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Abstract

For geometric correction in the Terra/MODIS sensor imageries, System-Correction is
used. However, System-Correction is not accurate because the orbital information of
satellite is not accurate. Moreover, it is difficult for general users from point of view
system side to perform geometric correction with high accuracy. Since, the resolution of
MODIS image is 1000m, it is difficult to acquire GCPs by visual interpretation. Taking
GCPs requires much time and efforts for geometric correction of large number of image.
Therefore, the highly accurate geometric correction which does not need the parameter
information of the satellite orbit is required for general users of MODIS data. The
purpose of this study is developing a high accuracy automatic geometric correction
system for the MODIS sensor imageries.

For geometric correction without orbital information, distortion caused from the
roundness of the earth must be removed, and rotation processing is carried out. Next,
land area is automatically extracted and GCPs are automatically acquired by sea line
matching. And the geometric correction is rectified by affine transform based on the
GCPs information.

The influence of the earth’s curvature is nonlinear distortion, and this distortion was
rectified by calculating the relationship between spatial resolution and column number in
image. By removal of this influence, it is possible to apply by 1st order affine-transform
on geometric correction.

In order to extract land automatically, application of normalized band operation and
supervised classification method were considered. As a result of these, it turns out that
the conventional supervised classification method was difficult to apply to MODIS data.
Although correction of supervised classification was tried, it was concluded that method
was difficult to use in terms of flexibility. On the other hand, normalized band operation
had classification accuracy and flexibility higher than supervised classification method.

In sea line matching for acquiring GCPs automatically, the high value of correlation
coefficient 0.90(average of 16 templates) was obtained under the optimal conditions that
there are no clouds. However, as a result of cloud-simulation, even if correlation is high
in the usual case, the result showed that a high correlation does not necessarily yields
high matching accuracy.

In the result of accuracy verification, about 80% of sea line pixels of geometric
correction existed within £1 pixel on the basis of true sea line. From using geometric
correction method which was introduced in this study, it was able to acquire good
compensation accuracy also about 2 times of System-Correction. And, the purpose of
automation was achieved.

KEY WORDS MODIS Geometric Correction Automation Sea Line Matching
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o ASTER

Advanced Spaceborne Thermal Emission and Reflection Radiometer

15-90
0.5-0.9y  8-12u

o CERES
Clouds and the Earth’ s Radiant Energy System
NASA
20000
0.3-5.0p 8-12u 0.3-200u
o MISR

Multi-angle Imaging Spectro Radiometer

275-1100
446-906p
9
o MODIS
Moderate Resolution Imaging Spectrometer
NASA

250-1000
405-14.385p

o MOPITT

Measurements of Pollution in the Troposphere

22000
2.3y 2.4y 4.7u
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2.3 MODIS
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2.3 MODIS

705km

2330 km (cross track) x 10 km (along track at nadir)

1.0x 16x 1.0m

228.7 kg

162.5 W

10.6 Mbps (peak daytime) 6.1 Mbps (orbital average)

12 bits

250 m (band 1-2)

500 m (band 3-7)

1000 m (band 8-36)
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2.4 MODIS

Primary Use Band Bandwidth Spectral
Radiance
Land/Cloud/Aerosols 1 620 - 670 21.8
Boundaries 2 841 - 876 24.7
3 459 - 479 35.3
Land/Cloud/Aerosols 4 545 - 565 29
Properties 5 1230 - 1250 5.4
6 1628 - 1652 7.3
7 2105 - 2155 1
8 405 - 420 44.9
9 438 - 448 41.9
10 483 - 493 32.1
Ocean Color 11 526 - 536 27.9
Phytoplankton 12 546 - 556 21
Biogeochemistry 13 662 - 672 9.5
14 673 - 683 8.7
15 743 - 753 10.2
16 862 - 877 6.2
Atmospheric 17 890 - 920 10
Water Vapor 18 931 - 941 3.6
19 915 - 965 15
20 3.660 - 3.840 0.45(300K)
Surface/Cloud 21 3.929 - 3.989 2.38(335K)
Temperature 22 3.929 - 3.989 0.67(300K)
23 4.020 - 4.080 0.79(300K)
Atmospheric 24 4.433 - 4.498 0.17(250K)
Temperature 25 4.482 - 4.549 0.59(275K)
Cirrus Clouds 26 1.360 - 1.390 6
Water Vapor 27 6.535 - 6.895 1.16(240K)
28 7.175 - 7.475 2.18(250K)
Cloud Properties 29 8.400 - 8.700 9.58(300K)
Ozone 30 9.580 - 9.880 3.69(250K)
Surface/Cloud 31 10.780 - 11.280 9.55(300K)
Temperature 32 11.770 - 12.270 8.94(300K)
33 13.185 - 13.485 4.52(260K)
Cloud Top 34 13.485 - 13.785 3.76(250K)
Altitude 35 13.785 - 14.085 3.11(240K)
36 14.085 - 14.385 2.08(220K)
Band1-19 elvin
Band20-36 9] Radiance Watts/ m#/steradian/micron
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51
5.2
Na3
0.92 Ne6
0.59 2

