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Impact of drone aerial photography parameters on 3D point cloud
reconstruction of tree canopy
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Abstract; [ Objective] This study explored the impact of 3 aerial photography parameters (flight height, forward overlap and side o-
verlap) on the three-dimensional (3D) point cloud reconstruction of forest canopy and the precision of structural parameter estima-
tion, aiming to provide a reference for enhancing the application capability of drone-based image point cloud ( DIPC) in canopy
structure monitoring. [ Method] With Osmanthus forest as the research subject, its DIPC data were collected at different flight heights
(40, 80, 120 and 160 m) , forward overlaps (70% , 80% and 90% ) and side overlaps (70% , 80% and 90% ). Ground-based Li-
DAR data was used to evaluate the reconstruction precision (according to the elevation variation coefficient of point cloud) and esti-
mation precision of canopy structural parameters (canopy volume, vertical projection area of canopy, canopy width, canopy length

and tree height) based on DIPC under different flight parameters. [ Result] The variation coefficient of DIPC-based elevation de-
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clined dramatically with flight height between 80 and 160 m, and the estimation precision of canopy structural parameters based on

DIPC was high and trended to stabilize at flight height of 40—~120 m, but decreased rapidly at 120—160 m. The variation coefficient

of DIPC-based elevation trended to increase with forward overlap or side overlap. The estimation precision of canopy structural pa-

rameters based on DIPC increased significantly with forward overlap (70%-80% ) or side overlap (70%—-80% ) , and was stabilized

when forward overlap or side overlap arrived at 80%—90%. [ Conclusion] The increase of forward overlap and side overlap from 70%

to 80% exerted the most significant effects on lifting the estimation precision of canopy structure parameter, with greater impacts from

forward overlap; however, raising flight height from 120 m to 160 m significantly lowered the estimation precision of canopy structure

parameters.

Key words: tree canopy; 3D structure; unmanned aerial vehicle remote sensing; point cloud data; flight height; image overlap
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Different colors represent different individual trees. Figure A, B, C and figure D, E, F demonstrate individual tree

segmentation results based on ground-based LiDAR and drone DIPC, respectively.

B 1 LIDARFEAVEZBARDELER

Fig.1 Individual tree segmentation results based on LiDAR and UAV point cloud
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Figure A is 40 m flight height with aerial resolution of 0.4 ¢cm; Figure B is 80 m flight height with aerial resolution of 1.5 c¢mj Figure C is 120 m

flight height with aerial resolution of 2.2 ¢m; Figure D is 160 m flight height with aerial resolution of 2.9 cm. The red line represents the trend

line of elevation variation coefficients of each DIPC calculated by linear regression analvaia RMSE :root mean square error.
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Fig.2 Elevation variation coefficients of DIPC and LiDAR point cloud at dlfferent flight heights

K47 =i 5% /m Flight height

E3 REYTSETET DIPC WBEL

é} 100 r
a
5 o, A penesesisies ey
= IR SODDDTRRRPTY N o
S 9 Seceamens o o BB
'g Ye., *eve i Estimation precision of crown volume
5 8 Tt ‘A .
s | T ossosassess sV, oo o IR
'g 80 ..””_."“..,...----""": Estimation precision of canopy width
= .
e oo TEHCHIE
0 Hecoooooooaaogpassscccccec® R S Estimation precision of canopy length
S 70 0 e miENE
% L ., Estimation precision of tree height
5 65 %o e A ” 3
o N e BT ERMTAIE
= 60 F ., ¥ Estimation precision of tree canopy
8 %, vertical projection area
A 55t L
Q 1 1 1 ]
40 80 120 160

MESHHERE

Fig.3 Estimation precision of DIPC-based canopy structure parameters at different flight heights
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Fig.6 Elevation variation coefficients of DIPC and LiDAR point cloud at dlfferent side overlaps



- 416 - HRAMRE2AR (A RBLA )

9454 %

95 r

% PR N
— L
A ceee
‘g 90 F  Leee drssccccccsscscce S N
s O e oo BRI
.g Arc Estimation precision of crown volume
S5 85 D
o yesusmanesssunes Vo ke IR
g‘ ) Estimation precision of canopy width
= 80 [ et ieessss L] = 1ok
£ RRCSTIIOITE o TCHE
g g Estimation precision of canopy length
7] L o s8® .
LYi e FISTTTTLLLLAL AR, L] oo ARG
N Estimation precision of tree height
fi = [ ;
B - BT LRI T
lﬂt . Estimation precision of tree canopy
# 65 | o vertical projection area
O
=
R 60 ' !
70 80 90

5511 H & 8 /% Side overlap

B7 AEEREEETET DIPCHEEEMSHHERE

Fig.7 Estimation precision of DIPC-based canopy structure parameters at different side overlaps
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