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Abstract

The land cover map has been produced by using satellite and aerial images. However, these two images have
the limitations in spatial resolution, and it is difficult to acquire images of a area at desired time because of the
influence of clouds. In addition, it is costly and time-consuming that mapping land cover map of a small area
used by satellite and aerial images. This study used multispectral camera-based drone to acquire multi-temporal
images for orthoimages generation. The efficiency of produced land cover map was evaluated using time series
analysis. The results indicated that the proposed method can generated RGB orthoimage and multispectral
orthoimage with RMSE (Root Mean Square Error) of £10mm, +11mm, +26mm and +28mm, £27mm, +47mm
on X, Y, H respectively. The accuracy of the pixel-based and object-based land cover map was analyzed and the
results showed that the accuracy and Kappa coefficient of object-based classification were higher than that of
pixel-based classification, which were 93.75%, 92.42% on July, 92.50%, 91.20% on October, 92.92%, 91.77%
on February, respectively. Moreover, the proposed method can accurately capture the quantitative area change
of the object. In summary, the suggest study demonstrated the possibility and efficiency of using multispectral
camera-based drone in production of land cover map.
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Fig. 1. GCP locations in study area

Table 1. The acquired GCP coordinates

No. X(m) Y(m) H(m)
GCP 1 408093.729 | 192045.927 6.685
GCP2 407957.781 | 192116.141 6.562
GCP3 408218.484 | 192195.513 8.422

Cp4 408170.603 | 192194.923 8.096
GCP5 408008.674 | 192192.614 7.346

CP6 408009.766 | 192277.131 8.023

Cp7 408012.498 | 192296.470 8.334
GCP 8 408038.457 | 192295.858 8.426
GCP9 407963.630 | 192292.391 7914
CP 10 407954.523 | 192298.784 7.606
GCP 11 407954.718 | 192192.825 7.502
GCP 12 408174.831 | 192216.134 8.304
GCP 13 408287.804 | 192250.683 9.579
GCP 14 408287.536 | 192294.631 10.702
CP 15 408293.561 | 192173.690 9.228
GCP 16 408290.800 | 192154.152 9.134
GCP 17 408103.145 | 192272.545 8.741
CP 18 408056.880 | 192295.809 9.165
GCP 19 408205.275 | 192385.136 14.279
CP 20 408271.291 | 192274.530 9.549
CP21 408249.841 | 192235.593 8.966
CP22 408263.292 | 192232.211 9.014
CP23 408254.083 | 192209.400 8.795

PIES SR Asuy 2 e TR TE:
85%/80%, H] T =} L1 150me} 6m/s, TF 3 72}
L 25m 72102 B S1ES A Table 2= A5
B2 917t Hlole Y9 & UrEhaL, Fig. 20 g Al7]of] 3
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Table 2. The input values for automatic flight

Index Values
End lap-Side lap 85% - 80%
Flight altitude 150m
Flight speed 6m/s
Flight time l6minutes
Acquired image area 0.3km?

Image acquired intervalle

X GNSS mode/25m intervals
of multispectral camera

Number of batteries

required One
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Sae o9,

(b) Near-Infrared band

(@) RGB band
Fig. 2. The acquired sample image
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Fig. 3. February RGB DEM and orthoimage
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Table 3. RGB orthoimage accuracy analysis result

