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Fig.1 3D map of DHS Plot based on UAV photograph
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Fig.2 UAV mission path
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Tab.2 Details comparison of two types of UAV
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e 1) FIBEGESIL hitps:/mmw.microdrones.com/en/drones/md4-1000;
2) B4 $iE 2 W https:/Avww.dji.com/cn/phantom-4-pro?site=
brandsite&from=nav.,
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Fig.3 Geometrical feature of gap
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Tab.3 Comparison of classification accuracy of each classification method
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Fig.4 Characteristics of canopy and forest gap by DJI Phantom
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Tab.4 Comparison results of forest gap area between two kinds of
UAV identification and ground investigation
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Fig.5 The relative error of gap area between UAV measured and ground investigation.
Relationship between relative error of gap area and plot slope
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Tab.5 Paired test and regression analysis for gap area measured from
MD4-1000 images and from hemisphere photography

A B P ol Az [l I 7 R?
ety 0.06 0.80 + 157 y=0.808x + 1.08 0.547
iz 0.201 0.84+2.73 y=0.685x +3.73 0.256
[EES 0.054 1.69 +2.07 y=0.923x +2.48 0.675
2 0.631 -0.76 £ 5.57 y=-156x +12.73 0.058
ITE<y 0.278 0.621 +2.05 y=0.777x+2.85 0.283

T PIRECAT RIS 8351 sy MD4-1000 70 AALERIBUR IR s xh2FBRITE 50
e T
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Tab.6 Characteristics of 5 species in DHS plot by combining UAV image with ground survey

Wik (e B A A g AR %

. o, E#4 (Pinus massoniana) FA%} Pinaceae 103 0.12 8.20
- R ot £ 8 e 72
ﬁ%é ] *ﬂﬁ%ﬂfﬁ ATE A I A2 92 A3t (Machilus chinensis) &Rl Lauraceae 129  0.16 5.89
HIVER, BomilEi e 270 m, Ak fif A (Schima superb) INZ5E} Theaceae 276 0.32 4.49
MERE 174 m, BERRFEaEMALT  #it(Engelhardtia roxburghiana) #IBEE} Juglandaceae 444 053 1157
SRl 4k 5% (Castanopsis chinensis) 53Rl Fagaceae 1197 1.18 8.93
3 e

AHIFFE I T S0 L RRE bR W B, oA
T 2R 2R T AAUATHARZAR 5 M v R A 0 e bR 7 T
FEUM EL TR RIS B, 350 T AR R i i
P, SCBRTUREHUMOR 5 AR 1 T 9T S AR T 1
TSSO [E A W, T 2R BRI A M) 24
PR HA B X

T 1B RGBT TR BN Z B AR E IR
MRETE AR50 (X 55, 2015 ), TEGLM
HRAE D AR 3Z I TR R 5 2R T AL 15
FrRBRE (5 8, EARKREE EAEnfrm, 5
i O A AH LA, TR 43 gl Gk #) T 98.7% Al
72.3% , $EIUMR TR Th FHUAR H S ME K 6.29%1110.86% ,

SO AV IE T (2N 4, 2003 ) FH—2
MIBERE L, PEEPEGICR . A iR, S [A]
RTINS A ZS, (BRI E R
ZERAK.

T PRI B 1R 2 57 BY A MR 2 v BRI R AR
IR SN =t (AL v N} AL ROk o X £ % E I N ESEEA
T SR A P AR 25 A IR AR AILIE A5 o0 5 ok 45
B4 Hrin2% (Jonckheere et al., 2004 ) ; IHAMEHE
B > 15°~20°0}, Je AT RER R EE S5 52k
BRI G T 2 S5 F S 500 S i 4 S TR i 32 3 Mo T
Z R0 (Walter et al., 2000 ) , Xt bk X sl 12 B
55 S 22 (B AR o T Jo ALK B 1R 50 32 [ 8y
1) AHAMREARMAE RE 5 2) i fEmf 2Bk
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Forest Plots Gap and Canopy Structure Analysis Based on Two UAV Images
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Abstract: Forest canopy plays a significant role on community biodiversity maintenance, which is the key
eco-boundary of forest atmosphere interactions. As an indicator of canopy dynamic, gap is one of the most
important factors in maintaining the long-term transformation of ecosystems. In recent times, biodiversity
monitoring has been the focus of much attention and study. As such, the problem of how to accurately describe
gap features such as size and distribution requires urgent resolution. Furthermore, it is necessary to combine these
features with monitoring data from permanent plots in forests in order to bring about solutions for issues relevant
to community construction. These solutions will also help researchers achieve a better understanding of the
maintenance system of community species diversity in forests. In this study, a practical canopy gap monitoring
system was formed on the basis of different image extraction methods using lightweight Unmanned Aerial
Vehicles (UAV) and a Geographic Information System (GIS). A 20 ha permanent monitoring plot in Dinghushan,
classified as subtropical forest stand in South China, was selected as the data source. The results obtained from
different gap extraction methods were scientifically analyzed after a strict classification. Results indicated that the
red, green, and blue (RGB) band image classification was applied as the method of extracting remotely sensed
images in the monitoring system built in the study. The extracted results were significantly similar to precise field
measures. We emphasized penetrability of canopy as a whole in order to quantify the concept depths of the forest
gap in subtropical forest stands; we confirmed that the gap could be established in only the lowest height of the
canopy. The gap accuracy of supervised classification based on the DJI Phantom UAV was 72.3%, a value lower
than the 98.7% attributed to the MD4-1000 UAV. The MD4-1000 is able to fly at specific heights according to
geographic states and retrieve relevant tree height data; however, the cost of its use need to be considered. The
differences in data obtainment between extraction and actual measurement will also increase while the gradient of
plot rises. Therefore, the DJI Phantom UAV is considered suitable for large plot gap extraction due to its accuracy
and high efficiency and despite its low-resolution ratio and decreased mission function. Nonetheless, a total of 2
706 individuals and 17 species were identified by MD4-1000 UAV. A high-resolution drone is available for partial
species identification based on reduced flight altitude. This paper therefore indicates that monitoring forest
canopies of permanent plots by using UAV on the basis of near-ground remote sensing is able to provide a
database for study in community assembly. It is expected that species diversity maintenance can also be
investigated by the inclusion of variants in our study perspective. t is expected that the inclusion of variants in our
study perspective could provide further database for study in forest community assembly. Hopefully species
diversity maintenance could be investigated by new perspective of near-ground remote sensing.

Key words: Unmanned Aerial Vehicles; subtropical evergreen broad-leaved forest; Dinghushan; forest gap;
species identification



