m About
REC: TRIMBLE NETRS P GO1-CLD - 508-0-1C <E:54.0068m N:-343 3849m U:-0.3538m e
NT: B G11-C1D-510-0-1C smzusa 3056m N:343.5323m U: 4.0104m
b RMS=E:148.4599m N:485.7122m U: 4.0258m 20:1015.7346m RTKPLOT
with RTKLIB ver2.4.2

Copyright (€) 2007-2013 by T Takasu

Al rishts raserved, (o)

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

— Al rights reserved. @

Time Span (GPST)
Start WE o0:00
End 201200601 5] E' 25 [ 2 | AMC2
Intv 24H ~ No 0

10 GPST : 35°43'08.2301" 138°2702.1530° 408.9318m

STRSVR
with RTKLIB ver2.4.2
D‘Eﬁ Copyright (C) 2007-2013 by T Takass

Al rishts raserved, ()

FTP Login
anonymous

TKGE

Local Directory 2
~ | v¥productkoew - [
fip:fcdidis. gsfc.nasa.gov/gps/products % figs %W/ %D.5p3. 2

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

Stream OptCmd bytes bps

(0) Input: _ =) ) 11,447 6,944

Conv

w

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

Al sights reserved. =

[1]2012/10/13 00:01: — A mo
~ (@) o

OO0

(3) Output

i¥product¥ %

File Edit View Help
i eurefip.asiit2101

Mountpoint 1D
Coruna

? OK=0 No_File=0 Skip=153 Error=0 (Time=0.35)

o (1) wating...

AJACO Ajaccio 1004(1), 1006(15), 1008(50), 1012(1), 1033(50) F) Nirip Browser

AACD At RTCM 2.3 1(1),3(10), 15(1), 19(0),22(10,23(10),24(10),59(10) 2 Elebodltte”  —— with RTKLIB ver24.2
ALBAD Abacete RTEM2.1  1(1),3(10),16(120), 18(1), 19(1),55(10) 2 Time Start l(EGIPFF) = Time End (GPEr} n_2 i : S lmsess [ 10 Copyrisht (C) 2007-2013 by T Takass
ALMED Almeria RTCM 2.3 1(1),3(10),18(1), 13(1), 22(10),23(10),24(10), 52(10) 2 0120101 A e ——

AUT10 Thessalonki RTCM 3.0  1004(1),1006{10),1008(10) 2 DL o0 12001 RTCM, RCVRAW or RINEX OBS 2 = @
BELFO Belfast RTCM 3.1 1004(1), 1006(15), 1008(15), 1012(1) 2 RINEX OBS » i¥riklib¥uti¥strmon¥log¥ TSK220130219% log

BELLO Bellmunt_de_Segarra RTCM 3.0 1004{1),1005(5),1008(5) 2 ¥ data Y ¥ Yt e %onD. %Yo Output Directory

BOR: L 3| 2 RINEX OBS: Base Station

“NTRIPSRCBROWS | . e
B0l edian R 2 with RTKLIB ver2.42
BRSTO Brest RTCM 3.0 1004(1), 1006(15), 1005(15), 1012(2) 2 Copyright (C) 2007-2013 by T.Takasm
BSCNO Besancon RTCM 3.0  1004(1),1006{15),1008(15) 2 b o Hlog T SK201302120 0w Al sights ressrved

BUCUD Bucharest RTCM 2.0 1004(1), 1006(10), 1008(10), 1012(1), 1013(120), 1020( 2

BUTED Budapest RTEM 3.0 1004(1), 1006(10], 1008(10), 1012(1), 1013(10) 2 ¥ tilib¥utiftstrmon¥log¥TSK2201302190. hnav

CACED Caceres RTCM 2.3 1(1),3(10), 18(1), 13(1),23(10),24(10), 53(10) 2 ¥ thlb¥utistrmon¥log¥TSK2201302190.qnav

CAGZO Caglari RTCM 2.1 1(3),3(60), 16(50), 18(1), 19(1), 31(3) 2 ¥ ¥ ¥t strmorog¥TSK2201302190 Inav

CANTO Cantabria RTCM 3.1 mm(u,mnsus),mnaas),mu(l),mm(un),mzn(]_ 2 D:¥proj¥ppp_test¥ %r %nd pos S s . RTKGET

CANTL  Cantabria RTCM 2.3 10,3100, 180,191} am S DR RS mor Hog¥ TR AN1E02190 <05 with RTKLIE ver2.42
=) = SESLSes i PEELE) "' ; Copyright (C) 2007-2013 by T.Takass

[ source table received

All rishts raservad (]




RTKLIB: CLI APs

NX2RTKP (rnx2rtkp)
ost-processing Positioning
TKRCV (rtkrcv)

eal-time Positionin

ONVBIN (convbin)
INEX Translator

TR2STR (str2str)
tream Server

OS2KML (pos2kml)
oogle Earth Converter

RTKLIB ver 2.4.1 Manual

A.2  RNX2RTKP

SYNOPSIS

K, 523, SB:

=

log files and compul

output position solutions. irst RINEX 0BS file shall

tions. For tl

file shall contain

NAV/HNAV file shall

paths can includ

1ld-cards (). To aveid command”,

line deployment 11d-cards, u

" for paths with w Command 1

ns are as follows ([]

m/d ts=him:s) [obs s

T time

[obs end time]

ving-ba

(1:11,2:11412, 3: L1+412+415) [2]

(0.0:no 2R) [3

59

CLI Command Reference



RTKLIB: Package Structure

rtklib_2.4.2.zip

/src

/bin

/data

/app

/mk1l

/test
/util

/doc

/rev

/rtknavi
/strsvr
/rtkpost
/rtkpost mkl
/rtkplot
/rtkconv
/srctblbrows
/rtkrev
/rnx2rtkp
/pos2kml
/convbin
/str2str
/appcmn
/icon

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 (GUI)

NTRIP source table browser (GUI)

RTKRCV (console)

RNX2RTKP (console)

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



RTKLIB: APIs

/* matrix and vector functions */

mat () ,imat() ,zeros() ,eye() ,dot() ,norm() ,matcpy() ,matmul () ,matinv() ,solve() ,1lsq(),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_oem4 (),
input_oem3() ,input_ubx() ,input_ss2() ,input_cres() ,input_oem4f () ,input oem3f () ,input ubxf(),input_ss2f () ,input_cresf ()

/* rtem functions */

init rtcm() ,free rtcm() ,input_rtcm2 () ,input_rtcm3 () ,input_rtcm2f () ,input_rtcm3f ()

/* solution functions */

readsol () ,readsolt () ,outsolheads () ,outsols() ,outsolexs () ,outsolhead() ,outsol () ,outsolex(),h setsolopt(),h setsolformat(),
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()

/* post-processing positioning */

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

/* stream data input/output */

strinitcom() ,strinit(),strlock() ,strunlock() ,stropen() , strclose(),strread(),strwrite(),h strsync(), strstat(),strsum(), strsetopt(),
strgettime ()

/* stream server functions */

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

/* rtk server functions */

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



[ ]
RTKLIB: Supported Receivers
: Supp
“
GPS Raw GLONASS GPS GLONASS ION/ UTC Antenna SBAS
m

RTCMv.2.3  Type 18,19 Type18,19  Type 17 Type 3, 22 Tylpf 169
Type 1005,
Type 1002,  Type 1010, SSR
RTCM v.3.1 Type 1019  Type 1020 - 1006, 1007, - .
1004 1012 1008, 1033 corrections
NovAtel
RANGEB, RANGEB, GLO- ) RAWWAAS-
OEM4/V, ¢/ \NGECMPB RANGECMPB RAWEPHEMB (o rhirpicp  IONUTCB FRAMEB
OEMStar
NovAtel RGEB,
e RGED - REPB - IONB, UTCB - FRMB -
NovAtel ID#20,
Superstar I ID#23 - ID#22 - - - ID#67 )
\E, 2_'2; UBX ) UBX ) UBX ) UBX
’ RXM-RAW RXM-SFRB RXM-SFRB RXM-SFRB
LEA-5T
Hemisphere
Crescent, bin 96 - bin 95 - bin 94 - bin 80 -
Eclipse
SkyTraq msg 0xDD ) msg OxEOQ ) msg OxEO : ) msg 0xDC
S1315F (221) (224) (224) (220)
[R*],[r*],[*R], [R*],[r*],[*R], [~~1,[::],[RD],
(GRIL/GREIS) [*p],[D*],[*d],[*p],[D*],[*d], [gd] ’ [GD] QZSS Data,

[E*],[*EL[F*] [E*][*EL[F*] Galileo Data

Furuno
GW10 Il msg 0x08 - msg 0x24 = msg 0x26 - msg 0x03 msg 0x20



Multi-GNSS Support

0 . O N
2@ . ; O@ . @ GPS(12)
tir@ O
; O@® @ @ Do - ® Galileo (4)
o @ ® QZss (1)
®@® % ) ® BeiDou (10)
(R % 4 ¢ @ SBAS (4)
it # Total (39)
O (EI>10deg)

2013-06-12 10:20 GPST
Visibility at Tokyo by RTKPLOT



RTKLIB: References

[ RTKLIB: Support Information

TP RE R BE TyOI—L D1ED ALT I
| 4[> | [ + @ http:/pwww.rtklib.com/rtklib_support htm ¢ [Q- Google | O~ %~

Overview | Release Notes | Support | Documents | References | Porting to BB | To Do | Statistics |

RTKLIB: Support Information

update2011/03/05

RTKLIB ver. 2.4.1 Manual 5 Inguiy

Please send e-mail to the following address for inquiry. (replace (a) by @)

Draft 0110127 rtklib_support(a)gpspp.sakurane.jp
Contents
Bug and Known Problem List

1 Overview. 1
2 System No.64 A half hour offset of time-tag in converted RINEX OBS files (CONVBIN ver.2.4.0)
3 y 1 In some environment, the time-tags in RINEX OBS files have a half hour (30 minutes) offset to proper values.

