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Background

« The Finnish cadastre register contains much inaccurate marker
coordinates or may have dissapeared
« E.g. RSK* >=8-10 m over 250 000 markers in the Finnish cadastre

* RSK number tells about accuracy of marker

 Smartphones with quite good positioning capabilities.. Phase and
code..

—~>Possibilities for crowdsourcing + positioning + gamification etc.
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First project

- 2021 first NLS project ("Luore”), one question to
answer if we can get better coordinates for real
estate markers with mobile phone?

- Mobile app launched "Pyykkijahti” (” Marker
Quest” game)

« Output of app: photo and coordinates of marker:

- Standalone coordinates which phone gave
(+transformation to EUREF-FIN)

« DGNSS corrected (position domain, post-
processed) using FinnRef stations

« Main conclusion: Accuracy reached (~1,8 m)
was not enough for the quality required in the
cadastre
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Second project - MATKO

- 2022 Second project ("MATKQO”) to test more real-time .
and post-processing GNSS positioning techniques using & ﬁ &
smartphone data .

- Mobile app "Marker Quest” new version was launched

—->RINEX for post processing (data span about 405s)

 Positioning methods used:
- Standalone
» Realtime DGNSS
« Postprocessed DGNSS (RTKLIB)
« Postprocessed (static, phase) (RTKLIB and
GNSMART/SSRPOST)

« Transformations with PROJ, WGS84 (ITRF) <> EUREF-FIN
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Datasets got

« NLS MATKO group tested around the country (k)
at 40 different markers repeated measurements

« Crowdsourcing reached good publicity and much -
users (Marker Quest total: >4500 users, >30 000 et
measurements, ~5000 found markers)! -5

Mittausten maara paivakohtaisesti (kpl)

Daily number of found markers during first project (LUORE)
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MATKO test procedure
and Positioning accuracy

1. Min. 30 repeated collections of data at
each marker

2. Realtime sol. or RINEX + Post-
processing = e.g. 40 s and 40 solutions

- Outliers away, interquartile range

Centre pbints

m eth 0] d Individual measurements
®—_ |
3. Individual measurements
&
. P e
4. Center points
centroid
Legend Legend
B B e
MAANMITTAUSLAITOS  3/21/2024 7 measuremert e

A



RESULTS
Positioning accuracy of individual
measurements

Positioning accuracy of positioning techniques Positioning accuracy of individual measurements
25
mean (m) stdev(m) median (m) - - = Real-time
Real-time 9.66 12.81 4.85 ‘é- 20 M Real-time DGNSS corrected
Real-time DGNSS - W Post-processed (Static)
10,24 13,03 5,27 & m Post-processed (DGNSS)
corrected g 15
O B Post-processed (SSRPOST)
Static 6,38 7,85 3,96 i
DGNSS 4,19 3,18 3,47 £
SSRPOST 3,92 3,44 2,95 = i
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Positioning accuracy of centre points

Positioning accuracy of positioning techniques

mean (m)
Real-time 5,66
Real-time DGNSS

6,19

corrected
Static 3,58
DGNSS 2,45

SSRPOST 1,46
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st dev (m)
6,15

6,31

3,49
1,81
0,88

median (m)
3,18

3,76

2,31
2,09
1,34

Positioning accuracy (m)

Positioning accuracy of center points

M Real-time

M Real-time DGNSS corrected
M Post-processed (Static)

B Post-processed (DGNSS)

B Post-processed (SSRPOST)




RESULTS

Accuracy improves after repetion and
averaging
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Conclusions

« Least accurate marker coordinates were importantly improved by smartphone positioning
but additional correction methods are required to reach high-enough accuracies for
practically significant national mapping by crowdsourcing.

» Current consumer devices struggle to perform well in suboptimal conditions, for example
when line of sight to satellites is limited due to forest canopy.

- Considerable amounts of participating citizens and their measurements show high
potential for the future of smartphone crowdsourcing for national mapping agencies.
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The End
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