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(1) GNSS;EI{z APH 4/22 (7K)  9:30-10:20
(2) RTKLBDMZELELEA (EE) 10:30-11:20
(3) RTKLIBOERIZIE (EE) 11:30-12:20
(4) GNSSEI{L D ELFE 13:30-14:20
(5) RTKPLOTDEARIEE (EE) 14:30-15:20
(6) RTKPOSTIZKkDEHAIGL (EE) 15:30-16:20
(7) EARBEHTERTKDEFE 4/23 (K)  9:30-10:20
(8) RTKPOSTIZKAEMREEMNT (EE) 10:30-11:20
(9) RTKNAVIIZKABRTK (EE) 11:30-12:30
(10) RTK®D It FH 13:30-14:20
(11) RTKLIBIZKAHEEfEHT (EE) 14:30-15:20
(12) RTKLIBD ;&M 15:30-16:20
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— ITRF: ElfF#th Bk E EEIZ R

— WGS 84: K [E (GPS)

— P790: O, (GLONASS), ...
o ECI: IETSEERZRR

— ICRF:ER R X EEEEZE R
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ITDLC
11 INT

o EfRithIkEEFIZER
— IERSIZK Y FF SN HOEEEIZER
— GPS, VLBI, SLR, DORISE DI E R N EEELTEH
— 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
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HEEEM W 7N M EE 2.
2= THI 1.0 U |=I°R 71\
HAEEAA GRS 80 WGS 84
a (m) 6378137 6378137
: 1/298.257222 | 1/298.257223
101 563
a(lb—:ezf GM 3986005.000 | 3986004.418
(m3/s?) x 108 x 108
X,y plane ﬁ‘§4§/%§4§/%§9X/Y/ZZ
¢* =12~

¢ HMERE
¢ - RlMhiEE

N = a
\/1—e23in2¢

(N + h)cosgcosA
r.=| (N +h)cosgsinA

(N(L+e?) + h)sin ¢
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Yims = _nm (sing’)sinmA

Lo RILZIERK:

an = Nnman’ POO(x) :1’H0(x) =X

D ([~ _ N

Lp1n\A)—Y
P (x) = (2n-D(A-x*)"2P, 1, 1(x)
(2n=1)xF,_4 ,,(x)—(n+m-1)F,_, , (x)

n—m

'\/2n+1 (m:O)
N, = \/2(2;1 +1)(n — m)! (m>0)
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TX

ALY —RZEHE (A to B):

R

1 —R3 R2 X
Ry 1 Ry
— R2 Rl 1 Z y
-T1, T2, T3 : F478E)

-D  Ph K - s
-R1, R2, R3 : [A)&x

+ 1+ D)

N R

FEFE % 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)




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

) —Z5—HA4)LFAl: Cycle 24

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

175 [T T T T T T T T T T — 175 |
- 23 24 ] - 24 | -
1507 - . = 150_“ ﬁ —
125f hﬂj\ I f - f 125 % I E
T L W / \ 1 B ‘PJWLHV% .
e [ S - sl | -
E 100 + e - 100 [T -
zZ F ﬁ i\ RN AL 1 0F F H N T .
5 mE i — 3 = wp 4 -
=% - AN ] O - 4
L ﬂd i 3 7 2 r \Mﬂk \
s “F M w% J \ - 5 TF o ]
25: A I N 1 ] sk ?h i -
]

S I N LA «’-7/

-

I I I Q
1996 1998 2000 2002 2004 2006 2008 2010 2012 2074 2016 2018 2020 “/QQ o ot
3 e

Low Prediction (Smoothed) ——— High Prediction (Smoothed) -+~ 1—Sigma Error — Srnaathed Monthly Yaluss —— Manthly VYalues —— Predicted Yoluss (Smoathsd)
Srnaathed Monthly Values —— Maenthly Volues
Updated 2007 Apr 20 MNOAASSEC Bouldsr,GO USA  Updated 2008 May & NOAA/SWEG Boulder,CO LS4

by NOAA SWPC (Space Weather Prediction Center) (http://www.swpc.noaa.gov/SolarCycle)
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C=a®,+b®, +cP, +dP, (D = 41y, Dy = Jry)

s o = KE | EEE| HE

3 b c d (cm) | L1X (cm)

