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Effect of forest structure complexity on single wood segmentation accuracy:

a case study of Tianheng Island
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Abstract; The individual tree segmentation is of great significance for forest resource surveys. The accuracy of segmentation
is profoundly influenced by the choice of the forest single-wood segmentation algorithm and the parameters associated with
different structural complexities. This research introduced drone orthophoto and laser radar data from Tianheng Island.
Initially, 2D and 3D characteristics of typical forest vegetation were extracted. Subsequently, the random forest algorithm
was applied to classify different tree species. With the classification of point cloud data, sampling plots with varying
structural complexities were selected to conduct comparative analysis encompassing clustering algorithms, stacking
algorithms, and the watershed algorithm, in order to enhance segmentation accuracy. The findings reveal that; (1) the
random forest algorithm, combined with 2D and 3D features of a single wood, effectively classifies the mixed forest trees,
achieving an impressive overall accuracy of 94.51% and a Kappa coefficient of 0.9038. (2) The clustering algorithm shows
the highest segmentation accuracy for forest areas with simple structures ( F=96.41) , while depending upon the selection of

segmentation parameters. In the case of complex single wood clusters, the watershed algorithm displays the least fluctuation
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(AF=14.56) , indicating its superior stability. (3) Pre-classification of tree species in mixed forests effectively improves
the single wood segmentation environment. Compared to direct single wood segmentation, the clustering, stacking, and

watershed algorithms yield increased segmentation accuracy to varying degrees (AF, =10.06, AF,=9.51, AF,=12.6).

Key Words: island forest; forest structural complexities; classification of different tree species; random forest; single-

wood segmentation
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Fig.1 The digital orthophoto map of the sampling plots in Tianheng Island
a: BAMAK Pinus forest; b : JIBEAK Robinia forest;c: 1R 3CHK Mixed forest
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Table 1 The technical specification of the drone camera

Bi#HES Oblique photography HWOGTEIX Lidar
fRIEA Sensor LI 5 BEsk AL PR 2hl i R 46
M5 FFl Measuring range 25.16 H %% 1500 m
Fi Revisiting period 0.5/1k 200 J1 8i/s

1.2.2  HEHEE
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Table 2 Survey information of forest sample plots in Tianheng Island
H B AN %/J\%}YE %ﬁ%—fﬁ SR P
Area/m? Counts Minimum tree Maximum tree Mean tree Mean crown
e i height/m height/m height/m width/m
MMM Pinus forest 1720 85 2.47 7.73 5.29 5.60
FIEAK Robinia forest 3120 145 2.17 10.06 7.83 6.20
TRAEHK Mixed forest 2860 176 2.29 7.22 4.79 4.73
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Table 3 The 2D and 3D feature indices

fRE R ik €0 AR
Type of indicator Indicators Formula
HERRIEFR 4L IH—fbLReT 22 F 6 E(NGRDI) NGRDI= ( DNG-DNR)/( DNG+DNR)
Spectroscopic feature index IH— {1k % 2= F45 20 (NGBDI) NGBDI=( DNG-DNB)/( DNG+DNB)
AT LA R S350 ( VAR VARI=(DNG-DNR)/(DNG+DNR-DNB)
] 0L 2% AR E (VDVI) VDVI=(2DNG-DNR-DNB)/(2DNG+DNR+DNB)
LR AE L (EXG) EXG=(2DNG-DNR)/( DNG+DNR+DNB)
UL PIfE (TM) ™, = ZiP[ij]
Texture feature index H5TE ( Hom) Hom = 2 2 _ PLij] i
1+ (L -7
S ( Dis) Dis = 3 3 PLi]
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> 2P [i.j1 - ™, TM,
*H)u‘i((:()r) Cor = J
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NGRDI; H—fb 421 25 455X Normalized green-red difference index; NGBDI; JH—fb£¢ 5 2% 55 454X Normalized green-blue difference index; VARI:
A] WL KABH S 484K Visible atmospherically resistant index; VDV 7] L2 S A8 H5 4L Visible differential vegetation index; EXG ;i F LR (AF5 4L Excess
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digital number; P : J— L3 E SRS The normalized symbiosis matrix; P: 5 Z5 5 BE{E Point cloud height value;n: ZEiHHICH 5z ML Statistics of
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unit; Z, ;G BATC AR | AN R Height values of the i—th point within the statistical unit; Z : GEiTBAI0 N ITA 25 A9F4 75 % Mean height of all

points within the statistical unit; Mean ; 5 JE ¥ {H Height mean ; Max ; 7 J& fix KM Height maximum ; Min ; 7 J& e/ ME Height minimum
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Fig.3 Flow chart of tree species classification in the study area
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Fig.4 Comparison of Results of Three Single Wood Segmentation Algorithms

L1:ZBHAFK Pinus forest; L2 : FBEAK Robinia forest; L3 : R 38 Ak ( 43-JSHT) Mixed forest ( Before classification ) ; 14 & 38K (4325 )5 ) Mixed forest

( After Classification )
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Fig.5 Single wood segmentation results of 4 plots of clustering algorithm
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Table 4 Comparison of the accuracy of the three segmentation algorithms
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