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Detection of Ecosystem Distribution Plants using Drone
Hyperspectral Spectrum and Spectral Angle Mapper
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Department of Landscape Architecture, Dong-A University, Busan 49315, Korea

Abstract

Ecological disturbance plants distributed throughout the country are causing a lot of damage to us directly or indirectly in
terms of ecology, economy and health. These plants are not easy to manage and remove because they have a strong fertility,
and it is very difficult to express them quantitatively. In this study, drone hyperspectral sensor data and Field
spectroradiometer were acquired around the experimental area. In order to secure the quality accuracy of the drone
hyperspectral image, GPS survey was performed, and a location accuracy of about 17cm was secured. Spectroscopic libraries
were constructed for 7 kinds of plants in the experimental area using a Field spectroradiometer, and drone hyperspectral
sensors were acquired in August and October, respectively. Spectral data for each plant were calculated from the acquired
hyperspectral data, and spectral angles of 0.08 to 0.36 were derived. In most cases, good values of less than 0.5 were
obtained, and Ambrosia trifida and Lactuca scariola, which are common in the experimental area, were extracted. As a result,
it was found that about 29.6% of Ambrosia trifida and 31.5% of Lactuca scariola spread in October than in August. In the
future, it is expected that better results can be obtained for the detection of ecosystem distribution plants if standardized
indicators are calculated by constructing a precise spectral angle standard library based on more data.

Key words : Ecosystem distribution plant, Drone hyperspectral sensor, Field spectroradiometer, GPS survey,
Spectral angle mapper, Ambrosia trifida, Lactuca scariola
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Fig. 1. Study area and flowchart.
Table 1. Study data / Basic information of drone hyperspectral image
Class Resolution Period
Drone Hyperspectral spectrum 150band(4 nm) / Image(1 m)
. . 5 8 Month
Field Spectroradiometer 12.2cm(3.5 nm) (FOV 10°) 10 Month
VRS-GPS survey 0.1 m
. . Ground resolution L L Wind
Dates Flight altitude (m) (m/pixel) Mission time Tllumination (mis)
2019.08.11. 30 0.02 10-11 am clear 1.0-2.0
2019.10.23. 30 0.02 09-10 am clear 2.0-3.0
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Table 2. FieldSpec-3(ADS)

Spectral range 350 - 1050 nm
Sampling interval 1.4 nm @ 350 - 1050
Spectral resolution 3.0 nm @ 700 nm

Detectors 500 channel
Typical data Collection rate 10 spectra/second
FOV(angle) Fixed 25° field of view

FOV 10°
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Fig. 3. Hyperspectral drone specifications and shooting.



Drone hyperspectral image(October)

Fig. 4. Drone hyperspectral image (August/October).
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Table 3. Ecosystem distribution plants (15 types)
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No. Species name/Scientific year
1 Ambrosia artemisiifolia var. elatior (L.) Desc. (S]*]&) 1991.01.07
2 Ambrosia trifida L (TFEAER|E) 1991.01.07
3 Eupatorium rugosum (A%5-ZH=) 2002.03.07
4 Paspalum distichum var. indutum Shinners (2-E3Ax]) 2002.03.07
5 Paspalum distichum L (£2F431)) 2002.03.07
6 Solanum carolinense L (=75 7}A]) 2002.03.07
7 Rumex acetosella L (o]7]5=%) 2009.06.01
8 Sicyos angulatus L (Z7}A]E}) 2009.06.01
9 Hypochoeris radicata (A %=&x) 2009.06.01
10 Aster pilosus Willd (t]=r2&5240]) 2009.06.01
11 Solidago altissima (1] 21F) 2009.06.01
12 Lactuca scariola (7FAJASR) 2012.12.31
13 Spartina alterniflora (A&%) 2016.06.15
14 Spartina anglica (F=71E) 2016.06.15
15 Humulus japonicus Siebold & Zucc. (ZH414=) 2019.07.26
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Table 4. Field spectral spectrum (7 types, August and October)
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Observation date No. 08112019_1 10232019 _1
Humulus japonicus Siebold & Zucc. Time 10:08 am Time 09:30 am
Picture Field spectral spectrum
Observation date No. 08112019_2 10232019_2
Phyllostachys nigra Time 10:13 am Time 09:38 am
Picture Field spectral spectrum
Observation date No. 08112019 3 10232019 3
Erigeron annuus Time 10:20 am Time 09:44 am
Picture Field spectral spectrum
Observation date No. 08112019 _4 10232019 _4
Ambrosia trifida Time 10:27 am Time 09:52 am
Picture Field spectral spectrum
- .
Observation date No. 08112019_5 10232019 _5
hedera Time 10:40 am Time 10:07 am
Field spectral spectrum
. # = . —— R e
Observation date No. 08112019_6 10232019_6
Lactuca scariola Time 10:52 am Time 10:17 am
Picture Field spectral spectrum
Observation date No. 08112019_7 10232019_7
Phragmites communis Time 11:00 am Time 10:25 am