L1 L1 Carrier-Phase 1 0 0 0 19.0 1.0 0.3
L2 L2 Carrier-Phase 0 1 0 0 24.4 1.6 0.3
LC/L3 lono-Free Phase G C, 0 0 - 0.0 0.9
LG/L4 | Geometry-Free Phase 1 -1 0 0 - 0.6 0.4
WL Wide-Lane Phase | /A4 |-4w!Z2| O 0 86.2 1.3 1.7
NL Narrow-Lane Phase | Av/4 | Av/4| O 0 10.7 1.3 1.7
MW | Melbourne-Wibbena | 4y /A4 [-Ap ! 2| A1 4 | An!142 | 86.2 0.0 21
MP1 L1-Multipath 20, -1| -2C, 1 0 - 0.0 30
MP2 L2-Multipath —2¢; | 2G -1 0 1 - 0.0 30

CL= 2112 = 152), Co = =122 12 = fo2), Ay =UIQU 2y =11 ), Ay =L@ & +11 2p)
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cEEuf RSEE I T = ]
BRI /=FIINNDX W ) 7V
EHMEETIL:
40.30 x10'° 1 40.30x10%
I= = TECzCOSZl g xVTEC(t,,,, 2,)
"2
IPP:
L E7 RHA )
ET7RARAVMLE:
z=n/2-El /_
g H.
3 . R,SINz ,
z =dlfCSIN—————,a=z—zZ
Re+Hion

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

. Sinasin Az

ipp = A+ arcsin

¢PP
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2009/7/31 0:00

2009/7/31 16:00

2009/7/31 2:00

2009/7/31 10:00

2009/7/31 18:00

2009/7/31 4:00

2009/7/31 20:00

(IGS TEC Final, GPS Time)

2009/7/31 6:00

2009/7/31 22:00
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A\Y

LA EEFE T = g1
Moo=l © ) 7V
BRI

T = m;, (E)ZHD + m,,(E)ZWD

STy 0.0022768 p 000
1-0.00266C0s2¢ — 2.8x10~" H ?;T%
. KBS 2B E (m) e 25k
zwp : RIEZTEIE (m) g EE
m, (El)  E1@TvE LS % 7777777077777777

m, (El) :iBiE~NvEY B

ZWD = PWV (AI &K £):

T,=70.2+0.72T
R, =461,k =T77.6,
1x10°

PWV = ( )ZWD ky =71.98,kg =3.754x10°

k
R L T3 m, =18.0152,m,; = 28.9644
mgy m
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m(El) =

10.17

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

sin(El) +

b
sin(El) + ¢

NMF, GMF, VMF1

Sin(El) +

10.16

10.15

ot
=
ot
e

s
=]
-
(]

Mapping Function (El=5 =)

s
=1
s
=

101+

10,08

10.08

1013

Hydrostatic

- a,b,c : IvET BEAEIZRER

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

| -
wll\li l\ S s

10.75

10.7

"y, { il 1065}
gy
"i'l.ﬂ[ ]
il 106

1035

Mapping Function (El=5 o)

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

Year

: 1 . . :

o W ——

oMF H 1095 et GMF

VMF1 VMFL
LAY

(2006/1/1-2007/12/31, TSKB, E|=5deg)w

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

4
%
R 4

XRBE AR ZEH=vE T B
m(El, Az) = mg(El) + mg (El) cot(El)(G y cos(A4z) + G sin(Az))

Gy,Gg : North/East Gradient Parameters

PPP Solutions PPP Solutions
with Gradient Estimation without Gradient Estimation

Recsiver Position TSKB : 2007/01/01 00:00:00-2007/12/31 00:00:00 <= Receiver Position TSKE : 2007/01/01 12:00:00-2007/12/31 12:00:00 <=>;
0.05 0.05
Lo or 1 r oo v o4 b bt REF:1GS05 MEAN: 0:0013m RMS;0.0044m A RJEF iGSD-: \tEaQ. L‘-Doiﬁmﬁi\is DDM im
_B_Bjiiiiiiiiiiiiiiiiiiiiiiii _B_Biiiiiiiiiiiiiiiiiiiiiiiii
00 ik
oo b b T T T T T | REF-1G505 MEAN: 0.0006m RAS0.0037m oo b n T T U T HEF-IGSMS NEAN: 0i0001m BMS) 0.0053m
z z

A T S O
't 1 HEF:IGSMI NEAN: 0:0079m BMS: 0.0007m

R
© REF: 1GS03 MEAN: 0.0070m RMS10.0095m

e

Up(m)
Upim)

_D_Djiiiiiiiiiii"
07312 071511 7673

2007/1/1 12/31 24H Static PPP, TSKB
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IGS Absolute Antenna Model (IGS05.PCV)
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— F =
— ZE T

