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Table 1 Comparison of average errors of position information in 1 min
R AX/m Ay/m AminX/m AmaxX/m AminY/m AmaxY/m AH/m
Plots Honor 8 138 Honor 8 138 Honor 8 138 Honor 8 138 Honor8 138 Honor8 138 Honor8 138
1 1.82 0.67 1.96 1.15 -1.35 0.56 9.00 1.85 -0.76  —0.60 433 2.06 31.46 1.44
2 —1.86 0.27 9.60 1.98 7.59 -0.16 12.70 3.53 —-2.71 —0.71 —0.67 1.38 37.62 942
3 377 -1.62 —-4.84  -1.35 -9.23 -2.11 3.89 -0.26 2.10 -3.00 6.19 -0.19 21.67 9.24
4 6.95 5.92 1.58 5.40 1.58 2.14 1.58 7.85 6.95 4.22 6.95 6.92 2273  -1.10
5 —0.94 2.23 -1.21 0.33 =579 -1.19 1.20 1.02 —2.97 1.60 2.24 3.38 —-3.25 -0.51
6 2.89 1.82 0.36 0.22 -2.18  -0.20 5.50 1.12 0.14 0.20 11.53 3.29 18.93 4.24
7 6.36 0.27 -1.70 0.84 -3.15 —0.84 —0.08 1.37 4.10 —0.65 8.55 231 8.99 6.87
8 4.16 4.99 —0.63 -0.97 =519 -2.14 1.77 —-0.10 —0.04 4.25 14.76 5.86 30.89 3.94
9 1.41  -0.11 2.73 5.12 —6.12 3.65 7.05 7.15 -0.11 -1.27 6.23 1.85 732 —-8.49
10 —5.39 5.34 —3.31 3.34 —3.31 1.92 —3.31 5.24 —5.39 4.08 —5.39 6.31 13.35 9.06
11 -7.34 —0.81 —8.62 -1.53 -9.95 -3.01 =7.03 —0.92 -9.20 —4.24 —4.57 2.08 19.92 5.86
12 3.30 4.15 -2.71 4.15 —5.62 1.33 1.00 6.39 -0.47 -0.51 10.60 6.96 7.81 9.70
13 2.93 0.39 —0.25 2.42 —0.87 1.71 0.90 3.19 1.79  —0.57 4.80 1.20 2286 -—1.83
14 -8.00 —-1.22 -1.31 2.75 —5.64 0.55 2.16 3.55 -18.39 282 —4.37 1.00 =778 —4.85
15 -0.09 542 5.01 4.78 —-1.00 2.33 10.61 6.21 —2.49 578 4.86 —5.01 4.68 —3.47
16 4.16 0.23 0.25 —1.06 —3.04 -1.36 2.69 —0.43 144 —0.72 6.41 1.04 8.04 0.18
17 1.67 —0.58 —1.86 2.55 —4.72 1.33 0.96 3.01 -1.09 -1.54 3.19 0.08 1023  —1.84
18 —0.43 —4.36 -5.32 0.18 -7.04 —0.82 -0.93 1.20 -3.20 -5.13 3.05 -2.16 19.95 -0.22
19 0.41 2.09 4.21 1.93 2.57 275 6.40 3.92 -1.91 1.32 1.20 2.59 6.57 1.26
20 0.00 -1.87 1.10 1.67 -1.37 1.30 4.01 2.62 -2.09 -3.74 252 —0.79 13.44 0.39
21 2.13 0.44 —1.48 2.86 —-1.49 0.05 —0.90 8.61 2,11  -1.97 2.71 6.66 15.70 0.29
22 0.76 1.73 291 —1.40 -0.19 -1.67 6.51 —1.10 —0.64 0.83 2.49 2.30 9.07 1.76
|max| 8.00 5.95 9.60 5.40 9.95 3.65 12.70 8.61 18.39 5.13 14.76 6.96 37.62 9.70
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%2 1min ZEESFHEX L
Table 2 Comparison of average values of GNSS signal parameters in 1 min
T =
FEH 5 Sailﬁf%liﬁ)mers FDTIE BICOIE VA Signalt)ufotize ratio
Flots Honor 8 138 Honor 8 138 Honor 8 138 Honor 8 138 Honor 8 138
1 18.42 18.51 2.20 1.38 1.12 0.81 1.88 1.10 24.70 34.24
2 16.97 21.14 1.91 1.20 1.08 0.74 1.56 0.91 27.13 36.68
3 19.37 11.00 1.75 2.09 1.05 1.20 1.44 1.65 25.73 34.63
4 19.85 10.14 1.56 1.96 0.97 1.07 1.18 1.60 26.72 36.39
5 20.75 19.32 2.10 1.30 0.94 0.70 1.86 1.10 25.15 3291
6 13.42 16.73 51.34 1.58 36.01 0.80 36.52 1.30 28.42 33.02
7 19.07 23.69 1.79 1.49 1.09 0.91 1.41 1.12 23.45 31.36
8 16.97 13.54 3.02 3.04 1.26 1.60 2.69 2.58 25.96 33.54
9 15.27 17.69 36.30 1.84 24.66 0.98 26.30 1.51 27.71 32.66
10 21.00 9.44 1.56 2.25 0.97 1.24 1.19 1.85 23.68 32.59
11 18.56 12.07 1.97 3.25 1.15 1.56 1.60 2.79 2491 31.46
12 19.93 11.39 2.07 2.13 1.06 0.99 1.81 1.85 25.24 33.15
13 17.17 11.49 1.80 3.52 0.91 1.65 1.53 3.06 27.24 33.93
14 19.73 15.10 1.52 1.59 0.85 0.84 1.27 1.32 24.39 30.75
15 17.12 18.76 1.93 2.21 1.15 1.07 1.56 1.89 25.79 33.57
16 19.37 14.29 1.64 2.66 0.90 1.34 1.39 2.24 25.29 33.27
17 18.95 22.47 1.51 1.33 1.02 0.86 1.09 0.99 23.54 3291
18 19.46 13.76 1.51 1.73 0.96 1.16 1.15 1.25 24.10 33.40
19 19.83 11.51 1.61 3.16 0.97 1.96 1.29 243 25.60 34.33
20 20.80 13.58 1.58 1.84 091 1.09 1.30 1.40 26.02 33.16
21 17.46 20.42 2.00 5.02 0.96 422 1.80 4.70 28.98 36.03
22 17.15 27.64 1.59 1.21 0.93 0.69 1.33 0.96 29.80 36.95
|max| 21.00 27.64 51.34 5.02 36.01 4.22 36.52 4.70 29.80 36.95
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#3 1 min MAEMIRAEZEXTEE
Table3 Comparison of Standard Deviation of GNSS observation variables in 1 min
FEH 5 2 H i Sail%tfi%nﬁirs AL LE D01 VAL Signalfzufotilée ratio