31 2 1 Due to a problem on converting internal ime struct to calendar dateftime by using standard Clibrary localtime{). The localtime() returns daylight

37 Realtime Posttioning with FTKNAVT - time flag as the member tm_isdst in struct tmif the daylight saving time applied. The current version assumes the time-shif s just an hour. The

half-hour shift did i It will be fixed in se (v2.4.1) (2011/03/05)
33 Configure Input, Output and Log Streams for RTKNAVL

34 Post-Prc Analysis with RTKPOST 2;

No.63 POS2KML always returns read error (POS2KML ver. 2.4.0)

35 Configure Positioning Options for RTKNAVI and RTKPOST . 27 POS2KML always retumns "file read error”. Any Google Earth KML file is not generated.
36 Convert Receiver Raw Data to RINEX with RTKCONV oo 39 Dueto th bug as No.55 the patch rtklib 2.4.0 p3.zip. For NMEA, it still remains the problem same as No.59. It wil be fixed in next
37  View and Plot Solutions and Observation Data with RTKPLOT.. 4 release (v.2.4.1). (2011/02/24)
38  NTRIP Source Table Browser. 5 No.62 Sol1-Sol2 difference mode plot does notindicate proper values (RTKPLOT ver2.4.0)
38 Use Congole APs of RTKLI # After reading solution 1 and solution 2 with RTKPLOT and pushing [1-2] button to show the difference between the solutions, the plots indicate
4 Develop and Link user AP with RTKLIB 55 inproper values in "Gnd Trk" display mode.
Appendix A Console AP Commands 56 Duetoa bug i Tt will be fixed in se (v24.1). (2011/02/04)
Al RTKRCV 56 No.61 AP running as a TCP server stops if a TCP client stops (RTKNAVI, STRSVR, RTKRCY, STR2STR ver.2.4.0)
A2 RNXIRTKP. 59
In case that an output or log stream type of AP is set as "TCP server” and TCP clients connect to the AP, the AP stops if ane of the TCP clients stops
A3 POSML 61 caused by some errors.
A4 CONVEIN o2 In current version, a writ i as blocking-mod: buffer is full, “write’ or "send” API blocks the TCP server. If the
A5 STRISTR 65 TCP client stops reading the socket without closing the socket, the TCP server thread stops due ocket. It will be improved in the
next release (v.2.4.1) by using i Unsil se, restart the AP in such situation. (2011/01/23)
Appendix B File Formats. 66
Bl oning Solution File 6 No.60 50 Hz or high on data are analyized (RTKPOST, RTKPOST_MKL, RNX2RTKP ver2.4.0)
B2 SBASLogFil 69 With 50 Hz or higher rate observation data, the analysis sometimes failed caused by misi of time-tags in th data.
B3 Solution Status File. 0 Current version (v.2.4.0) does not support the analysis of 50 Hz or higher rate observation data. Under consideration for the next version (v.2.4.1).
B4 C Fil 2 (2011,01/23)
Appendix C Library APIs (Application Program Interfaces). 5 No.59 NMEA solution data can not be read and displayed (RTKPLOT ver.2.4.0)
In case of reading NMEA solution data by RTKPLOT, RTKPLOT always shows the error message 'no solution data : " and never displays the
solution data.
Copyright (C) 2007-2010 by T. Takasu. All rights reserved Dueto a bug in sre/solution.c. It will be fixed in the next version (v2.4.1). Wait for a while. (2011/01/23)
i No.58 RTKNAVI crashs due to MKL library (RTKNAVI ver.2.4.0)
In some environments, RTKNAVI crashs due to MKL library used for fast matrix computation.
Use non-MKL version RTKNAVI (rtknavi_nomk exe) in the patch 240 p9.zip instead of original rtk for the envi having

o

e ADINA1 AT

rtklib_2.4.2/doc/manual_2.4.2.pdf http://www.rtklib.com




RTKLIB Practice (1)

* Install RTKLIB

* Setup Receivers and Antennas

* Use RTKLIB in Post Processing Mode
 RTKLIB in Real-Time Mode (demo)



RTK Practice

g

Reference Communication Link Rover
Station I S —— Receiver

* Post processing: Observation and Navigation
data are required (RINEX).

e Real-Time: Communication link and
differential data reception are required
(RTCM/NTRIP).



RTCM

* The standard for differential global navigation
satellite system was defined in RTCM Special
Committee 104 and its current version is
Version 3. RTCM standard for differential global
navigation satellite services are communication
protocols between reference stations and
mobile receivers which allow very high accurate
positioning, when compared with positioning
system without augmentation.



NTRIP

 The NTRIP was also defined in the RTCM
Special Committee 104. NTRIP stands for
“Networked Transport for RTCM via Internet
Protocol”. It is based on Hypertext transfer
Protocol version 1.1 and the intention is to
disseminate differential correction data
through the internet.

https://igs.bkg.bund.de/index/index



Install RTKLIB

* Copy the following directory and files in the USB
memory to your laptop PC.

School RTK 2017
\RTKLIB_bin-master.zip
\u-centersetup v8.26.zip
\rawdata

\car (u-blox, NetR9, POSLVX)
\rooftop (u-blox, SkyTrag, NetR9)

You can refer to the latest update:
https://github.com/tomoijitakasu/RTKLIB



u-blox NEO-M8P

¢ NEO-M8P

o -y u-blox M8 high precision GNSS modules

@blox

[¥ Professional

Standard Automotive

Highlights

* Centimeter-level GNSS positioning for the mass market
* |ntegrated Real Time Kinematics (RTK) for fast ime-to-market
* Smallest, lightest, and energy-efficient RTK module

* Complete and versatile solution due to base and rover variants

* World-leading GMNSS positioning technology

Product variants
MNEQ- u-blox M8 high precision module with rover functionality NEOQ-MBP
R 122 % 16 x 2.4 mm
MNEO- u-blox M8 high precision module with rover and base
MEP-2 station functionality Evaluation Kit
Model Category GNSS Supply Interfaces Features Grade
£
2 e
2 = g
Yol | 5 5 g
S = w1 S| = =2 u
S b o [¥al =| T = £
= c = S| 5 3 = =
§ 5 ¢ [CHENE. £l 2 o L =z =
¢85 |, .- Slg 233 ¢ 5 v
el R 1 fnon o5 2 “lE &5 2 8 B = 2 w c =2
T 4 @ ™~ U — m = o c c L 7F @D O 7
T & « o/ < g 2/85 =|£E & - 8§ 56 3 & 2|5 7 ¢
=] oD £&|~ Z£ & B8 o - = = Lz o= = = Fl=2 £ 5
S5 8 cl22 % 9/55 R |£2x8/8 25338 ¢ 8 |5 S
» T & F|l00 8 &2 & |35 &Faladd 2 I EE& S|k 4
NEO-MS8P-0 . . . . 2 . . s s . . - . . . 1
NEO-MBP-2 . . . . 2 . . . . . . . . . . . . 1

https://www.u-blox.com/en/product/neo-m8p




Setup u-blox Receiver/u-center

* |Install Support S/W to your laptop PC

— u-blox u-center
(u-centersetup v8.26.zip)

u-blox
u-center v8.26

u-blox NEO-M8P-2
Mini-EVK Card + antenna

micro
USB

your Laptop PC




Connection

e Start u-center and select Receiver->Port

* You will see COM*. You can check your COM port in
your laptop’s devise manager

 If you have any difficulties(win10), please catch us.

r_;:-n FI A FHR—DT— =) (@ como - u-center 8.26 E=EIT)

I7TI(E) BEA) TRV ANLT(H) File Edit View Player Receiver Tools Window Help
@ | = He . NHE~ &
4 .2 nobu-PC o v v R A * M 1

> DVD/CD-ROM BS54

pRED DO E-E-M- BE @0 mE
DI AT T AR 28 = el Ll e

Messages - UBX - RXM (Receiver Manager... [ = |[ & |[3q]
@ HIvE, BT 8L —L O bO-5— - ALM (Alrfs LB - RXM [Receiver Manager] - RaW [Multi-GHSE
bl AT LTI AR
o :4; e i_ P Local Time 1960:193938 202000000 [5]
T s
e Lerp sosanis 18 MALID] []
o W Fo I LA FEHT—
W Ry D=4 FETE— Sy Sig... | G... | Pseudo Range [m]| Carrier
B 1T A E— T T AR FIAR GOl LIC. - 258635 12
O - 7 G03 LIC. - 2129%WE1 11
[ TOtvy G11 LIC. - 2375185502 12
BB =S T TR G17 LIC. - 2162409269 11
o=y G189 LIC. - 2075174966 118
4 15—t~ (COM & LPT) G2 LIC . 2WEE20 12
L i hnology - SOL (COM3) A GZ3 LIC. - 24228421.09 12
! G28 LIC. - 206911988 11
u-blc»f GNSS Receiver (COM3 -. Bl BIDA7 i 22509113 64 7"
o wTEEER - t (CoM) B-SEC I Qo Lic. - 3802018662 19
‘ . . e GG L1C. - 2373761576 12
b B IOREZDIFNDRA 2T A2 FIAZ BE-TIM ( B R et
el -5 — HH-UPD (Firmw ] 1
- § 2T—HIL SUFIL IR O¥ hO-F— - 22-22 (UnknExd o7 i b
: = — 4
RO N :
@ | X ¥poll | 5 k| E
Ready u-blox M8/8 |-m= COMS 9600 o file open UBX  |00:48:£|05:52:C| &
L 1




Firmware Check

* View->Message View->UBX->MON->VER

Messages - UBX - MON (Monitor) - VER (Version)

L

--LDG (Data Logger) =
- MGA (Multiple GNS:
[=-MON (Menitor)

I

- PATCH (Installe
- RXBUF (RX Buffc
- RXR (FX{ Ready)
- SMGR (Sync Mal
- THBUF [TX Buffe
- VER (Version) =

- EXCEPT (Excepti
- GNSS (Default £—
- HW (Hardware ¢
- HW2 (Extended
- 10 (IO System) |=

MSGPP (Messag

F

@ | X | Elsend F¥poll lﬁ| EE

B - MOM [Manitor] - WER [Wersion)

Software Yerzion

ExT CORE 3.01 [d080=3]

Hardware Yerzsion

| 00080000

E stenzion(z]

Rk B i 1]
FROTWVER=20.20
MOD=MED-M3P-2
FIS=0<EF4015 (100111]
GPS.GLOERDS

55




Baud rate Check

* View->Message View->UBX->CFG->PRT
* Please change from 9600 to 115200

| Messages - UBX - CFG (Config) - PRT (Ports) o[- 3| ]

- ITEM Uamming: = |y e orG (Config) - PRT [Parts) 18 =
- LOGFILTER (Lot

... IS (Mecs '

MSG (Messages, Target I1 UBRTT LI
- NAVS (Mavigatio A
CNAVXS (Navigat | Protacolin [D4145 - UBXsNMEASRTCM3 | =
~ NMEA (MMEA Pr|_| | Protocalout 04145 - UBX+NMEA+RTCM3 |
i O t 1

ODO (Odometer| [ f o qate 115200 | 1

- PM (Power Manz

- PM2 (Exttended F

- PMS (Power Mar
-{PRT (Ports)

- PWR (Power)

- RATE (Rates) =
< T k
@ | X | Elsend a¥poll 5% | g




If you want to change the rate...