D, = A4, —4)— (¢ —4)
= Py +cldty, —dT,) =1, + T+ AB,, +d,, + &,
=ph =I5 +T" + AN, +d}, + &,
dt’, = dt] —dt] =0, dT" =dT}, —dT} ~0
Bl = (0 =80+ Ni) = (0 = d6 + Np) = (o — 8§ + Ni) + (40— 9 + NJ) = N},
(Lﬁ"f%ﬂ ToTH)
@) ~p’ +AN" +¢,

779 =i jo_pl _ b _ gl _ g/ ~
Iy =1y 1b~01b—1b 1b~Oa dy,—d;, =0

ﬁizi@ 4 J &O& W2 |

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

% 1= 1%% b diary200608.htm
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BAIET L:
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ERBRE LS ER:

R = blka’iag(Rtl, Ry Ry, )
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Yi, = (
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gl

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

F

0.2
E-W (m) ORI=36.10353513° 140.08630715° 69.744m
AVE=-0.001m 5TD=0.002m RM5=0.002m
0.1
0.0
-0.1
0.2
N-5 {m) AVE=-0.005m STD=0.003m RMS5=0.006m
0.1
[ P
0.1
uU-D (m) AVE=-0.008m STD=0.006m RMS5=0.010m
0.1
0.0yt A o Ity IO o O S
-0.1
0.2
00:00 03:00 08:00 09:00 12:00 15:00 18:00 21:00
-—
BL=32.2 km
0.2
E-W (m) ORI= 35.97040871F 140.40295058° 55.185m
AVE=0.014m STD=0.099m RM5=0. 100m
0.1
0.0 b it vongh N e R Staiienmtea =
i LIV B
0.1
-0.2
N-5 (m) AVE=0,003m STD=0.120m RM5=0. 120m
0.1
0.0 ey, o N “ M,l" o F i w
M@y A Y . 1 ’1% ' i Aty
-0.1
-0.2
U-D im)

AVE=0.020m STD=0.301m R!\‘IS=0.302m
Pl vt b ada ) ﬁ‘w
VWt M

-0.2
Q0:00 03:00 05:00 0s:00 12:00 15:00 18:00 2100

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

U2
E-W {m)

0.1

DO A gt ppeseniam RMIS ErroOr:

0.1

-0.2
N-5 (m)
0.1

BL=13.3 km

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

E: 2.2cm
N: 2.4cm

AVE=-0.003m 5TD=0.024m RM5=0.024m

u‘umwwwﬁwﬁgiw

-0.1

-0.2
U-D (m)

U: 10.6cm
Fix Ratio:

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

PN it i Mm,%;‘w 94.2%

-0.2
00:00 03:00

0.2
E-W (m)

0.1
0oy A
0.1
0.2

N-5 {m)
0.1

now? ¥

U-D m}
0.1

0.0 53‘#
o8 ¥

0.2
00:00 03:00

08:00 09:00

12:00 15:00 18:00 21:00

BL=60.9 km

o e e Y

i

it
] /% &fzg
iR} i

t

08:00 09:00

12:00 15:00

ORI= 35642353447 140.44830086° 77.853m
AVE=0.009m 5TD=0,13%m RM5=0,140m

Ay ATy T~ RMS Error:
E: 14.0cm
N: 14.8cm
U: 26.7cm
Fix Ratio:
44.4%

AVE=-0.026m STD=0. 146m RM5=0. 148m
PIHURED A
Wil AR / 1A

AVE=0.002m STD=0.267m RMS=0,267m

o F sl v A%
¥ Il §

1
4
18:00 21:00
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— WL/NLFE %

— ZEHEEZERERER

— PUOEX 1A TAZEMER

— AFM, FARA, LSAST, LAMBDA, ARCE, HB-L3, Modified

I—

Cholesy Decomposition, Null Space, FAST, OMEGA, ...
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[e]RE: x =(al,b7)’, H =(A,B)
y=Hx+v=Aa+Bb+v

~

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

iz ik
(1) /D=3 (70— EE)

~ é. T~ -1 Qa Qab T -1
= A | = H y X = = H H
5 [b] QTR Y Q (Qba Qp j )

(2) BEZTR/IMET HOEBANVIRER

a=argmin(@a-a)’ Q, (a-a)
aeZ”

(3)7|:| I~ﬁ¢E&E
-Q,,Q, (@a-a)



| ANDDNDA
LAAIVIDUA

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

e |ILS Estimation with:

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

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

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

acZ"” zeZ”

a=z2""17
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[N
o

Execution Time (ms)
ul

i}
i

B
on

j -
Rd

e : with decorrelafion
e : without decorrelation/

10

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

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

Output Streams (O)

RTENANT ver2 4.2

[ororor oot 1 | Do

Solution
| N 0° 00 00.0000"
E: 07 00 D0.0000"