Flots Honor 8 138 Honor8 138 Honor8 138 Honor8 138 Honor8 138 Honor8 138 Honor8 138 Honor 8 138
1 2.01 0.84 3.56 0.38 17.63  3.32 1.98 0.56 0.21 0.02 0.04 0.02 0.25 0.00 1.57 0.88
2 0.59 0.48 1.26 0.97 1.77  0.85 2.02 1.33 0.08 0.02 0.04 0.02 0.05 0.03 1.03 0.83
3 1.02 0.86 2.86 0.49 .36 3.09 1.38 0.00 0.07 0.39 0.07 0.13 0.08 0.39 1.24 0.39
4 0.00 0.59 0.00 1.75 049 1.49 1.27 0.68 0.07 0.07 0.06 0.12 0.06 0.00 1.04 1.06
5 2.09 0.41 2.80 0.57 1.94 0.87 1.56 1.38 0.33 0.01 0.10 0.01 0.35 0.00 1.25 1.69
6 2.04 1.12 1.17 0.34 3.84 219 4.00 0.63 65.91 0.01 46.83 0.01 46.45 0.00 2.97 0.59
7 1.49 0.84 0.82 0.46 0.61 1.77 0.78 2.22 0.19 0.05 0.06 0.04 0.20 0.04 1.40 0.87
8 4.20 0.55 2.34 0.49 247  0.61 4.44 0.85 1.05 0.01 0.10 0.01 1.11 0.04 2.00 0.60
9 1.22 0.89 3.78 1.32 1490 245 3.82 1.88 58.19 0.21 41.49 0.14  41.01 0.17 1.81 0.73
10 0.00 0.66 0.00 1.20 0.27  0.52 1.22 0.91 0.15 0.40 0.16 0.22 0.09 0.35 1.16 1.44
11 1.29 2.18 0.71 0.58 1.60  3.37 0.98 1.40 0.29 0.20 0.23 0.08 0.17 0.20 1.08 1.34
12 3.30 2.52 1.89 1.78 0.24 285 1.23 0.58 0.06 0.15 0.09 0.07 0.09 0.15 1.00 2.83
13 0.67 0.60 0.36 0.43 091 2.28 2.61 0.77 0.13 0.36 0.10 0.22 0.08 0.28 1.15 0.82
14 343 1.35 2.45 0.94 0.55 227 1.04 0.75 0.09 0.05 0.06 0.04 0.11 0.04 1.08 0.72
15 2.16 0.27 3.55 1.18 0.35 1.50 1.35 1.72 0.24 0.04 0.14 0.03 0.20 0.04 1.28 0.79
16 1.65 0.49 1.44 0.33 046  1.46 1.25 1.62 0.05 0.05 0.00 0.03 0.03 0.07 1.76 0.61
17 1.64 0.48 1.70 0.54 023 135 1.05 2.27 0.11 0.11 0.11 0.07 0.03 0.10 1.99 1.53
18 2.56 0.68 2.14 0.53 0.40 1.05 1.64 1.69 0.04 0.25 0.07 0.20 0.05 0.16 1.37 0.70
19 0.89 0.28 1.25 2.06 0.50 3.88 2.57 1.74 0.19 0.45 0.12 0.19 0.18 0.45 1.63 0.87
20 1.56 1.01 1.85 0.32 0.27  0.58 1.39 0.49 0.09 0.00 0.03 0.00 0.11 0.00 1.01 1.34
21 0.09 1.02 0.09 0.99 0.49 220 1.89 1.39 0.00 17.79 0.05 1794 0.00 17.66 1.09 1.99
22 0.92 0.43 2.26 0.15 0.19 0.23 1.49 2.71 0.14 0.07 0.05 0.04 0.11 0.05 1.35 0.28
|max| 4.20 2.52 3.78 2.06 17.63  3.88 4.44 2.71 6591 17.79 46.83 1794 4645 17.66 4.20 2.52
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x4 IEEWSH 10 mins WNEREHE
Table4 Comparison of average values of GNSS observation variables in 10 mins
23 24 25 26 27
FEHL 5 Plots
Honor 8 138 Honor 8 138 Honor 8 138 Honor 8 138 Honor 8 138
AY/m —6.98 0.18 433 —-0.33 -4.29
AX/m —4.39 —1.45 232 1.22 —4.42
AH/m 10.68 -3.89 —8.68 —-10.24 -1.42
Sail%f%l%;ﬁrs 17.82 12.04 16.68 13.43 18.87 16.06 16.82 22.43 17.66 23.93
PDOP 242 1.99 1.94 1.53 1.97 1.41 2.04 2.31 2.35 1.38
HDOP 1.54 1.21 0.97 0.84 1.06 0.90 0.98 1.61 1.30 0.75
VDOP 1.86 1.51 1.68 1.22 1.65 1.03 1.78 2.04 1.93 1.10
(L7154
Signal to noise ratio 24.21 28.37 26.58 35.60 30.24 35.16 26.38 37.22 26.01 34.20
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Comparison on Multimodal Positioning Accuracy of Commercial and
Professional Receiver in Forest Environment