* View->Message View->UBX->CFG->RATE
* Please change the measurement period

Messages - UBX - CFG (Config) - RATE (Rates) =
(Odometer = i
ODO (Odometer B - CFG [Config) - RATE [Rates) 47
- PM (Power Manz
- PM2 (Exttended F Time Source |1 - GPS time ;l
- PMS (Power Mar
- BRT (Ports) teasurement Period 200 [mps]
- PWR (Power) Meazurement Frequency RO0 [Ha]
~{RATE (Rates) =| | Mavigation Rate I 1 [ope]
- RINW (Remote I o
o ) — | Mavigation Freguency 5.00 [Hz]
- R5T (Reset)

- RXM (Receiver I
--SBAS (SBAS Set
- SMGR (Sync Ma

- TMODE (Time M -
P T k

@ | X | Esend a¥poll 5% | 6B &5[[F |




Messages - UBX - RXM (Receiver Manager) - RAWX (Multi-GNSS Raw Measurement ... E@ Messages - UBX - RXM (Receiver Manager) - SFRBX (Subframe Data NG)

If you want to save the raw-data...

* View->Message View->UBX->RXM->"RAWX"
and “SFRBX”

* Right click->Enable Message

4

@ | X

MGA (Multiple GNSS «

DM (Monitor)

NAV (Navigation)
E-RXM (Receiver Manai
- ALM (Almanac)

- EPH (Ephemeris)
- IMES (IMES Statu
- MEASK (Measurer
- PMREQ (Po
AW (R

- RAWX (

- RLM (Return Link
- RTCM (RTCM inpL
FRB (Subframe
FRBX (Subframe
VSI (SV Status !
- SEC (Security)

- TIM (Timing)
BE-UPD (Firmware Updz

er Mi

mwom

e

-?? (Custom)

- LINKNOWN

. CUSTOM

Ll 2

A% poll

.. 505 (Save on Sh|=

LB - A=M [Receiver Manager] - AW [Multi-GNSS R aw Measurement Data)

Local Time | 1959 453852.002000000 [g]
Leap seconds | 18 MaLiD) [s] Clock reset &

S Sig... | G...| PseudoRange [m]| Carrier Phase [c... | Dopple... | LockT...
GO3 LIC.. 2106317678 11068775415 -1396.1 E4R00
G2 LIC. 21800206.76 114560847.77  -2131.3 E4R00
G22 LIC.. 2263312666 11893788644 -2787 9 E4R00
GO LIC.. 22867045.86 12016712860 -2EBE4.8 E4R00
G11 LIC.. 2344642456 12321177076 -3036.9 E4R00
G17 LIC.. 2174231671 11425664742 14952 E4500
B17  BI1D1 38899593.60 202561921.98 -B48.2 o
G139 LIC.. 22711456.03 11934951797 23212 E4500
Qo LiIc. 37824318.07 13876814316 9187 E4R00
GOE LIC.. Z23E68967.14 12438125677 18E51 E4R00
B0l BID2 37544536.20 19550422060 -413.5 E4R00
BO4 BIDZ2 3B069193.90 19823625181 -385.1 E4R00
B10  B1D1 39323374.77 20476709044 -2195.2 E4500
BO3 BI1D2 3832441615 199565257, 77 -393.1 E4R00
B13 BI1D1 38408528.06 200003258.77 B1.8 E4500
BOY  BID1 39878539.72 20764234793 -22559 E4R00
G2y LIC.. 2417201622 127024865.87  2064.4 E4R00
GO3 LIC.. 2R040080.03 13158648343 27957 E4R00
BO8  BI1D1 37512189.88 195335790.21 271 E4R00
B0z BI1D2 40032753716 208461249.03 -330.9 E4R00
BOE  BI1D1 40303883.97 209872891.22 11945 E4R00

] 1

] T
i 2 [F

4

MGA (Multiple GNSS =
OM (Monitor)

NAV (Navigation)
[El-RXM (Receiver Manai
- ALM (Almanac)

- EPH (Ephemeris)

- IMES (IMES Statw

- RAWX (Multi-GNE
- RLM (Return Link
- RTCM (RTCM inpt

- SEC (Security)
- TIM (Timing)
E-UPD (Firmware Updg
... 505 (Save on Shi=

. CUSTOM -

I 3

@ | X

LB - RxM [Receiver Manager] - SFREX [Subframe Data MG

##f denotes data received on subChn

[ Strip Parity Bits

SY
BDS
BDS
BDS
EDS
BDS
BDS
BDS
EDS
BDS
GPS
GPS
GFS
GPS
GFS 11 L1CA
GPS 17 L1CA
GFS 19 L1CA
GPS 22 L1CAA
GPS 23 L1CA
GPS 28 L1CA
Q255 1 LICAA

1B1D2 0
2B1D2 0
JB1D2 0
4B1D2 0
BEI1DT O
FEIDT O
8B1D1 0

10B101 0
13B1D1 0
TLICAA O
JLICA O
BLIC/A O
JLICA O

0
1]
1]
0
0
1]
1]

SN RN R S U I Y R N

DATA [* denotes invalid wards)

383046E5 33891054 OCOF742F 023E38ED
389046E5 33B81055 OFDFD47TE 0302090
383046E5 336830053 0C089427 02003042
3B9046E5 336891054 OCOF742F 023E38ED
383056E4 33402406 N0000O00 00000000 |
389056E4 33402406 N0000000 00000000 1
389056E4 33402406 00000000 00000000 |
3B3056E4 33402406 00000000 Q00000001
383056E4 33402406 N0000000 00000000 1
22034719 A4EFEACE O83E96CA 8C355341
22034719 AAEFEACE DE3EATA3 OBF7D1A
22034719 A4EFEACE 123ED23E 8C41140
22034719 A4EFEACE 1581 DOBD 8DEBTOS
22034719 A4EFEACE 04400083 5034137L
22034719 AAEFEACE 150147104 OB 292F80
22034719 A4EFEACE OCA164F1 BBEFCE4|
22034719 A4EFEACE 19BEAZ45 BE22496
22034719 A4EFEACE 1141EF8A BDAZETS
22034719 A4EFEACE 0B0016CD 8ABEFEE
22004424 24EFE 245 OEEBR41F4 032B9527

1L}

1L}

<—Tii
il



u-center (my desktop movie)

Connection

Single point positioning

RTK was valid using NTRIP of base station,
(via same antenna, perfect condition)

Switch from GPS/QZS/GLO to GPS/QZS/BEI

Please check them by yourself after you go back to home.
If you need an information how to set the reference station,
please refer to the website (GNSS TUTOR).

http://www.denshi.e.kaiyodai.ac.jp/gnss tutor/experiment.html



http://www.denshi.e.kaiyodai.ac.jp/gnss_tutor/experiment.html
http://www.denshi.e.kaiyodai.ac.jp/gnss_tutor/experiment.html

RTKCONYV

* When you post-process of GNSS raw data, RINEX format is
quite popular.

* You can convert u-blox/SkyTraq raw data to RINEX format
using rtkconv.exe.

* In the case of Trimble TO2 file, you can use “Convert To RINEX”
which is available in the Trimble website.

RTKCO NVE., = S

[] Time Start {GPST)  ? [ Time End {GPST) ? [T interval [ ] Unit
2017/07/7 |=00:00:00 | = |2017/07/8 |—=(00:00:00 |= |1 24

RINEX Version Station ID 0000 [T RINEX Name

RunBy/Cbsv /agency

RTCM, RCV RAW or RINEX OBS 2

C:¥Users¥nobul¥ 20 1 7¥seminar¥th 7 — 29— ¥school_RTK_2017¥rawdata¥cal ~ £ E]
Farmat

s

RINEX OBS/MAV/GNAY/HNAY/QNAY/LNAY and SBS
C:¥Users¥nobu¥20 17¥seminar¥tt 7 — 29— )l ¥school_RTK_2017¥rawdata¥car B E]

C:¥Users¥nobu¥20 17¥seminar¥tt 7 — 29— )l ¥school_RTK_2017¥rawdata¥car B E]
C:¥Users¥nobu¥20 17¥seminaritt 7 — 20— )| ¥school_RTK_2017¥rawdata¥car
C:¥Users¥nobu¥20 17¥seminaritt7 — 20— )| ¥school_RTK_2017¥rawdata¥car
C:¥Users¥nobu¥ 20 17¥seminarétt 7 — 25— )| ¥school_RTK_2017¥rawdata¥car
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[]| c:¥Users¥nobu¥20 17¥seminar¥tt= — 2,9 — )| ¥school_RTK_2017¥rawdata¥car

Flot... Process... [ Options... ] l Convert H Exit ]

Comment

Maker Name/#/Type

Rec #/Type/Vers

Ant #(Type

Approx Pos XYZ |:| 0.0000 0.0000 0.0000
Ant Delta HE/M 0.0000 0.0000 0.0000

|:| Scan Obs Types |:| Tono Corr |:| Tirme Corr |:| Leap Sec

Satellite Systems Exduded Satelites
GPs [C]GLO Galleo [¥]Qz55 [|sBAS [V]BeiDou

Observation Types Frequencies

#c FL ®o Fs @ [l [z [FIsAs s [z s

Option pebug[oFF  ~|[ ok || cancel |




Use RTKLIB (1)

* Execute RTKLAUNCH.
RTKLIB_bin-master\bin\rtklaunch.exe

RTKLIB v.2.4.2 E
i R ped wei

RTKPLOT STRSVR NTRIPBRS RTEGET
RTKCONV RTKPOST RTKNAVI




Use RTKLIB (2)

Execute RTKPOST by
RTKLAUNCH

Execute Menu of RTKPLOT:
rawdata\rooftop\

netr9_ref. 17oandn/etr9@LW/
Click here

A RTKPOST ver.2.4.2 =
[ Time Start (GPST) [ Time End {GPST) [ interval [ | unit
2000/01/01 [==|00:00:00 |== |2000/01/01 == 00:00:00 |= [0 24

RIMEX OBS ? S
C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥ —Tef. 170 - E]
RIM K, 5P3, IONEX or SBS/EMS BEE
C:¥Users¥nobu¥Desktop¥school_RTK_201 7 ¥rawdata¥rooftop¥netrs_ref.nav - E]
Solution [
C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrd_ref.pos - E]

Plot... || View.. || Towm.. || optons.. || Exeaute || Eat |

2017/7/20 5:00:00-5:59:59 (GPST)

1h data was obtained on 20 July 2017 using NetR9 on the rooftop.




