Korean Journal of Remote Sensing, Vol.37, No.5-1, 2021, pp.1135~1147 ISSN 1225-6161 ( Print )
https://doi.org/10.7780/kjrs.2021.37.5.1.24 ISSN 2287-9307 (Online)

QOIYBT| Py UE A5 FUY £22 5
KOMPSAT-3A 4’49’82 RPC &%

MEAQ - AR O? - o)FH O - F4A OV

ot
&

RPC Correction of KOMPSAT-3A Satellite Image through Automatic
Matching Point Extraction Using Unmanned Aerial Vehicle Imagery

Jueon Park (®" - Taeheon Kim (®? - Changhui Lee ®" - Youkyung Han ®*"

Abstract: In order to geometrically correct high-resolution satellite imagery, the sensor modeling
process that restores the geometric relationship between the satellite sensor and the ground surface at
the image acquisition time is required. In general, high-resolution satellites provide RPC (Rational
Polynomial Coefficient) information, but the vendor-provided RPC includes geometric distortion caused
by the position and orientation of the satellite sensor. GCP (Ground Control Point) is generally used to
correct the RPC errors. The representative method of acquiring GCP is field survey to obtain accurate
ground coordinates. However, it is difficult to find the GCP in the satellite image due to the quality of
the image, land cover change, relief displacement, etc. By using image maps acquired from various
sensors as reference data, it is possible to automate the collection of GCP through the image matching
algorithm. In this study, the RPC of KOMPSAT-3A satellite image was corrected through the extracted
matching point using the UAV (Unmanned Aerial Vehichle) imagery. We propose a pre-porocessing
method for the extraction of matching points between the UAV imagery and KOMPSAT-3A satellite
image. To this end, the characteristics of matching points extracted by independently applying the SURF
(Speeded-Up Robust Features) and the phase correlation, which are representative feature-based matching
method and area-based matching method, respectively, were compared. The RPC adjustment parameters
were calculated using the matching points extracted through each algorithm. In order to verify the
performance and usability of the proposed method, it was compared with the GCP-based RPC correction
result. The GCP-based method showed an improvement of correction accuracy by 2.14 pixels for the
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sample and 5.43 pixels for the line compared to the vendor-provided RPC. In the proposed method using
SURF and phase correlation methods, the accuracy of sample was improved by 0.83 pixels and 1.49
pixels, and that of line was improved by 4.81 pixels and 5.19 pixels, respectively, compared to the vendor-
provided RPC. Through the experimental results, the proposed method using the UAV imagery presented
the possibility as an alternative to the GCP-based method for the RPC correction.

Key Words: UAV,KOMPAT-3A, RPC, Automatic matching points extraction
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Table 1. Specification of the UAV and sensor

Inspire-2

Zenmuse X4S

Flight altitude 2,500 m Sensor Optical
Flight time 27 min Resolution 5,4723,648
Weight 3440 g Weight 253 g
Speed 94 km/h Focal length 8.8 mm
. Vertical: 0.5 m FOV 84°
Hovering accuracy -
Horizontal: 1.5 m F-stop F/6.3
Table 2. Specification of the GNSS receiver
Trimble R8s Spectra Precision SP60
Channels 440 Channels 260
L GPS: LIC/A, LIC, L GPS: LIC/A, L1P(Y),
Satellite signals L2C.L2E. LS Satellite signals L2P(Y), L2C
- Horizontal 8 mm + 0.5 ppm RMS . Horizontal 8 mm + 0.5 ppm RMS
VRS precision - VRS precision -
Vertical 15 mm + 0.5 ppm RMS Vertical 15 mm + 0.5 ppm RMS
Table 3. Specification of acquired UAV data
UAV data Site 1 Site 2 Site 3 Site 4 Site 5
Acquisition date 2020.04.28 2020.07.06 2020.08.24 2020.08.28 2020.09.14
GSD (cm) 2.67 2.69 2.77 2.75 2.70
X RMSE (cm) 3.03 4.09 275 2.66 293
Y RMSE (cm) 2.45 2.56 1.26 241 4.68
Z RMSE (cm) 5.50 6.67 292 3.53 10.38
Area covered (ha) 31.44 16.98 2749 41.14 47.96
Size of scene (pixels) 19,917 x 30,597 17,034 x 21,873 16,439 x 22,611 30,152 % 30,529 31,142 x 34,469
o1 750 £ A i AR G clole]  Bafol £AFE7| Fo] YoAE AU b
£ A3t %) BAYFT P LE 100m, 3. Fig 12 22715 B 44 A4} DSM
30 8kS] FUR BYEACE AR RE ol A0 mEe] FAVL A 22 A<l
Stk Bk, 7|k E Ao] S45 FlakE ] AAIA B ElolEE A5 aherk. Sie 19] 9 HE A e
5! DSM& A/d317] 913} Table 2] GNSS #4171 5 ©] FAAGE FHER JF Aol a2 HH s 9
8310 VRS (Virtual Reference Station) 4] 9] Z&-& = o FHH 2L =AXE LA Q 01 11:} Site 2= 2
Wsto] FUANBEE HESHUEGNSS ZFS 5 Wlo] B4 o] Roj2l 4 Fejel B HE LR
A ASEAIEE olelel e QR ¥ B Ees Barehm gk Sied, 4 55 U Hl%‘ﬁ LR
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Fig. 1. UAV Orthophoto and DSM: (a) Site 1 (b) Site 2 (c) Site 3 (d) Site 4 (e) Site 5.
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Table 4. Specification of tested KOMPSAT-3A data

