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Abstract. 

The importance of smartphone positioning for contemporary society is on 
the constant rise, as is the demand and potential for its higher accuracy. 
National mapping agencies see crowdsourcing by smartphone measure-
ments as an interesting opportunity for data collection in the future. In this 
study, the purpose was to investigate the reality of smartphone positioning 
accuracy in the crowdsourcing context. The enhancement of plain real-time 
smartphone positioning was carried out by post-processing calculations 
with reference stations, centre point averaging and repeated measurements. 
The results were benchmarked against professional real-time kinematic 
measurements, and accuracies below 1.5 m were achieved at best by the 
mentioned techniques combined. The reached accuracy level is already use-
ful for many mapping purposes and the latest developments in satellite po-
sitioning are still about to decrease measurement inaccuracies. 
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1. Introduction

Positioning is a fundamental part of today’s society, which is integrated in 
numerous applications. Positioning data can be collected by different smart 
devices including smartphones. In recent years, there have been many stud-
ies related to the positioning capabilities of smartphones (Zangenehnejad & 
Gao 2021) as they are the most widely spread positioning devices and quite 
cheap to manufacture. There have also been breakthroughs in this field. For 
example, a new Android operating system was released to the markets in 
2016, making it possible to collect raw GNSS positioning data as required 
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for more precise positioning (European GNSS Agency, 2018). Higher posi-
tioning accuracy supports more precise mapping for crowdsourcing. 

In 2021, the National Land Survey of Finland (NLS) conducted a pilot study 
to determine if the locations of border markers of the cadastral register in-
dex map could be improved using crowdsourcing (Kettunen & Rönneberg 
2022). The conclusion was that crowdsourcing did have potential in im-
proving the locations (Kontiokoski 2022). Next, in 2022, another study was 
conducted to see if the positioning accuracy of smartphones could be im-
proved, especially, using post-processing in coordinate computation (Jussi-
la 2023). This abstract concentrates on the findings of the latter study that 
simulated a crowdsourcing campaign to collect the measurement data. The 
method is feasible for technical developers of crowdsourcing applications. 

2. Methods

2.1. Test measurements 

For this study, the measuring was done in different parts of Finland, where 
the environment differed from urban to rural areas. The measurements 
were taken by NLS employees using commonly available smartphones in 
use at the time. Since the measurements were taken by professionals, the 
crowdsourcing was more of a simulated experience. 

The smartphone measurements were taken from border markers of the 
cadastral index map using the Marker Quest application in the phones. To 
calculate the positioning accuracy, accurate reference measurements were 
made on the border markers using the Real-Time Kinematic technique. 

A total number of 1,889 smartphone measurements were collected from 41 
different border markers, with 12 different smart devices used to take the 
measurements. These values are before filtering of the data. 

2.2. Processing workflow 

The workflow began with data preparation, in which any invalid data was 
filtered out and the data was formatted into a proper structure. Conse-
quently, the post-processing calculations were run using two different soft-
ware: SSRPOST by Geo++ and open-source RTKLIB. SSRPOST utilised a 
realisation of the PPP-RTK positioning technique and a network of refer-
ence stations. In RTKLIB, Static and DGNSS positioning modes were used 
with the nearest reference station data. RTKLIB is openly available but 
needs time to get familiar with. 

In the analysis phase, the post-processed and real-time measurements were 
compared and analysed. Outliers were removed using the interquartile 
range method. For each positioning technique, the accuracy of horizontal 
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coordinates was calculated. The positioning accuracy is the Euclidean dis-
tance between the smartphone and the reference measurement. Three types 
of results were analysed: 1) the positioning accuracy of individual meas-
urements, 2) the positioning accuracy of centre points (Figure 1), and 3) the 
change in positioning accuracy as the number of measurements increases. 

Figure 1. In individual measurements analysis, distance from each smartphone measure-
ment to the border marker is calculated. In centre points analysis, the centre point of the 
measurements is calculated and distance from the centre point to the border marker is de-
termined. 

3. Results

First, the positioning accuracy of individual smartphone measurements was 
calculated. The results show a variation depending on the positioning tech-
nique used (Table 1, Figure 2). The least accurate results were produced by 
real-time techniques with 10-meter mean accuracy. The high standard de-
viation indicates wide dispersion of measurements around the border 
markers. Post-processing techniques produced results with positioning ac-
curacies between 4–6  m. SSRPOST had the most accurate result at 3.92 m. 