Use RTKLIB (3)

e

Satellite ID
G: GPS
R: GLO
E: GAL
J: QZS
C: BEI

-
:,ﬁ. C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrd_ref.17o...

File Edit View Help

« 1) v (AL v[ar v]et 1@ T
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23

G30
RO3

RO4

RO5

ROS

R10

R11

R13

R19
R20

EQ2

SATELLITE NO

E09

il E11

Ei2

E19

E24
01

Joz2

Co1

co2

C03

Co4

Cog
coy

Cog

C10

C12

C13

05:00 05:15 05:30 05:45
[1]2017/07/20 05:00:00 GPST-07//20 05:59:59 GPST : EP=3600 N=120520 OBS=L1/2 . L2 L1/2/5 L1/5 LS




Use RTKLIB (4)

Skyplot

-
% C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrd_ref.170...

=

File Edit

...... 2 12 Bk

View Help
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2z

-
ﬁ C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrg_ref.170... E‘Elg
File Edit View Help
a-[@) = = [porps »| (B v [aL |6 1 [@]e o o » [T ' X o8
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45
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@25
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o
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w
L
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05:00 05:15 05:30 05:45
|[1]201?f0?,|’20 05:00:00.000 GPST : N=33 NSAT=33 PDOP=0.9 HDOP=0,5 YDOP=0.8

# of Visible Satellites and DOP

[112017/07/20 05:00:00.000 GPST : N=33 NSAT=33 OBS=L1/2 .| L2 L1/2/5 L1/5 L5




Use RTKLIB (5)

RTKPLOT - Options

-

Options

S

Time Format
Lat/Lon Format
Show Statistics
Cyde-5lip
Parity Unknown
Ephemeris

Elev Mask Pattern
Hide Low Satellite
Max MSAT/DOP
Max Multipath

Satellite System
GPS

7
Lo [V]Galileo

Exduded/Sats
(+5n: Induded)

Elevation Mask (%) 0

Receiver Position | Single Solul « | Lat/Lon/Hat

Q7ss [/ seas BeiDou

Frror Bar/Cirde Mark Color 1 {1-6) |_l|_|_|_|_

Direction Arrow Mark Color 2 {1-6) |_|_|_|_l|_

w |lGraph Label Line Calar I:IE

(5rid/Grid Label Text Colar E

Compass Grid Calor I:IE

Seale Background Color I:IE

- |lauto Fit Plot Style [MarkjLine

i -Range (+/-) Mark Size 2 -

T Buffer Size Font Tahoma 8pt [

50 ~ |[Coordinate Origin | Average Pc ~ || Animation Interval 10 -
10 - Update Cydle (ms) 100

0.000000000

QC Cmd
RIMEX Opt

teqq +gc +sym H rep plot

TLE Data
TLE Sat Mo

0.000000000

0.a800

=Tm
o

oK

J[ cancel |

\

OBS Data Options

Solution Data Options

\

Common Options



Use RTKLIB (6)

RTKPOST - Options

Settingl

Output

-

r

Opticns

==

Settingl| Setting2 | Output | Stats | Positions | Fies | Misc | | Settingl | Setting2| Output| Stats | Positions | Files | Misc |
Positioning Mode |Single v Solution Format |Lat/Lon/Height v
Frequendies [ Filter Type L1+2 Forward Output Header fProcessing Options [DN - ][DI"-.I - ]
Elevation Mask (%) / SMR. Mask (dBHz) 15 - :] Time Format / # of Decimals [hh:mm:ss GPST v] 3
Rec Dynamics [ Earth Tides Correction | OFF OFF Latitude / Longitude Format [ddd.ddddddd v]
Ionosphere Correction [Bruadmst - ] Field Separator
Troposphere Correction [Saasiﬁmuinen '] Datum/Height [WGSB4 v][EIIipsnidal -
Satellite Ephemeris/Clock [Bruadmst - ] Geoid Model Internal

Sat PCY Rec PCY Phwindup | |Reject Ed [C]RAIM FDE Solution for Static Mode All
Exduded Satellites (+PRM: Included) EA Interval (s) RMC/GGA, GSA/GSV |0 o
GPs [V1Glo [Vl Galleo [#]Qzss []sBAS [¥]BeiDou Output Solution Status / Debug Trace | OFF v|orr  +]
[ Load... ][ Save... ] [ oK “ Cancel ] [ Load... ][ Save... ] [ oK “ Cancel ]
yF—— — _ ———————— h F—————— " =




Single Point Positioning

-
¥# C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrd_ref.pos E@g
File Edit View Help

(T2 = |endTik »| (AL ~| -l T @ o = ¢ & F ¢ [«[] C X G

20.cm
—

[1]2017/07/20 05:00:00 GPST-07/20 05:53:58 GPST : N=35600 B=0.0km Q= 5:3600(100.0%)
yF.__ = il




Coordinate Origin

r

Options

S

Time Format h:m:s GPST w | Error Bar/Cirde FF -
ddd.ddddd = | Direction Arrow FF

Lat/Lon Format

o)
Show Statistics QFF w | Graph Label Line Color l:lE]
Cyde-Slip OFF w | Grid/Grid Label Text Color E]
Parity Unknown | OFF - | Compass Grid Colar l:IE]
Ephemeris OFF w | Scale Background Calor |—|E]
Elevation Mask (%) 0 - Auto Fit on w | Flot Style
Elev Mask Pattern Y-Range (+/-) 5 ~ Mark Size
Hide Low Satellite RT Buffer Size 10800 Font Tahoma 8pt E]
Max NSAT/DOP 50 - lcoordinate Crigin [LatflonfHg + | [Animation Interval 10 -
Max Multipath 10 - Update Cyde (ms) 100

Mark Color 1 {1-6) |—l|—|—|—|—

w | Mark Color 2 (1-6)

NRRNEN

If you change the coordinate origin
as a precise reference position,
(35.66633461, 139.7922008, 59.741)
you see bhias like below.

Receiver Position | Single Solul » I,at,ﬂ_onmgt 35666334610  139.792200800 59.7410

Satellite System

GPS GLO Galleo
qzss [C]seas BeiDou

Exduded Sats
(+5n: Incduded)

B

QC Cmd
RIMEX Opt
TLE Data

teqc +qc +sym H +ep plot

TLE Sat No

=Tm)
8

QK i [ Cancel ]

ﬁ C:¥Users¥nobu¥Desktop¥schocl_RTK_2017¥rawdata¥rooftop¥netro_ref.pos
File Edit View Help
[Tz = [ondTrk »| (AL »| -l T @« o+ S @

1= p

+ +
FEE L R

+ ¥
STt . &
et AL *5#*'"& EL:
! e e Gy i
¥

#
¥
1o

20 cm

[1]2017/07/20 05:00:00 GPST-07/20 05:59:59 GPST : N=3600 B=0.0km Q= 5:3600(100.0%%)
y . =




DGNSS

* Precise rover position(LAT/LON/HGT):

35.66627025
options S5

Settingl| Setting2 | Output| Stats | Positions | Files | Misc |

Sat PCY

Rec PCV

Positioning Mode I DGPS/DGHSS b4

Freguencies [ Filter Type L1 - ][Forward b4

Elevation Mask () / SNR Mask (dBHz) 15 - .|
Rec Dynamics [ Earth Tides Correction IDFF - HOFF v]
Ionosphere Correction [Broadast ']
Troposphere Correction ’Saasiﬁmoinen ']
Satellite Ephemeris/Clock ’Broadast ']

Phwindup

Reject Ed [C]RAIM FDE

Exduded Satelites (+PRM: Induded)
GPs [¥]GLO Galleo [¥]Qzss [C]SBAS BeiDou

[ Load... ][ Save... ] [ oK ][ Cancel ]

F |
Options &J

| setting1 | Settingz | Output| Stats | Positons| Fies | Misc |

Rover
Lat/Lon/Height {deg/m)
90.,000000000 0.000000000 -8335367.6285
[ antenna Type (=: Auto)
0.0000  |{0.0000 ||0,0000
Base Station
LatjLonHeight (degﬁfm) v] m
35.666334610 139.792200300 58.7410 I
Antenna Type (*: Auto)
0.0000  |{0.0000 ||0.0000
Station Position File
=]
Load... ][ Save... ] [ oK ][ Cancel ]

139.79226723 59.33

[1]2017/07/20 05:00:00 GPST-07/20 05:59:59 GPST : N=3600 B=0.0km Q= 4:3500(100,0%)

¥ Cr¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥rooftop¥netrd_rov.pos = | S|
File Edit View Help
()2 = |endTik »| (AL v| + -0 T ® + & F - [ b X G
20 cm
—

35.60627000% 139.79226804%




RTK-GNSS

-

Options

=)

Settingl | setting2 | Output| Stats | Positions | Files | Misc |

Positioning Mode
Frequencies [ Filter Type
Elevation Mask (%) / SMR. Mask (dBHz)
Rec Dynamics f Earth Tides Carrection
Ionosphere Correction
Troposphere Correction
Satellite Ephemeris,/Clock
satPCv [ |RecPCy [ ]PhWindup

Excluded Satellites (+PRN: Included)

Kinematic -
l=1: - ||[Forward -
5o .
orr vfore -
[Broadmst - ]
[Saasbmoinen - ]
[Bmadmst - ]

Reject Ed  [] RAIM FDE

GPs []GLo Galleo [¥]Qzss

[[[sBas [|BeiDou

| toad.. || save.. | [ ok ][ cancel

F ™
ﬁ. C:¥Users¥nc|ll{topiﬁ'school_RTK_ZB1?¥mwdata¥mofto p¥netrd_rov.pos @Eﬂ

File Edit View Help

()2 = (GndTrk »| (AL »| -l T ® = o ¢+ & H <[l r X G

e

[[1]2017/07/20 05:00:00 GPST-07/20 05:59:59 GPST : N=3600 B=0.0km Q=1:3600(100.0%)
I

| 35.66627048% 139.79226753%




2 receivers were set simultaneously

Trimble NetR9 with Trimble antenna
u-blox M8P with YOKOWO antenna - o

For the equal comparison, same settings were
applied.

