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Figure 2. The error of different methods of determining the position relative to the base
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Table 2. Results of the Shapiro-Wilk normality test

Loy, Shapiro-Wilk
Methods Statistic df P-Value
Handheld GPS 0.967 34 0.394
Application 0.957 34 0.198
Shamim 0.950 34 0.124
RTK 0.962 34 0.273
PPK 0.934 34 0.042




'Y WO LYY dorao AT [l ) 6 Ll ool Jlo o))l GldKm ozl )l K e

O3S 5 (sl5ei S5 t 9051 @b =Y Jgar
Table 3. Results of One sample t-Test or Wilcoxon signed rank test

o s, s laie Di
Methods df P-Value
Handheld GPS 33 0.000
Application 33 0.000
Shamim 33 0.000
RTK 33 0.000
PPK - 0.000
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Table 4. Statistical description for the distances between the three stages of positioning with different methods
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b ss, Nurmber Mi;rmum ) Maximum K/Teaﬁin) Std. Deviation (@’f’“’)

Methods (m) (m) szf'ég)lce

m

Statistic Statistic Statistic Statistic  Std. Error Statistic Statistic

Handheld GPS 102 0.00 4.47 1.1408 0.07627 0.77028 0.593
Application 102 0.00 2.33 1.0438 0.04764 0.48112 0.231
Shamim 102 0.00 0.99 0.0621 0.01633 0.16488 0.027
RTK 102 0.00 0.19 0.0630 0.00402 0.04058 0.002
PPK 102 0.02 0.22 0.1018 0.00425 0.04295 0.002
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Table 5. ANOVA results for the distances between the three stages of positioning with different methods

o g, Ol s & Sla o Egoa éal)"\ FESS Sl e (puNils F d)loé_;_m
Methods Sources of Change Sum of Squares df Mean Square Sig.
Between Groups 5.604 2 2.802 5.106 0.008
Handheld GPS Within Groups 54.323 99 0.549
Total 59.926 101
Between Groups 0.169 2 0.085 0.359 0.699
Application Within Groups 23.28 99 0.234
Total 23.379 101
Between Groups 0.013 2 0.007 0.239 0.788
Shamim Within Groups 2.732 99 0.028
Total 2.746 101
Between Groups 0.033 2 0.017 12.378 0.000
RTK Within Groups 0.133 99 0.001
Total 0.166 101
Between Groups 0.003 2 0.001 0.682 0.508
PPK Within Groups 0.184 99 0.003
Total 0.186 101
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Abstract

Introduction: Forest roads are essential infrastructures for accessing and managing forest units.
Sustainable road management requires accurate spatial information from the road network. Various
methods, differing in accuracy, precision, efficiency, and cost, are available for providing the location
of roads. Given the remote location of forest roads, the lack of reference stations, potential
inaccessibility to online networks, and conditions affecting positioning error, it is necessary to
investigate the efficiency of existing positioning methods.

Materials and Methods: In this research, we studied the accuracy of PPK, RTK, online platforms such
as Shamim, GPS, and mobile apps in positioning 34 points on 5 km of forest roads in watershed No.
30 in the Hyrcanian forest. The coordinates were first extended to the study area using the rapid static
method. After post-processing and determining reference points, the exact coordinates of all ground
control points on the road were obtained through the direct method. Then, the coordinates of all points
were measured three times using various methods.

Results: The health survey's statistical results showed that the highest mean differences were 2.53 m
and 2.38 m for GPS and mobile apps, respectively. The least mean difference was 0.048 m, 0.049 m,
and 0.092 m for PPK, RTK, and Shamim, respectively. The RMSE amount showed that the results
from GPS and mobile apps had the least accuracy, and the methods PPK, RTK, and Shamim had the
highest. Based on the one-sample T-test and Wilcoxon’s analysis, the amount of differences was not
the same within each method through the 34 investigated points. Accuracy analysis indicated that
GPS, with a distance mean of 1.14 m, had the least precision, and Shamim and RTK, with 0.0621 m
and 0.063 m, were the most precise methods. The analysis of variance showed that the mobile app,
Shamim, and PPK had the highest convergence.

Conclusion: The results of this research indicate that the PPK method was the most accurate, and the
Shamim method was the most precise. Therefore, these methods can be used for purposes such as
optimizing the forest road plan and longitudinal profile that require accurate location information.

Keywords: Accuracy, Forest roads, Geographic information, Precision, Rapid static.
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