Picture

Field spectral spectrum
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Table 5. Hyperspectral spectrum (7 types, August)

August spectral spectrum data (nm)

Wavelength 1 2 3 4 5 6 7
500 0.06800 0.05167 0.29967 0.07833 0.05433 0.04033 0.13567
501 0.06967 0.05200 0.30200 0.07967 0.05533 0.04133 0.13700
502 0.07167 0.05267 0.30467 0.08067 0.05633 0.04133 0.13900
503 0.07400 0.05300 0.30733 0.08233 0.05733 0.04233 0.14067
504 0.07600 0.05400 0.31033 0.08367 0.05833 0.04333 0.14233
505 0.07867 0.05467 0.31333 0.08567 0.05933 0.04500 0.14433
694 0.13133 0.06967 0.41133 0.11167 0.14300 0.06733 0.21700
695 0.14633 0.07433 0.42100 0.12067 0.15867 0.07467 0.22733
696 0.16167 0.07900 0.43000 0.13033 0.17367 0.08233 0.23733
697 0.17767 0.08433 0.43833 0.14067 0.18933 0.09100 0.24800
698 0.19400 0.09067 0.44667 0.15133 0.20500 0.10000 0.25867
699 0.21133 0.09733 0.45467 0.16300 0.22167 0.11033 0.27033

Square(nm)
500 0.00462 0.00267 0.08980 0.00614 0.00295 0.00163 0.01841
501 0.00485 0.00270 0.09120 0.00635 0.00306 0.00171 0.01877
502 0.00514 0.00277 0.09282 0.00651 0.00317 0.00171 0.01932
503 0.00548 0.00281 0.09445 0.00678 0.00329 0.00179 0.01979
504 0.00578 0.00292 0.09631 0.00700 0.00340 0.00188 0.02026
505 0.00619 0.00299 0.09818 0.00734 0.00352 0.00203 0.02083
695 0.02141 0.00553 0.17724 0.01456 0.02518 0.00558 0.05168
696 0.02614 0.00624 0.18490 0.01699 0.03016 0.00678 0.05633
697 0.03157 0.00711 0.19214 0.01979 0.03585 0.00828 0.06150
698 0.03764 0.00822 0.19951 0.02290 0.04203 0.01000 0.06691
699 0.04466 0.00947 0.20672 0.02657 0.04914 0.01217 0.07308
sum 4.73987 1.26763 33.0157 3.48531 2.38193 1.41573 7.90298
sqrt 2.17712 1.12589 5.74593 1.86689 1.54335 1.18984 2.81122
square (nm] Hyperspectral spectrum distribution by vegetation
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0.23000
0.20000
0.17000
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0.02000 _____==—— —— -/-
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Fig. 6. Hyperspectral spectrum distribution by vegetation (August).
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Table 6. Hyperspectral spectrum (7 types, October)
October spectral spectrum data (nm)
Wavelength 1 2 3 4 5 6 7
500 0.0700 0.4200 0.5400 0.0500 -0.020 -0.020 0.1200
501 0.0700 0.4200 0.5300 0.0500 -0.020 -0.010 0.1300
502 0.0900 0.4300 0.5400 0.0600 -0.010 0.000 0.1400
503 0.0900 0.4400 0.5500 0.0600 0.0000 0.000 0.1500
504 0.0900 0.4400 0.5500 0.0600 0.0000 0.000 0.1600
505 0.1100 0.4600 0.5700 0.0800 0.0000 0.010 0.1700
695 0.2500 0.6100 0.6800 0.1800 0.0900 0.1200 0.3500
696 0.3000 0.6700 0.7100 0.2200 0.1000 0.1300 0.4000
697 0.3400 0.7400 0.7600 0.2400 0.1100 0.1400 0.4400
698 0.3800 0.800 0.7800 0.2600 0.1100 0.1500 0.4800
699 0.4000 0.8300 0.7700 0.2800 0.1200 0.1500 0.5100
Square(nm)
500 0.0049 0.1764 0.2916 0.0025 0.0004 0.0004 0.0144
501 0.0049 0.1764 0.2809 0.0025 0.0004 0.0001 0.0169
502 0.0081 0.1849 0.2916 0.0036 0.0001 0.0000 0.0196
503 0.0081 0.1936 0.3025 0.0036 0.0000 0.0000 0.0225
504 0.0081 0.1936 0.3025 0.0036 0.000 0.0000 0.0256
505 0.0121 0.2116 0.3249 0.0064 0.0000 0.0001 0.0289
695 0.2500 0.6100 0.6800 0.1800 0.0900 0.1200 0.3500
696 0.3000 0.6700 0.7100 0.2200 0.1000 0.1300 0.4000
697 0.3400 0.7400 0.7600 0.2400 0.1100 0.1400 0.4400
698 0.3800 0.8000 0.7800 0.2600 0.1100 0.1500 0.4800
699 0.4000 0.8300 0.7700 0.2800 0.1200 0.1500 0.5100
sum 20.3542 109.162 92.3206 11.6263 2.0537 2.7478 33.098
sqrt 4.51156 10.4480 9.60836 3.40974 1.4331 1.6577 5.7531