GPS/BEI + Instantaneous.




Similar test using u-blox

25|

Options

-

¥ RTKPOST ver.2.4.2 ==

[] Time Start (GPST) 7 [] Time End (GPST) ? [ tnterval [7] Unit
S [pp—y [Py - :
2017/07/20 | 05:00:00 ) 2017/07/20 - 05:59:59 ||:| 24 ||—

5

|R_INEX OBS: Rowver ? £l
Ci¥lsers¥nobu¥Desktop¥school _RTE_2017¥rawdata¥rooftop¥map_rov.obs - E]
RINEX 0OBS: Base Station | &=
C:¥U5ers¥nubu¥Desktop¥sd1uul_RTK_ZU1?¥rawda13¥runﬁop¥ne79_ref. 170 - E]

RINEX *MAV/CLK, SP3, IONEX or SBS/EMS
C:¥L.Isers¥nobu¥Desktop¥sd1ml_F‘.TK_201?¥rawda13¥rooFtop¥ne/cr9_reF.nau - E]

/ v [
| v [

1

Settingl| Setting2 | Output| Stats | Positions | Files | Misc |

Pasitioning Mode [Iﬂnemaﬁc ']

v][Forward v]
Elevation Mask (%) / SNR. Mask (dBHz) 15 - [ ]

Fregquencdies | Filter Type [Ll

Rec Dynamics [ Earth Tides Correction [D-FF - ][DFF - ]
Ionosphere Correction [Elroadmst "]
Troposphere Correction [Saasmmoiner'l T]
Satellite Ephemeris/Clock [Elroadmst ']

[satecy [Jrecrcy [|Phwindup [ |RejectEd [C]RAIM FDE

Excuded Satellites {-+PRM: Induded)
I Grs [ClGLo [Clealleo [[]Qzss [C1sBAs [V]BeiDou

| toad.. |[ save.. | [ ok J[ gancel |

)

Salution [] Dir | / ||Z|
C:¥U5ers¥nubu¥Desktop¥sd’1:ml_RTK_201?¥rawda13¥rmﬁop%m8p_mu.pos - E]
||:| O done / ? |
" | g
| pot.. || wvew. || Towm. |f options.. || Exeate || Eit |

|

Or, netr9 _rov.170

Options
Settingl| Setting2| Qutput| Stats | Positions | Files | Misc |
Integer Ambiguity Res (GPS/GLO/BDS)  |Insta - |ON v| ON -
Min Ratio to Fix Ambiguity 3
Min Confidence / Max FCB to Fix Amb ||:|.9999 "D. 25 |
Min Lock / Elevation (%) to Fix Amb 0 0
Min Fix / Elevation (%) to Hold Amb | 10 "D |
Outage to Reset Amb,/Slip Thres (m) 5 0.050
Max Age of Diff () / Sync Solution 30.0 | o - |
Reject Threshold of GDOPInnov {m) 30.0 30.0
Murmber of Filter Iteration 1
[ Baseline Length Constraint {(m) |III.EIEIEI "D.EIEIEI |
| Load.. J[ save.. | [ ok || cancel |




u-blox M8P results

TK_2017¥rawdata¥rooftop¥m8p_rov.pos

~SaL <] BT e s o o B - [ : X 58
o4 e e BT
-0.5
o | { 11 |
0.2 M-5 {m) | +
0.3

0.5
0.1 U0 {ITI}
0.0 *
0.1 s
0.2
05:00 05:15 05:30 05:45
[1]2017/07/20 05:00:00 GPST-07/20 05:53: 59 GPST : N=3600 B=0,0km Q=1:3563(393, 1%) 5:5(0. 1%)




NetR9 results

- e C:¥Users¥nobu¥Desktop¥school _RTK_2017¥rawdata¥rooftop¥netro_rov.pos E@g
Eile Edit View Help

--ll--E 1-2[Pnsiﬁori *]Q[ALL *] +-H I @ s &H [ = [ x

[y
%

0.2 E-W {ITI}

0.1

0.0 [ s o A s o o~y

M-5 {m)
0.2

0.1

0.0 | e s

1D {m)

05:00 05:15 05:30 05:45
[1]2017/07/20 05:00:00 GPST-07/20 05:53:58 GPST : N=3&00 B=0.0km Q=1:3500(100.0%)




RTKLIB (my desktop movie)

Connect u-blox M8P
Execute RTKNAVI

RTK was valid using NTRIP of base station
(NetR9) via the same antenna under perfect
condition (GQB).

GQR was also valid but GLONASS ambiguity
resolution is set OFF.

Please check them by yourself after you go back to home.
If you need an information how to set the reference station,
please refer to the website (GNSS TUTOR).

http://www.denshi.e.kaiyodai.ac.jp/gnss tutor/experiment.html



http://www.denshi.e.kaiyodai.ac.jp/gnss_tutor/experiment.html
http://www.denshi.e.kaiyodai.ac.jp/gnss_tutor/experiment.html

How to connect (my desktop)

| -

— Internet u-center / RTKLIB
Internet
L \

Rover station
Correction data is received via internet
GNSS raw data is received via USB-Serial

Base station
(Ntrip server)

You can switch Desktop to Laptop/Pad/Raspberry Pi



RTKNAVI - Options

-
Input Streams ﬁ

Input Stream Type Opt Cmd Format Opt
(1) Rover ’5erial - IE] E]lu-blox - ]E]
(2)BaseStaton  [NTRIP Client v | ] [RTEM 3 ()
[71(3) Correction Serial =[] RTCM 2

Transmit MMEA GPGGA to Base Station

0.000000000 0.000000000 If yOU Set GQR and It doesn,t fIX! please try It agaln
-|| | by changing the setting of Integer Ambiguity Res “OFF”.

Time |x1 o 8 oK “ £ ] /
e

Options MV Options [ Options ﬂ
Setting1 | setting2 | Output| Statistics | Positions | Files | pisc | | Setting| Setting2 | output | Statistics | Positions | Files | misc | | Setting1| Setting2 | Output | Statistics| Positions| Files | Misc |
Positioning Mode P— - Inteqer Ambiguity Res (GPS/GLO/BOS) oFF ~[on =] Fi::fon,m.aight (deg/m)
Frequendies /Filter Type e ~]Forvard Min Ratio to Fix Ambiguity 3.0 90.000000000 0.000000000 -6335357.6285
Elevation Mask (%) / SMR Mask {dbHz) 15 - Min Confidence [ Max FCB to Fix Amb  |0.9933 0.20 [] Antenna Type (=: Auto) Delta-EMN/U (m)
Rec Dynamics / Earth Tides Correction [OFF A ]lDFF v] Min Lack / Elevation (%) to Fix Amb 0 0 0.0000 |(0.0000 | 0.0000
Ionosphere Correction [Broadmst vl Min Fix / Elevation (%) to Hold Amb 10 0 Base Station
Troposphere Correction [Saasiﬂmoinen v] Outage to Reset Amb  Slip Thres {m) 5 0.050 lLathonﬂ-!eight (deg/m) v] E]
Satelite Ephemeris/Clock [Broadmst 'l Max Age of Diff {5) / Sync Selution 30,0 OFF - 55-555334610 e Delta£ 59?410
i ; Antenina Type {*: Auto) Delta-E/M/U (m)
Sat PCV Rec PCV Ph-Windup [ |RejectEd [ RAIM FDE Reject Threshold of GDOP/Tnnov (m) 20.0 0.0 5.0000 I0.0000 lo.0000
Excuded Satellites (+PRN: Induded) Mumber of Filter Tteration 1 Station Position File
@lars [(lewo [[Gallea [#]Qzss [[]seas [¥]BeiDou Baseline Length Constraint (m) 0.000 0000 =1
[ Load ][ Save ] | ok ” Cancel Load ][ Save ] E Ok ” Cancel Load ” Save ] [ o “ Cancel ]




u-blox M8P DGNSS (GB)

File Edit View Help
2 v P o -] H-eI[Ee[F o @

5| E-W (m)

-0 {m)

-5
09:35 09:40 09:45 09:30 09:35

[ rrnavI ve =
| ¥ RTKNAVI ver.2.4.3 LOT BN

10:00

> W0 £

T
ERTK‘NAV’I ver.2.4.3
File Edit Vi

LOT

+trmI(Ee - ¢+ 8 E

BTN -]

im

|[R]2017f08f0109:56:57‘00 GPST : 35.666339721° 139.792202090° 59.9303m Q= 4:DGPS
)

35.66631033% 139.79225806°

Code-phase accuracy is quite
important for RTK performance

|[R]201?I08I01 09:56:35.00 GPST : E=-0.0688m M= 0.0728m U= 0.6299m Q= 4DGPS5

10:05 H

b n 3 u n ] I




Limited Coverage of RTK

* Normally, the coverage of RTK is 10-20km. It strongly
depends on the ionospheric activity.

* But, the recent commercial RTK engine can cover up
to 50-100km.

* Also, you can use VRS/FKP correction service. The
commercial company produces real-time correction
data (Ntrip) using several base stations.

 QZSS will provide similar correction data through
the L6 signal (inside Japan). It is challenging because
message bit-rate is 2Kbps.




PPP does not have limitation in area

* PPP provides precise orbit and clock of GNSS.

* |t means that you have to remove
ionospheric/tropospheric errors as much as
possible. It takes 5-30 minutes and depends
on the ionosphere model you have.

* QZSS is going to test PPP correction data
through the L6 signal. In fact, we have tested
it for serval years by JAXA (MADOCA).




RTKLIB Practice (2)



Car data and field test

e Car data is post-processed using RTKLIB
e Homework
 RTK field test using u-blox M8P (8 groups)



Car data

2017/7/19 8:24:20 — 8:57:20 (GPST)
Total 9900 epochs in 5Hz

Near university campus (normal urban)

u-blox M8T and Trimble NetR9 for both Rover
and reference station

You can compare these two receivers
Single-frequency or dual-frequency ?
What is the best setting ?