I H 0.000 m

(4) Output Solution 1

(5) Output Solution 2

(6) Log Rover

RTKNAVI A HH
INTININAV I\ /J
GPS/GNSS Input Streams (I)
Receivers
— ¥ (1) Input Rover ——@—»
— | (2)Input Base Station [—@1T—¥
» (3)Input Correction @ >
Correction
Provider

(7) Log Base Station

(8) Log Correction

Log Streams (L)
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PC
GPS/GINSS Serial »  RTKNAVI Serial >
Receiver
(1) Input Rover=Serial -
(4) Output Solution 1=Serial Log
(6) Log Rover=File
Rover Serial e
Receiver > _
RTKNAVI File >
Base Station >
Receiver Serial

(1) Input Rover=Serial

(2) Input Base Station=Serial

(4) Output Solution 1=File

u
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RTKLIBIZ & ARTY AT Lk picdsl2

Y

Base Station Rover
Receiver Receiver
PC Serial —1— PC Serial
Y Y
File
STRSVR RTKNAVI »
TCP TCP
Server Client
(0) Input =Serial (1) Input Rover=Serial
(1) Output 1=TCP Server (2) Input Base Station=TCP Client
(4) Output Solution 1=File
Mobile JJ
Base Station P;]IOIIE Rover
Receiver \. W J Receiver
. 7 N .
PC Serial PC Serial
v v
Fil
STRSVR Internet RTKNAVI c
Mobile
Phone
(0) Input =Serial ~— Terminal (1) InputRover=Serial

(1) Output 1=TCP Server

(2) Input Base Station=TCP Client

(4) Output Solution 1=File
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RTKLIBIZ K ART AT Lt R H13

! Ntri '
Base Station H p | Rover
] b Caster 1 .
GPS Receiver o fre- ! GPS Receiver
A
PC Serial / \ PC Serial
Y v
Int £ - File
STRSVR Titerne RTKNAVI »
(0) Input =Serial \ —/ (1) Input Rover=Serial
(1) Output 1=NTRIP Server (2) Input Base Station=NTRIP Client
(4) Output Solution 1=File
Reference
Station (1) Input=NTRIP Client
4 (2) Output=TCP Server
YYVYY PC
NTRIP Caster Internet | STRSVR
NRTK provider \\
< — LAN
PC PC PC PC
v v v v
RTKNAVI RTKNAVI RTKNAVI RTKNAVI
A A A A
Rover Rover Rover Rover
Receiver 1 Receiver 2 Receiver 3 Receiver 4
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* Google Earth[Z& D) 7 ILAA LBIGIESR R
e STRSVRIZKDBIET—HHik- £

e RTKNAVIA TS 3>
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 Objective

RTK of by Playback Data
Program

rtklib_2.4.2p9¥bin¥rtknavi.exe

Data
sample2¥

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

RTKNAVI
RTKNAVI ver.2.4.1 A

2009/05/15 05:16:23.6 GPST [l B oL

LatfLon/Height + || Rover:Base SNR. (dBHz) - -

Soluticn: FIX [

| N: 3571895279 °
E:  138.45059808° || 515t osorars

H: 408.93%9 m

WUiem
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NovAtel
GPS-702-GG

GEONET
NovAtel
OEM-V
20 Hz
VRS E-

Service Mobile




Settingl

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

Setting2

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

Positioning Mode Ik‘&nemaﬁc

Freguencies

L1H2

Solution Type

Forward

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

15

|u

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

Validation Threshold to Fix Ambiguity

Rec Dynamics,Earth Tides Correction IDFF L"DFF LI

lonosphere Correction IBroadmst

Troposphere Correction ISaasEmuinen

satellite Ephemeris/Clodk IEruadmst

Exduded Sateliites {+PRN: Induded) |

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

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

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

Max Age of Differential (s) ISU.U

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

Mumber of Filter Iteration |1

[T Baseline Length Constraink {m) IIII.EIEIEI

Load | Save
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_GeodetlcSurvey ~ 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 40
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GEONET STATIONS MAP by Google Map : GEONET Slalions 35 Map | Home

15.951.go.jp/,
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NRTIW-+H—
ININT I\ )

I,

7
N\

e EIRNRTKY—ERTO/NAH
— 21 /71 (http://www.jenoba.jp)
— BARGPST—AHY—E X (http://www.gpsdata.co.jp)
— BERTSH Uk (http://www.terasat.co.jp)
- (ZEEH)
FEY—/\YTJ+OIT
— Trimble GPSNet/RTKNet
— GEO++ GNSSMART
— Leica GNSS Spider

