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A Study on the Method for Three-dimensional Geo-positioning Using
Heterogeneous Satellite Stereo Images

S
Jeong, Jaehoon

Abstract

This paper suggests an intersection method to improve the accuracy of three-dimensional position from
heterogeneous satellite stereo images, and addresses validation of the suggested method following the
experimental results. The three-dimensional position is achieved by determining an intersection point of two
rays that have been precisely adjusted through the sensor orientation. In case of conventional homogeneous
satellite stereo images, the intersection point is generally determined as a mid-point of the shortest line that links
two rays in at least square fashion. In this paper, a refined method, which determines the intersection point upon
the ray adjusted at the higher resolution image, was used to improve the positioning accuracy of heterogeneous
satellite images. Those heterogeneous satellite stereo pairs were constituted using two KOMPSAT-2 and
QuickBird images of covering the same area. Also, the positioning results were visually compared in between
the conventional intersection and the refined intersection, while the quantitative analysis was performed.
The results demonstrated that the potential of refined intersection improved the positioning accuracy of
heterogeneous satellite stereo pairs; especially, with a weak geometry of the heterogeneous satellite stereo, the
greater effects on the accuracy improvement.

Keywords : Heterogeneous Satellite Stereo Pair, Intersection Method, Positioning Accuracy, High-resolution
Satellite Image
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Table 1. Properties of images used of experiments

KOMPSAT-2 QuickBird
Scene-1 | Scene-2 | Scene-1 | Scene-2
Date of 10 May | 6 May 16 Jan 16 Jan

acquisition 2007 2008 2005 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
Processing
Level IR 1B
GSD (column/ | 1.30m/ | 1.04m/ | 0.7lm/ | 0.71m/
row) 1.10m 1.0Im 0.79m 0.83m

A Model point
X Check point

Fig. 4. Image coverage and the distribution of ground
points
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Table 2. Comparison of positioning accuracy according to different approaches to 3D point determination

Horizontal accuracy Vertical
. .. | Convergence| BIE (RMSE / CE90) accuracy
Stereo type |Combinat
CreoTpe OMDIATONangle | angle PointB | Point A Pointc | PointB— | (RMSE/
0 0 0 Point A CE90)
g%’[PSAT' 477° 89.3° |2.08m/2.45m | 2.12m/2.52m | 2.20m/274m |-004m/-007m | 1.65m/2.17m
Homogeneous (K2) stereo
satellite stereo . .
QuickBird 61.3° 857° | 117m/142m | 1.18m/14Im | 121m/1.56m | -0.0lm/0.0lm | 0.65m/0.92m
(QB) stereo
K2scene-1/ 53.2° 73.2° | 181m/2.46m | 1.77m/2.21m | 2.06m/2.78m | 0.04m/0.25m | 1.61m/2.61m
QB scene-1
Késcene'lé 36.9° 64.0° |222m/2.50m | 1.62m/179m | 3.11m/438m | 0.60m/071m | 2.90m/3.79m
Heterogeneous QB scene-
satellite stereo

QB scene-1

K2scene-2/ 25.3° 69.4° |1.95m/2.29m | 1.81m/192m | 2.14m/313m

0.14m/0.37m | 3.36m/4.32m

QB scene-2

K2scene-2/ 39.1° 757° | 1.52m/190m | 1.51m/1.79m | 1.62m/2.22m | 0.0lm/0.1lm |2.31m/3.25m

of wEjof| A A AFo] Point Co sF7te}. Hukzo =
Aleret $121 2% WS Fel olF A LHlE e G4l 3
A+ A A A o Sae Hollnk 59, Fig.
59 A A = 29, 31 2ol A A WY Bik= o
27 epsdeh 2829 715t R 48 8
3Fo] AL AjF o g2 EokA )
2 ke o2 B0l 21 230 A9 g e $97H(253)
& 3 x3te] A9 P WL ol

KN
A3kt ol Bebgdt AE @ 7|skR Q8] 57k &

Z]

h=}

o} & z3to] net M G} wlnle 4

3
3}
4
7 el whek #A] Zfel7k A yehd e 2 BRIEg)
= o
o Aate ARk o 2 Ak e 93] FEE P Ayt
£ HoAFr:

5,2 E

ol F9A 2HE 2.0 H$- chaket gro] AHE L 73 2
A7) AZEEE o33t 7|5F Q4L Q)R] AT o) 21H %
o] Q7] wiell, olF 1 A= 3t 23
S$H7I 2o oS8 1S
A= Zlo] frefsitt. o= A% A= Edl AS5H A
oju, AA| & d7-2] ¥ AiK(Table 2)°) 4= oJ2|gt A+
2 8}e13h 4 gk B Aol A o]u] A o594 AR