Settings of u-blox M8P

-
¥ RTKPOST ver.2.4.2 ==

[¥] Time Start (GPST) 7 [¥] Time End (GPST) ? [¥] tnterval [ Unit
ES[prey— e [ESPrr—— -
2017/07/19 [T 08:2420 | 017/07/19 T 0%5T:20 T 0.2 s (24 |H

RIMEX OBS: Rover ? o B
C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥cari¥rover.obs - E]
RINEX OBS: Base Station &=
C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥car¥ref.obs - E]

RIMEX *MAV/CLE, SP3, IONEX or SBS/EMS B EE
C:¥Users¥nobu¥ 20 17¥seminar¥ 7 — 29— L¥school_RTK_2017¥rawdata¥carire E]

Solution [ Dir | ||_|
C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥car¥rover.pos - E]
== processing : 2017/07/19 08:24:35 Q=1 2 |
!
E| Plot... || view.. || TokM... || optons.. | Abort || Exit

Options u -U'UA ' 9 u Options u -U'UA ' 9 g Options OO A v g1

Settingl| Setting2 | Output| Stats | Positions | Fies | Misc | | Settingy| Setting2 | output| Stats | Positions| Files | Misc | | setting1| settingz | output| Stats | Positions| Files | Misc |
Positioning Mode [Knemaﬁc v] Integer Ambiguity Res (GPS/GLO/BDS) [Lnsia. - ]| oN - |[DN v] Raover : -
Frequendies | Filter T [Ll I[F d l |Lat.'1.0nﬂ-|EIght LEL vl l_l

- |[Forward - i i i iqui
) : . e iy Min Ratio to Fix Ambiguity 3 [30.000000000 [[0.000000000 |-6335367.6285 |
tion Mask (%) / SR Mask (dBH 15 i ; —
evation Mask (%) / SNR Mask (dBHz) -| | Min Confidence / Max FCB to Fix Amb ~ [0.9999  [0.25 | Antenna Type (= Auta) Delta£ /MU ([m)
Rec Dynamics / Earth Tides Correction | QFF ~ | oFF v Min Lock / Elevation (%) to Fix Amb 0 0 | ~ |0.0000 0.0000 |0.0000 |
Tonosphere Correction |Broadcast - Min Fix / Elevation (%) to Hold Amb 10 o | Base Station
i Saastamoinen Lat/Lon/Height (degfm) -
Troposphere Correction [ 7] Outage to Reset AmbjSlip Thres (m) 5 0.050 [35 o Bgl 200500 o0 (-]
Satellite Ephemeris/Clock [B(oadmst '] Max Age of Diff {s) / Sync Solution 0.0 |ON vl :Anhe Type (*: Auto) l Nielia E 0 .I s L
i j [ nna Type (*: Au Delta-£ /MU {m)
[Isatpcy [ JRecPcy [ |Phwindup [ |RejectEd [ RAIM FDE Reject Threshold of GDOPfInnov (m) 30,0 20.0 - ”IZI.IZIDDD |||:|.000c| ”D.DDDD |
Exduded Satellites (+HPRN: Induded) Mumber of Filter Iteration 1 Station Position File
[eprs [Clelo [¥Gallee [F]Qzss [[]ssas [V]BeiDou [| Baseline Length Canstraint {m) |n.nuu ||u.nnn | =1

| toad.. J[ save.. | [_oc J[ cancel | toad.. J| save.. | [ ok [ cancel | Load... ][ save.. | [ ok ]| Concel |




PLOT

¥# C:¥Users¥nobu¥Desktop¥school _RTK_2017¥rawdata¥car¥rover.pos

File Edit View Help
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M[ﬂzmm?fm 08:24:20 GPST-07/19 08:57: 20 GPST : N=5682 B=0.2-1.5km Q=1:2807(43.4%%) ‘ 35.66676848% 139.77998762°

[1]2017/07/19 08:24: 20 GPST-07/19 08:57:20 GPST : N=5682 B=0.2-1.5km Q=1:2807(42.4%) | 35.66682067° 139,78006253°




If you set minimum C/N,,

Ir[Z)p:ntiu:ms u . u ' U A
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Settingl | Setting2 | Output| Stats | Positions | Fies | Misc |

Positioning Mode [}Gnemah'c V]
Frequendies | Filter Type [Ll - I[Forward - l
Elevation Mask (%) / SNR Mask (dBHz) 15 - [

Rec Dynamics ( Earth Tides Correction [DFF

Tonosphere Correction [Broadmst

Troposphere Correction mainen
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|[1]201?f0?f19 08:24:20 GPST-07/19 08:57:20 GPST : N=9523 B=0.2-1.5km Q=1:4635{48.7%) |35.66196598° 139.78532300°




If you remove QZS,

-

Options

=2

Settingl| Setting2 | Output| Stats | Positions | Fies | Misc |

Positioning Mode
Frequencies / Filter Type
Elevation Mask (%) / SMR Mask (dBHz)
Rec Dynamics [ Earth Tides Correction
Ionosphere Carrection
Troposphere Correction
Satelite Ephemeris/Clock

Sat PCY Rec PCY Phwindup
Exduded Satellites {+HPRN: Induded)
GPs [C]elo [¥]Galles [C]QZss

s¥nobu¥Desktop¥school _RTK_2017¥rawdata¥car¥rover.pos

E[GndTrkv][ALL ']+*HI@'E‘E‘+@E [1

[K’Jnematic v] View Help
[Ll T][Forward v]
v ]
o cJor -
[Broadmst v]
[Saasmmoinen v]
[Bmadmst v]

Reject Ed ] RAIM FDE

[]=Bas BeiDou

| Load.. |[ save.. | [ ok ][ Cancel




If you use NetR9,

§
[ RTKPOST ver.2.4.2 NNl [ = | o)

Time Start (GPST) 7 Time End (GPST) ? Interval [ Unit

2017/07/18 %ns:m;m % 2017/07/18 %ns:ﬁ?:zu % 0.2 s |24 |H
RIMEX OBS: Rover ? & E
C:¥Users¥nobu¥Desktop¥school_RTE_2017¥rawdata¥car¥rover_netrd. 170 - E
RIMEX OBS: Base Station & El
C:¥Users¥nobu¥Desktop¥school RTE, 2017¥rawdata¥car¥ref netrd ihz. 170 - [_
RINEX *NAV/CLK, 5P3, IONEX or SBS/EMS BB

C:¥Users¥nobul 20 17¥seminar¥tt — 249 — I ¥school_RTK_2017¥rawdata¥carire - E]

Solution [ Dir | ||_|
C:¥Users¥nobu¥Desktop¥school _RTE_2017¥rawdata¥car¥rover_netrd.pos - E]
oo processing : 2017/07/19 08:28:23 Q=2 ? |
— I
| pot.. || vew. | TokML.. || Optons.. |[f Abert 4| Edt |

¥

-
tktop - - rawdata¥car¥rover_netr9.pos E@g
P
| [ ~] # -~ T o o ¢ ®F = [« boX a8
e
* 4635->6810 20m
|[1]201?f0?,.’19 03:24: 20 GPST-07/19 08:57:20 GPST : N=9794 B=0. 2-1.5km Q=1:58 10(89. 5%) Z| 35.66255966% 139.79269350°




If you use dual-frequency,

Options u1
Settingl| Setting2 | Output | Stats | Positions | Files | Misc | .
Pasitioning Mode [mnemaﬁc v] ﬁuifnm_m_znlﬁmwdatﬂmr¥mver_netr9.pns - Elﬂlg
Frequendes [ Filter Type [L1+2 - ][Forward v] View Help
Elevation Mask (%) / SNR Mask (dBHz) 15 [ . PlondTrk v | (AL <] - T @ o o e S E K™ b X G
Rec Dynamics f Earth Tides Carrection [DFF - ][[JFF v] /‘f
Ionosphere Correction [Broadmst "’] k \‘
Troposphere Correction [E‘.aasmmoinen v] N
Satellite Ephemeris,/Clock [Bmadmst "]
Sat PCY Rec PCY PhWindup Reject Ed  [] RAIM FDE /
Excuded Satelites (+PRM: Included) ’ ‘*/
Wers [[lelo [V calleo W] ozss [[]sBas [V BeiDou »/
TN
(iosd.. J[ save. ] [ ok [ conce ‘

,L——-~"¢ \\\\\> '

[1]2017/07/19 08:24:20 GPST-07/19 08:57:20 GPST : N=9734 B=0.2-1.5km Q=1:3477(35.5%:) | 35.65786042% 138.79175029°

6810>8477




Comparing two POS files (RTKPLOT)

C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥car¥rover_netr9.pos

o B [ |
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‘Fe Edit View Help
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File Edit View Help

[[1]201?!0?{19 08:24:20 GPET-07/19 08:57:20 GPST : N=9734 B=0.2-1.5km Q=1:8477(86.6%)

5:86(0.9%)

Previous test result

[[ZI?.Ul?IO?!lQ 08:24:29 GPST-0V/19 08:58:51 GPST : N=10310 B=0.0km Q=1:10310(100.0%)

POSLVX result
(Post-processed RTK/IMU/Speed)

Just drug and drop of “poslvx.pos” into RTKPLOT

What happens if you click “1-2” ?




RTKPLOT 1-2

C:¥Users¥nobu¥Desktop¥school_RTK_2017¥rawdata¥car¥rover_netr9.pos C:¥Use... @Ml
Eile Edit View Help |

w1l 2 Hrfe-:. 0@ o C:¥L.lseks¥nubu¥nesktnp¥schoul_RTK_2ﬂ1?¥mwdata¥car¥mver_netr9.pcs C:¥Use... E@ﬂ
| Eile Edit | View Help
(1) (2|12 |endTrk v | [@=1t *| F i T @ o o o @ - [« 0 X G
| .
|l[[1]2017,ro7.!19 08:24:20 GPST-07/12 08:57:20 GPST : N=0749 B=0.2-1.5km Q=1:3432(36.5%)
|
|
|
|
6-7 epochs were over 20-30 cm
in horizontal direction 10 am
|
|[1]2u1?m?.r19 08:24: 20 GPST-07/19 08:57:20 GPST : N=9749 B=0,2-1, 5km Q=1:3432(35.5%) G:36(0.994)




Homework

* Please try to find the best setting of RTKLIB using the
u-blox data (both ref and rover).

e “Best” means highest number of fixes within 30cm
based on POSLVX file.




RTK field test using M8P/MS8T
(Post-processed)

* Please check your memory obtained through this class.
It is not difficult.

* All you need is two observation files (base and rover) +
navigation file.

* Probably, Netr9 can be used as a base station. You
need to obtain the observation data at rover.

* You bring your laptop with ublox receiver and antenna.
you need to check the configuration of your ublox.
Then, please just click record in the u-center. Or you
can also use RTKLIB to record the raw-data.



