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Abstract

Most space-borne optical scanning systems adopt linear arrayconfigurations. The well-knownthree different
types of space-borne sensors arealong-track line scanner, across-track linescanner, and three line scanner. To
acquire accurate location information of an object on the ground withthose sensors, the exterior and interior
orientation parameters are critical factors for both of space-borne and airborne missions. Since the imaging
geometry of sensors mightchange time to time due to thermal influence, vibration, and wind, it is very important
to analyze the Interior Orientation Parameters (IOP) effects on the ground. The experiments based on synthetic
datasets arecarried out while the focal length biases are changing. Also, both high and low altitudes of the
imagingsensor were applied. In case with the along-track line scanner, the focal length bias caused errors along
the scanline direction. In the other case with the across-track one, the focal length bias caused errors alongthe
scan line and vertical directions. Lastly, vertical errors were observed in the case ofthree-line scanner. Those
results from this study will be able to provide the guideline for developing new linearsensors, so as for improving
the accuracy of laboratory or in-flight sensor calibrations.
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Fig. 1. Stereo coverage achieved by across-track line
scanners using roll angle rotation (a), along-track line
scanners using pitch angle rotation (b), and three-line

scanners (c) (courtesy of Morgan et al., 2004)
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Fig. 2. Different array configurations of single and three
line scanners
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Fig. 3. Geometric relationship between ground coordinate
system and image coordinate system

xb=x, ~f mii(Xe = X5)+ mi(Vp =Y5) + mi3(Zp = 25)
mi(Xp = X)+ mip(Vp =Y5) + mig(Zp - 20) 1

 m e = XE) s il )+ 2= 28)
mi(Xp = X5)+ mip Ve =Y5) +mig(Zp — 25)

where (x5, %) : Image coordinates of the object point, P,
at time t, (X,.¥,.7) : IOP of the imaging sensor, (X,.Y,.Z,) :
Ground coordinates of the object point, P, (X5,v%, 25) : Ground
coordinates of the perspective center at the moment of exposure,
mi, to mis : Elements of the rotation matrix at the moment of

€xposure.
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Table 1. Flight trajectory, image measurement accuracy,
check point accuracy, and terrain height variation

Items Contents
Sensor trajectory Straight line
Image measurement error 1 pixel
Check point accuracy 0.04m(X), 0.04m(Y), 0.04m(Z)
Terrain height variation + 500m

Table 2= AllM Q] B|YILE, o], YR Ak
Ground Sampling Distance (GSD), Angular Field of View
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Table 2. Flight height, pixel size, IOP, GSD, AFOV and amount of biases

Category Along-track scanner | Across-track scanner Three-line scanner
Flying height (m) 680,000 822,000 680,000

Pixel size (um) 10 6.5 10
Xp (mm) 0 0 0
Yp (mm) 0 0 0

High 8,987.94 (nadir),
Altitude J (mm) 10,000 1,082 10,000 (forward & backward)
GSD(m) 0.68 49 0.68
00 AT ~1.1° (nadir),
AFOV 09 4l ~0.9(forward & backward)
Amount of bias 50 um (Ax, ,AYp ), 50 um ~ 50,000 um (Af)
Flying height (m) 5,500 5,500 5,500