=4
E’C}'\jl

aoick 2 4171

CP coordinates RGB orthoimage coordinates Error

No. X(m) Y(m) H(m) X(m) Y(m) H(m) X(m) Y(m) H(m)
Cp4 408170.603 192194923 | 8.096 | 408170.616 192194.930 8.055 0.013 0.007 -0.041
CP6 408009.766 192277.131 | 8.023 | 408009.761 192277122 8.029 | -0.005 -0.009 0.006
CP7 408012.498 | 192296.470 | 8.334 | 408012.516 | 192296.493 8.345 0.018 0.023 0.011
CP 10 | 407954.523 | 192298.784 | 7.606 | 407954.536 | 192298.795 7.632 0.013 0.011 0.026
CP 15 | 408293.561 192173.690 | 9.228 | 408293.554 192173.694 9.209 | -0.007 0.004 -0.019
CP 18 | 408056.880 | 192295.809 | 9.165 | 408056.876 192295.817 9.198 -0.004 0.008 0.033
CP20 | 408271.291 192274.530 | 9.549 | 408271.301 192274.548 9.591 0.010 0.018 0.042
CP21 | 408249.841 192235.593 | 8.966 | 408249.857 | 192235.592 9.002 0.016 -0.001 0.036
CP22 | 408263.292 | 192232.211 9.014 | 408263.286 | 192232.225 9.041 -0.006 0.014 0.027
CP23 | 408254.083 | 192209400 | 8.795 | 408254.094 | 192209.394 | 8.803 0.011 -0.006 0.008

RMSE +0.010 | +0.011 | +0.026
RMSE(Pix) 28 29 -
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Table 4. Multispectral orthoimage accuracy analysis result

No. CP coordinates Multispectral orthoimage coordinates Error

X(m) Y(m) H(m) X(m) Y(m) H(m) X(m) Y(m) H(m)

CP4 | 408170.603 | 192194.923 | 8.096 | 408170.641 192194.934 8.131 0.038 0.011 0.035
CP6 | 408009.766 | 192277.131 | 8.023 | 408009.824 | 192277.170 8.096 0.058 0.039 0.073
CP7 | 408012.498 | 192296.470 | 8.334 | 408012.526 | 192296.469 8.291 0.028 -0.001 -0.043

CP 10 | 407954.523 | 192298784 | 7.606 | 407954.569 | 192298.754 7.637 0.046 -0.030 0.031
CP 15 | 408293.561 | 192173.690 | 9.228 | 408293.588 | 192173.707 9.306 0.027 0.017 0.078
CP 18 | 408056.880 | 192295.809 | 9.165 | 408056.919 | 192295.790 9.199 0.039 -0.019 0.034
CP20 | 408271.291 | 192274.530 | 9.549 | 408271.267 | 192274.578 9.574 -0.024 0.048 0.025
CP21 | 408249.841 | 192235593 | 8.966 | 408249.813 | 192235.626 8.913 -0.028 0.033 -0.053
CP22 | 408263.292 | 192232.211 | 9.014 | 408263.333 | 192232.263 9.076 0.041 0.052 0.062
CP 23 | 408254.083 | 192209.400 | 8.795 | 408254.102 | 192209.428 8.882 0.019 0.028 0.087
RMSE +0.028 | £0.027 | +0.047

RMSE(Pix) 107 104 -
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Table 5. Classification and color system

No. Class Color system

1 Lake I Blue

2 Mixed forest I Sea Green
3 Road I Red

4 Residential area 1 White

5 Other bare land /T Cyan

6 Other grass land /1 Green

7 Farm land I Sienna
8 Inland wetland /T Orange
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(@) July NDVI
image

(b) October NDVI
image

(c) February NDVI
image

Fig. 5. NDVI generation result
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Fig. 6. July pixel-based classification result

(@) RGB orthoimage (b) Maximum likelihood (c) SVM
Fig. 7. October pixel-based classification result
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(@) RGB orthoimage (b) Maximum likelihood (c) SVM

Fig. 8. February pixel-based classification result
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Fig. 10. October object-based classification result

(@) RGB orthoimage
Fig. 11. February object-based classification result
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Table 6. Classification accuracy analysis by error matrix