Simultaneous data is required

You need to prepare the raw-data at base station
to include your period at rover.

Base

»
»

A A .
time

ol - :

You recorded your raw-data for this period time



] E=EE)

RTKNAVI ver.2.4.2 b10 RTKNAVI ver.2.4.2 40 (2) | 2% RTKPLOT ver.2.4.2 b10: Google Earth View | () S
2013/02/15 03:28:21.5 GoST| 1 | Wil I—ii— o I.l 201302115 6526215 opsT| 1 | W —eE—u olLfflf®@+tvmm| Ad@x|+1 Da OB|0 G Cose |
Lat/LonMeight v Rover:Base SNR (d8Hz LatLonMHeight v Roverll _—N— v - - =
Solution: FIX o Somtion:  SINGLE ® |
N:  35°40'02.7320 l] I llﬂ N:  35°40'02.8342" | / P e
E:  139°47'26.5841" 02 05 07 os 09 10 15 26 25 E:  139° 47 26.6093" i,@@ e @ %
He: 40433 m He: 3%695m | |\
pemesmies I | [[| i |h pussswnams |\ X g
« " G 020507 08 03 10 15 26 29 ‘ Vg = of sat: ™~ —— GooP:2.3
o l' local 2 . o (1) locaihost (2) locainost
Start [ Stop Exwit 7 Start Sﬁé ‘[ PI;t. ] Optons
¥ CONNECT localhost:52002 localhost: 52002 = /@8] 8 |

File Edit View Help

FOE - (odik v] (AL ] 3 - I[@)¢ - ¢ & @ T
Single Point Positioning
RTK

Fish |

[R]2013/02/15 03:28:21.50 GPST : 35.667425565° 139.790717812° 40.4331m Q=1:FIX

F o / —




Any questions ?

nkubo@kaiyodai.ac.jp



mailto:nkubo@kaiyodai.ac.jp

Following pages are complements of GNSS
and more details about precise positioning
especially PPP including MADOCA.



Time Systems

* Time Systems
— TAl: 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



Time System Conversion

TAIl to UTC:
tUTC :tTAl +(UTC—TA|)

UTCto UT1:
tyr1 =tyrc +(UT1-UTC)

UT1 to GMST:

UTC-TAI (s)
-25 1990/1/1- -30 1996/1/1-
-26 1991/1/1- -31 1997/7/1-
-27 1992/7/1- -32 1999/1/1-
-28 1993/7/1- -33 2006/1/1-
-29 1994/7/1- -34 2009/1/1-

GMSTy,uT1 = 2411054841+ 8640184812866 ", +0.093104 ', *~6.2x10 °T" 3

GMST = GMSTyy, yr1 + r(tut1 —tonuT1)

r =1.00273790930795+ 5.9006x10 7', -5.9x1071°T",*
T',=d',/36525 d', : number of days elapsed since 2000 Jan 1, 12h UT1

GPS Time to TAI:

tra =tgpst +19s

GPS Time to UTC:

tutc =tgpst — (4t s + Ag + AlltepsT —tor)




Coordinate Systems

 ECEF: Earth-Centered Earth-Fixed
— |ITRF
— WGS 84: US (GPS)
— PZ90: Russia (GLONASS), ...

 ECI: Earth-Centered Inertial
— |ICRF: International Celestial

Reference Frame X '
Q,

 ECI-ECEF Connection o
eference
— Precession/Nutation Model meridian ECEF

— EOP: Earth Orientation Parameters

Reference

Earth

nter
s,




ITRF

* 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
. *

4 - L] me ) -,- z: S -
» 0y . ] e
* . . - o o - . ” “ g y
% t - b Y o -t b i bay J
] g 7. .d . 1 M . R S/
. ] iy ha
. n . B e, - t. . S0
s @ . . - - . \
. L g *‘ ‘* # - /
] - [} %
] " -
L] . & L . )
. . ,Jusfl—ﬂ"-r -.q__(_r—»- -""--E.-—"—IMK-:__;_} '_'r_d__’-_é o ,ZJ{ -,Jd_,_L;f
. 1 Technique g2 Techniques + 3 Techniques 44 Techniques Major i';’;"gr'ggﬁ'ma""’-f‘ are N ) Hemly | T

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



ECEF to ECI Transformation

I

 Z A o 'A< Es

ECEF
(ITRF)

¥ _<e,+A:
e

Ecliptic of date

True equator Mean of

of date

Mean equator Date

y ofdate

90w [+

Ecliptic at epoch
J2000.0

True of Mean equator
True equator of date
Date of date mean equator
. Y atepoch
P : Precession 12000.0
N : NUtatlon Ecliptic of ECI

date

W : Polar Motion
GST =GMST + Ay cose (ICRF)
+0".00264in2+0".000063in22  r_. = PNR, (~GST)Wryuy

=Rz (Ea)Ry (=0a)Rz (z2p)Rx (—a) Rz (49)Ry (ea + 48)Rz (-GST)Rx (Yp) Ry (Xp ) Fecef

(3) (2) (1)




EOP: Earth Orientation Parameters

Polar Motion: Earth Rotation Angle:
UT1-UTC

uTC {ns?

a9/8

. Yp(mas) . .. ..

o B RN LW W L L T =l . I |
B = L o = = N = TR . T =« IS = . S = I % B ¥ )
L = o = = = = = = = = = = =

=3 < L= =] < [=3 L= <
T T k=3 T T T L= k=3 T
T T T T T T T T T T T T T T T T 1
,,‘jiifééj
5
= =
=]
= =
1
5
o
e
-
=
=
I ————— -
~
~
=

1960 1970 1980 1990 2000

|IERS CO4 Series (1962/1/1-2009/8/11)



Ellipsoid and Datum

Ellipsoid:

GRS 80 WGS 84
a (m) 6378137 6378137
: 1/298.257222 | 1/298.257223
101 563
GM 3986005.000 | 3986004.418
(m3/s?) x 108 x 108

X,y plane

@' : Geocentric Latitude A : Longitude

Lat/Lon/Height to ECEF:

¢ : Geodetic Latitude  h : Ellipsoidal Height

e?=f(2- 1)

N a

i \/1—ezsin2¢

(N + h)cosgcosA

(N + h)cosgsini

(N(L+e?) + h)sing




Geoid

Geopotential:

V(r,¢', /1)— ZZ annmc"'Sannms) Geoid

&

: Geodetic Height

n=2 m=0

EGM96 Geoid Model

Ellipsoid



Spherical Harmonics

Spherical harmonic functions:

YnO - YnOc

Yme = Pym(Sing')cosmA

Yoms = Pym(sing')sinmA

Legendre function:

Pam = NamPams Poo(X) =1, Po(X) = X
Pn—l,n(x) = O!

Pan(¥) = (20 =2)A- X*)"? Py 04 (X)

(2n _1)XPn—1,m(X) - (n +m _1) I:)n—2,m(x)

n—m

v2n+1 (m=0)
Nom = \/2(2n +1)(n—m)! (m>0)

Pam(X) =

EOEOEE OO
ECECCOFCH
CCeerEEnT
CrEOPeCO e
EPECCEEEE
ereceeeee
CECETEEe
eeereerae
PeereOEeT

(n+m)!



Coordinates Transformation

Helmert Transformation (A to B):

X Ty 1 -R3 Ry |X
y| =|T |[+1+D)| R3 1 —-R|lYy
4 T3 -R, R 1 Nz

B A

-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)



lonospheric Delay

lonospheric Delay Model:

n°=1- X ~1-X =1- f3/f2 (L—band)
—1£ - YTZ s YT4 +Y|_2 : Appleton-Hartree Formula
21-X =iZ) | 41— X -iz)* '
2 2 2 102 2 c2_ Ne&®
n=yl- f3/ 2 ~1- £3/2f%=1-4030N,/f2 & =——=—: plasma frequency
A eggmg
s 2 6 2
r z_‘140-30|\|e/f dl = 40.30x10"°TEC/ TEC: Total Electron Content
Electron Density (N_):
L AN ETTTT ] -
o X107 E E
il
@ 210" E- E
8 ’I><’|D”;— —é
d 5aQ 13024 1504 ialalel

Height, km

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



Solar Cycle

International Sunspot Number (ISN): 1700-2009

by SIDC (Solar Ianuences Data Analy5|s Center) in Belglum (http //5|dc oma. be)

Solar Cycle Prediction: Cycle 24

Solar Cycle 24 Sunspot Number Prediction [SES Solar Cycle Sunspot Number Progression
Data Through 31 Mar 07 augh Apr
175 [T T T T T T T T T T T ™ 175 ]
1505 ? ‘ - = 150 lﬂ\ Jl =
1251 ] : f ] 125 iﬁ, Iy ]
O C o | ] o PA’H i
£ 100 + T £ 100 H—+
=] C S R 7 S C 7
= C n a i il = L ’]‘ /‘\ |
o F s RIS ] o L ]
ok e ] J & E \
c E L b = =
5 A0 1 = —H-— — S50
| i \ 1 " M) :
a5k ?T / S 25 f‘ \fﬂ ]
9 Eﬂ. . r . . E A . r L \\.-: alC 7
1996 1996 2000 2002 2004 2006 2008 2010 2012 2014 2076 2018 2020 (\,09 TR R IR << s B S A N v B v BN U A N ST S o4 ,\@
b et
Low Prediction (Smoothed) ——— High Prediction (Smoothed) ------- 1-Sigma Errar —— Smaothed Monthly Values — —— Manthly Yalues —— Predicted Volues {(Smoothed)
Smaothed Monthly Yalues —— Meonthly Yalues
Updatsd 2007 #pr 20 NOAA/SEC Boulder,C0 USA  Usdated 2008 May & HOAA/SWPD Boulder,0O USA

by NOAA SWPC (Space Weather Prediction Center) (http://www.swpc.noaa.gov/SolarCycle)



LC: Linear Combination

C=ad +b®, +cR +dR(DL = 4, Py = 1)

Coefficients Wave | lonos | Typical
LC Length | Effect | Noise
a b c 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 C; C, 0 0 - 0.0 0.9
LG/L4 | Geometry-Free Phase 1 -1 0 0 - 0.6 0.4
WL Wide-Lane Phase | Aw /4 |-Aw /4| O 0 86.2 1.3 1.7
NL Narrow-Lane Phase | An/A4 | AN/Z2 | O 0 10.7 1.3 1.7
MW | Melbourne-Wubbena | Ay /A4 |-An /| An/A4 | An/A2 | 86.2 0.0 21
MP1 L1-Multipath 2C, -1| —2C, 1 0 - 0.0 30
MP2 L2-Multipath —2C; [ 2G -1 0 1 - 0.0 30

C, = 1,2 1(f2 = £5%), Coy =— 2 I(f2 — £52), Ay =L A —11 &), Ay =LA A +11 )




Single Layer Model

lonospheric Delay Model:

6 6
_4030x10°__ . 1 4030x10 xVTEC(t, pp: App)

f2 cosz' f2
Satellite
IPP: lonospheric <

Pierce Point

IPP Position/Slant Factor:

z=mn/2-EI /
H.

