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P : pseudorange [m]

- . p : geometric range [m]
svl b\bo)*;}%ﬂ;lﬂﬁﬁﬁlj:‘ c : speed of light [m/s]
dt,c, : receiver clock error [s]
dT,; : satellite clock error [s]
ion : ionospheric error [m]
tropo : tropospheric error [m]
mp : multipath error [m]
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PTO'U — pTOU + C(dtsvl _ dTTOU) + lonT‘O‘U + tropoTOU + mpTOU + noise
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GNSS receiver TCXO
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(*)https://www.petermann-technik.com/products/quartz-crystal-oscillators/details /tcxo-16x12mm-lp.html
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Highest elevation satellite
(always over 80 degrees)
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Flowchart of loosely-coupled integration
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Flowchart of loosely-coupled integration + Integration
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Residual check
(Proposed Method)

Estimate receiver clock error
with highest elevation satellite
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Front
GNSS receiver u-blox FOP (base/rover)
GNSS antenna (rover) Aero Antenna AT1675
GNSS antenna (Base) Trimble Zephyr 2 Geodetic IMU
IMU(with Barometer) STMicro
Speed sensor POSLV-520
Reference position POSLV-520

Speed sensor




=ER(Common parameter)

* GNSS setting

_ em Parameter

Mask angle 15 degrees
Maximum DOP 10.0(HDOP)/20(VDOP)
Minimum SNR 30 dB-Hz
Code phase measurements Tracked
Carrier phase measurements Tracked
LLI(only RTK-GNSS) Tracked and half-cycle resolved
Threshold for Residual 15m/30m
Satellites GPS/QZSS/GALILEO/BDS/GLONASS

" Frequency

_____semsor | Frequency [ pmwemyrsyrrrpmm e

GNSS 5 Hz Partial Ambiguity¥°Ambiguity HoldZ ) T k(LR
IMU 50 Hz FLTLVELy
(REDHBREFTVIDNREHETET H1=8)

Speed sensor 50 Hz
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¥&5R (RTK-GNSS)

RTK-GNSS Number of Fix(Fix rate) Number of miss Fix(*)

HERRAI 8177(68.9%) 33
HEBR 1% (DGNSS & FvT5—) 8329(70.9%) 11
HEBR £ (IMU & speed sensor) 8768(74.3%) 5

Miss Fix : Horizontal error of 0.5 m or more or
Altitude errorof 1.0 mor more
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Horizontal error [m]
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Horizontal error(DGNSS)
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T pefore exclusion After Exclusion

Position error

Number of positioning

——After exclusion

176000

176500

3.86m (average)
7.31m (STD)
158.21 (max)

11814

——Before exclusion

——After exclusion

10 20 30
Horizontal error [m]

1.59m (average)
2.37m(STD)
56.32 (max)

11804

40

50



Result(#ame)
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Horizontal error [m] Absolute Vertical error [m]
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Estimation error of Receiver clock error
100

Estimation error of Receiver clock error [m]
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Conventinal
-60 method(DGNSS)
* Proposed method
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174000 174500 175000 175500 176000 176500 Use JO2 for estimation of
TOW [s] Receiver clock error
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Altitude error [m]

20

10

-10

-15

-20
174000

ALT(0) — ALT(obs) = —8.3 x (P(0) — P(obs))

Altitude error

DGNSS
——Barometer

Barometer with Fix solution

174500 175000
TOW [s]

175500

176000

176500

ALT(0): Absolute altitude provided by RTK-Fix solution
P(0): Atmosheric barometric pressure observation provided
by Japan meteorological agency by each 10 minuets

S mengelm | soiml

Barometer

Barometer with Fix
solutions

DGNSS

6.729684
-0.09718

14.66662

4.158354
0.511082

43.42141



5ok (DGNSS & Ry T S—EE DA R )

E-W {m) ORI= 35.475922210™ 138, 777534594°E 40.5059m
AVE==2:8032m 5T0=44424m RM5=5:252/m

20
N-5 {m) ANE=3.9475m 5TD =5.3409m RM5=7.3846m
20
0
-20
U-D (m) ANE=0.0087m STD=0.1302m RMS=0, 1305m
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