Pixel-based
Index Object-based
Maximum likelihood SVM
Class Producers(%) Users(%) Producers(%) Users(%) Producers(%) Users(%)
July land cover classification accuracy
Lake 99.80 100 99.67 100 100 100
Mixed forest 97.98 89.98 98.78 100 100 100
Road 90.00 95.77 78.16 94.06 88.14 91.56
Residential area 93.86 95.33 67.48 79.55 81.03 90.88
Other bare land 94.89 90.60 83.89 68.57 61.54 66.49
Other grass land 69.06 87.16 73.82 69.46 75.39 75.00
Farm land 93.06 90.87 83.57 78.33 89.14 71.11
Inland wetland 76.20 100 97.79 59.38 75.74 69.13
Overall accracy 93.75 84.12 85.62
Kappa 92.42 81.23 82.86
October land cover classification accuracy
Lake 98.93 100 100 95.19 100 85.34
Mixed forest 97.48 86.10 88.12 94.35 95.85 90.00
Road 93.52 91.60 73.49 87.14 79.00 84.38
Residential area 83.72 98.32 80.38 72.99 70.89 100
Other bare land 90.36 87.54 94.39 86.31 94.59 86.01
Other grass land 89.34 87.94 81.16 84.53 92.75 88.28
Farm land 82.52 89.33 79.15 73.22 73.08 84.74
Inland wetland 96.80 98.68 92.61 75.14 79.23 78.40
Overall accracy 92.50 85.03 86.90
Kappa 91.20 81.86 83.94
February land cover classification accuracy
Lake 100 94.28 99.39 99.69 100 98.79
Mixed forest 90.49 90.97 71.84 81.49 71.26 86.23
Road 96.75 92.43 80.89 97.60 90.37 91.98
Residential area 84.55 92.86 73.18 89.17 70.60 90.85
Other bare land 96.10 90.78 7797 55.85 54.70 53.38
Other grass land 98.86 81.26 78.97 80.30 89.35 76.36
Farm land 79.88 99.10 67.98 76.31 65.21 69.24
Inland wetland 93.46 99.67 94.44 60.47 90.43 74.18
Overall accracy 92.92 79.20 80.54
Kappa 91.77 75.79 77.17
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Table 7. Comparison of area percentage by period

Class July(%) |October(%)| February(%)
Lake 8.92 8.81 12.81
Mixed forest 48.01 2373 10.69
Road 18.29 18.04 18.61
Residential area 3.63 391 3.18
Other bare land 6.44 6.32 6.98
Other grass land 2.98 7.53 18.65
Farm land 6.86 8.88 10.45
Inland wetland 4.87 22.78 18.63
Total 100 100 100

& July
@ October

@ February

Lake Mixed forest Road Residential  Otherbare  Othergrass  Farmland  Inland wetland
tand nd

Fig. 15. Comparison graph of area percentage by period

Table 73} Fig. 15 A7) =X/ %0] v 0] &2 vehy
of vislee B A} 7900] 49 Eavo] 48.01% 714
B9k, ZIERR A7 2.98% 5 7V Wore 109 Ensa
S22 212 2373%0) 2278% Hl2s51A) kL, ool
A 39192 7H oA b, vl 2808] 7
o wa 7|gxx], WESA7t Z12F 18.61%, 18.65%, 18.63%
2 714 9L, oo SR 3.18% WA v gl
7VAF wroprk
Aol 2 7t 25 I wslarg Be) B Ba
7903 1032) 05 9} 20] 892991 88142 Asb gl 2
2 QAR 2909] 79 12.81%2 Lhepdek o]z g 57e] o
2 40] Ag0] st evio] 1felel 542 SR8 Aol
o, 5 AR 2ok 7o) wale 79), 109, 29 B o
AH o2 s} gl 0.2 Uehdth A Al BEY

597



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 36, No. 6, 589-599, 2018

W22 72 3.63%, 109 3.91%, 29 3.18%= 10€2] H]&:0]