LilL
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e O—/\—

— 178K vs 2/3 KR, B #hfE bR, GNSS, Z{EHa Xk

— GPU'TERE

— INSHE &
« HAEF

— HigR vs. [£8E

— BHRIEZER vs. NRTKH—E X

— WN\—I)7, ZE#IRF, EFAOAN Y—ERXREH
« BIEVVY

— IUY7, &, L1417, @IEaXk
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1>,/
-/

Tk EH- a4
1 N1 ) |

]]I\I|I

D
I

e O—7AJL (<300 m)

— 17 )L, USB, LAN, ... (B #8)

— /N (BHEET L), WIFi, ZigBee, DSRC, ... (E#R)
o Hhiz (<1,000 km)

— 77 0O4[E4E, ISDN, R, ... (A R)

— EEEEIER (26, 3G, LTE, ...), ... (E8)
e 4 HA—/\)L (<10,000 km)

— A=Yk

— F21E 8T 2 (Inmarsat, WideStar I, ...)

— {EENIEET 2 (Iridum, Orbicom, ...)
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DTIIIDI— + Z W5 A 47+t
NI NLIDI<~o~"DV T 3 BF1 1
i RTKPLOT.ver.2.4.2: Google Earth.\fiew - D.
NTRIP
Caster

153.***.***.***: 80
Usr-ID: *¥*x**
Password: ******

Mount point: Lat : 35.666497

ROV: NovAtel OEM®6 Lon :139.792372

Reference .
: Height : 59.4 m (ARP)
REF: NovAtel OEM®6 Station 8

REF Position:
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KLIBO) ;15
#8 2IGNSS RTK
R EHR RTK
MADOCA-PPP
$HIA S AT LG A
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2 1l .= NICC M 4 BB
X /v 7 UOINoOV/J JE X
Number of Planned GNSS Satellites
System 2010 2013 2016 2019
GPS 31 31 32 32
GLONASS 23 (+2) N 24 (+3) 24 (+3) 24 (+3)
Galileo 0 & 18 27 (+3)
Compass 6 16 30 32 (+3)
Qzss 1 1 4 7
IRNSS 0 7 N 7
SBAS 7 8 11 Y 11
Total 68 91 126 140
L3 GNSS Signal Frequencies
_SEL5/E5a E5bh L2 L2 E6/LEX ) L1/E1 L1
\ n M | T - [N o _
1775 VAVZINVAY . ANEZaNINiv ITA\VARNZg | || WV N A
A AP RRI Fmu . W EATEV/AV 1. nm&’?%\mw :

( YYang, COMPASS: V/ew on Compatlblllty and Interoperablllty, 2009)
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— 1l Z.NICC DTV A B
Jv77GNDO N | |\'|::F]|:,
RTK Performance: Baseline 13.3 km, Instantaneous AR
El Mask=15° El Mask=30°
: Fixing RMS Error (cm) Fixing RMS Error (cm)
GPS | Galileo | o o TEEW | NS | U-D | Ratio | EEW | NS | U-D
dpe WL 15 . 49.7% | 4.6 | 8.1 | 19.0 | 23.3% | 71.4 |115.0| 289
11,12 ) 99.0% | 1.4 | 1.3 | 1.9 [876%| 3.4 | 105 | 15.5
L1,12,L5 i 99.0% | 1.4 | 1.3 | 1.9 |873%| 3.4 | 105 | 15.6
L1 E1 [988%| 1.3 | 1.2 | 1.9 |90.1%| 1.2 | 2.1 | 2.7
GPSTERS LY E1 |989%| 14 | 1.2 | 1.7 |98.7% | 1.2 | 1.0 | 16
L1,12,L5 ElE'EEa' 98.9% | 15 | 1.3 | 2.0 |98.9%| 1.3 | 1.1 | 1.8
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@S$179.9
~ (w/o antenna)
% (http://www.csg
shop.com)

2015/03/21 08:28:12.0 GPST| 1| NMO—#—-00000 oL

2 | atflon/Height ~ | Rover L1 Rover;Base SMR {dBHz) ke l
Solution: FIX m ] i
N: 35.87298940 ° ig RT K N AV I

E: 138.38966923 ° 0814162123252 72931060 7091516171819

. ionn — | 2.4.2p11
E- 0 3-_,5 N:- 0,006 U: "::m 13 ¢ >
_Q_itl"‘ 932 % Sat1 | Elj
# Sat: 1-' GDOP: 1.6 | 081416212327293106070915 16171519

Eiot. i Options... /| Exit




Number of Samples

250

Time To First Fix with AR
r T T T

Time To First Fix with AR

200

150

100

—

400 500
TTFF(S)