WU Hong-gan'?, LUO Peng"?, YANG Yun-feng’, XIE Ji-hui®, ZHANG Heng®

(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; 2. Laboratory of
Forestry Remote Sensing and Information System, National Forestry and Grassland Administration, Beijing 100091, China;
3. Beijing Hezhongsizhuang Technology Co., Ltd, Beijing 100176, China)

Abstract: [Objective] To study the difference of performance between mapping-grade GNSS receivers and recre-
ation-grade GNSS receivers in middle and high canopy density stands under various site conditions aiming at chan-
ging the current situation of the misusing commercial positioning equipment in the forest environment. [Method] The
GNSS signals of the handheld receiver for forestry applications under various site conditions were collected. The pos-
itioning errors in horizontal and vertical directions were quantitatively analyzed. [Result] The differences of Geo-
metric Dilution of Precision and signal-to-noise ratio were compared. The theoretical basis for the difference of
GNSS module was given. [Conclusion] It is considered that the selection of professional receivers and single point
average are important means to meet the conventional needs of positioning better than 5 m during leaf-on forest con-
ditions. Commercial receivers such as smart phones are only suitable for the general positioning requirements of
about 10 meters in the forest environment.

Keywords: forest environment; GNSS performance; commercial receivers; professional receivers; horizontal

error; height error
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