Image description

KOMPSAT-3A AEISS-A Level IR

Product (PAN)
Acquisition date/time | 2017.05.14./04:49:35-04:49:37 (UTC)
Ground Sampling 0.55 m at nadir
Distance (GSD) Image GSD: Col. 0.987, Row 0.878
Spectral band 450-900 nm
Radiometric resolution 14 bits
Altitude 530.045 km
Roll angle 35.910°
Pitch angle -22.564°
Yaw angle 20.681°
Size of scene 15,040 x 24,060 pixels
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Fig. 2. UAV imagery and ground control points location
acquired through GNSS surveying in KOMPSAT-
3A (Red: Checkpoints, Green: Ground control

points).
=24 %Jé 7He fl8l FSS A1 fAE T
stk Fig. 20 Ui Slet. 21471532 9144 97l
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RPC HA o] A¥bA o 2 AR5 = AR5 S 5
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olE 913 5 Yol WA PO WA, ReIPT]
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5101 513127] AT KOMPSAT3A 14904 7
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=S Fhxste] 7 G4 S EE YA
AET o] %, FRIgkE 7] QT 914894 1t 71854
< Aol o] Y3k gl (Affine transformation model)
2 F410] ) TS Bo) ATl
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Elimination of cutlie

Fig. 3. Flow chart of this study.
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Where r, and ¢, are the normalized row and column of
pixels in image space, X,, Y,, and Z, are the normalized
coordinate values of object points in ground space, and
P\, P,, P3, and P, are polynomial coefficients comprising
RFM.



~
o~
)
1o
Moo
o
ox
R
N
o,
N
N

o
E |
o
e
iy
>,
o
g_l_%
o
H1
IS
N

ofy

i)
o
of

i

[o

N

=

|o

ftl

o
-
R
oX of o
ox

Lol
%

fr = 1o
N of
iy
=2
St
b
N
N
0

ox
o
o
o
of
ok
2
k=l
el
i)
1o

X

Hom
o
ox
i
ox
o
i
(e
il
N
o
or oX
o

o K 402 o
rO
ot
okl x
N
of
ox
10

o li
ne
tlo
offl
ne
Ql"
o)
N
ox,
ot
liuj
[
o

O
Y
£
k)
T
X
;

1©
[> H
)
ne,
o
N
M
o
l

=2
%
E o
[

()
2

ok
te 2

OOA
o H
O
o
N
o
4
of
oX
10
ol
=)
%
ox
1
o 4 M2 ol 2
~
of
o
oz o O 4 (&

of o
o

N
—

ofn
o
oo
oX

==
T=

oz

Lojn

(Image registration)> %
SREREERE]

N AN
oo

ox

o

1o

ox
2

i)

o ©
ox
=
10

~

%)

ox
ol
fu
tlo
SRS
%
)

o
=
o o ot
o w2 pd o ol

S
i
=
)

of
ol
rlr
oF

o ik
©
)

4
> flo
o
N

A
Ty
o
ekl

N
ﬂlZi o
fllo _\T:L
o o3
odo o
82
K ~
2
off =

N
-

NP
=

o o g

o

ol

N

i o>

o X
ro
N
ofs
ol
N7
a
>
A
o}
ol
rlr
o

o %

Aicardi et al., 2016). A5
25 3A 54718719
EHth(Hong and Zhang, 2007).
S A G ol Hisf et 54
R

T}(Zitova and Flusser, 2003).