square (o)~ Hyperspectral spectrum distribution by vegetation

1.40000

1.20000

1.00000

0.80000

0.60000

0.40000

0.20000

0.00000

-0.20000

B Al G L s AT s L N g L A

Waq\,relenght {nm)
&

Fig. 7. Hyperspectral spectrum distribution by vegetation (August).
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Table 7. Difference in hyperspectral spectrum (October and August)

Difference (October and August, nm)

Wavelength 1 2 3 4 5 6 7
500 0.0020 0.3683 0.2403 -0.0283 -0.0743 -0.0603 -0.0156
501 0.0003 0.3680 0.2280 -0.0297 -0.0753 -0.0513 -0.0070
502 0.0183 0.3773 0.2353 -0.0207 -0.0663 -0.0413 0.0010
503 0.0160 0.3870 0.2427 -0.0223 -0.0573 -0.0423 0.0093
504 0.0140 0.3860 0.2397 -0.0237 -0.0583 -0.0433 0.0176
505 0.0313 0.4053 0.2567 -0.0057 -0.0593 -0.0350 0.0257
695 0.1037 0.5357 0.2590 0.0593 -0.0687 0.0453 0.1227
696 0.1383 0.5910 0.2800 0.0897 -0.0737 0.0477 0.1627
697 0.1623 0.6557 0.3217 0.0993 -0.0793 0.0490 0.1920
698 0.1860 0.7093 0.3333 0.1087 -0.0950 0.0500 0.2213
699 0.1887 0.7327 0.3153 0.1170 -0.1017 0.0397 0.2397

Vector square(October and August, nm)
500 0.0048 0.0217 0.1618 0.0039 -0.0011 -0.0008 0.0163
501 0.0049 0.0218 0.1600 0.0039 -0.0011 -0.0004 0.0178
502 0.0065 0.0226 0.1645 0.0048 -0.0006 0.0000 0.0194
503 0.0067 0.0233 0.1690 0.0049 0.0000 0.0000 0.0211
504 0.0068 0.0237 0.1706 0.0050 0.0000 0.0000 0.0227
505 0.0087 0.0251 0.1786 0.0068 0.0000 0.0004 0.0245
695 0.0366 0.0453 0.2863 0.0217 0.0143 0.0089 0.0796
696 0.0485 0.0529 0.3053 0.0287 0.0174 0.0107 0.0949
697 0.0604 0.0624 0.3331 0.0337 0.0208 0.0127 0.1091
698 0.0737 0.0725 0.3484 0.0394 0.0225 0.0150 0.1241
699 0.0845 0.0808 0.3501 0.0456 0.0266 0.0165 0.1378
sum 9.7773 11.720 54.824 6.3212 2.0656 1.8844 15.8838

Vector square {nm) Difference in hyperspectral spectrum
1.20000
1.00000
0.80000
0.60000
0.40000
0.20000

0.00000 ’__,_...--= S __—...\_\ .

-0.20000

-0.40000
P g g® PP PP g P P P P P P P @ wavelenght (nm)

Fig. 8. Spectral spectrum analysis by vegetation (The difference between October and August, vector squared).
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Table 8. Spectral angle value
7 types 1 2 4 5 6 7
sqrt square 9.82223 11.76340 55.20897 6.36563 2.21173 1.97235 16.17322
Vector square 9.77730 11.72000 54.82415 6.32119 2.06559 1.88438 15.88380
Vector/Sqrt 0.99543 0.99631 0.99303 0.99302 0.93392 0.95540 0.98210
Spectral angle(radian) 0.09569 0.08593 0.11814 0.11824 0.36556 0.29979 0.18947

Table 9. Classification accuracy

Types Commission (Pixels) Omission (Pixels) Prod. Acc. (Pixels) User Acc. (Pixels)

1 0/29 10/39 29/39 29/29
2 0/46 18/64 49/64 46/46
3 0/7 7/14 11/14 77

4 0/9 5/14 10/14 9/9

5 0/10 12/22 17/22 10/10
6 1/12 4/15 12/15 11/12
7 717 6/16 11/16 10/17

Kappa coefficient = 0.7051
Overall accuracy = (139/184) 75.5435 %

Fig. 9. Ambrosia trifida detection and analysis.

Fig. 10. Lactuca scariol detection and analysis.
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Table 10. Diffusion rate of ecosystem disturbing plants

Year . .
August October Diffusion rate
Class
Ambrosia trifida 162 210 29.6%
Lactuca scariola 295 388 31.5%
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