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Analysis of Co-registration Performance According
to Geometric Processing Level of KOMPSAT-3/3A Reference Image

Yerin Yun ®" - Taeheon Kim (®? - Jaehong Oh ®? - Youkyung Han ®*"

Abstract: This study analyzed co-registration results according to the geometric processing level of
reference image, which are Level 1R and Level 1G provided from KOMPSAT-3 and KOMPSAT-3A
images. We performed co-registration using each Level IR and Level 1G image as a reference image,
and Level 1R image as a sensed image. For constructing the experimental dataset, seven Level 1R and
1G images of KOMPSAT-3 and KOMPSAT-3A acquired from Daejeon, South Korea, were used. To
coarsely align the geometric position of the two images, SURF (Speeded-Up Robust Feature) and PC
(Phase Correlation) methods were combined and then repeatedly applied to the overlapping region of
the images. Then, we extracted tie-points using the SURF method from coarsely aligned images and
performed fine co-registration through affine transformation and piecewise Linear transformation,
respectively, constructed with the tie-points. As a result of the experiment, when Level 1G image was
used as a reference image, a relatively large number of tie-points were extracted than Level 1R image.
Also, in the case where the reference image is Level 1G image, the root mean square error of co-
registration was 5 pixels less than the case of Level IR image on average. We have shown from the
experimental results that the co-registration performance can be affected by the geometric processing
level related to the initial geometric relationship between the two images. Moreover, we confirmed that
the better geometric quality of the reference image achieved the more stable co-registration performance.

Key Words: KOMPSAT-3-3A, Co-registration, Geometric processing level, Speeded-Up Robust Feature
(SURF), Phase Correlation (PC)
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Fig. 1. Methodology of image co-registration.
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Fig. 2. Determination of local overlapping area using RPC.
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where H(p, o) is Hessian matrix, L.(p, o) is the
convolution of the Gaussian second order derivative
with the image L in point p = (x, y) and same definition
about L,,(p, 0) and L, (p, 0).
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where g, and g, are input images, F and F' are
2D Fourier transformation and 2D inverse Fourier
transformation and C is phase correlation that can
obtain the normalized cross-corrlation by applying the
inverse Fourier transform.
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Table 1. Specification of KOMPSAT-3 and KOMPSAT-3A

satellites
KOMPSAT-3 KOMPSAT-3A
Launching Date 2012/05/18 2015/03/26
Swath Width >16 km (nadir) >13 km (nadir)
. . PAN:0.7m PAN:0.5m
Spatial Resolution MS:28m MS:22m
Sensor Type Optical

Spectral Bands

PAN : 450 ~ 900 nm
MS1 (Blue) : 450 ~ 520 nm
MS2 (Green) : 520 ~ 600 nm
MS3 (Red) : 630 ~ 690 nm
MS4 (NIR) : 760 ~ 900 nm

Data Quantization

14 bits/pixel

Orbit

685.13 km altitude \ 528.07 km altitude
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Table 2. Dataset used for experiments

No. Sensor Date Level Off-nadir angle (°) Elevation angle (°) Azimuth angle (°)
1 KOMPSAT-3 2014-03-03 1G (Ref)) 10.896 77.901 146.352
2 KOMPSAT-3 2014-03-03 IR (Ref)) 10.896 77.901 146.352
3 KOMPSAT-3 2014-10-23 IR 22.955 64.394 238.065
4 KOMPSAT-3 2015-12-29 IR 33.688 51.998 196.845
5 KOMPSAT-3A | 2019-01-02 IR 20.931 67.333 187.908
6 KOMPSAT-3A | 2019-01-20 IR 22436 65.580 181.835
7 KOMPSAT-3 2020-03-05 IR 26.696 60.145 127.991

Fig. 4. Study area (Daejeon, SouthKorea).
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Reference image Sensed image

Table 3. Number of extracted tie-points

Reference images
KOMPSAT-3 KOMPSAT-3/3A 2014.03.03 2014.03.03
Level 1G - 1R image Level 1R images Levél l‘G Levél I‘R
| " I 2014.10.23 6,180 5377
2015.12.19 2,051 1,898
Image co-registration Sensed 1019.01.02 2357 1,429
images
¢ 2019.01.20 3917 2,239
. . 2020.03.05 7,403 4,185
Extraction of checkpoints
v
53 Al F PGS 2719 A AR RS

Co-registration result analysis according to
preprocessing level of reference image (1G,
1R)

» Focusing on extracted numbers of tie-
points and their distribution

» Focusing on transformation model
(Affine, Piecewise linear)

» Focusing on acquisition angles
between images

Fig. 5. Flowchart of the co-registration performance analysis
according to preprocessing level of reference
image.
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Fig. 6. Mosaic images generated from co-registered images: (a) Level 1G reference image, (b) Level 1R reference
image (yellow circles represent severe geometric error).
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Fig. 8. Co-registration error with Level 1G-1R and Level 1R-1R image pairs: (a) Piecewise linear transformation, (b) Affine
transformation.
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Table 4. Co-registration performance according to acquisition angles

Reference image (1R) RMSE (pixels)
Off-nadir angle | Elevation angle | Azimuth angle 2014.03.03
©) ©) ©) Convergence angle Affine PWL
©)
2014.10.23 22.955 64.394 238.065 28472 16.177 7.252
2015.12.19 33.688 51.998 196.845 31.506 27.468 13.099
isnigzee(: 2019.01.02 20.931 67.333 187.908 15.697 14.831 9.419
2019.01.20 22436 65.580 181.835 16.081 14.928 8.800
2020.03.05 26.696 60.145 127.991 18.728 11.300 5.857
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where E| is an Elevation angle of satellite 1, £, is an
Elevation angle of satellite 2, 4, is an Azimuth angle
of satellite 1, and 4, is an Azimuth angle of satellite 2.
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