=

® ol

2 ox of o o N
o 1% oy

Tl
~N
o2 oX e |o oo

[
¥0
e

8 o o

o
T
o
~N
E
|o

N
-
N
x
Flo Hu

o
N

T
ox
s
N
i3

=2
o

ol TZJ. fr = o
O oy
o
e &
=)

g &

N o e Jm
o

oX oX
oo B

lo
ox
3
ox
A
i
o
o
rir
o,

o
Q2
of

N
ol
to
)
e
R
Ao
|o
fru
rO
<t
of
o
2
ol
rO
ot
oL
2
©
)

°

%
Mr = 39

2
2
o o
o Mo
e 2
E

<

o

(]

5
N

ox
u
~N
1o
o
i
ox
_O|L
k1
N

o2 of oX N

o
o
=
A
oX
E e &
STREl
A ¢
T
N
P .=
) &2
H rir
S oN,
N o
°—>|i 12 oX n
/NG ot
fo gy E @ yo o yp

>
H

18 ox Ei]’ﬂ e 2
© =

o &

ot
o
o
it
e
e
o

T}Bentoutou ez al, 2005).
027 EAeA 2o A
rel 2] 7|5ko A7t 2
- ThH(Chen ¢t al., 2003). ©|
tjE el 2Asn g,
= 3]

2 o
of o~

= oX

=}
©
o, o
2
I

o, N
%
o
N
ol
ol
ol
)
=
—n
of
o
N

N
T

4 o

ox

sl
s} ox
Ny
oE
o 2
x 9
)
o
o
s

oz 2
SO
N = L
w8
o
o o N
N2 on

o

~

7]%& HAlstaz) g olof

H
& SURFS 2850, G 7uF 4

rE X

37| Y HE NS FYH F52 S8 KOMPSAT-3A 21982

RPC &7

W A 7S e

HE2 20 Y

SURF= Bay e a/,(2008)0] A|QF3E Hw] 0 2 E244
T2, 9% g (Orientation assignment), 12|31 574
A A% Description) @] 2H& =3 gt WA, AAE A
e TEsh] SRt AR S AL SR =
= 918l Bq. Q¢ 2ol Ao sf|o]A|qt YA 1o 34
= &0l 7H-AIGE 22} m S gttt o] 7] A Fo] A
ot EL ofitgtz sl AR EHo] s e = 2|H
£0] Zaste ZA7H ARt whebA] SURF= A}
Sl gf|o] AlQt Bk LB & ARE-SFo] 7H-A|QE 24 H]
2 Gl A-gstHA] WSt A HEAS Hast
SFaL, Ak Iy Sesstar, Aake gho] 27t
c ARSE EAR R 253 o] %, RS FHL
2 Haar-wavelet LB & Z3]] FH 34 ZHS 0]-8319
Ao We 712 ARk, W HREY 272
| mafo] FHS AT 1213 4] o)}
A o) Hstol| = S skE AEAE 7] S18) $HA
AR RS 7Ie e s AAHAE d9e sk
55, 2] kol tiet A e ks AFEsto] 64k
O Al B & A3t o A AsE S-H 1 1+
A7 EE SRS AR R 53

gy < [ L) Ll "

ny(/Ya 0-) Lyy(/Ya 0-)

Where X represents the location (x, y) of a given point
in the integral image, H(X, o) is the Hessian matrix
with scale o at X. L., (X, 0), L,(X, 0) and L,(X, o) is the
convolution of the Gaussian second derivative about
location xx, xy, yy.

