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Receiving signals from satellites

GNSS observation condition in urban area behind build oS

g Reflected “Z&
{ signals
& signals

Di%fracted
signals

Reflécted |
signals N

Orn
Green: received
. Orange: not-line-of-sight )

Sky view and received signals
Multipath caused by buildings reduces positioning accuracy
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Development of multipath mitigation method for GNSS precise positioning

Geospatial Information Authority of Japan (GSI) has been developing
three software-based techniques mitigating multipath effects in order to
expand availability of GNSS precise positioning in urban environment.

~2017: Development of multipath mitigation methods
~2018: Improvement and evaluation of the methods
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Development of multipath mitigation methods (~2017)

Method 1
Selecting line-of-sight satellites with cutoff masks generated from fish-eye
lens photos taken at observation sites. (T. Suzuki (2011))
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Development of multipath mitigation methods (~2017)

Method 2
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Quality check of observation data based on phase differences of Doppler

observables. (T. Ikeda (2013))

Method 3

Selecting line-of-sight satellites with cutoff masks generated from 3D maps.

(S. Miura (2014))

3D map of
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Method O : Raw observation with no method
nJ
esu ( 20 17) Method 5 : Method 1 + 2 Method 6 : Method 2 + 3

Fix ratio on each observation epoch
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Dual frequency RTK with 1hz data

« Fix ratios are improved by all methods. Method 1 is the most effective.
« Degree of improvement depends on time (maybe mainly depends on constellation).
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Improvement of method 1 (cutoff mask from sky photo)

Issue: misalignment of azimuth angle of the mask
-> Evaluation of the misalignment

Azimuth rotation of
cutoff mask

i)
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Blue:  True position
: Bias +10 degree ~ - 6 A ® B9 NNyl YL
Gray:  Bias -10 degree Misalignment of cutoff mask (degree)

Influence of the misalignment on fix ratio is small even if the bias reaches
10 degree.
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Evaluation of performance of methods (~2018)
* Field moving GNSS observation (method 2 or 3)

R T TS A
. 5 minutes continuous observations at each red circles ﬁm:/ A
« Processing applying three methods e e

1: cutoff mask (sky photo) S
2: Quality check using Doppler observables s S

3: cutoff mask (3D maps) e 1,%,\* M
Data: 2016/26-27 | (S O e 27 im;hai:‘f.fs
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Satellite: GPS, QZSS, GLONASS, Galileo L% ; : //f*w /18
Equipment: JAVAD Delta-G3T GrAntG3T 7 SN SN

Sampling ratio: 1hz Trace of moving observation
Software: GSILIB ver2.0.1 (@ : 5min. continuous obs.
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Resu oving observation with method 3: Mask (3Dmap))
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Positioning result e oy 1\red with high buildings
3 Single frequency ) ] ] ) ) -
RTK Method 3 is not effective in area with high buildings.
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Site 514 (Satellite visibility : 55.9%)
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Site 505 (SateII| te VISIbI|It¥ 41.2%)
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Site 508 (SateII|te V|S|b|I|ty 37. 9%)
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Resu Slte 505 (Satellite visibility : 41.2%)  Site 508 (Satellite visibility : 37.9%)
FET ] Method 1 EFEETIIIT] method 1
: : 0 FIX ratio : 5%
lefere_n_c_e_ln - (FIX ratio: ?6 %) ( H 0)
Low visibility
Conditions

Satellite constellation (2016/12/27 4:49UTC)  Satellite constellation (2016/12/27 5:19UTC)

Satellite constellation at 505 is better than 508.
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All methods achieve fix ratio 80% in case satellite visibility exceeds 55%.
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Summary

GSI developed three software-based techniques to mitigate multipath on GNSS signals.
They are 1) cutoff mask generated from sky photo, 2) quality check using Doppler
observables and 3) cutoff mask generated from 3D map of buildings.

Three techniques are all effective to improve accuracy of GNSS positioning under urban
environment.

Cutoff mask generated from sky photo is the most effective. Cutoff mask from 3D map
is the second.

All methods achieve fix ratio 80% if satellite visibility exceeds 55%.

The methods are effective when applying to dual frequency RTK. They are also effective
for single frequency RTK, but the effect is smaller.

The effect is limited when applying to VRS.

The final report will be open to public users (in Japanese).
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