2 7] Lbeben], oz B AR Qlste] Skl 4
F o] 22 £57h wlof ZefEl Artolck ] WAl 7]
Z A9} =nko 79 109, 29o]l ZF2F 2.98%, 7.53%, 18.65%
9} 6.86%, 8.88%, 10.45% 5 LFER=t] 7|E}Z24]2] wzlo] A
2 248 Solb AL BEY 5 B4 QR47} |
BA A7 ol 2|2 5 Elo] Ueh ATk Holn], i
W) A9 2ok IR S Aol woEc v
Auko 2 Aol uteh 714 2 Fo) wid wisleke ¥Q) BiY)
3 UEA0] 74, 104, 29 WA ulg BEL 217} 48.01%,
23.73%, 10.69%2} 4.87%, 22.78%, 18.63% = L E}IT] o]=oF
ol Stk uhe} o] i thAllol EAfSHE B LA of
Solul ¢lglo & ol Slehrh 7hemt Aol dgo] b
AR A AR B wo] 2o Aol

oo BN Lo

CCEREERE EMEEEREEEER R
e} 7ok SR QAR o) G5 XSl B8 A HAe] e
AATE 2 §110m, 2178 HE A wsterS shorsh A
02 T IHs A 3l &4 slek
4.8 E
AT SATH B YA O 2 B ER Al A
5 Xl e F5 2 TholelE Bt SR O R A
B G HSsto] FAIAS sk 917 et
2 BT F H2e] HR PES £3 stk 54 9 AR
B0 B BXIT)% B RS Sgstol HEHES EAsr:
Rk A HAS 9 WA WSt shetstel B840l &
A5| 5 Al 7He A B 4S Wkt shglom 12
3} g e AES Agck
AAgAS] 91X AHES B4R 23 RGB AR

RMSE:= X, Y, HOlA 22} +10mm(28pix), +11mm(29pix),
P26mmE e, OEER AAGOlNE 77
+28mm(107pix), +27mm(104pix), =47mm= LJERFOH, o]
2 58 A7l SEIMMRE 0 Hewe] 1E YAl
A Ao 75 B SISl

S 9 2 WAL 2 s E A Re] JOES 2
A1k 23 A SR AR 9 AL R A 7
E94aL, A A=t Kappa Al A% 8|t e A
71HZ 247 7Y 93.75%, 92.42%, 109 92.50%, 91.20%, 2
92.92%, 91.77%5 Z4A| 75k &7} e &5 7] vlel X4
oF svoll A 21el oF 1% 713 5 epiek o] Ak 2
& o}k UAROIAE skl A Bkl

REE By R o 11w

N
N

598

< $AA] Shz AA7IRE &5 o] HEEHo A= T
2 = AHAE QS SHTE

A7V A 0 2 AlAke EXmEeo] gk Al7]E Ha
IS HAS A3 £ 2, gEm57AA], 7IehuR|of| A= #i3t
7} AL R 7|et A 2 = -2 7oA 29 = A= 5 Z7F
OF 5% ~ 11% B F 2% Z7Fglet ol AR 445 2
H7t 7k |9 = o 2 BREo] Yepd Autolr} 54
O] 7 791} 1092 v]gh WhH WEEA|9] dR-2o] AL
o] EJHA] o] leEk]o] 2oz F4%E SR AS U 4
Uik vEREke 2 WA vlgo] 7Ht AA Uehd Ea it
FE5R9 AS v)E B2 717F 749 48.01%, 109 23.73%, 24
10.69%, WEEA = 4.87%, 22.78%, 18.63% 2 LFEFGIT] o]=
A A dF S EEA= o 5elH Yo ® Hof Stz 7t
ST Agolls Aol WA AR FAY 548 EF
7} =lo] ZefE Aol

2 AolA= ZRIE ZeFeE Aol SIM Yate]
SRR T &% SGM (Semi-Global Matching) &3
ShE & o] ustal 43t DEM % A4 A
& 702 7efEch w3k et Y] YRR ES] o
7Vsel AL 7| ASG Hoks EXTE £ of A-8AIXITH
Hop Ahe 7} 3R EXuEE Alo] 74sd Aol g&-
A= B Eol A A0 & AlREHT

ot

o
o
=

- S

2L olN Ty

A
A
7

o]

ol oo ofp
> d

References

Colomina, I. and Molina, P. (2014), Unmanned aerial systems
for photogrammetry and remote sensing: A review, ISPRS
Journal of Photogrammetry and Remote Sensing, Vol. 92,
pp. 79-97.

