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[ION2015] Kinematic Car Test

Test route

GNSS Observations
v 1
DGNSS
Doppler frequency
v derived “velocity”
“Position”

Test configuration
Tokyo, August 2015
Single frequency GNSS receiver (ublox M8T)
GPS/BEI/QZS (DGNSS)
20 minutes with 5Hz (3 times for same route)
Reference positions : POSLV

Normal urban areas except for several high-rise
buildings

Integration using
Kalman filter

Speed Weighting

Slow or zero  Position <<< Velocity

A

Normal Position < Velocity

1

Integrated navigation solution
“Position”




Horizontal Errors (m)
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* We need to reduce the large jumps probably due to NLOS satellite as

much as possible before coupling.

* C/N, based satellite selection is effective to some degree.
e Usually, “7-8 dB” is set as a gap between normal and threshold.
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Horizontal Errors (m)
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* The normal weighting for “positioning / velocity” is “5m / 0.05m/s”.

 “Speed consideration” means we heavily rely on velocity when the car
speed is very slow or zero.
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100
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—o—[ntegrated result

30

20 i «—receiver's NMEA
10 4

o
o0

Cumulative percentage {%)

n GOO0000000 0000002

0 1 2 3 4 5
Absolute horizontal errors (m)

_ Maximum error % less than 1.5 m

Speed consideration 1.86m 99.5 %

_ (No differential
Receiver’s NMEA 5.31m 0% ‘

correction)

Results of other 2 tests were almost same. 10
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Result [RTK-GNSS (GPS/QZS/BelDou/Gallleo)]

Fix ratio[%]

¢

0 (Non-consideration)

80
60 ¢
40 ¢

20}

— T feme | hemosm

RTKLIB 2.4.2 b9
(best setting)

Laboratory RTK engine

+More than 10 satellites

Every system combination
of this experiment

B Fix flag
I error

GBEQ GBQ GBE GB GEQ G

4456/6740 39 epochs
=66.1[%] (max 89.4 m)
=74.0[%] (max 5.3 m)
3521/6740
=52.2[%] 0 epochs
€ Horizontal distribution * Route image

of this experiment
(More than 10 satellites)

.

- ,t\
.

:

Base Station

-----

It was dotted with fix solutions, but they included a big

error.
11



Previous method (Code and Doppler)

GNSS Observations Nearby OverpaSS
‘ |
DGNSS
Doppler frequency
1‘ derived “velocity”
“Position”

L Integration using _J

Kalman filter

Slow or zero  Position <<< Velocity

Normal Position < Velocity 1.8

Blue

l 6

Integrated navigation solution
“Position”
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Result [Cumulative distribution]
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F | | | | 1 | | | |
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Horizontal error[s]

Max horizontal % less than 1.0 m
error

Previous method 1.80 m 92.8%
+RTK-GNSS 0.97 m 100 % 14
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Two types of multipath effects by NLOS satellites

N o .
Between the two different height of buildings Signal strength with sk

Kyplot
'S, Diffraction Low-rise Diffracted
building signal
\ Bl ----- @EM\‘
NLOS signal (\
Direct signal - _
48 High-rise
P* Dbuilding
N | SNR=...45..40...35..30.. 25 525
g (LU Results of DGNSS '™
TN | = 12hours DGNSS solution
Low-rise igh-rise i
bundlg |Id|ng i

NLOS signal occurs Multipath errors
(Non-line of sight)

+
J *toam

[ Mitigate the multipath errors by satellite selection methods ]3
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KERERE 99%{E B EE (%)
(K4 RE)

DENED R 5.40m 48.60m 99.7%

HENTEEBE 1 53m 4.36m 93.4%

HpZ =2 3.06m 3.94m 99.7%
werma, 1.08m 3.66m 93.8%
BEREBTIVY 1 95m 3.97m 97.0%

(L1+L2)
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KERERE 99%{E B EE (%)
(K4 RE)

DENED R 14.48m 56.75m 99.8%
HENTEERE 3 0Om 12.03m 95.8%

MPFzv% 3.17m 14.08m 99.6%
gl\ig%_;{ﬁta 2.48m /.38m 96.0%
waz;‘giﬁilw 9.04m 40.95m 99.6%

3.45m / 8.28m / 96.0%
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