5.2
No 1 2 (-3> 4 5 6 7 8 9 10 11 12 13 14 15 16
1 093 ]-0.13| 0321 0.03|-0.26] 0.52 |-0.28 |-0.36 |-0.31 | 0.09 1-0.08 [-0.28 1-0.28 [-0.02 | 0.05| 0.60
2 |-008] 082 |-026] 0.27| 035]-0.19| 022 |-0.30| 0.08] 0.10] 0.30|-0.081 0.34 |-0.04 | 0.28 |-0.17
3 0.29 |-0.27 | 092 1-0.07 |-0.39 ] 0.55 |-0.29 [-0.07 |-0.39 [-0.04 1-0.33 |-0.24 1-0.73 [-0.12 |-0.07 | 0.26
4 001 0.28 |-0041 0.79 | 0.22] 0.15| 0.10 (-0.28 |-0.20 {-0.00 } 0.22 [-0.38 ] 0.20 |-0.09 | 0.08 | 0.09
5 |-022| 0.36-033] 0.24| 0.78|-0.20 | 033 | 0.00| 0.13|-002 ] 0.19 |-0.05| 0.43|-0.12 | 0.08 |-0.24
6 0501-0.19| 0591 0.14 |-0.28 ] 0.94 |-0.24 [-0.14 |-0.65 [-0.09 |-0.27 |-0.42 }-0.52 [-0.06 |-0.16| 0.44
7 |-027| 0.231-027] 0.04]| 0.34]-0.26| 0.84 |-0.10| 0.05|-006] 0.19 ] 0.12 | 0.41 |-0.05 | 0.14 |-0.14
8 |-0.37[-0.291-0.09 |-0.25| 0.01 |-0.14 [-0.10 | 092 | 0.17 |-0.13 |-0.22 | 0.33 J-0.09 | 0.05 |-0.38 |-0.39
9 |-026| 0.09]-0401]-0.18] 017 |-0.61| 0.03 ] 0.15| 094 | 043] 0.27]| 0.62] 0.39| 0.16 | 0.35|-0.30
10 0.13 | 0.08 |-0.03 | 0.02 |-0.04 ]-0.05 |-0.08 [-0.16] 0.39| 095] 041 | 0.29] 0.23| 0.26 | 0.43 ]-0.06
11 [-0.08] 0.30|-0.31] 0.21 ] 0.221-0.28 | 0.19 [-0.22] 0.26| 0.39] 096 | 029] 0.49| 0.14 | 056] 0.05
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5.3

45%) 38| 16%| 60% 60%| 25%| 60%| 60%| 27%| 58%| 48%| 15%| 14%| 40%) 50%| 18%
eepne |2 1 21 3 [ 4151 61 718 9 110]11]12) 13 [(14] 15| 16
1 0.73 [-0.04 | 0.26 | 0.01[-0.10] 0.44 [-0.15 |-0.20 |-0.23 | 0.05 |-0.07 [-0.26 [-0.24 |-0.00 ] 0.05 | 0.49
2 -0.09 | 065 |-0.26 | 0.21] 018 |-0.14 | 0.14]-0.21 | 008 | 0.07 | 0.20|-0.08 | 0.33 [-0.03 | 0.14 |-0.14
3 0.27 [-0.17 | 0.86 |-0.04 [-0.17 | 0.47 [-0.18 |-0.04 |-0.33 [-0.04 |-0.21 [-0.23 |-0.62 |-0.04 ]-0.03 | 0.24
4 -0.00 | 019 |-0.05 | 0.62] 012 ] 0.13 | 0.05]-0.17 [-0.16 |-0.01 | 0.13]-0.35 | 0.16 |-0.05 | 0.05 | 0.06
5 -0.18 | 020 |-0.30 | 0.12] 051 |-0.17 | 0.20 }-0.03 | 0.10 |-0.00 | 0.14 [-0.05 | 0.38 [-0.07 | 0.04 |-0.21
6 041 [-0.13 | 0.49 | 0.08[-0.11 | 0.86 [-0.17 |-0.08 |-0.54 [-0.03 |-0.19 |-0.40 [-0.45 |-0.03 ]-0.08 | 0.35
7 -0.20 | 011 |-024 { 0.05] 016 |-0.21 | 0.62)-0.08 | 004 |-0.03| 0.13| 010 | 0.35 [-0.03 | 0.12 |-0.11
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9 -0.22 | 008 |-0.33 [-0.12 | 0.08 |-0.55 | 0.05] 008 | 085 | 0.27 | 0.18| 058 | 0.34 | 0.06 | 0.21 |-0.24
10 007 | 011 [-0.04] 0.01{-0.02 ]-0.07 [-0.02 |-0.09 | 036 | 0.66 | 0.28 | 024 | 0.21 | 0.14] 029 |-0.05
11 -0.06 | 021 |-0.29 | 0.14] 009 |-0.24 | 0.14]-0.14 | 025 | 0.31| 0.66 | 026 | 0.44 | 0.08] 031 | 0.06
12 -0.21 |-0.04 |-0.22 [-0.24 |-0.03 |-0.38 | 0.10] 020 | 054 | 0.18| 0.21| 090 | 0.22 | 0.07 ] 0.8 |-0.13
13 -0.25 | 023 |-0.62 | 0.13] 021 |-0.44 | 0.25]-0.06 | 035 ] 0.16| 0.33| 023 | 0.86 | 0.05] 0.16 |-0.22
14 000 [-0.01 [-0.11 |-0.04 [-0.04 |-0.07 |-0.06 |-0.01 | 016 | 0.19 | 0.11]| 014 | 0.12 ] 053] 009 | 0.01
15 -0.00 | 020 |-0.06 [ 0.03] 006 |-0.15| 0.10 ]-0.25 | 031 | 0.27 | 0.33] 024 | 0.22] 0.06 | 064 | 005
16 045 [-0.12 | 0.22] 0.06 [-0.11 ] 0.36 |-0.08 |-0.23 |-0.25 [-0.04 | 0.02 |-0.14 [-0.21 ] 0.00] 003 | 0.88
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GCP

