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Crown Leaf Area Estimation Based on Mobile Multi-layer LiDAR Scanning

LI Qiujie DING Li
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract; The mobile single-layer laser detection and ranging ( LiDAR) scanning ( MSLS) method for
estimating tree crown leaf area used a single-layer LiDAR sensor with a single perspective to collect point
cloud data on crowns, but the obtained canopy information was not comprehensive enough, which limited
the accuracy of crown leaf area estimation. A crown leaf area estimation method was proposed based on
mobile multi-layer LIDAR scanning (MMLS) , which used a multi-layer LiDAR sensor to collect crown
point cloud data from multiple perspectives and improve the accuracy of crown leaf area estimation.
Firstly, the point cloud data collected by multi-layer LIDAR was transformed into the world coordinate
system. The crown point cloud was extracted through the region of interest ( ROI). Then, an MMLS
crown point cloud fusion method was proposed, which fused the crown point clouds collected by a single
laser one by one, set a distance threshold to remove duplicate points, and added new points. Finally, an
MMLS spatial resolution grid was constructed, and a crown leaf area estimation model was established
based on the crown grid area. The experiment used a multi-layer LiDAR sensor VLP — 16 to build an
MMLS system. Two measurement distances of 1 m and 1.5 m, and eight measurement angles with an
increment of 45°, were set to collect data from six tree crowns with different canopy densities. A total of
96 tree crown samples were obtained. Using the proposed method, the root mean square error ( RMSE)
of the linear estimation model for crown leaf area was 0. 104 1 m*, which was 0. 057 8 m” lower than that
of the MSLS model, and the coefficient of determination R*was 0. 952 6, which was 0. 067 5 higher than
that of the MSLS model. The experimental results showed that the proposed method can effectively

improve the accuracy of crown leaf area estimation through multi-layer LiDAR multi-perspective crown
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point cloud data collection, MMLS crown point cloud fusion, and spatial-resolution grid construction.

Key words: crown leaf area; multi-layer LiDAR; mobile laser scanning; point cloud fusion; spatial-

resolution grid
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KW/ () 360
A BT BER/(0) 2
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5%/ s 20

1.2 NMEHERE

Sy i T 3 OB e - T B B SR, SR 7 R A
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Fig.2 Experimental simulation trees
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Tab.2 Tree crown information

1 ek 25 5 5 /m T/ m RS Y m?
1 1.10 1.21 0.4137
2 1. 12 1.40 0.690 8
3 112 1.40 0.966 6
4 112 1.48 1.2451
5 112 1.48 1.5236
6 112 1.64 1.798 1
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Fig.5 LiDAR coordinate system O, xyz
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Fig.8 Repeatability analysis of MSLS canopy point cloud
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Fig. 11  Crown grid area histogram
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Fig. 12 Polynomial models for MMLS fusion estimation
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fliit \MMLS B 3453 MMLS g4 53 598 B, =
rf, MSLS Al 1185 B R T 16 A WOBEF 9P ¥ {E . M
TR A MMLS A4 56 525 A7 78 K 5 52 0 & 09 5, 41K
1H T 24 LiDAR Z 40/ I & 1 P, 5 MSLS i it
AHEG , MMLS F 348 1 098G B A i 35§27 . MMLS
FlA A T A R A AR e R el e T AR R
JE L, PERL A R R 0.952 6, Fo MSLS i it 2 &
0.067 5,RMSE 4 0.104 1 m*, [t MSLS 4% i} B& 1%
0.057 8 m",
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Tab.3 MSLS crown leaf area estimation accuracy

o P WOCRIHN /A w/(°)
i i
/ 1 -1 3 -3 5 -5 7 -7 9 -9 11 -11 13 -13 15 -15
1 0.1703 0.1644 0.1737 0.1502 0.1700 0.1511 0.1648 0.1553 0.1660 0.1591 0.1663 0.1564 0.1672 0.1583 0.1703 0. 146 8
RMSE/m? 2 0.1668 0.1613 0.1701 0.1458 0.1669 0.1464 0.1618 0.1495 0.1630 0.1539 0.1633 0.1516 0.1631 0.1531 0.1684 0.1426
3 0.1587 0.1535 0.1621 0.1368 0.1583 0.1379 0.1519 0.1421 0.1533 0.1476 0.1534 0.1452 0.1523 0.1465 0.1598 0.1362
1 0.8732 0.8818 0.8681 0.9013 0.8736 0.9002 0.8812 0.8945 0.8795 0.8893 0.8791 0.8930 0.8777 0.8904 0.8732 0.9057
R? 2 0.8796 0.8874 0.8749 0.9080 0.8795 0.9072 0.8867 0.9033 0.8850 0.8975 0.8846 0.9006 0.8849 0.8985 0.8772 0.9120

3 0.8922 0.8991 0.8875 0.9199 0.8928 0.9186 0.9012 0.9136 0.8994 0.9068 0.8992 0.9098 0.9008 0.908 1 0.8907 0.920 6
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Tab.4 Comparison of crown leaf area estimation accuracy

e I MSLS MMLS MMLS
ittt HEMT AT
1 0.1619 0.1562 0.104 1
RMSE/m’ 2 0.1580 0.1507 0.088 6
3 0.1497 0.1438 0. 0802
1 0.885 1 0.893 3 0.9526
R 2 0.8917 0.901 7 0. 966 1
3 0.903 8 0.9114 0.9725

2.4 EEMAMAEXMGITHRIE

R H 6 A BAT A [F] i 4% R JEE 4 A% 6 A AR AR
BRI E 2 AR 8 A RNy 16 4
FEAS o N 12 a7 M, B oet it o AR TR 22 E R
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AR 5 22 40 ( Coefficient of variation, CV ) PFA4 I & i
5 R AR B XA S i T AR T S e o O ) — A e
16 AR B B e 90 A% 1T AR 249 {5 0 b o 22, VBRI
W22 7 SR 1 20 20, $ 04 T R — R AR 19 23 TR
JE o CV MU AR 73 A1 A v, 2 WA S 190 4% 1T FR 32
00 A JRE ) S MRS/ RS S I TR ARG TR

5 XL T MSLS i it MMLS # £ i i1 #il
MMLS Ffi 5 AT 898 5 B A% 1 AL CV, o, MSLS
fhTER A 16 A BOEE B F K. MMLS §l& 31
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