Second, the centre points of the measurements around the border markers 
were used. The results show an improvement in the positioning accuracy in 
all cases (Table 1, Figure 2). The real-time results improved to around 6 
metres with a high standard deviation between the border markers. The 
post-processing accuracies improved to a range of 1.5–4 metres with 
SSRPOST at 1.46 m and a low standard deviation between border markers. 
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Individual measurements Centre points 

Technique Mean (m) Std (m) Mean (m) Std (m) 

Real-time 9.66 12.81 5.66 6.15 

Real-time DGNSS corrected 10.24 13.03 6.19 6.31 

Post-processed (Static) 6.38 7.85 3.58 3.49 

Post-processed (DGNSS) 4.19 3.18 2.45 1.81 

Post-processed (SSRPOST) 3.92 3.44 1.46 0.88 

Table 1. Positioning accuracy of individual measurements and centre points 

Figure 2. Positioning accuracy of individual and centre points 

Lastly, this study observed the positioning accuracy change when the num-
ber of measurements increases at a border marker. The centre points of 
measurements were used and the order of measurements was randomised. 
Four different iterations were done with different sampling to see how the 
pattern changes, with the results showing that the most improvement oc-
curs when around two to three measurements are used (Figure 3). The im-
provement slows down gradually, and after around 10 measurements the 
change is minimal. 
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Figure 3. Positioning accuracy change when number of measurements increases 

4. Conclusion

This case study investigated smartphone positioning capabilities, with the 
results showing the potential of post-processing for developers of 
crowdsourcing apps. The most accurate results were achieved through post-
processing and using centre points in accuracy calculations. At 1.46 metres, 
the SSRPOST technique produced the most accurate results. Nevertheless, 
there are aspects that still require improvement and further research. 
Therefore, the positioning accuracy of commonly used smartphone types 
should be further studied. New methods or the improvement of old meth-
ods to enhance accuracies are required. Moreover, in the future, the reason 
for any difference between the positioning accuracies between different 
border markers should be investigated. Overall, the results of this study 
prove that the applied methods can be used to improve the positioning ac-
curacy of smartphones in the crowdsourcing context. Future satellite posi-
tioning techniques, such as Galileo’s High Accuracy Service, are to still de-
crease positioning inaccuracies.  

Acknowledgements 

This study was conducted in the Matko project of the NLS Finland in 2022. 

LBS 2023

Page 69



References 

European GNSS Agency (2018) Using GNSS raw measurements on Android devices. Publi-

cations Office of the EU, Luxembourg. https://data.europa.eu/doi/10.2878/449581 

Jussila A (2023) Positioning accuracy of smartphones in crowdsourcing context. Master’s 

thesis, Department of Geoinformatics, Aalto university. http://urn.fi/URN:NBN:fi:aalto-

202305213319 

Kettunen P, Rönneberg M (2022) Accuracy Enhancement of Cadastral Boundary Marker 

Coordinates with Smartphone Crowdsourcing. In Krisp JM, Meng L, Kumke H, Huang H 

(eds) Proceedings of the 17th International Conference on Location-Based Services, pp 

154–155. http://hdl.handle.net/10138/350768 

Kontiokoski A (2022) Enhancing Location Accuracy of Boundary Markers by Crowdsourced 

Smartphone Positioning (in Finnish). Bachelor’s thesis, Land Surveying, Lapland Univer-

sity of Applied Science. https://urn.fi/URN:NBN:fi:amk-202202252860 

Zangenehnejad G, Gao Y (2021) GNSS smartphones positioning: advances, challenges, op-

portunities, and future perspectives. Satellite Navigation 2:24. https://doi.org/10.1186/

s43020-021-00054-y 

LBS 2023

Page 70

https://data.europa.eu/doi/10.2878/449581
http://urn.fi/URN:NBN:fi:aalto-202305213319
http://urn.fi/URN:NBN:fi:aalto-202305213319
http://hdl.handle.net/10138/350768
https://urn.fi/URN:NBN:fi:amk-202202252860
https://doi.org/10.1186/s43020-021-00054-y
https://doi.org/10.1186/s43020-021-00054-y