. R.sinz
' =arcsin———— aq=z-2" lonosphere

Re + I_Iion

$pp = Arcsin(cossing +sina cosgcos Az) Receiver

. SInaSinAz
p=i+ammn

“p

¢pp



lonospheric TEC Grid

Tonosphers Msp VTEC(TECU) : 2009/07/31 00:00:00 H=4 50k

Ionosphers Msp VTEC(TECU) : 2009/07/31 02:00:00 He4 S0k Inosphers Msp VTEC(TECU) : 2009/07/31 06:00:00 He4 S0k

2009/7/31 0:00

Tonosphere Map VTEC(TECU) : 2009/07/31 08:00.00 H=450km

2009/7/31 8:00

Tonosphere Map VTEC(TECU) : 2009/07/31 16:00.00 H=4S0km

2009/7/31 16:00

2009/7/31 2:00 2009/7/31 4:00

Tonosphere Map VTEC(TECU) : 2009/07/31 10.00.00 H=4S0km Tonosphere Map VTEC(TECU) : 2009/07/31 12.00.00 H=4S0km

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

Tonosphere Map VTEC(TECU) : 2009/07/31 18:00.00 H=4S0km Tonosphere Map VTEC(TECU) : 2009/07/31 20.00.00 H=4S0km

2009/7/31 18:00
(IGS TEC Final, GPS Time)

2009/7/31 20:00

Ionosphers Map VTEC(TECU) : 2002007731 04:00:00 =450k

2009/7/31 6:00

Tonosphere Map VTEC(TECU) : 2009/07/31 14:00.00 H=450km

2009/7/31 14:00

Tonosphere Map VTEC(TECU) : 2009/07/31 22.00.00 H=450km

2009/7/31 22:00




Tropospheric Delay

Tropospheric Delay Model:

T =my(ENZHD+m,,(E)ZWD
0.0022768
1-0.00266c052¢ — 2.8x10""H

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

m,(El) : Hydrostatic Mapping Function

ZHD =

Zenith
Delay

L1777

m,(El) : Wet Mapping Function

ZWD to PWV (Precipitable Water Vapor):

T, =70.2+0.72T
R, =461k, =77.6,
1x10°

PWV= ———ZWD k, =71.98 ks = 3.754x10°
R\,( 3} m, =18.0152my = 28.9644

ky —kg—L+—=
’ 1md Tm



Mapping Function

o)

Mapping Function (El=5

m(El) =

e
1+L
1+cC

1+

a

sinEl) +

b

sinEl) +

sinEl)+c
NMF, GMF, VMF1

Hydrostatic Mapping Function : Pos=36.1° 140.1° 67m

10.17 ; ; : — .
. Hydrostatic e
ol H[ VMF1

; \
10.14 ‘IWI '}“ ﬂwmlw I ,'|N!|
1013[ i“‘ "‘ﬂ’d h"l I!w
10.1 \|~ (."J' lj_ i“ J
10.11 r[ V‘“l[ ““ H!u , _J‘%

101 "{'5’4’ M""h‘ﬁf
1000}
O 6 20062 20064 20066 20065 2007 20072 20074 20076 20078 2008

Year

Mapping Function (EI=5 o)

11

10.95

109

10.85

10.8

10.75

10.7

1065 |

106

1055

a,b,c : Mapping Function
Coefficients

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

10.5

Wet

— NMF
GMF
VMF1

.5 1 1 1 1 1 1 1 1 1
2006 20062 20064 20066 20068 2007 20072 20074 20076 2007.8 2008

(2006/1/1-2007/12/31, TSKB, El=5deg)



Antenna Phase Center 1

Receiver Antenna
Phase Center:

Antenna X
Phase _, ‘
Center |/ \ ‘EI
’ r,pcv
. dr, pco
Antenna Antenna Phase
Reference Center Offset
Point (ARP)
[/ 77777777777 77777 Z(U)
y (N)®x (E)

Antenna Phase Center Variation (PCV)

Choke-Ring Type Zero-Offset Type

-
"_-:—:_-{/ -

Antenna Phase Center Offset/Variation : NOVI02GG (L1)

Offeet: E=-0.05 N= 006 U= 9.12em (em) E Offeet: E= 0.03 N= 0.14T= 668cm (em)

Offeet: E= 006 N=-0.01 U=12.01 cm (cm)

IGS Absolute Antenna Model (IGS05.PCV)




Antenna Phase Center 2
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Site Displacement

* 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

_ MZISZ'NZ'KZIKllolipliniMlle'Ssa



Earth Tides
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Earth Tides Model
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IERS Conventions 1996 + NAO99.b, 2007/1/1-1/31, TSKB



Phase Wind-up Effect

 Relative rotation between satellite and receiver antennas
effect to the measured phase of RHCP signal.

S
dpw = A4sign(e; - (D° x Dr))arccosglbw N
Io°lo]|

D° =e; —e; (e, -e3) —ey xey : Dipole Vector of Satellite Antenna

Dy =e, x —e/(e; -e x) +€f xe, , : Dipole Vector of Receiver Antenna

Eecef —senu = (er,xT 1er’yT1er,zT )T : ECEF to ENU Transformation Matrix

e :LOS Vector from Receiver to Satellite Antenna

N :Integer Ambiguity



Relativistic Effects

» 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.)
* Signal Propagation:

— Sagnac Correction (Rotating Coordinates)

— Shapiro Time Delay Effect

— Lense-Thirring Drag

Satellite Clock Bias/Rate Correction oS .S
+ Periodic Term: el 2




Real-Time PPP via QZSS LEX

GPS GLONASS Galileo QzSS

LEX Signal

Reference ~ 1.7 Kbit/s

Stations

MADOCA

Precise

MGM-Net Orb.it/CI.ock
Estimation

PPP Users



MADOCA (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



MADOCA (2)
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MADOCA (3)

x

/) MADOCA: Real-Time Fi x Y}

(oW ks a’ & = € - X  Xbtps://wwwi1234uq.sakura.ne.jp/m/madoca_rtmonitor.htm Qe & B = ‘
o 1 i e i i e e et e e et e el e ot N I IR Y HRON

£ MADOCA: Real Time Pr

€ > C  baps:/

Overview | Survey(NTRIP,CDDIS)| Products(MGU,MGR,MGF,LOCAL) | i
Monitor(MGU,MGR,MGF,LOCAL) | PPP(MGU,MGR,MGF,LOCAL) | PPP-AR(MGF) | Network | RT- MGRT1 GPS Orbit/Clock Errors wrt IGU (GPS Week 1854, 2015/07/19-2015/07/25)
Products | Availability | RT-Monitor(MGRT,MDC) | RT-PPP | LEX-PPP | QZS Orbit % SATELLITE ORBIT ERROR (G)
'AVE-00030 m STD. 0.0212 f AMS. 0.0230 m
o5 20RS: 00458 m
MADOCA: Real Time Products
05
R "AVE-0.0004 m STD. 0.0258 t AMS. 0.0272 m
Real-time Products: osf
E
- Analysis software: MGRT1:MADOCA v.0.7.2 p1,MGRT2:MADOCA v.0.7.2 -
05
- Observation data: MGM-net + QZSS MS + IGS/MGEX (map)
- Option Settings: martel.conf,mgrte2.conf,mgrte def.conf, inpstr _rte.conf and outstr rte.conf O S0 sTD 00228 NS 00282
- Station File: MGRT1/MGTR2 02
- Updates: every 30 s for orbit, clock and URA, every 1 s for high-rate clock (latency: 3 - 5s) £
05
History:
- 2015-07-01 02:52 : MGRT1/MGRT2 excluded Satellite(GO8).(Ref.£177) i o e S B e i G e
- 2015-07-01 02:52 : Started MGRT1/MGRT2,55R STOP for leap second.(Ref.#289)
- 2015-07-01 02:45 : Stoped MGRT1/MGRT2.(Ref.#289) T SARINECANF EROR
™ o] s
- 2015-06-23 02:40 : Changed station info file(MGRT1/MGRT2)(before after).(Ref.#280)
- 2015-06-19 09:25 : MGRT1 excluded Satellite(G08).(Ref.#177) 2
mor H
g
Contents: -2
-Estimation Stations
=
-55R Status s o T e s e s ize

System: MGRT1 GPS MGRT1 GLONAS MGRT1 QZSS MGRT2 GPS MGRT2 GLONAS MGRT2 QZSS

-Direct Links to Product Files
MGRT1 QZSS Orbit/Clock Errors wrt MGR (GPS Week 1854, 2015/07/19-2015/07/25)

Product Stream: SATELLITE ORBIT ERROR ())
[ AVE 00328 m 5700 0513 m RS, 0. 0607 m
3005, 01263 m
- NTRIP Caster: , Port: 2101 or 80 :
- User-ID: MADOCA , Password: MADOCA o
i
-2
-
Product Messages: [ AVE 00876 m 7D 00485 m s, 0 1001 m
2
) RTCM Message Type Update T e oA
Mount Point Products - B Notes 2 4
GPS |GLONASS| QzSS | Galileo |Interval B 3
Satellite Orbit 1057 1063 1246 * | 1240 * 30s APC, ITRF2008, igs08.atx ** -
'AVE 00333 m STD. 0,039 m AMS. 0.0475
Satellite Clock 1058 1064 | 1247 * | 1241 * | 30s B 3| ” "
MADOCA_SSR1 Code Bias - - - - 30s - £ ;
URA 1061 1067 1250 * | 1244 * 30s - :;
High-rate Clock 1062 1068 1251 * | 1245 * is - %
os 23 CL Wiz Gz 2 3 e
MADOCA_SSR2 same as above Test and backup stream TG 201NN 00:00:09): 201507 2K20:00:981:
SATELUITE ORGIT ERROR ()
URL of Product Files . 1 15
« 3 >
s



MADOCA (4)
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