GCP

16

64

GCP
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5.2 GCP
GCP
1 0.93 0.39 047 1.78 115 0.95
2 0.82 043 0.89 132 0.65 0.82
3 0.92 0.16 0.85 162 118 0.95
4 0.79 0.37 117 112 0.75 0.85
5 0.78 0.52 0.76 147 0.73 0.87
6 0.94 0.76 1.54 0.73 0.63 091
7 0.84 0.64 0.65 1.63 0.85 0.94
8 0.92 0.15 0.98 134 0.90 0.84
9 0.94 0.93 0.51 1.96 115 114
10 0.95 0.54 1.21 1.00 0.50 081
11 0.96 0.77 0.54 1.80 1.00 1.03
12 0.95 113 1.81 040 0.50 0.96
13 0.98 1.62 2.34 0.13 0.98 1.27
14 0.89 2.02 2.62 0.65 1.13 1.60
15 0.92 0.65 1.13 1.10 0.38 0.82
16 0.87 0.25 1.00 1.26 0.77 0.82
0.78 0.15 0.47 0.13 0.38 081
0.98 2.02 2.62 1.96 118 1.60
0.90 071 1.16 121 0.83 097
5.3 GCP
GCP
1 0.93 0.39 0.46 174 114 0.93
2 0.82 045 0.86 132 0.66 0.82
3 0.92 0.17 0.82 162 1.18 0.95
4 0.79 0.32 1.13 115 0.74 0.84
5 0.78 0.54 0.76 1.49 0.74 0.88
6 0.94 0.76 1.57 0.74 0.63 0.92
7 0.84 0.59 0.72 1.60 0.80 0.93
8 0.92 0.20 1.09 133 0.90 0.88
9 0.94 0.92 0.52 2.00 119 115
10 0.95 0.53 1.18 1.05 0.49 081
11 0.96 0.79 0.53 1.83 1.05 1.05
12 0.95 112 1.79 041 0.46 0.94
13 0.98 162 2.31 0.14 0.93 125
14 0.89 2.03 2.61 0.65 1.14 161
15 0.92 0.65 1.14 102 0.38 0.80
16 0.87 0.27 1.02 119 0.77 081
0.78 0.17 0.46 0.14 0.38 0.80
0.98 2.03 2.61 2.00 119 161
0.90 071 1.16 120 0.83 0.97
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1 Terra/MODIS

RESTEC 2001 in 1-11(2002)
2 MODIS
14 35-38
3 NOAA  AVHRR
2/1995

4 Terra/MODIS

5/2002 29 36

5 NOAA-AVHRR GCP
153-158
6) Level 1B Product Information and Status
NASA GSFC
http://www._mcst.ssai.biz/mcstweb/L1B/product.html
7) 10 AVHRR
Purevdorj.Ts

11 66 69
8) Terra MODIS

11 28 34
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9)GMS-5 S-VISSR

1/2002 56 69

10) WwWwW Terra MODIS

P.J.Baruah

14 11/2002 15 18
11 GCP NOAA AVHRR

10/1991 183 188

12) km AVHRR NDVI

8 10/1996 183 188
10)
11)
12)
JARS
13)

14) Information, Support, and Software from the HDF Group of NCSA
http://hdf.ncsa.uiuc.edu/
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