GPS only

908

100

40

20

Cumulative Distribution (%)

| P

100

Time To First Fix with AR

o 100

GPS+GLO+QZS

100

" /’
2
§
60 = 160
2
[=}
O
2
40 3 {40
3
5
o
20 20
300 908 0 100 200 300 0 600 700 800 903

400 S0
TTFF(S)

GPS+BDS+QZS

62

Cumulative Distribution (%)



7Fr=EH 8
< JLFGNSS RTKE ftTeR RE

o BLAVATLEIZHIERRE
— BFZ %R, EEXR
— ZEHH/WINALT X
o FBHO—FIZHEIERE
— L1C/A-L1P(Y)-L1Cd-L1Cp, L2P(Y)-L2C, L5I-L5Q
— 1/4 4L Tk
e GLONASS FDMAIZ{S5ERE
— Z{EHEIFBRIRE (EETEMEEHRAR)
- RIEAYE—UR#EL
-~ 7UTFHRIE
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ERELEEOOD

C | [ www.gsi.go.jp/eiseisokuchi/gnss_main.html & =
BizEE N
. —— P BFIA  uEtATE [ D eEnglish
o TE Ligmpr = Aps
Geospatial Information Authority of Japan HRAALER O g ko0

P ——

WIERA-L  ELHIFReMST EES-AMEEF-Y WER-ZeEHE BEHEE  cls-BroEiR | esE-Ed

el — L > HEEE > SEAELEROhOEORRILY AT LT F ONSS LSRR E R ORARE FEHEHRH:2015F1A8E

o B E LT E RO ShOEHEOE R MG AT A(VLFENSS) CLE iR B BiRmEaze

GSILIB GNSS; N AN )

| Fozhho B
| tewpazn Br
Cha TP BRI T IS T A, B BT M O Ta S EDs. GPS, QZSS. CLONASS, Galileo DRI AT L
(3F GNSS{Global Navigation Satellite System)) &#ia6ICF FL. DI TEEOEIRRATTAL. BISSICER 3 on hfpREUEeE |
#75,

KiNFREOME

1. 2 F GNSSORFEEF O

FEMOFBRINI AT LOT —HERD SOY. SHE TR RIS 50T RS S3E nOvILF GNSSHRRFEENE
2. REFEEfISEE

2 F GNSSEHRD A 1L 33 R IR SRR

ERmRERETEBOICH AL, RIS BB EOEH S T —RHE: Lo ERA) BRI AIEESED b R
3. AR A AR b

TR PR R AR | | BIE 3E

RO EHCAES ADIER S O,

iR BAFED B

GPSLIAMBELH LT IEFTORETRET UFEILA -l 2T S TEE AGEEF ER AC AT MR
GPSAEIC LR T OB B BT e L T ST AE (B R BSSTER (Ch 2 T MEIED

B S =10 i i e LA o ol 0 = P W o [

~ILF GNSSHFT- F RGO PP D ERE RS 5

I ZILFGNSSICIDERE M FRDE HCETEE S

http://www.gsi.go.jp/eiseisokuchi/gnss_main.html
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......................................................................... 1’000km

GPS Tsunami
Monitoring System
(Currently ~15 km off-shore)

http://www.tsunamigps.com
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E H4BDTIVEHEOX
DA KN T NEXRO
BL Error Elimination
Strategy
(km) Ephem lonos Tropos Others
S 0-10 | Broadcast - - - Conventional
RTK
10 — Dual-Freq - -
M 100 Broadcast
Interpolation - Network RTK
1 100 — nﬁ?;iize Dual-Fre Estimate Earth Long-Baseline
1,000 T zZTD+ MF | Tides RTK
(IGU)
Non-RT Ectimate Earth Post-
VL | >1,000 Precise | Dual-Freq 71D + MF Tides, Processing
(IGR, IGS) Ph-WU or PPP
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km | July 1-7, 2009 oo

0.0

E-W

N-5 (m) AVE=-0.0015m 5TD=0.0091m RMS5=0.0092m

N-S

U-D (m) AVE=-0.0081m 5TD=0.0227m RM5=0.0241m

U-D

o+ STD=0.7,0.9,2.3 cm FIX=99.8%

0.0 N Ao s st woagh A

N-5 (m) AVE=-0.0022m STD=0.0127m RMS5=0.0129m

0.2

U-D (m) AVE=0.0073m $TD=0.0377m RMS=0.03B4m
0-12 Ol o L . H i
Oi)ug*gb%g}g}- kT :J'u'gl. i It :
01 '