Feng, Q.L., Liu, J.T., and Gong, J.H. (2015), UAV remote
sensing for urban vegetation mapping using random forest
and texture analysis, Journal of Remote Sensing, Vol. 7,
No. 1, pp. 1074-1094.

Foody, G.M., Campbell, N.A., Trodd, N.M., and Wood,
T.F. (1992), Derivation and applications of probabilistic
measures of class membership from the maximum-
likelihood classification, Photogrammetric Engineering &
Remote Sensing, Vol. 58, No. 9, pp. 1335-1341.

Fuyi, T., Chun, B.B., Mat Jafri, M.Z., Lim, H.S., Abdullah, K.,
and Tahrin, N.M. (2012), Land cover/use mapping using

multi-band imageries captured by cropcam unmanned



Land Cover Mapping and Availability Evaluation Based on Drone Images with Multi-Spectral Camera

aerial vehicle autopilot(UAV) over Penang Island,
Malaysia, Proceedings of SPIE, The International Society
for Optics and Photonics, 8 November 2012, Edinburgh,
United Kingdom, Vol. 8540, pp. 1-6.

Gay, A., Stewart, T.P., Angel, R., Easey, M., Eves, A.J.,
Thomas, N.J., Pearce, D. A., and Kemp, A.L. (2009),
Developing unmanned aerial vehicles for local and flexible
environmental and agricultural monitoring, Proceedings
of the Remote Sensing and Photogrammetry Society
Conference,
Society, 8-11 September 2009, Leicester, UK, pp. 471-476.

Gini, R., Passoni, D., Pinto, L., and Sona, G. (2013), Use of

unmanned aerial systems for multispectral survey and

Remote Sensing and Photogrammetry

tree classification: a test in a park area of northern Italy,
European Journal of Remote Sensing, Vol. 47, No. 1, pp.
251-269.

Jensen, J.R., Guptill, S., and Cowen, D. (2012), Change
Detection Technology Evaluation, Task T007 Report,
Bureau of the Census, U.S., 232p.

Kim, B.S. (2015), Crop classification using unmanned aerial
vehicle imagery and object-based classification method,
Master’s thesis, Chungbuk National University, Cheongju,
Korea, 76p.

Kit, O. and Ludeke, M. (2013), Automated detection of slum
area change in hyderabad, India using multitemporal
satellite imagery, ISPRS Journal of Photogrammetry and
Remote Sensing, Vol. 83, pp. 130-137.

Lee, H.S., Kim, D.J., Oh, J.H., Shin, J.G., and Jung, J.S.
(2017), Tidal flat DEM generation and seawater changes
estimation at hampyeong bay using drone images, Korean
Journal of Remote Sensing, Vol. 33, No. 3, pp. 325-331. (in
Korean with English abstract)

Lucieer, A., Steven, M., and Turner, D. (2014), Mapping
landslide displacements using structure from motion(SFM)
and image correlation of multi-temporal UAV photography,
Progress in Physical Geography, SAGE, Vol. 38, No. 1, pp.
97-116.

Marcis, M., Bartak, P., Valaska, D., Frastial, M., and Trhan,
0. (2016), Use of image based modelling for documentation
of intricately shaped objects, The International Archives
of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 12-19 July, Prague, Czech Republic,

Vol. XLI-BS, pp. 327-334.

Park, J.S. (2017), Soil classification and characterization
using unmanned aerial vehicle and digital image
processing, Ph.D. dissertation, Seoul National University,
Seoul, Korea, 191p.

Torres-Sanchez, J.,, Pena, JM., De Castro, A.l, and
Lopez-Granados, F. (2014), Multi-temporal mapping
of the vegetation fraction in early-season wheat fields
using images from UAV, Computers and Electronics in
Agriculture, Vol. 103, pp. 104-113.

Vapnik, V.N. (1995), The Nature of Statistical Learning
Theory, Springer-Verlag, New York, N.Y.

599



