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A handheld dendrometer for automatic tree diameter measurement
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(1. Beijing Key Laboratory of Precision Forestry, Beijing Forestry University, Beijing 100083, China; 2. Changzhou
New Ruide Instrument Co., Ltd., Changzhou 213000, Jiangsu, China)

Abstract: In a Forest Resource Inventory, a time-consuming job traditionally requiring different instruments in
difficult terrain conditions, stand factors are determined to understand the quantity and quality of forest re-
sources, thereby enhancing forest planning, designing and operation. To enable fast and accurate tree measure-
ment, a portable digital intelligent dendrometer was designed and developed. This instrument consisted of a
STM32F103VET6 microcontroller, an ov9655 sensor, a LIS331DLTR angle sensor, a keyboard, laser ranging
sensors, monitors, a power supply, and the relevant circuit module. Ranging used the phase principle with a
ranging accuracy of = 1.5 mm. In the simultaneous measurement mode for diameter and height, the diameter of
the tree was automatically identified through image processing with a camera and a complementary metal-oxide-
semiconductor (CMOS) sensor. In addition, the following modes were present, caliper, mode, distance mea-
surement, angle measurement and area calculation. Experimental results showed that in the caliper mode, the
average DBH error was —0.05 c¢m, and the error within 0.5 cm accounted for 97.6%. Diameter measurements at
different distances and different heights showed that the error fot the optimum distance was within 0.5 cm.

Thus, this instrument with automated measurements could meet the needs of a forest resource survey team.
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Figure 4 Diameter measurement principle of the instrument
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Figure 5 Diagram of DBH error Figure 6  Statistics of numbers with error
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Table 1 Statistics of diameter at breast

& /cm R Eem KRR Eem BT RRE e /em R Eem RRREem BUTRRE

4 0.10 0.40 0.24 32 -0.15 0.50 0.35

8 0.16 0.30 0.23 36 -0.38 0.70 0.42
12 0.04 0.20 0.16 40 -0.05 0.40 0.32
16 0.28 0.50 0.33 44 0.05 0.30 0.35
20 0.15 0.40 0.26 48 0.20 0.50 0.45
24 0.04 0.40 0.29 52 0.50 0.50 0.47
28 0.09 0.40 0.30 56 -0.35 0.80 0.50
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Figure 7 Simultaneous measurement graph of height and diameter ~Figure 8 Step of simultaneous measurement in height and diameter
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Figure 9  Identification and measurement of DBH
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Figure 10 Upper diameter at different distance
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Table 3 Stumpage volume values under different measurement methods
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