Fourier Transform) & 2 AAHE]=

o7 Aw, o) RS o RN

AEE Yebl = A1 o] tiet =7} ot

S 31 4 Slch. Sk 71

& 7ke] 9, 34, e =

Aol A= S AAE Y-S

71518 B4jo] e 2 T
o

H O
sfol AEE Satch AT o

l
o
ctat
ol B o

[ 4o
Rl
Irt

o~
oL
oE
rlo

fd
R
S

v o
M
i
4
x0
™~
=
o [z o2 W2 do 12

rE oX
i o
Jo

>~

_

ok

R o
o =

&,

2
2
=
:OlL_A‘

o

2

<

I

my

o,

o

22

no

>

ho

e o

S

=2 o
(£ rp S

ok

ilo
Iy o2 R

ot
filo

o2k
of
o
K
o
il
o
P
ok
O,
o
[\S)
_>|4_“
(e
-
ich
2
18

Choi, 2015).

- 1141 -



Korean Journal of Remote Sensing, Vol.37, No.5-1, 2021

(b, ) )

C=F (R 1 ®

where /,(x, y) and L (x, y) represent window images, F'
and F! are 2D Fourier transformation and 2D inverse
Fourier transformation, C is Phase Correlation that can
obtain the normalized cross-correlation by applying the
inverse Fourier transform.
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3}t}(Grodecki and Dial, 2003; Fraser and Hanley, 2005).
wbA 2 A5tol| A= RPC B A G~ 5 a8} bRt AHE
sho] 914 /2] RPCE H A3t

L; = line; + Aline; + v, 4)
S; = sample; + Asample; + v,

Aline; = ay + a; * line; + a, * sample; + ay * sample;
* line; + ap, * line? + a, * samplel + ... 5)
ASample; = by+ b * line; + b, * sample; + by * sample;
* line;+ by, * line?+ by, * sample?+ ...

Where L; and S; are line (row) and sample (column)
coordinates of satellite image matching points, /ine; and
sample; are line and sample coordinates of UAV imagery
matching points, Aline; and Asample; are RPC adjustment
factors, v, and v, are random unobservable errors, and a,
a, d, ... and by, by, by, ... are the adjustment parameters.
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Fig. 4. Comparison of pre-processing results: (a) Upscaled UAV image (b) Raw satellite image (c) Pre-processed
satellite image.
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(d) (e)
Fig. 5. Matching points location extracted using SURF: (a) Site 1 (b) Site 2 (c) Site 3 (d) Site 4 (e) Site 5 (left: UAV, right:

KOMPSAT-3A).
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Table 5. Displacement error comparison of each correction method based on checkpoints (unit: pixel)

Check- Vendor-provided RPC GCP-based correction Proposed method using SURF | Proposed method using PC
points Sample Line Sample Line Sample Line Sample Line
1 3.00 11.66 0.00 5.77 2.13 6.52 -1.07 6.06
2 2.34 9.20 -0.66 331 1.47 4.06 -1.73 3.60
3 224 5.66 -0.76 -0.23 1.37 0.52 -1.83 0.06
4 0.77 9.77 223 3.87 -0.09 4.63 -3.29 4.17
5 3.15 11.44 0.15 5.54 2.29 6.30 -0.91 5.84
6 2.67 6.65 -0.33 0.76 1.80 1.51 -1.40 1.05
7 2.70 8.48 -0.30 2.59 1.83 3.34 -1.37 2.88
8 237 6.73 -0.63 0.84 1.50 1.59 -1.70 1.13
9 3.57 6.94 0.57 1.05 2.70 1.80 -0.50 1.34
10 337 7.77 0.37 1.88 2.51 2.64 -0.69 2.18
11 322 837 0.22 248 2.36 324 -0.84 278
12 4.12 7.14 1.12 1.25 326 2.00 0.06 1.54
13 335 5.90 0.35 0.01 249 0.76 -0.71 0.30

Table 6. Overall accuracy assessment result (unit: pixel)

Vendor-provided RPC GCP-based correction Proposed method using SURF | Proposed method using PC
Sample Line Sample Line Sample Line Sample Line
RMSE 295 8.34 0.81 291 2.12 3.53 1.46 3.15

9fal 415 RPCSE GCP 7]4 173 13l ae] 42 & v
BB WA, 2 GARgel YR 2. 4E 4
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1 HAP ol A 5.77 pixel 2 4H2 % 21tk SURF 7] % 2]
Sample 2. 2H= 1281 A of| 4] 3.26 pixel, Line 2 2=
191 AP A 6.52 pixel 2 AMEE| ik T2 31 JAMAF
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