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Co-registration Between PAN and MS Bands Using Sensor Modeling and
Image Matching

Lee, Chang No - Oh, Jae Hong

Abstract

High-resolution satellites such as Kompsat-3 and CAS-500 include optical cameras of MS (Multispectral) and
PAN (Panchromatic) CCD (Charge Coupled Device) sensors installed with certain offsets. The offsets between
the CCD sensors produce geometric discrepancy between MS and PAN images because a ground target is
imaged at slightly different times for MS and PAN sensors. For precise pan-sharpening process, we propose a
co-registration process consisting the physical sensor modeling and image matching. The physical sensor model
enables the initial co-registration and the image matching is carried out for further refinement. An experiment
with Kompsat-3 images produced RMSE (Root Mean Square Error) 0.2pixels level of geometric discrepancy
between MS and PAN images.
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Fig. 1. Kompsat-3 sensor (a) MS, PAN CCD layout,
(b) spectral range for the blue, green, red, and near-infrared
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Fig. 2. The flowchart for co-registration
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where, =,y are the coordinates in the body coordinate
frame, f is the focal length, and % is the scale factor. X,Y,Z
are the ground points in the ECEF coordinate frame,
X, Yy Zg are the satellite positions in the ECEF coordinate
frame. MESe, is the time-dependent rotation matrix from
the ECEF coordinate frame to the earth-centered inertial
coordinate frame (ECI). MA2¥ is the time-dependent
rotation matrix from the ECI coordinate frame to the body

coordinate frame.
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Table 2. CCDs alignment parameters

3.1 && olo|g] - by—b
3 Q17 AsollA] A3 obelat 35 AR Fig. 60l e} P o
S S A -0.1056, 5.0044¢-06,
W A e B, STEHEE Y9 ig) 2016\ F5 PAN 8.7788¢-06, -3.8291e-10,
= oJAtoln, ArA] EI= oF 1250m~1950m WS zH= -9.9221e-14 1.5299¢-15
o} ofejgt 35.9] e}, Bge, Al AR 52 Table 1 8l -(;-11056’ -0.0174,
1) Table 20]) A|AJ5FSITE Table 1o 4] PAN-S MS 53 9= e B Reirers
FA RFE ZFSHE T AA = o] 9lom, kA Zf4=7 4ul 20,1056, 0.0373,
W 3} 3 7)(CCD pitch):= 44l 28-S ¢k 2= 9Jr}. Table Green 3.5119¢-05, 4.1031e-09,
£ AL A Eq 0] BT PAN % Zh7te] MS He 1.6298e-12 -1.3648¢-12
S AIA al A T olck A S o] Zi2k -0.1057, 0.0547,
ol et Al alignment 2|55 et Slek A S 242 Red 3.5120e-05, 1.2393¢-09,
Fha|et ol A ok th2 A wl ] ol whet oh 23S 2 -1.8738e-12 -9.5071e-13
-0.1055, 0.0722,
NIR 3.5119¢-05, 5.2512¢-09,
-1.8856¢-12 -1.6862¢-12
Table 1. Kompsat-3 specification
Kompsat-3
PAN (Panchromatic) MS (Multispectral)
Blue: 450-520 pm
Spectral Band 450-900 pm Green: 520-600 um

Red: 630-690 pm
NIR (Near infra-red): 760-900 pm

GSD (Ground Sample Distance)

0.7 m at nadir

2.8 m at nadir

Focal Length 8.6m 8.6m
Swath Width 15 km 15 km
. 24,000 pixels .
Sensor size 2 x 12,000) 4(RGB and IR)x6,000 pixels
Pixel size 8.75 um 35 um
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Table 3. PAN-MS coordinate discrepancy (in pixels)

ROW COLUMN

Max Min Mean RMSE Max Min Mean RMSE

Red 0.6428 -0.6619 -0.0024 0.1850 0.7071 -0.7831 -0.0126 0.1896

Green 0.7128 -0.8414 -0.0033 0.2096 0.6181 -0.6208 -0.0006 0.1859

Blue 0.8637 -0.7881 -0.0109 0.1835 0.6010 -0.7112 0.0012 0.1819

NIR 0.6697 -0.6246 -0.0067 0.1842 0.7382 -0.6414 -0.0098 0.1887
33 ZMEE & IdsE Fol FEEES AT A FEs S e Adkska AY
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Fig. 11. Pan-sharpened image (a) before co-registration (b)
after co-registration
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