_I_L‘

=)
[o]
r
(-
w o i o

[CRFEN i
ﬁ

rlo

330

£ A5t = g QlojA 321 9] A E AT
AR AA e AAskaL A avkE Akt OI%‘—%
7 LHEI L0 B T G AR @A o] o)} &
2 ol2fet 5A& ol 85t T 2 s =E 2 A2
= A =S 8ok AR
olyst WL 7|1E HAA
‘ﬂ*°ﬂ HJgl} o]F14 "Eﬂﬂﬂ BT 32 A A== A
sha o

et
e
x

rlr

Ao, o] 4 913 B B4 7} 54

Teiuh AR A Aubol A 71 ek Aok e ¢)
A ot 2o 2 Ao} SR e ol 2.0
G4} 7 379 91X oxHE A A 91X
ek Ofel, 5 914 A0 AR Bhelo
Rofch. Tt otz £ el ALEE o] 914 LEe
o] A SAFE Aol 7k ZA) oot uAbaH WALO = Tk
S, Im o]4e] SAE Aol S 2 ol F 914 e 0.
A9 A4 94 2 e Fol U 27 ol g
= WA BT A Ao Tlgfeiek B ade] A%k
M3k AF AT o) F 914 Aeje o Aae] S4S ofafst
ol A0 ol ANlatel 5 248 Ao o]
= oA AelEle Fao] glof 2A lefa 4= 9 A
o 2 7|skch

N

A

o



A Study on the Method for Three-dimensional Geo-positioning UsingHeterogeneous Satellite Stereo Images

References

Aguilar, M. A., Aguilar, F. J,, and del Mar Saldana, M.
(2012), Geopositioning accuracy assessment of GeoEye-1
panchromatic and multispectral imagery, Photogrammetric
Engineering & Remote Sensing, Vol. 78, No. 3, pp. 247-258.

Aguilar, M. A, Saldana, M. M., and Aguilar, F. J. (2013), Assessing
geometric accuracy of the orthorectification process from
GeoEye-1 and WorldView-2 panchromatic images, International
Journal of Applied Earth Observation and Geoinformation,
Vol. 21, pp. 427-435.

Chen, L., Chang, W., and Teo, T. (2012), Geometric integration
of heterogeneous models for multisatellite image positioning,
IEEE Transaction on Geoscience and Remote Sensing, Vol.
50, No. 7, pp. 2802-2809.

Chen, L., Teo, T., and Liu, C. (2006), The geometrical comparisons
of RSM and RFM for FORMOSAT-2 satellite images,
Photogrammetric Engineering & Remote Sensing, Vol. 72,
No. 5, pp. 573-580.

Choi, S. and Kang, J. (2012), Accuracy investigation of RPC-
based block adjustment using high resolution satellite images
GeoEye-1 and WorldView-2, Journal of the Korean Society
of Surveying, Geodesy, Photogrammetry and Cartography, Vol.
30, No. 2, pp. 107-116. (in Korean with English abstract)

Eckert S. (2009), Validation of aircraft height extraction from
Worldview-1 stereo data, International Journal of Remote
Sensing, Vol. 30, No. 22, pp. 6053-6060.

Fraser, C.S. and Ravanbakhsh, M. (2009), Georeferencing
accuracy of GeoEye-1 imagery, Photogrammetric
Engineering & Remote Sensing, Vol. 75, No. 6, pp. 634-
640.

Grodecki, J., and Dial, G. (2003), Block adjustment of
high-resolution satellite images described by rational
polynomials, Photogrammetric Engineering & Remote
Sensing, Vol. 69, No. 1, pp. 59-68.

Jeong, J., Yang, C., and Kim, T. (2015), Geo-positioning
accuracy using multiple-satellite images: IKONOS,
QuickBird, and KOMPSAT-2 stereo images, Remote
Sensing, Vol. 7, No. 4, pp. 4549-4564.

Jeong, J., Kim, J., and Kim, T. (2014), Analysis of geolocation
accuracy of KOMPSAT-3 imagery, Korean Journal of
Remote Sensing, Vol. 30, No. 1, pp. 37-45. (in Korean with
English abstract)

Jeong, J. and Kim, T. (2014). Analysis of dual-sensor stereo
geometry and its positioning accuracy, Photogrammetric
Engineering & Remote Sensing, Vol. 80, No. 7, pp. 653-
662.

Li, R., Zhou, F., Nui, X., and Di, K. (2007), Integration
of Ikonos and QuickBird imagery for geopositioning
accuracy analysis, Photogrammetric Engineering &
Remote Sensing, Vol. 73, No. 9, pp. 1067-1074.

Noguchi, M. Fraser, C.S. Nakamura, T. Shimono, T., and
Oki, S. (2004), Accuracy assessment of QuickBird stereo
imagery, The Photogrammetric Record, Vol. 19, No. 106,
pp. 128-137.

Song, Y.-S. (2014), Accuracy investigation of DEM generated
from heterogeneous stereo satellite images using rational
polynomial coefficients, Journal of the Korean Society for
Geospatial Information System, Vol. 22, No. 3, pp. 121-
128. (in Korean with English abstract)

Sung, M., Choi, S., and Jang, S. (2014), Generation of epipolar
image using different types of satellite sensors images,
Journal of the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, Vol. 32, No. 1, pp. 39-
47. (in Korean with English abstract)

331






