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Abstract Herein, light detection and ranging data were collected as remoting data sources by terrestrial laser
scanning (TLS). Metasequoia, palm, sapindus, bamboo, and rubber trees were selected as research objects. Three
effective features are proposed, which are relative clustering features of trees, features of point cloud distribution of
trees, and apparent features of trees. 68 feature parameters are listed. A support vector machine (SVM) classifier
was then used to verify and calculate the training dataset and to determine the optimal feature parameters in cross-
validation. Finally, the tree species is classified in the test dataset. The research results show that the average
classification accuracy of tree classification based on the optimal parameters of relative clustering features of trees is
low (45%), that based on the optimal feature parameters of point cloud distribution slightly increases (58.8%),
that based on the optimal parameters of tree appearance features is relatively high (63.8%), and that based on the
13 optimal parameters of three types of features is the highest (87.5%). In addition, due to the difference between
metasequoia and other tree species is obvious, the metasequoia is outstanding in classification and its misjudgement
rate is the lowest (6.5%). The proposed method has high feasibility and provides a powerful tool for obtaining a
more accurate distribution of forest species.
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Fig. 1 Delineation effect of individual tree in an example area of Nanjing Forestry University

g
@ gb °§c\5
28.0 |- 2| 15§
24.5 o
B (b) Crown length /m
210 192 ©
175} 168} }§'§ r
14.41 2 13.5
140 ool PAR* 132F 120
105 L . 11.0+ 10.5
: 9.6} 88+ gg
70k 471'?; - L 6.6F gig
N 8 /4 44f .
35 242 2.2 9
02468 0246 024638 02468 0246

B2 FEBIR B S m R, (O KAZ ;s (DA (O T BT (DB ; ()T T

Fig. 2 Scanned point clouds of sample trees. (a) Metasequoia; (b) palm; (c¢) spaindus; (d) rubber tree; (e) bamboo
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Table 1 Characterization of basic structures of sample trees in statistics
Attribute Metasequoia Palm Sapindus Rubber tree Bamboo
Tree height /m 28.84+4.1 18.4+1.8 16.2+2.3 15.6£2.9 13.7£3.6
Crown breadth /m 6.3+1.8 5.1+1.1 4.2+2.3 5.2+0.5 2.81+£0.7
Crown volume /m* 463.8+48.4 163.9423.4 243.2+28.6 186.34+18.2 106.74+13.8
Number of points cloud 187556 +9773 105539+4184 142317+£6251 120843+5735 88496 +3857
Number of trees 48 54 42 51 45

3 mENA
3.1 FHEEZR

9 T RE S T A b S i g AR OR 1 FA R RE
fIE o AT AT 5 A S50 A o 32, S8 A4 B R R 1Y
FROETF IR . ASBIESE 248 I 1 = 28 00 19 B R e
fE : DRI ISR 5 2) 48 = 4340 FRAE 5 3) i K
FWREAE . 4275 K B0 AR 0, 8 i 43 28 g L

FRIES RO BT A 46 J7 28 D g AL BT 0 2K
FEBCH IR JERG L o A8 3 RO o o 288 e 3005 38 9 ()
WEFZ 50 KM IES BOL T e D iy i 72 b T LA
ARAFHE SRR AE 2 50, 3 B R A 2 BB E N el
FRES R, KI5 A =R R R LR iE 2 4L OF
K FOAE A2 B R A B 20 S AR P DAFRAS B 9 3 2K
KB . dda TR B R e G B B AR PERE . RRRY T
PR FRAE SN 3 7R

0510002-3



th i

i ot

TLS LiDAR point cloud

.

characterization
analysis

'

A 4

!

50 parameters of
relative clustering

9 parameters of
point cloud distribution

9 parameters of
apparent

characteristics characteristics characteristics
optimal extraction optimal extraction optimal extraction
7 optimal 3 optimal 3 optimal
parameters parameters parameters

v

vy

'

tree classification
based on relative
clustering
characteristics

tree classification
based on point cloud
distribution
characteristics

tree classification
based on apparent
characteristics

tree classification
based on integrating
three species of
optimal parameters set

'

evaluation

P 3 AR AR ) A AR i
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Fig. 4 Schematic of definition of partial parameters associated with apparent characteristics of trees.