v STD=1.1,1.3,3.8 cm FIX=99.0%

07/0

ORI=44.433686068° 143.224179125° 54.5733m
AVE=0.0011m STD=0.0105m RMS5=0.0105m

E-W

N-S (m) AVE=-0.0028m 5TD=0.0129m RMS=0.0132m

4 STD=1.6,1.3,3.0 cm FIX=98.8%

a . . .
E-W (m) ORI=44.433686068° 143 —
st BL=961.3 km
0 A g ot o oy 007 :
-0.1

AVE=-0.0079m 5TD=0.0296m RMS=0.0307m

N-5 (m) AVE=-0.0026m STD=0.0148m RM5=0.0150m

-0.2
U-D (m) AVE=0.0128m STD=0.0362m RMS5=0.03 Tm

o STD=1.1,1.5,3.6 cm FIX=96.2%
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ANNCA_DDD
IVIADUULUATT T

LEX Signal

Reference ~ 1.7 Kbit/s

Stations

MADOCA

Precise

MGM-Net Orbit/Clock PPP Users
Estimation 69




NMADOCA (1)
IVIAUUULA 1)

Multi-GNSS Advanced Demonstration tool
for Orbit and Clock Analysis

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

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

 Brand-new codes developed from scratch
— Optimized multi-threading design for recent CPU
— As basis of future model improvements
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Data Interfaces

Parameter Estimator

Data Interfaces

QZSS MCS

i o}
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Il Rk Br EE w2 o0FD AT
+ G hexp:qz-vision.jaxa py
BETMR: (0255) HLUE T

-

USE

* USE » RAAY Pa=il

QZradar

WA, BBUE,

[HTUR] £ GoLEL<,

FLT., Z=ALT, 2Us2LT. Ea
FEARESAFLE T F0D

-4}

BERINGE AT L
A—-H 2 T1=A

R E—= T =T

NAQUTHTE

AR

FATFwT

IT7zAYR

P LLT ] tra i
P

Jr4le WS fm M IR0 9ED AT

4 » ||+ OF nitp/gz-vision jaxa.jo/USE aexp_schedules

PLAY READ

QZSsS+GPS

E5. HEUE,

Experiment Schedule

RBRATS1—,

2013-10-06(UT) 5 2013-10-12(U

GPS Week 1761
2013 ur
L1C/A
ue
GPSIfiERR
Alatibty Lic
Ennancaman agnsis

(5]

Pt R ALAPSS
At 3t Ha B fagy
ErAl
L1=8AIF

JRA=LEX

LEX
SPAC-LEX

= SR ELTT M SIS B

The ahaduis wil b mvisad nusry Fril

SRALEX [MADOCA)

& | | Q- gavision

o T ——-

JrdL Rk Ex

USE

QZradar
150258

EEMGRATL
A-—F1L8T1-2

Wk AR—rT=TN

NAQUYE

A-MEARR
PNTF
L7z AUR

FiE L]

Schedule

BE Jehe-i 04FD AT
a4 - =+ B herp:/foz-vision. jaxa. jp/USE/is-qrss/

PLAY

READ

Tt i

#5. HBUE.

W oo i s BRIERLAT A2 FLo7s— ALEE

Interface Specifications for 0255:/S-0ZSS
EXEGES AT A
A1 25971 —ALEEE

15-0255 Topics

15-0zss hEW 2R

2013-09-11

IMESTL I 49 3 LIS W o B AMADOC A B MADOCALEX) % = 1T — D 2 W

IMESHBARTREAMOME
01347 B EYINES,

THNEY,

D, SR RRLHRALTERERMESERROWRE, @FTIVISE
AHAHRIONECMEOL, L

BRIES—RLEE, (IMESE
TRRESMOLET,

Dy
wEE |

SRR

WA
W ERE

N\ JiiF

TN\ LTy

e T

amemeriLa IMES@jaxa.jp

15-288
WRMWE 2T L
A-HFAXFITT-AHMR

1.5MERPOF774 ) B0 MB)

swn—FK

1.5WEE &I MEH) (POFF74)
MB}

B s#v>n-k

WEOFT r A LETR

ERITI, THE

LEX Data Format
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WAYE—U84F

JJAXARBRESLLTAYE—S84T 12 THETE

W AyvtE—U74—Twh PPPA—1 R [TRTCM *) SSR(State Space Representation) 74— Wk ZEDZE,

RTCM Message

MADOCAIZEYAERLET AR HREE#RT 5,

LEXAytE—2DFT—2ERZIE, RTCMAYt— @ “Variable Length Data Message” (D&% 5%
BEMLEEHTHEMNT 5.

