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Tree Species Identification Methods Based on Point Cloud Data
Using Ground-based LiDAR

WANG Jia'? ZHANG Longyu'” LU Chundong'”® NIU Liwei'”
(1. Beijing Key Laboratory of Precision Forestry, Beijing Forestry University, Beijing 100083, China
2. Surveying and 3S Technology Center, Beijing Forestry University, Beijing 100083, China)

Abstract; The traditional tree species identification depends on time-consuming and labor-intensive
efficiency of artificial field survey. In order to more effectively utilize the point cloud data identification
tree of ground-based LiDAR, taking Beijing Forestry University as the research area, and FARO Photon
120 ground-based LiDAR was used to obtain point cloud data of a sample set of 92 trees, four tree species
in the study area. According to the three-dimensional coordinate values of point cloud, the six tree-
measuring factors of breast diameter, height of branches, height of tree, height of crown, width of crown,
and the longest direction of vertical trees in the study area were extracted, and the extracted tree-
measuring factors were combined. The robust tree features six parameters, namely crown length tree
height ratio, DBH height ratio, crown height tree height ratio, branch angle, crown length ratio,
maximum crown width and vertical direction. For the ratio of crown width, the tree species were
automatically identified by using the tree-measuring factor and the combined feature point parameters to
support the tree sample by using the support vector machine, the classification regression decision tree
and the random forest. The results showed that for the tree identification method using tree-measuring
factor, the average accuracy of recognition was 0. 765, and the average recall rate was 0. 778. Among the
three identification methods, the best effect was classification regression decision, followed by random
forest, and finally support vector. Using the combined feature parameter tree identification method, the
average accuracy of recognition was 0. 891, and the average recall rate was 0. 896. The best method was
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random forest and support vector machine, followed by classification regression decision. In general, the

combined feature parameter method had higher accuracy and recall rate of single tree species or overall

than those of the tree-measuring factor method, random forests were relatively the best for three different

classification methods. The research result showed that the tree species identification classification

combining the point cloud obtained by ground-based LiDAR and different machine learning classification

methods could achieve satisfactory results and save a lot of time and manpower.

Key words: tree species classification; ground-based LiDAR; point cloud; tree measuring factor;

combined feature parameters
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Tab.1 Parameters of FARO Photon 120

T R B/ m 120
Fe/ NI PR S /m 0.6
HER/ mm 0.1
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KB L/ (°) 0 ~360
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Tab.2 Measuring factor error statistics of Ginkgo biloba
—— o AN iR 25/ m AHXF R 22/ %
/M S PN e Fe/MA 5PN ¥E
Mt 26 0.0250 0.0316 0.0172 0. 82 10.07 5.43
e 26 0 0.33 0.17 0 9.23 5.31
o 26 0 2.74 0.98 0 18. 94 7.32
S 1 26 0 1.02 0.55 0 10. 11 5.61
I KR 26 0.09 1. 80 0.74 1.24 20.22 11.20
M FLR Ky e 26 0.20 1.86 0.93 3.70 30. 03 16.24
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Tab.3 Measuring factor error statistics of Ailanthus altissima
- e AR ZE/m AN IR ZE/ %o
e/ IME ISoN( ¥iE H/ME RRE ¥l
Az 26 0.0100 0.0265 0.0124 0.32 11. 16 4.74
R 26 0 0.28 0.19 0 12. 65 6.19
B & 26 0.14 2.55 1.09 1.21 20. 69 8.53
R 26 0.18 1.61 0.74 1.39 12. 87 7.19
53 7] 26 0.10 2.50 0.81 1.10 24.39 9.39
[ PR KT W 26 0.12 4.00 1.99 1.39 31.54 13.94
Fa4 BWEMNHEFRE=SIT
Tab.4 Measuring factor error statistics of Liriodendron chinense
- f— _ zﬁx:ﬁ%/m _ *Hxiij%ﬁ/%
e/ IME SN ¥IfE /M R Al ¥E
Mt 20 0.0260 0.0275 0.0143 1.07 11.40 6. 44
KO 20 0.01 0.22 0.12 0. 45 9.36 5.55
o 20 0. 09 2.63 1.56 0.71 19. 65 11.87
A= 20 0.22 1.39 0.94 2.12 11. 89 8.26
I KR 20 0. 02 1.10 0.49 0.42 19.82 9.67
I H e K 7 ) iR 20 0.07 0. 89 0.45 1.53 21.30 11.86
x5 HFSEUNEFRESIT
Tab.5 Measuring factor error statistics of Malus micromalus
- - 26 5%F 1R 2%/ m FHXTR 22/ %
e/ ME I5oN( e /M PN ¥E
Az 20 0.0120 0.0175 0.0103 0.57 9.32 5.85
T 20 0. 02 0.31 0.18 0.34 7. 66 5.55
B 20 0.04 1.53 0.76 0. 61 14. 65 9.74
bR 20 0.18 1.05 0. 88 1.19 10. 53 8.38
53 7] 20 0.05 1.01 0.56 0.23 16. 80 9.65
M LR KT [ E e 20 0. 09 0.91 0.53 0.88 19. 62 8.90

