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Note: H is tree height, m; Ay, ..., &, ..., h, is height of each part, m; V' is total
volume, m3; Vi, ...y Viy ...y V, is volume of each part, m3; Dy and D, are ground
diameter and diameter at breast height (DBH), cm; D,, ..., D, ..., D, is diameter
of each part, cm; ay, ..., @, ..., @, is horizontal angle of each part, (°); yi, ...,
Vis ..., Yu is zenith angle of each part, (°); S is distance from center of the
instrument to DBH of the tree, m.
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Fig.1 Schematic diagram for measuring standing tree
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Fig.2 Diagram for principle of error propagation
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Table 1  Original measurement data for No. 6 sample

OYBLT i RIigh AT

Parts No. Zenith angles y; Horizontal angles a;
1 96°56'04" 51121"
2 92°12123" 46'46"
3 87°28'41" 42'12"
4 82°45'00" 40'35"
5 78°01'18" 35'01"
6 73°17'37" 3027"
7 68°33'55" 22'52"
8 63°50'14" 15'18"
9 59°06'32" 9'37"
10 54°22'51"

5=16.844 m, h;=1.3 m, D;=28.7 cm
W S OHAER ORI R MR, my A A0S, ms Do AHIAE, cm.

Note: S is distance from center of the instrument to diameter at breast height
(DBH) of the tree, m; A is breast height, m; Dy is ground diameter, cm.
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Table 2 Results of data processing for Sample 6

J7 % Variance 3752 Covariance

Sy /Y BHH Segmented value

Parts No. him Dyem Vi/m® o} o3, fem’ ol m° o, M oy, /m®
0 — 28.7 — — 1.000x1072 — — —
1 1.3 25.0 0.074 1.000x10°® 2.826x10™ 8.384x10" 0 2.363x10”
2 1.389 227 0.062 1.147x107 2.793x10* 4.766x10° 1.003x10°® 2.516x10”
3 1.381 20.5 0.051 1.136x107 2.762x10 3.703x10” 8.900x10” 1.998x10
4 1.391 19.7 0.044 1.152x107 2.752x10* 3.156x10” 8.708x10” 1.677%10°
5 1.420 17.0 0.038 1.198x107 2.721x10* 2.660x107 7.674x107 1.340x10°
6 1.471 14.8 0.029 1.277x107 2.698x10™* 2.049x107 6.911x10” 9.793x10™"°
7 1.546 11.1 0.021 1.396x107 2.668x10™ 1.438x10” 5.456x10” 6.183x107"°
8 1.650 7.4 0.011 1.570x107 2.646x10* 8.035x1071° 3.894x107 3.247x107"°
9 1.790 47 0.005 1.817x107 2.636x10™ 3.921x107° 2.655x107 1.181x107"°
10 1.976 0 0.001 2.173x107 — 7.733x10™"! — —

Ve mAOPBOREE, my VOREBOMBL ' DA ABER, oms o) .

By BRI b 50y BCEAR Dy 2 1H) S AR BOM AR B 5 22

Note: h; is height of each part, m; V; is volume of each part, m?; D; is diameter of each part, cm; a,ﬁ s o-,f,’ )

2L ol RN R . BB, SABMEIE: o, o, N

o} are variance for height, diameter and volume of each

part, respectively; o, ,, , 0, are covariance between height of each part #;and volume of each part D;, between adjacent two parts volume, respectively.
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Fig.3 Diagram for correlation coefficient
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2.056x107m HKF] 3.000x10°m, AR HIRZEH 0.051%
FEACE] 0.012%; MAUHIRZER 6.839%x10° m® # K3
1.364x107 m?, A6 AR 22T 1.104% %K 5] 0.053%. il
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Table 3  Analysis of errors in measurement of samples in different sizes using total station