LEXAyt—I ERTCMAYE—U DBRIE, FEEDERSY,

(*¥1)RTCM (Radio Technical Commission for Maritime services)

P RTCM Message #1 ol RTCM Message #2 - e RTCM Message #N ~
-~ Call ) - s -
Message Wariable Length Message Wariable Length Meszage Variable Length
Preamble Reserved CRC Preamble Reserved CRC Preamble Reserved CRC
i p Length Data Message i X i Length Data Message . . X Length Data Message .
(Bbits) (Bbits) {10bits) {Variable) (24bits) | 8bits) (Ebits) (10bs) [Variable) {24bits) |2bits) (Bbits) (10bits) [Variable) (24bits)
Header TOW WHN 55R Packet #1 55R Packet #2 . 55R Packet #M Reserved Reed-Solomion code
{49bits) [20bits) [13hits) {Variahle) {Variable) [variahile) [Variable) [256bits)
< >€ <
Data Part(1695 bits)
< \\_
-~ LEX message(2000 bits/sec)
Freamble FRN Message Type ID Alert Flag
(32bits) (&bits) (Bbits) [1bits)
Figurel. LEX Message Structure
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YA 21 2A ZuS,272 =— /. I~ BB
MaOT IO /N ) KA

e Low-Cost/Compact Multi-GNSS-RTK/INS Receiver
— Price Range: $200 - $500
— Float RTK with many satellites integrated to MEMS-IMU
— 10 cm-class accuracy expected in severe environment

4 (intel') Edison

(35.5 x
%__‘.' What will you make? 250 X
EEEE Ty ". 3.9 mm)
R . Intel Edison
NAVIO: Autopilot Shield for Raspberry Pi ($50)

(5195 + $40)

http: .intel.
http://www.emlid.com/ p://www.intel.com/
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RDRTKIID AD
NINLID AF
HégE GUI AP (Windows) CUI AP
i RTKLAUNCH
(1) |APSUF v (3.1) ]
: RTKNAV/ RTKRCV
| Bil4~7
(2) JT)LQ’(AMH_L (3.2, 3.3, 3_5) (3_11’ A.]_)
e o STRSVR, STR2STR
(3) | BIEY—/\ (3.3) (3.11, A.5)
. RTKPOST RNX2RTKP
7 SBI4T
(4) TﬁmfimH_L (3-4’ 3'5) (3_11’ A.Z)
RTKCONV CONVBIN
(5) | RINEXZZH 3.6) (3.11, A.4)
_ . ; RTKPLOT
— /7 « B4 BZ W -
(6) |GNSST—5-BIfufigTOvh (3.7, 3.8)
(7) |GNSST—24For0—% Rg«;)ET -
o s NTRIPBROWS
(8) |NTRIPT 5o H (3.10) :

()= T7ILEES -




DTIIID. T 1L
NINLID. Hj TNy

« JAYUSLEEE
— API, CUI AP
— GUI AP

« FERSAT3Y
— TCP/IP RZYY
— ALwF
— GUI B 5

e EJLRIERIE
— CLIAP
— GUI AP

il*A
|

: ANSI C (C89)
: C++

ZBAE) iy ET=IE WINSOCK

: POSIX (pthread) E£7=[¥WIN32 ALYk
: Borland VCL on Windows

: GCC, MS VS, Borland C, ...
: Borland Turbo C++ on Windows
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TVI ID. ADI

D
NITNLID. Arl

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

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

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

/* input/output functions */

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

/* positioning models */

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

/* single-point positioning */

pntpos(),pntvel )

/* rinex functions */

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

/* precise ephemeris functions */

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

/* receiver raw data functions */
getbitu(),getbits(),crc32(),crc24q(),decode_word() ,decode_frame(), init_raw(),free_raw(), input_raw(), input_rawf(), input_oemd4(),
input_oem3(), input_ubx(), input_ss2(), input_cres(), input_oemdf(), input_oem3f(), input_ubxf(), input_ss2f(), input_cresf()

/* rtcm functions */

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

/* solution functions */

ireadsol (), readsolt{(),outsolheads(),outsols{),outsolexs{
outnmea_rmc(),outnmea_gga() ,outnmea_gsa(),outnmea_gsv()
/* SBAS functions */

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

/* integer least-square estimation */

lambda()

/* realtime kinematic positioning */

rtkinit(), rtkfree(),rtkpos()

/* post-processing positioning */

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

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

/* stream server functions */

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

/* rtk server functions */

rtksvrinit(),rtksvrstart(),rtksvrstop(),rtksvrlock(),rtksvrunlock(),rtksvrostat(),rtksvrsstat() ...
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) ,outsoineaa() ,outsos () ,outsoiex{),setsoiopi),setsorioimai(),
s
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