Pixel size (um) 10 10 10
Xp (mm) 0
Yp (mm) 0

Low 67.40955 (nadir),
Altitude J (mm) B 73 75 (forward & backward)
GSD(m) 0.73 0.73 0.73
o o ~83.3° (nadir),
AFOV =773 =773 ~77.3 (forward & backward)
Amount of bias 0.375 um (Ax,, ,AY ), 0.375 um ~ 375 um (Af)
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Table 3. Along-track line scanner (high altitude)
- 1OP Bias(um RMSE(m
Exp Geo- “n L Ger cp| )
referencing Axp [ Ay | Af X Y Z XY XYZ
HI_Al 50 0.0005 4.19 378 0.06 5.65 5.65
HI A2 ) 500 0.0005 4.19 377 0.06 5.64 5.64
—— 1 Direct 50 | 50 0 |100
HI_A3 5000 0.0003 4.19 391 0.06 573 573
HI A4 50000 0.0028 4.18 15.97 0.25 16.51 16.51
Table 4. Across-track line scanner (high altitude)
- 10P Bias(um RMSE(m
Exp Geo- “n JGer|cp| )
referencing | Ax, | Ay, Af X Y V4 XY XYZ
HI_Al 50 0.0007 46.64 47.82 1.77 64.07 64.10
HI_A2 . 500 0.0007 | 46.63 48.44 1.78 64.52 64.55
——— 1 Direct 50 | 50 0 |[100
HI A3 5000 0.0006 42.45 99.22 3.25 107.92 107.96
HI_A4 50000 0.0003 40.77 84591 26.55 846.89 847.31
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-+
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Fig. 5. Relationship between focal length bias and ground
accuracy(across-track line scanner, high altitude)
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Fig. 6. Relationship between focal length bias and ground
accuracy(three-line scanner, high altitude)

Table 5. Three-line scanner (high altitude) (Kim, 2014)

i 10P Bias(um RMSE(m
Exp Geo- wn_oeplcp| s, (tm)
referencing | Ax, | Ay, | Af X Y 7 XY XYZ
HI Al 50 0.0006 | 377 378 3.40 534 633
HI A2 , 500 00055 | 377 378 34.00 534 34.41
——=" " Direct | 50 | 50 0 | 100
HI A3 5000 00552 | 379 378 339.96 5.35 340.01
HI A4 50000 05519 |  4.00 378 | 339963 | 550 | 3399.64
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Fig. 7. Relationship between focal length bias and ground
accuracy(along-track line scanner, low altitude)
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- %
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Fig. 8. Relationship between focal length bias and ground

Ak & Al

Aol A 237 2] dju] 1/20009] s

accuracy(across-track line scanner, low altitude)

Table 6. Along-track line scanner (low altitude)

- IOP Bias(um RMSE(m
Exp Geo. (o) GCP|CP| §, ()
referencing | Ax, | Ay, | Af X Y V4 XY XYZ
HI Al 50 0.0001 0.71 0.06 0.06 0.71 0.71
HI A2 . 500 0.0002 0.71 0.18 0.06 0.73 0.73
——— 1 Direct 50 | 50 0 |100
HI A3 5000 0.0012 0.71 1.61 0.06 1.76 1.76
HI A4 50000 0.0116 0.72 15.87 0.08 15.89 15.89
Table 7. Across-track line scanner (low altitude)
- 10P Bias(um RMSE(m
Exp Geo- “n | Geplcp| s, @)
referencing | Ax, | Ay, | Af X Y V4 XY XYZ
HI Al 50 0.0001 0.73 0.05 0.04 0.73 0.73
HI A2 . 500 0.0001 0.73 0.12 0.34 0.74 0.82
——— Direct 50 | 50 0 |[100
HI A3 5000 0.0001 0.73 1.16 348 1.38 3.74
HI A4 50000 0.0001 0.73 11.62 3474 11.64 36.64
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Table 8. Three-line scanner (low altitude) (Kim, 2014)

- IOP Bias(um RMSE(m

Exp Geo- wn | Geplcp| s, ()
referencing | Ax, | Ay, A X Y Z XY XYZ
HI Al 50 0.0001 0.71 0.05 0.06 0.71 0.72
HI A2 . 500 0.0001 0.71 0.05 0.26 0.71 0.76

———— Direct 50 | 50 0 100

HI A3 5000 0.0003 0.69 0.05 2.70 0.70 2.79
HI A4 50000 0.0039 0.54 0.05 27.19 0.54 27.20

Three-line scanner (low altitude)

£
w ~#~RMSE_X
E ~—&—RMSE_Y
——RMSE_Z
-100 100 200 300 400

Focal length bias (um)

Fig. 6. Relationship between focal length bias and ground
accuracy(three-line scanner, high altitude)
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