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Abstract
proposed. This method consists of initial shadow detection and post-procession. Through utilizing simple shadow spectrum

A method to automatically detect and compensate shadows in high resolution remote sensing images is

signatures and complicated signatures shadows are detected automatically with relative automatic thresholds. Then the
initial detected result is improved by a post-procession scheme based on the principles of mathematical morphology.
Meanwhile an automatic compensating method which is essentially a mathematic model is explored, whose parameters
are automatically acquired by calculating the mean and variance of illumination in shadow and non-shadow areas and using
feature points extraction and matching strategy. Additionally, an integrated method using the compensation information
from the whole shadow area and the small pixel window respectively is used to promote the final result. Experimental
results indicate that both the multifarious conditions and post-processing can improve the accuracy of shadow detection
results. The post-processing can also strengthen the completeness of shadow area. Moreover, the method of automatically
acquiring the parameters in the compensation model is feasible and effectual. The integrated compensation strategy makes
the brightness of shadow area heightened and the details and texture enhanced. In consequence, the real information
shaded by shadow can emerge again.
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3 1.0432 1.0368
4 1.0065 1.0116
5 1.0030 1.0152
6 0.9897 1.0080
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Fig.6 The example figure of the areas relative to

compensation
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by automatic post-processing
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(e) Result of automatic compensation with the proposed method
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Fig.8 Comparison between the results of different shadow

detection and compensation in rural image
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(e) Result of automatic compensation with the proposed method
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Fig.9 Comparison between the results of different shadow
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detection and compensation in Urban image 1
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(a) Original image

(b) Initial result of shadow detection
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by automatic post-processing with manual work
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(e) Result of automatic compensation with the proposed method
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Fig. 10 Comparison between the results of different

shadow detection and compensation in Urban image 2
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Table 2

post-processing shadow detection

Accuracy of results before and after

B KGR ERRIE (%) KK (%) BIRIE (%) Kappa RH

Jsdh g R 95.33 3.36 96.10 0.9185
JELSHEES 96.70 2.06 97.30 0.9459
JEanEE S 98.79 3.19 97.75 0.9550

JE AL HEE R 98.80 1.18 98.50 0.9700

10 3 cEEP 99.10 8.76 94.74 0.8949
JEPGEERAEN 99.40 4.58 97.30 0.9459

3.2 *MEMRS

PR 7 38 R AT e T B 5% X ek e 208 524 1
158, Givl 2 MBS AR B B R P 3 B B A
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Table 3 Assessment of shadow compensation results
F2ES k=g 5 X 35k AR XAk ARSI EAME S IR 5 DX sk Wallis #M2 B 5 X3
B 70.9770 114.1716 113.9804 98.9617
! T 7.1073 7.6579 11.5795 9.4961
B 26.9488 101.7268 92.9905 84.8517
? T 7.3697 22.9355 25.2928 20.8029
B 23.6194 93.0321 85.1356 81.1687
’ T 3.8788 20.883 19.5277 16.6485
B 25.0622 113.7045 82.7414 90.0951
! T 2.6567 15.3042 10.3023 18.4550
B 38.5403 130.5892 112.3905 94.1409
° T 6.4091 14.0662 22.9443 18.1720
Fa MEEBIAMLI X A H
Table 4 A value of each shadow area in one image
%' A G A ETR) A ETRE) A G A ETR) A
1 0.9519 14 0.9227 27 1.2200 40 0.9907 53 0.9809 66 0.9107
2 0.9640 15 0.9560 28 0.9514 41 0.9201 54 0.9496 67 0.9032
3 1.0728 16 0.9576 29 0.9564 42 0.9501 55 0.9594 68 0.9383
4 1.0207 17 0.9408 30 0.9902 43 0.9887 56 0.9291 69 1.0005
5 0.9214 18 0.9931 31 1.0153 44 0.9662 57 0.9157 70 0.9457
6 1.0857 19 0.9669 32 0.9854 45 0.9515 58 0.9621 71 0.9364
7 0.7231 20 0.9592 33 0.9269 46 1.008 59 0.9456 72 0.9493
8 0.9106 21 0.9435 34 1.0283 47 0.9487 60 1.0280 73 0.9709
9 1.0975 22 0.9522 35 0.9476 48 1.0372 61 0.9101 74 0.9642
10 0.9380 23 0.9309 36 0.9329 49 0.9333 62 0.9584 75 1.0782
11 0.9937 24 1.0993 37 0.8990 50 0.9562 63 0.9607 76 1.0068
12 0.8870 25 0.9268 38 0.9509 51 0.8948 64 0.9435 7 0.9182
13 0.9938 26 1.0665 39 0.8948 52 0.9216 65 0.9456 78 0.9390

Fig. 11
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Fig.12 Scattergram of the difference between compensation value and the desired value in non-shadow area
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