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Design and Experiment of Forest Intelligent Surveying and
Mapping Instrument

QIU Zixuan FENG Zhongke JIANG Junzhiwei FAN Yongxiang
( Precision Forestry Key Laboratory of Beijing, Beijing Forestry University, Beijing 100083, China)

Abstract; Forest resources inventory includes individual tree DBH ( diameter at breast height ),
individual tree height, individual tree volume, stand average DBH, stand average height, stand density
and stand volume. The theoretical basis was based upon the principle of photogrammetry, image-
processing technology and forest measurement, and the forest intelligent dendrometer was developed
which was composed of the self-developed R&D PDA module, EDM module and rotational station. There
were four modular procedures which were compiled in the Java language and developed in Android Studio
2.1 systems development environment, and five measuring functions, such as tree height, DBH, three-
element volume calculation, 3D angle gauge plot and basic measurement, and they were implemented by
getting dip angle, azimuth, distance, image information and other parameters. Validated by experiments,
the measuring accuracy of tree height was as high as 97.13% , DBH was 97.08% , volume was
94.52% , stand average height was 98.09% , stand average DBH was 98.05% , stand density was
96.59% , and stand volume measurement accuracy was 95.72% . Thus the equipment was in line with
the accuracy requirement of national forest inventory ( NFI), which can be promoted to be used in the
forestry inventory.

Key words: forest resources inventory; surveying and mapping instrument; Android system; tree height;

diameter at breast height; stand parameters
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Fig.1 Schematic of forest intelligent dendrometer
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Fig.3 Flow chart of main program and 4 function modules
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Fig.4 Principle diagram of tree height measurement
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Tab.1 Relative error of tree height measurement
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Tab.2 Relative error of DBH measurement Tab.3 Relative error of three-element volume
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Tab.4 Relative error of stand average high of 3D angle

gauge plot measurement

Fei . I EZ SRR R A ] AR R -
5 K o . R/ %
i B/ m i B/ m
1 10 9.17 9.40 2.45
2 15 8.77 8.83 0. 69
4 18 11.49 12. 18 5.70
5 19 11. 30 11.25 0.42
7 19 10. 84 10. 81 0.31
8 19 10. 47 10.22 2.48
10 13 9. 64 9. 31 3.55
11 15 9. 40 9.50 0.98
12 10 9.24 9.43 2.02
14 15 10. 31 10. 25 0.51
M 15 10. 06 10. 12 1.91
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Tab.5 Relative error of stand average DBH of 3D

angle gauge plot measurement

FE 3 WA MR AR AA BRI R ARy AT

Fe Bt O 4%/ m S Mg 4%/ m W25/ %
1 10 12.2 12.5 2.44
2 15 11.4 11.3 0.97
4 18 12.1 12.2 0.94
5 19 14.7 14.2 3.35
7 19 15.6 15.3 1.87
8 19 15.8 15.4 2.67
10 13 14. 1 14.3 1.43
11 15 16.5 16. 4 0.93
12 10 15.2 15.2 0.15
14 15 13.8 13.2 4.77

S 15 14.2 14.0 1.95
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Tab.6 Relative error of stand density of 3D angle
gauge plot measurement
Fesy R MRy ARMERELA AR AR
B o EIE/(Bkehm ) B/ (Bk-hm ) R2E/%

1 10 2154 2058 4. 66
2 15 1801 1718 4.83
4 18 1801 1859 3.12
5 19 1380 1331 3.68
7 19 3150 3021 4.27
8 19 2419 2331 3.78
10 13 1363 1298 5.01
11 15 891 863 3.24
12 10 640 620 3.23
14 15 1323 1266 4.50
SR 15 1692 1637 3.41
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Tab.7 Relative error of stand volume of 3D angle

gauge plot measurement

‘ WO M TR
O s VA
=2 Bk 2/ %

(m'hm™?)  (m’ehm?)
1 10 63.92 70. 15 8. 88
2 15 89. 45 87. 60 2.11
4 18 140. 64 141.77 0.79
5 19 145.99 142. 35 2.56
7 19 140. 05 154.77 9.51
8 19 135.27 130. 62 3.56
10 13 85.22 83.41 2.17
11 15 95. 88 97.94 2.10
12 10 62. 83 60. 11 4.53
14 15 105. 16 98. 66 6.59
S {E 15 106. 41 106. 74 4.28
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