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Development and Application of Continuous
Measurement Device for Forest Tree Diameter at Breast Height
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Abstract: To meet the urgent need for high-frequency and automated measurement of tree diameter at breast height in
forest ecological monitoring, a continuous measurement device for tree diameter at breast height based on Internet of
Things technology is designed and implemented. This device took the ESP32 (a low-cost and low-power microcontroller
integrating Wi-Fi and Bluetooth functions launched by Espressif Systems of China) as the core component, integrated
high-precision displacement sensors, synchronous belt drive structures and wireless communication modules, and com-
pleted the real-time collection of data on the diameter changes of trees at breast height. It simultaneously possessed the
efficient storage capacity for collected data as well as the stable remote transmission function. To verify the performance
of the device, two different tree species (ash and larch) were selected and a one-year field experiment was carried out in
the forest farm on the campus of Northeast Forestry University. The monitoring results showed that this system can accu-
rately reflect the variation characteristics of the diameter at chest height of trees during the growth period and the dormant
period. Its measurement error was controlled within 0. 1% and was highly consistent with the manual measurement re-
sults (R?=0.91). Furthermore, by combining the continuous diameter at breast height data with the measured tree
height, a bivariate biomass model was used to calculate the annual carbon sink variation of individual trees, providing a
reliable technical path for the dynamic estimation of individual tree carbon storage.
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Fig. 1 Physical diagram of the diameter at breast

height measuring device
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Fig. 5 Principle of the diameter at breat height sensor
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Fig. 6 Diagram of diameter at breast height measurement operation and APP data reception
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Tab. 1 Sample tree information table
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Fig. 7 Changes in the annual diameter at breast height of the sample trees
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Fig. 8 Daily variation in the diameter at breast height of the sample trees
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Tab. 2 Monitoring sample tree carbon sink data table

i 5H 6H 7H 8H
Tree species May June July August
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