(a) Side view of sample tree (rubber tree); (b) top view of sample tree (rubber tree)
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(rubber tree) divided into 8 segements and central vertical section of each segement; (b) schematic for meshing central vertical section
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Sample trees (rubber tree and metasequoia) described based on results of V-feature. (a) Scanned point clouds of

rubber tree and point cloud projections in the second and eighth rectangular layers; (b) scanned point clouds of

metasequoia and point cloud projections in the second and eighth rectangular layers; (c) line chart indicating V-

feature of each layer for rubber tree and metasequoia
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coordinate system representation regarding to L, (r) function for rubber tree and metasequoia in the second

rectangular layer; (b) point cloud projections and coordinate system representation regarding to L, () function for

rubber tree and metasequoia in the eighth rectangular layer
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Table 3 Classification results of cross-validation based on relative clustering features of {V: .V, Vi sL s 2o Lomin a s 7 min2 s 7 min s |
Rubber Misjudgement Leakage
Dataset Metasequoia Palm  Sapindus Bamboo Total
tree rate /% rate /%
Metasequoia 8 2 2 3 2 17 52.9 50
Palm 3 8 2 3 3 19 57.9 55.5
Sapindus 2 3 6 3 1 15 60 57.2
Rubber tree 2 3 3 7 1 16 56.3 58.8
Bamboo 1 2 1 1 7 12 41.7 53.3
Correct number 8 8 6 7 7 36
Number of training samples 16 18 14 17 15 80
Accuracy /% 50 44.5 42.8 41.2 46.7 45
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Fig. 8 Boxplots of classification accuracies based on relative clustering characteristics. (a) Based on V-feature;

(b) based on L ,.-feature; (c) based on L .,-feature; (d) based on r...-feature; (e) based on r.,-feature
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Table 4 Classification results of cross-validation based on features of point cloud distribution of {Py,Ry

}

10%-60% 7 He0%-80%

Rubber Misjudgement Leakage
Dataset Metasequoia Palm  Sapindus Bamboo Total
tree rate /% rate /%
Metasequoia 10 1 1 1 0 13 23.1 37.5
Palm 1 11 1 2 1 16 31.3 38.9
Sapindus 2 2 8 4 2 18 55.6 42.9
Rubber tree 2 2 3 9 3 19 52.6 47.1
Bamboo 1 2 1 1 9 14 35.7 40
Correct number 10 11 8 9 9 47
Number of training samples 16 18 14 17 15 80
Accuracy /% 62.5 61.1 57.1 52.9 60 58.8

%% 5 %?WK?@M %?ﬂf {Rc,/n s Nerown »QL } E"inﬂ%lﬂiﬁ%’géﬁ%

Table 5 Classification results of cross-validation based on apparent features of {R¢/p s feown QL )

Rubber Misjudgement Leakage
Dataset Metasequoia Palm Sapindus Bamboo Total
tree rate /% rate /%
Metasequoia 12 0 1 1 1 15 20 25
Palm 1 11 3 1 1 17 35.3 38.9
Sapindus 1 2 9 2 1 15 40 42.9
Rubber tree 2 2 1 10 3 18 44.5 47.1
Bamboo 0 3 0 3 9 15 40 40
Correct number 12 11 9 10 9 51
Number of training samples 16 18 14 17 15 80
Accuracy /% 75 61.1 64.3 58.8 60 63.8
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Table 6 Classification results of cross-validation based on optimal features of

{Vz ViV vLmax,z vI«mmJ 9 min_2 97 min_8 » Pu.Ry

sRe s T crown » QL)

wsi-s0% " Heosi g0
Rubber Misjudgement Leakage
Dataset Metasequoia Palm  Sapindus Bamboo Total
tree rate /% rate /%
Metasequoia 29 2 0 0 0 31 6.5 9.4
Palm 2 31 2 1 0 36 13.9 13.9
Sapindus 0 2 24 1 1 28 14.3 14.3
Rubber tree 1 1 2 29 2 35 17.1 14.7
Bamboo 0 0 0 3 27 30 10 10
Correct number 29 31 24 29 27 140
Number of training samples 32 36 28 34 30 160
Accuracy /% 90.6 86.1 85. 85.3 90 87.5
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