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Analysis of Correlation between Geometry Elements for the Efficient
Use of Satellite Stereo Images

S
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Abstract

This paper proposes the results of analysis of correlation between satellite geometry elements for an effective
use of satellite images. To achieve accurate positional information, stereo images have normal range of
convergence and BIE (Blsector Elevation) angles which are greatly influenced by azimuth and elevation angle
of individual image. In this paper, the variations of convergence and BIE angles are estimated according to
azimuth angle differences between two images and each elevation angle. The analysis provided strong support
for predicting stereo geometry without complex analysis of epiploar geometry or mathematics. The experiment
results showed that more than 150°, 130°, and 100° azimuth angle differences need to be constructed when
elevation angle of two images is 50°, 60°, and 70°, respectively, in order to make the convergence and BIE angle
within normal range. The results are expected to be fully used for various application using stereo images.
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Elo] gt} 53] Mg 91499 o] B o]$- IKONOS
AAGAFS AJZFC 2, SPOT-5, QuickBird, FORMOSAT-2,
KOMPSAT2 5 Al2& $149datol Wil ujutch sl
AFo) MAmE AakSo] Axlse] gow, B A
Sl 2 B A ke 2 12 I Yoj o) At = Zhe
32} Y2 AA o] 715FHS Ho]FU ) (Fraser et al., 2002;
Grodecki and Dial, 2003; Noguchi et al., 2004; Biiytiksalih
et al., 2005; Chen et al., 2006; Jeong and Kim, 2009). &=
2]2] ®dl(rigorous sensor model) B0}k ofuz} 2L UWHZ]
© 2 A3 Q1= RPC(Rational Polynomial Coefficient)
£ 0]-83F RFM(Rational Function Model)ol| A= -G-A}gH
Hokes wolEth o] 2] MPEE WorldView,
Geoeye, KOMPSAT-3 5 A Hugld =S 2hH= YA
Zol A Im o o] Hehe = 334 91%] A7go] 7Hagtol
A| A=At} (Fraser and Ravanbakhsh, 2009; Aguilar et al.,
2012; Choi and Kang, 2012; Aguilar et al., 2013; Jeong et
al., 2014).
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= B8 SFTAA 2EE L G ol8sken, ot
AN 2EE @ AR - 918 W 2HlEl e H5
Heof whet Y] o] P2l e 7185 F/dst
=5 Q7] wiolch wheba] thek et 28| L 7]shEo]of
ok A, Z1e]an o2l 7]shHo) 7} 321 914] Aehee] 1|
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A= FEF 5ol et A= 21& a1zho] o] Rox]7] ZFiTt o]
ef5h uj g 5ol Adayddtol Hok 2pA8] 7<% o] itk (Jeong
and Kim, 2014; Jeong, 2015).

2EE L AR 7]k BAo tiet A= FHE
Ol 9I = TSI ART Bl e BT} Fakol
Z7VeHA AJZFEIRITE (Jeong and Kim, 2014; Jeong et al.,
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ol T AdPAG-5oll 271=30et (Jeong and Kim, 2015;
Jeong and Kim, 2016).
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Fig. 1. Representation of satellite stereo geometry with
convergence, BIE, and asymmetry angles

(Jeong and Kim, 2016)
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Kim, 2014; Jeong, 2015). 5-%12k0] - 24 9le] lofu}
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S-o] 9% v} Qlch(Li et al., 2007; Li et al., 2009). 1f-$- 2+
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(Jeong and Kim, 2014; Jeong and Kim, 2016). I, H|t) 2] Z+9]
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o] & FFFS mA= A7 BAl gth(Jeong and Kim,
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AR 97} WS R BT ek ook o] SAA AR
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Fig. 2. Coverage of images used
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Table 1. Property of image used

KOMPSAT-2 QuickBird
Scene-1 Scene-2 Scene-1 Scene-2
Date of acquisition 10 May 2007 6 May 2008 16 Jan 2005 16 Jan 2005
Azimuth angle 79.7° 256.7° 199.5° 5.2°
Elevation angle 58.2° 74.1° 59.5° 58.7°
Orbit type Ascending orbit Descending orbit
GSD (column/row) 1.30m/ 1.10m 1.04m/ 1.0Im 0.71m/0.79m 0.71m/0.83m
Upper Left Latitude 36.430647° 36.432525° 36.461548° 36.462794°
Upper Left Longitude 127.228681° 127.290613° 127.272200° 127.269969°
Lower Right Latitude 36.322711° 36.321319° 36.296970° 36.298503°
Lower Right Longitude 127.497133° 127.501054° 127.488637° 127.486408°

