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Abstract  Since it is difficult to automatically distinguish between vegetation and buildings from non-ground point
cloud data, this research work proposes a method to automatically classify vegetation in airborne LiDAR (Light
Detection and Ranging) point clouds, which is assisted by aerial image. Based on the fact that the spectral
characteristics of vegetation are clearly different from other ground objects, digital orthophoto generation and K-
means clustering algorithm are employed to cluster and enhance the images. Then, the enhanced image and the
point cloud data of the corresponding area are fused. Finally, the airborne LiDAR vegetation point cloud data is
classified using the image processing results. Experiments are carried out on airborne LiDAR vegetation point cloud
data and aerial images of a particular city. Quantitative analysis results prove that total classification accuracy of the
proposed method is 96.47%, and the Kappa coefficient is 0. 9248. The introduced method can pave the way for
automatic classification of the vegetation in LiDAR point clouds.
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Fig. 1 Aerial image assisted airborne laser point cloud
vegetation automatic classification process
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Fig. 2 Point cloud and image of experimental area. (a) Point cloud dataset; (b) corresponding image
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Fig. 3 K-means clustering results and point cloud overlay effect. (a) Clustering result; (b) stacking effect with

point cloud after clustering
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Fig. 4 Experimental effect of enlarged area. (a) Image enhancement effect after clustering; (b) fusion effect

i P LAS 4% 2 5 = 8 s F1 TTF #% XY
R RO R HOC AR BB R E . W
W5 5 5 0 I AR R LA T O R B DR i
FNMREE A % 5 20 26 AR B M 4 2K R
) 5 = s 5 S AR AT & N, & s B9 BOCR
Kl 5 FiR

MIEL 5 AT LLE 2 R 52150 Bh 3 £ RE A8 AR 4
Hb o3 AR S SR O T D B R AR A 2R

B SR GE TR A B 53 25 5 19 TR VA R R =
Be% 112

ﬁ?‘éﬂ‘*ﬂ’]ﬁr @%I m%%ﬂ SRR

Bl 5 43285 A AE BRI IE S 48 & &R
Fig. 5 Superposition effect of classified vegetation

and orthophoto

22U M Kappa ZREC, 1 28058 22 JE Al B A 9 4 1 b iR
S0 A A A B AT 4 S B A R B R TT 2R R 2
JE AR DI A W 15 b TR Ry A A T AR B A
MY LE R, R 2200 TR 22 1 1T 28R 22 7 B AV 80
e, Kappa BB M =REE B4 MG RE A 7™
BRI PR KRR

NZPH - E(Pil ° Pir)
X e = ()
=2 pi)
Krfror ARG HFE -2 EG N AR =
MR p, MIRWEFHE TP EXS LT R, HE
W RN EG poy FIRBHERESE  FTH 845G p.,
IR VEFE RS @ R
X S 56 DX 35k o5 5 B4 AL Terrasolid 31443 2%
SERE N B NAE B K o 2R A5 BAE D B
B, BT H T i $2 07 ¥ 19 23 2 22 L il i 15 AR IBUR
V&% [ (Confusion Matrix) , Kappa Z& 8 M K & 18
PROTFRSTREM T RIREN 2,350, 11 KiREH
4.20%0, MY 73 KR 2N 3. 5300, B Ir KK B
#] 96.47% ,Kappa ZEH 0. 9248, UL B BT $2 75 1% A

201005-4



Wt 5ot T o R

A BIEI I IBOR . X T AR L R Z
TERLBE 5 S 0 58 7 DB, 4 Hr R R AE T 52 30
Jr 2R P A 25 52 1800 B A DL BBOL 53 = Ao 2607
TR TSR A BRAOR L I R B2 %0 R 4 A1)
EERIEAT 428, DR TR R A AEAE S
EAYZRBH AL,

4 4 1w

i A FHALE LiIDAR 5 = 8088 2E 47 70 R A
BRI 7 28U B = 8UHAE BORDOG IS E B
M) A1 Sb AR X Xof A B RN R SR R AT 40 25 . Sk [ B
AL Zs S A8AT B, 38 2o 52 A8 A 3R RN B Rl 38 B AL 4R
WOt S 20 B K A B 0 D T R AR
AR T At b P X — 4 A R S AR Y A B
ERXIHLE LIDAR M9 S = A7 73 26 38 i 0 52
TS SR A7 52 56 >k 36y F T £ U7 % A A Be S Gk
FEaPTEEASN S ENER, ERSITERD
TN BT SEIR 22N 96. 47 % , Kappa RELHN 0. 9248,

TR I 53 FERORAMS T 52 AR I FREE R, JF R
AR AE B R TH A 8Os R AT 4025 SR 2 TAEAE
% S R AL B )5 56 DL RORS B 04 5 = AU AR v T i
4 TS A A BRSO 5 = B s 2 R L 25 R is R
BN = B FRASCR DL — 2 4 S AL LiIDAR H6
B = B 53 SR BRI SE

2 % x M

[1] Fan SJ, Zhang A W, Hu S X, et al. A method of
classification for airborne full waveform LiDAR data
based on random forest [ J]. Chinese Journal of
Lasers, 2013, 40(9): 0914001.

