1007-4619(2014) 04-07601 Journal of Remote Sensing i & 3R

100048
(OAN I. PC,
RATIO, o Digital Number ( DN)
o I PC,
N N o 20 QuickBird
97% 96% Kappa 0.9%4.
1 TP751 CA
.2014.

18(4): 760 -770
Duan CY Gong HL Li X Jand Chen B B. 2014. Shadow extraction based on characteristic compo—
nents and object-oriented method for high-resolution images. Journal of R emote Sensing 18(4): 760 —
770  DOI: 10.11834/jrs. 20143243

1 di 2004; Arévalo 2008) . 2
( Nakajima
2002; Arévalo  2008)
( 2011) N
o o Cheng  Thiel (1995) Shettigara  Sumerling
(1998) Lu( 2006)
1
( Tsai 2006; Saraban— o

:2013-0830; :2014-0243; :2014-0220

: (141130744 41171335) ; (973 )(  :2012CB723403)
(1986— ) 2 o E-mail: duanguangyao06@ 163. com

(1956— ) o E-mail: gonghl@ 263. net



761

o Arévalo  (2008) C,.C,.C,
( Gevers  Smeulders 1999)
Sarabandi  (2004) C,.C,.C, o
Tsai (2006) ISH
Liu  (2011)  ISH (2008) Liu  Yamazaki (2010 2012)
. (2003 2004) (2010)

HIS KL N
Digital Number( DN) .
(2013)  PCA HIS

S

o Suzuki  (2000) RGB 2
ISH
(2001) SPOT QuickBird 3
Landsat TM 5 . 4 3
(2006) 1 o 20 ( 5-8 )
(2012) N 1000 x 1000
Etemad- R.G.B.NIR
nia  Alsharif ( 2003)
o (2004) o ( UNB Pan-
(2011) sharpen) ( Zhang 2002)
1

Table 1 Parameter list of the experimental data

/m /(°) /(°) 1(°) /(°)

QuickBird ~ 2008-11-04 0.6 34.4 171.3 68.6 236.2
QuickBird 20090143 0.6 26.5 164.4 69.3 6.1
QuickBird ~ 2008-10-27 0.6 37.3 166.6 67.3 74.4
20 o
2 o N
2 1 2 3 o
0.1 o N
4 3 0
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2

20  QuickBird

Table 2 Mean correlation and standard deviation of twenty QuickBird images

1

2 3
1 1.00 0.00 — — —
2 0.96 0.02 1.00 0.00 — — — —
3 0.87 0.06 0.95 0.02 1.00 0.00 — —
4 0.59 0.12 0.67 0.11 0.67 0.13 1.00 0.00
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Table 3 Mean accuracy and standard deviation of
maximum likelihood method
1% 87.30 12.8 83.10 12.4
0.72. /% 86.06 9.0 90.01 5.9
20 1% 89.12 3.3 — —

Kappa 0.72 0.077 —
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4
Table 4 Mean accuracy and standard deviation of .
object oriented method based on original data 10
1% 78.08 5.20 97.54 1.1 ( d) 10 ( f)
1% 90. 11 5.50 93.40 0.8 N
1% 92.91 1.00 — —
Kappa 0.79 0.056 — —
5 1
Table 5 Mean accuracy and standard deviation of
the proposed method RATI Ob_nir
/% 96.08 1.70 98.36 1.1
1% 96.58 2.60 97.80 1.5
1% 97.53 0.80 — —
Kappa 0.94 0.025 — — °
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Shadow extraction based on characteristic components and
object-oriented method for high-resolution images

DUAN Guangyao GONG Huili LI Xiaojuan CHEN Beibei

College of Resources Environment and Tourism  Key Laboratory of 3D Information Acquisition and Application Minisiry of Education
Base of the State Key Laboratory of Urban Environmental Process and Digital Modeling
Capital Normal University Beijing 100048 China

Abstract: High-resolution satellite images provide extensive spectral shape and textural information of ground objects; as such

these images have been widely used in many fields. As by products of images shadows affect the visual interpretation and automat—
ic identification of landscape objects. Nevertheless shadows reveal additional useful information such as shape height surface
characteristics  and relative position of targets. Therefore studies should be conducted to develop methods for detecting shadows.

To extract shadows accurately researchers should consider the necessary pre-conditions; such methods should also be readily avail—-
able for further utilization. This study proposed a shadow detection method based on object-oriented method and established charac—
teristic components for high-resolution satellite images. To analyze the spectral characteristics of shadows we determined several

components such as color invariant C; brightness I first principal component ( PC,) and RATIO, We then used these com—

ponents to highlight shadow areas in images. RATIO, . index which can be used to distinguish shadow and water efficiently was
d eveloped by considering the Rayleigh scattering of different wavelengths in shadow and non-shadow areas. However such ¢
omponents are difficult to analyze comprehensively because different construction methods have revealed various value ranges. To o—
vercome this problem we used a linear normalization method and transformed the pixel values of images in the same range of 0 to
1. Object-oriented method which comprised segmentation and information extraction was used to extract shadow areas in the en—
hanced images. Brightness / and PC, which contained relatively clear boundary information were chosen as the main data source

for multiresolution segmentation based on the characteristics of high-resolution images. C, and RATIO, . indices were also used the

b_ir
main data source in the subsequent classification. Several characteristics such as mean value maximum difference standard devi-—
ation area and gray-devel co-occurrence matrix indicated the difference between shadow and non-shadow objects; as such these
characteristics were selected to extract shadow areas from images. Shadows in 20 QuickBird images were extracted using the pro—
posed method and two contrast experiments. Data revealed that the average total accuracy of the proposed method was 97%  the
average producer accuracy was 96% and the average Kappa index was 0.94. The combined characteristic component-based and
object-oriented methods could be used to obtain shadows with perfect shapes but without fragmentation compared with pixel-based
method. The combined method also exhibited higher accuracy than the object-oriented method based on original optical i mages a—
lone. Considerable experiments and statistically high—-precision results of the proposed method showed that the combined character—
istic component-based method and object-oriented method could be used efficiently to enhance the contrast of shadows a gainst other
features. Furthermore this combined method could be used to ensure the complete extraction of shadow areas. The proposed meth—
od could be applied not only to QuickBird imagery used as test data in this study but also to other high—resolution satellite images.

Key words: shadow extraction characteristic component object oriented spectral characteristic color invariant index