Table 2. Comparison of stereo geometry and positioning accuracy between single-satellite stereos and dual-satellite stereos

Strcotpe | Combimaion | ComerEe | BIE | Horiowal | v
Single-satellite KOMPSAT-2 (K2) stereo 47.7° 89.3° 2.08m 1.65m
stereo QuickBird (QB) stereo 61.3° 85.7° 1.17m 0.65m
K2 scene-1/QB scene-1 53.2° 73.2° 1.81m 1.6lm
Dual-satellite K2 scene-1/QB scene-2 36.9° 64.0° 2.22m 2.90m
sterco K2 scene-2/QB scene-1 25.3° 69.4° 1.95m 3.36m
K2 scene-2/QB scene-2 39.1° 75.7° 1.52m 2.3Im

91 2E 20 - ot 2EH e 7 Je]
Ao, 53] 20, 3HA 23] A v FE EA E
= ols AL EZto] PAE o] o]= QI 4 - 2] At
= AetE Sl 4= QISITh A= Tkl o] FAlA AF|
g2 A7 2§ Al Table 2004 AAIGH Aufect X o &
QHARE 7151} AbEE o] AEel e mEll o] ofe A
7} 2HSH7 | = $tth(Jeong and Kim, 2015). o]2{gt Ad 2
Th= ARl AHY @ AR, 53] o]F91d 2ElE
Az g5 fleiAe 2EE e 718ka s oSe] Baghs
Hojoh

o
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x

shis BAL B mEH 4L F9 490
o, 597k} o SR ATLEZ} ARALS 217} Eq. (1), Eg. ()
9} 2t} (Li et al., 2007; Jeong and Kim, 2014). Alof|A] 4, E,
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Fig. 3. Analysis of correlation between azimuth angle differences and convergence angle
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Fig. 4. Analysis of correlation between azimuth angle differences and BIE angle
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B[ @ Apw o] R 23} o] St Al ke 24 AHESTo] Table 3
of Lrebick. 2HQl Ak, Tef ol A A4 Artel AA) A
AT} fARE 2L 2113 4 9lek o2 o] QuickBird 2
H|E).0. g Ako] Ao = AlA Q] 11 60°, B sﬂﬂ o=
HE 2 B 5 g, ool wet o Sl R ze} 01
=74 T1EE(Fig. 33} Fig. 4)0f| 4] Els) X
(Table 3)2F frAFRH 21 2RI 4= 9l AlAE 157#

o, aL=z}o] 70 ofofp  &f i, F AE|Y L A B A Jsl7] i
TS Hojeth w8 1=z 2 HYEae S Ay © 5 AR LHlE 2 715 B éEVl AsiM= =
SeZhe GAFY] AL AL 2 ok Ak TS o] Tmzbo] oF 50° U uli= W12} Zhol7} 150 o4, 60°
Bojzeh B0 2 Fig 49) A4 ATHE BAS BEL, 7wz 130° o4 70° & whis 100° o Afojofof g 247} Ko
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Table 3. Representation of geometry elements of stereo images for validation of analysis in Fig. 3 and 4.
Azimuth angle Elevation Convergence BIE
Stereo type Combination differenceg angle average an %e angle
(difference) g 8
KOMPSAT-2 (K2) stereo 177.0° 66.2 477 89.3°
. . (15.9%)
Single-satellite
stereo 591°
QuickBird (QB) stereo 165.7° © .80) 61.3° 85.7°
K2 scene-1/ o 58.9° o o
QB scene-1 119.8 (139 532 73.2
K2 scene-1/ o 58.5° o 5
74.5 o 36.9 64.0
Dual-satellite QB scene-2 ©3)
stereo °
K2 scene-2/ ° 66.8 0 0
OB scene-1 572 (14.6°) 253 69.4
K2 scene-2/ o 66.4° o o
OB scene-2 108.5 (15.4%) 39.1 75.7
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