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Development of a Smartphone Application for the Measurement of
Tree Height and Diameter at Breast Height
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Abstract: We developed smartphone application and web application server to acquire and effectively manage tree
measurement information. Smartphone applications can measure tree height, diameter at breast height (DBH),
azimuth, altitude, slope, and positional coordinates using augmented reality (Google AR core) and motion sensors.
The web application server effectively manages and stores measurement information. To evaluate the accuracy of
information acquired using a smartphone, 90 Korean pine trees (Pinus koraiensis) were randomly selected from a
natural mixed forest, with a total of 90 representative trees randomly collected from a natural mixed forest. Then,
height and DBH were measured using a Haglof Vertex Laser Hypsometer and caliper. Comparisons of the results
indicated significant results at the 95% level and a very high average correlation of 0.972 for both tree height and
DBH. In terms of DBH, the average errors were 0.6745 cm and 1.0139 cm for artificial coniferous and natural mixed
forests, respectively.
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Table 1. Development environment of smartphone app and Web Application Server (WAS).

Contents Smartphone Application
Device Samsung Galaxy S10 (SM-G973N)
Development Environments Window 10 & Android Studio (version 4.0.1)
Programming Kit Google AR Core & Smartphone Sensor (Gyroscope, Accelerometer, GPS)
Contents Web Application Server
Development Environments IntelliJ 2020.02, Java 13, SpringBoot 2.3.3, Gradle 6.6.1, MySQL 8.0.17
Library JPA, Thymeleaf, Lombok, LiveReload, J Query 3.5.1, POI 4.1.2

API Kakao Map
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Figure 1. Workflow of the tree measurement using smartphone application and web
application server (WAS).
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Table 2. Stand information of study area.

Study site Characteristics Value
Location Mt. 134, Danho-ri, Namhu-myeon, Andong-si
(N 36° 33' 04.18", E 128° 35' 57.18")
Forest type Artificial coniferous forest
Site 1 Tree species Pinus koraiensis
DBH class (cm) 18 - 30
Age class v
Avg. slope (°) 26
Location N % 22 4Gsaj7a:1ng e agsgés.ioy')
Forest type Natural mixed forest
Site 2 Tree species Pinus densiflora, Ginkgo biloba, Castanea crenata, Quercus serrata
DBH class (cm) 18 - 30
Age class v
Avg. slope (°) 29

by

Pz

Figure 2. AR objects placed in the real world. A represents the user eyes height, B represents the
measurement DBH, C allows A, B to move and fixed in real world and calculate the distance using
the a, ap a, coordinates of the AR object and the Dy Dy D, coordinates of the smartphone, and

develop a method to minimize the error in measuring the /), due to the difference in distance between

the AR object and the tree(g).

ag-e st « Dz, Dy, Dz: Distance between AR and smartphone
AR A @A AlAle] A E s 00 a,, a, o, (coordinate .. 2)

T Fojuton, AntEX E3} p , p, p. @ 7HTH e ax,ay,az: x,y,z coordinates of AR object

o]5 2] 20] Ag3lo] AR} ARZEY] AE(L,)E -3  px,py,pz: T,y,2 coordinates of smartphone

Ak » L,: Distance between user and AR object (m)
Dr =axr — px ) B= AE9] ¢rof vfR|EER Fi1 HEo U2kE] ] ok
A A% 72)(g)7F A Fk. o= laf AA| Qo]
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L, : Distance between user and AR objects (m)
L,

: Distance between user and tree (m)
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Q= cosi + ksz‘nﬁ “)

2 2
* (): Quaternion rotation angle(®)
* 6: Rotation angle(®)
* k: Rotate axis of AR object

Figure 3. Rotation and rotation angle adjustment
function of AR object with quatermion applied to
measuring the curved breast height area. [ is axis of
the rotate. g is rotate angle. a, a, a, is coordinate

the AR object.
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Figure 4. Smartphone sensor system and measurement of tree
height using motion sensor.