R, WER, 02, S TR AR bR 1AL
BOt e A ¥dEsr260r: ] P EEOE, 2018,
40(9): 0914001.

[2] ZuoZ Q, Zhang Z X, Zhang ] Q. Classification of
LiDAR point clouds for urban area based on multi-
echo region ratio and recognition topology model[J].
Chinese Journal of Lasers, 2012, 39(4): 0414001.
ZERL, sRARR, skEIE . XML AR R )
RS 5 W RO &k R = 2607 2[00
Y, 2012, 39(4): 0414001.

[3] Yang B S, Liang F X, Huang R G. Progress,

challenges and perspectives of 3D LiDAR point cloud

processing [ ] ]. Acta Geodaetica et Cartographica

Sinica, 2017, 46(10): 311-318.

T, RAEaE, EoRE. =4EEOCHE R S 0 A

PPk Bk S R (T]. MR, 2017, 46

(4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

201005-5

(10): 311-318.

Axelsson P. Processing of laser scanner data:
algorithms and applications [J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 1999, 54 (2/
3): 138-147.
Habib A, Ghanma M, Morgan M, et al.
Photogrammetric and lidar data registration using
linear features[J]. Photogrammetric Engineering and
Remote Sensing, 2005, 71(6): 699-707.

Habib A, Schenk T. A new approach for matching
surfaces from laser scanners and optical sensors[]].
Archives of Photogrammetry and

Remote Sensing, 1999, 32(3): 68-75.

International

Chen L. Fusion of lidar data and optical imagery for
building modeling [J]. International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Science, 2004, 35(B4): 732-737.

Zeng Y, Su X B. A new method to generate ADS
orthophoto image [J]. Bulletin of Surveying and
Mapping, 2018(2): 142-147.

B, SR, — BB i 2R i ADS IE B 5245 07 i
[J]. W2siddi, 2018(2): 142-147.

Chen H, Guo G M. Acquiring orthoimage with samll
multi-rotor aerial drone [J]. Journal of Nanyang
Normal University, 2019, 18(1): 47-50.

BRAT . SB) G . BT/ e 3 0 AL PR I 5
BAILI] . F B 27 BE 27 41, 2019, 18(1): 47~
50.

Zhao Y L, Wei Y M, Lao S Y. A road extraction
image based on clustering

method of aerial

segmentation [ J]. Journal of System Simulation,
2014, 26(9): 2198-2202.

LA, B, A . — PSR T R A B A A
EGE B 32 7 i [J]. Rae i Bk, 2014, 26
(9): 2198-2202.

Ma HQ, Ma S P, XuY L, et al. Low-light image
enhancement based on deep convolutional neural
network [ J]. Acta Optica Sinica, 2019, 39 (2):
0210004 .

Dhernik, S, YRR, AR SR TR E BT A W
AR IR BE PR B (] BB %4, 2019, 39(2):
0210004.

Wang Y X, Diao M, Han C. Underwater image
enhancement algorithm based on iterative histogram
equalization with conventional light source[J]. Acta
Photonica Sinca, 2018, 47(11): 1101002.

EokEE, A, whiE). BT kA D B B E
JEUR T KT MG BR AT s (] DT 4R, 2018, 47



Wt 5ot T o R

[13]

(11): 1101002.

Shang DS, Ma D Y, Gao Z F, et al. Data fusion of
point cloud and aerial image derived from LiDAR
system [J]. Engineering of Surveying and Mapping,
2012, 21(1): 18-21.

W, BV, E R, 4. PLER LIDAR fi= 8UE
AR ] e TR, 2012, 21(1): 18-
21.

[14]

201005-6

Wang G, Jiang R B, Li Y Q. Filtering method of
urban airborne LiDAR point clouds based on adaptive
multi-grid size [J]. Geotechnical Investigation &
Surveying, 2016(9): 55-58.

FR, E I, KR . — R T 2 ROE A% 1 &
B LIDAR ji = 38 ik [1] . TR B %, 2016 (9):
55-58.



