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Fig.1 The location of the experimental area
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Fig.2 Flow chart of experiment
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Fig.3 Schematic diagram of UAV data acquisition
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Tablel Quality statistics of air triangulation calculation

R X/dm Y/dm Z/dm
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Fig.4 The distribution of error ellipse for sensor centers
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Table 2 Basic data of rice quadrat

. PO X POy Rz EERADN S B

i (m) (m) (m) (mXm) (pXp)
1 4661036 406224 174 5X5 100X 100
2 4661065 406265 174 5X5 100X 100
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Fig.7 The distribution of corresponding images of rice quadrats
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Fig.8 Diagram of sampling angles of quadrat 1 and quadrat 2
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Table 3 Statistics of directional reflectance at red, green, and blue bands
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Fig.9 The fitting picture of directional canopy reflectance over rice quadrat #1 and #2 at RGB bands
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Table 4 Anisotropy indexes of various observing planes

W BEA R SR - 17 £ 1) Stk 46 4L W B4 R ORI S 1T 25 1) SR 4

EFii 111 FF 1.05

E ] 1.58 EE ] 1.52

FET LI BER e - 1 1.10 T2 W BER e 42 F- 1 1.09

M52 - T 1.45 N5 2 - T 1.40

SN 1.58 ICON 1.52

E=R Y] 1.15 FV 1.11

e ai) 1.35 T 5 F 1.29

B LB G e 227 T 1.11 B 2B G T 227 1.10

5T 2 ~F- Thi 1.25 5T 2 - T 1.21

I RAH 1.35 S PNI:] 1.29

B i) 1.17 E=R il 1.20

e A 1.55 S e ) 1.59

B 1UEEB 287 T 1.09 T 20 B B 2T 1 1.16

JIGE 28 - T 1.50 5T 2 ~F- T 1.46

SN} 1.55 e RAE 1.59
GRRI=p(Green)/p(Red) (7) I Bz (R B R b RS L[] B 3 RO I 5 o7
GBRI=p(Green)/p(Blue) (8) () 1o BE B o S E — 2B a3 A A A R | il
NGRD] - £(Green)-p(Red) (o)  NGRDUEECVDVIIEEBEUI Iy {2 fh L 75
p(Green)+p(Red) I, ARl H B0 4 A 0 L P 11, NP 11 T DL

2% p(Green)-( p(Blue) +p(Red) ) (10)

VDVI=
2% p(Green)+( p(Blue) +p(Red) )

R5 TEIBW T AL HE 4R E A #0

Table 5 Effects for vegetation indexes from various

observations
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Fig.11 The fitting map of NGRDI and VDVI vegetation index
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Variation of Multi—angle Reflectance Collected by UAYV over
Quadrats of Paddy-field Canopy

Shuai Yanmin'*?, Yang Jian', Wu Hao', Shao Congying', Xu Xinchao',
Liu Mingyue', Liu Tao”’, Liang Ji'
(1.Liaoning Technical University, College of Surveying and Mapping and Geographic Science,
Fuxin 123000, China;
2.Xinjiang Institute of Ecology And Geography, Chinese Academy of Sciences, State Key Laboratory of Desert
and Oasis Ecology, Urumqi 830011, China;
3.Research Center for Ecology and Environment of Central Asia, Chinese Academy of Sciences,
Urumgqi 830011, China;
4. Hunan University of Science and Technology, National-Local Joint Engineering Laboratory of Geo—Spatial
Information Technology, Xiangtan 411201, China)

Abstract: UAV platform with features of low cost and high flexibility has the potential to reduce weakness of
the traditional remote sensing platform, and provides an effective way to collect near—surface measurements for
the agricultural remote sensing community. Any UAV-based observations have the incident-view observation
geometry under arbitrary scenario, while there is still a lack to understand angle—effect on UAV—based observa-
tions as well its propagation in following applications. We organized a field experiment to acquire the quadrat—
level multi-angle observation over the sampled flowering paddy canopy through UAV to investigate the uncer-
tainty induced by angles. Our results show that the maximum relative difference can reach up to 30.17%,
22.03% and 27.31% respectively at red, green and blue band, the deviation is up to 62.08% in the calculated
visible vegetation indices, especially for NGRDI and VDVI index with an elevated variation. The research
shows that the angel-effect is an important factor that cannot be ignored in the quantitative research based on
UAYV observations.

Key words: UAV-based remote sensing ; Multi—angle observations; Visible vegetation index ; Paddy