(a) Smartphone rotation about z, y, z axis. Pitch is rotation
about axis z:(R,) and roll is rotation about axis y( Ry). Yaw

is rotation about axis (). (b) The sensor built into the
smartphone can acquire the Ry', Ry?, and estimate the tree
height and azimuth by applying trigonometry using the
Ry', Ry? value. The azimuth bearing was calculated using
Ry', and the tree height was calculated using ;2.
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Figure 5. Configuring of smartphone and web application.
(a) The first screen of smartphon app. (b) Screen for DBH measurement. (c) Screen for height, slope, take a picture and data transfer.
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tid dist dbh height
201019_083141 2256389 32557237 5.82
201020_083542 3155782 38512347 422
201020_084101 3257659 41315237 61
201020_104521 4216389 24551237 412
201020_105133 4123389 38557763 5.82
201020_143311 3266766 29142147 322
201020_143527 2142389 38.963147 477
201021_143316 2236459 40527145 432
201021_143542 2363389 45157449 652
201021_144001 3198784 48135147 5.88
201102_164613 4.8301561 62732353 7.8861323

(@) (b)
Figure 6. Web application server that stores and manages data measured by the smartphone application.

(a) On the web server, user can search for the location of the tree, the height of the DBH, and the number of the tree,
and user can add and modify it. (b) WAS can be output as spread sheet file.

Table 3. Results of regression analysis on tree heights and DBH acquired from the both study sties.

Unstandardized coefficients Stan;i;rfilzed
Variables coefficients t(p) F(p) R?
B SE Jé]
(constant) 0.650 0.258 2.514%*
. 3870.405** 0.956
total height 0.988 0.016 0.978 62.213**
(constant) 0.331 0.201 1.644
15022.367** 0.988
total DBH 1.000 0.008 0.994 122.566**
(constant) 0.247 0.257 0.960
. . 4349.266%* 0.980
site 1_height 1.013 0.015 0.990 65.949**
(constant) -0.112 0.331 -0.339
. 5826.179%* 0.985
site 1 DBH 1.015 0.013 0.993 76.329**
(constant) 0.809 0.401 2.015%*
. . 1480.845%** 0.944
site 2_height 0.978 0.025 0.972 38.482%*
(constant) 0.609 0.296 2.055%*
. 6675.029 0.987
site 2 DBH 0.988 0.012 0.993 81.701**

**: 0<.05

of ATglo]l =119t FuAH HE F7ro] 3870.405(x th F3137-& RMSE7} 0.6745 cm@] 2}o|& UERH Om,
<0059 15022367(a<0.05) o] =& & s|7mao] H3kst  R7F0.9859) e AWPHAE Bk oleist et F
gov, 55 FuAldo] suuch o A3kt Ao B4 mAQ LAATHE BE HWAT(Fan ot al, 2020)5ch
It R i 09122 & Ael shau, vEzst e =S Ushyglch A Bagelde suk
A4 Bgfo] B 0.5 SEHT Long AnfEXOR RMSE7} 1.3297 mo|n, R*= 09442 91 A<= of vl

53 arel Faz gho] Melaet S0 s HEJt gk o W2 AREAE T AR BRI 47
I A A BAE et Ao R A EQcH(Table 3). 2 RMSE7} 1.0139 cm®] 2}o|9} R27} 09755 Fi12] 742

A WAl ] wE sl AnpeZe] Sx vl ol 2adt XjolS LeheltkFiwe 7). ol A E1Y
3}, RMSE7} 0.6714 mo] 2ol 2 Uehfjglon] R® =5k ofxje] 253 gielo] Qg A4l ul) ofei9] ofejat
09800 tl.S H& ATPAZ 7ML Ao BAEel Al Uehd Ao pked.
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Figure 7. Simple regression analysis of DBH and tree height measurements on stand data acquired from the both study sties.
(a) Results of total tree height. (b) Results of total DBH. (c) Results of tree height in site 1. (d) Results of DBH in site
1. (e) Results of tree height in site 2. (f) Results of DBH in site 2.
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