FEA SN Measured data 2 RMSE MIXF %% Relative error

SamplesNo.  p,/em H/m Vim® o, fem o, /m o, /m’ o, 1D, 1% o, H % o, IV 1%
1 52 4.015 0.006 5.562x107 2.056x107 6.839x107 0.108 0.051 1.104
2 102 7.144 0.032 8.410x107 2.512x10° 1.244x10* 0.082 0.035 0.385
3 14.1 10.169 0.088 1.101x10° 2.545x10° 1.776x10* 0.078 0.025 0.202
4 16.8 11.346 0.154 1.226x10° 2.735x10° 2.286x10% 0.073 0.024 0.148
5 20.6 12.516 0.203 1.489x107 2.760x107 2.704x10 0.072 0.022 0.134
6 25.0 15313 0.336 1.681x107 2.703x107 3.560x10™ 0.067 0.018 0.106
7 30.1 17.121 0.600 1.772x107 2.892x107 4.960x10™ 0.058 0.016 0.083
8 34.7 20.082 0.891 2.080x107 2.867x107 6.388x10™ 0.060 0.014 0.072
9 412 23292 1.431 2211x102 2.963x10° 8.935x10™ 0.054 0.013 0.062
10 48.7 25.738 2.609 2.519x102 3.000x107 1.364x107 0.052 0.012 0.053
SEAMY 0.070 0.023 0.235

T HOUBE, mi VOREMEL m's DUMMAE, om: o, . oy s

oy, SRR B ALEARUR R 2

Note: H is tree height, m; V is total volume, m3; D, are diameter at breast height (DBH), cm; Oy, » Oy » Oy AIC RMSE for diameter at breast height, tree height and total

volume, respectively.
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Error analysis of measuring diameter at breast height and tree height and
volume of standing tree by total station

Yu Donghai’, Feng Zhongke!™, Cao Zhong?, Jiang Junzhiwei'
(1. Precision Forestry Key Laboratory of Beijing, Beijing Forestry University, Beijing 100083, China;
2.Kunming Survey & Design Institute of State Forestry Administration, Kunming 650216, China)

Abstract: Diameter at breast height (DBH), tree height and volume are the most significant factors in forestry investigation.
The measurement precision of DBH and tree height directly affects the accuracy of individual volume. In traditional forestry
works, cutting down trees and using analytic timber are for compiling the volume tables, which are yet faced with the problems
such as high consumption, low efficiency and large destruction. In recent years, the emergence of the modern instruments
gradually lays the foundation for achieving high precision nondestructive standing tree measurements. Total station is a kind of
precise tool that can be used to measure distance and angle and to process data automatically. And it will be widely used in
forestry production practice and scientific research in the future because of the high measurement accuracy, so studying the
accuracy of measuring trees has practical significance for the forestry work. Calculating DBH, tree height and volume by
measuring zenith angles, horizontal angles and distance from the center of the instrument to the tree is the principle of
measuring standing trees by using total station. Based on the theory of measuring DBH, tree height and volume of standing
tree by total station and taking the variance and covariance of measurement factors into consideration, the research deduced the
mathematical models to calculate the error of DBH, height and volume of standing tree according to error propagation laws.
We chose larches in Beijing as the experimental samples, and analyzed 10 sample groups of different sizes for the difference of
relative errors. The results show: 1) There are correlations between the height and the diameter of random tree section, and the
value range of correlation coefficientis (0, 0.3); besides, the variance and covariance of these 2 factors affect the error of each
segment volume; furthermore, the error of total volume is affected not only by the variance of each section volume, but also by
the covariance between 2 adjacent segments’ volumes, and the value range of correlation coefficient is (0.5,0.7); 2) The
relative error of DBH, tree height and volume decreases with the increase of the sample size when the different samples are
measured by total station. For 10 groups of samples, the relative error of DBH reduces from 0.108% to 0.052%, that of tree
height reduces from 0.051% to 0.012% and that of volume reduces from 1.104% to 0.053%. And the average relative error of
DBH, tree height and volume is 0.070%, 0.023% and 0.235% respectively. The relative error of DBH and height measurement
is less than that of volume when the same sample is measured. The accuracies of DBH are much higher than the DBH
measurement standard for national forest resource continuous investigation. The accuracies of tree height and volume of all
samples are also much higher than the forest investigation standard for which tree height and volume measurement errors
ought to be less than 3%-5%. Volume measurement error is required to be less than 3% for establishing volume tables, so
using total station to collect the samples of various specifications can also meet the accuracy of volume tables. In conclusion,
total station can satisfy the different needs of forestry survey.

Keywords: wood; measurement; error analysis; total station; error propagation laws
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