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Study on Stem Form Index Based on Non-destructive Precision
Measurement through Electronic Theodolite
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Abstract; Upper diameter data is difficult to obtain and the trunk segment boundaries are difficult to
determine accurately by using traditional stem form index research method. To solve the above problems,
a method based on stumpage non-destructive accurate measurement technique by using the electronic
theodolite was proposed. 198 larches were selected as samples and each one was divided into ten equal
segments. Relative stem shape index of all segments were calculated. Firstly, significant differences
between those relative segments were found by using variance analysis method. Subsequently, a tree
could be aggregated with 2 ~ 10 trunk segments by using cluster analysis. In order to acquire the optimal
quantity of segments for volume calculation, all statistical combination was tested by comparison of
relative stem form index and volumes observed using electronic theodolites. The results showed that the
optimal quantity of segment was obtained when the stem was divided into three segments, average relative
stem form indexes for each segment ( corresponding to height) were: 4.295(H,, ~H, ,),1.524(H, , ~
H,,),1.670(H,, ~H, ,),where H is the total height of a tree. Those parameters could be quantitatively
described as trunk-shaped boundary. Thus a tree volume could be accurately measured by just measuring
diameters at the corresponding height, which could effectively reduce the labor consumption on field
survey and related researches.
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Fig.2 Side view of non-destructive precision measurement

technology by using electronic theodolite
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Tab.2 Relative diameter sequence of larch
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Tab.3 Results of cluster analysis
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Fig.5 Analysis of segment measurement by using electronic theodolite
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Fig.4 Stem form indicators for different segments
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Tab.5 Optimal combination results of each segment
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9 0.1,0.2,0.3,0.5,0.6,0.7,0.8,0.9 0.04 99. 96

10 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9 ~0.38  99.62

HIZ S AR, 40 Be Ol 2 i 8 B s o B
BON 3 ZJaFAL TRERS, HAARES MG,
B 3 I A 99.44% , Z )5 B TR E , HA
JEXRT 5T 99.50% . A%K o Bfb et m
A8 B U, A SO B 3 B O i DG 70 BB, X ISP 249 A
X T 45 BRI A X i BE 239 O 4. 295 (H,,  ~
H,,).1.524(H,, ~H,,) . 1.670(H,, ~H, ,) o

(1) ASSZ56 o 22 A A0 5 {8 19 43 BE R 6 ~
17 B, B BRA F- 25 73 Be K BE 3 A 46 0.49 ~2.41 m,
Horpr92.57% 5y BeRK BE/NT 2 m, AT T TR T T B
FREE Y

(2) EHCEAR 5y Be B 3 B, HOXH 1 - 35 4H XF
TIE 48 B Skt AR X = BE 43 5 ke 4.295 (Hy, ~
H, ) .1.524(H,, ~H,,) 1.670(H, , ~H, ,) . M4t
R AT T2 R, H 5 3 Bab iy
ELAR, ATPOEE AT O R TR AR AR T S AR A
THME TAE &
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