I i R g A R 2 A0, e R X R 2 A L T
FROR, PSR PR B AR IR 22 ok, T P e
FRe R T 1) e W 49 A R 2 22 T i 1K e W %) A D 2
Ko Aad 558 AS [R] B8 I, SR A i A2 A A X 2 22
/b,

4 JERGEMIR N T ARG, REEMAY
ARAR R R ZE AT AR 220N, e B A RS
TR BN R RIS IR 2

5 R VUTHE S N T IR 2ESETT . VI

SRR PR | R X 15 25 i R ) S W v A K el
KRBT 9% LI AR AR T E AR X IR ZE i/ 7E
5% fefi .
3.3 WMIRBIERRBEST
VEBCI A I B4 ey AR i et R
SEEM A B iy 1) e iRk 6 S8, [l IR AR
(A TR Ry 284 , 1T LU 20 2S48 3 URE AR (1)
A5 T7 R A2 A5 R — A JE M) 4 25 8% H
HE— N E b AR Z e AL ERAE . FEA YR



186 /S || N A= 4

2018 4

P2 | FURFIE B TR AT A 4 T, B AR 3t VI
et TG 23 26 25 FT LA A SEAF 00 3 R A0CR . AR
WFFERAE T SL AR 6 AT A1~ , 85 4 i 4t ik
TREARSEARBIESHHE, B RIS 502k
T BN L, 70 3R A SR AR B 2328 [l U A R E AL
BRMOTIEIEAT A Rl 328 K e ZE R PR, R
SR, ST IUREAS 1) 80% S Il ZRbEAS  F A%
20% HIREA B AR IEARAS  TERR 46 0 BRI HT
T FHRTHER A RPN A RCR . 45— W3R 6
Bios

x6 SBSHSEITMNER(NRETF)
Tab.6 Multi parameter classification evaluation

index (tree measurement factor)

YT W Fh W HbER FiE
R 0.923 0.923 0.923

TG MK 0. 125 0. 050 0.071

SCAFm AL WA 0.474 0. 692 0.563
PEIRFESE 0.683 0. 683 0. 683

JEYiN 0. 551 0. 587 0. 556

R 0.923 0.923 0.923

A 0.938 0. 750 0. 833

SPAREFJER R 0. 800 0.923 0. 857
PO 0.832 0. 906 0. 863

SEIN 0.873 0. 875 0. 869

R 0.923 0.923 0.923

AR 0. 800 0. 800 0. 800

BEHL AR A 0. 846 0. 846 0. 846
PERFESE 0.917 0.917 0.917

PEREN 0.871 0.871 0.871

F-HMH 0. 765 0.778 0.765
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Tab.7 Combined feature parameters
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