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Compensation of Over and Under Exposure Images Using Multiple Lighting
System for Exploration Robot in Dark Environments
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Over and under exposure causes a big problem when people investigate dangerous places like
Fukushima nuclear power plant through the camera attached a remote control robot. In this paper, we
propose a method to compensate the over and under exposure regions in an image. For the compensation
of over and under exposure, multiple images which are acquired in different lighting conditions are
necessary. The image processing consists of four steps. Firstly, multiple images are acquired by
alternately turning on and off each illumination which are set in different positions. Then the image
obtained first is defined as input image 1, the image obtained second is defined as input image 2 and the
image obtained N-th is defined as input image N. Secondly, over and under exposure regions in the
image are extracted from the input image 1. Thirdly, luminance of the images is corrected. Finally, the
over and under exposure regions in the input imagel are compensated by other images. The results show
that the over and under exposure regions in the input image are recovered by our proposed method.
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Investigation using remote controlled robot with
attached lightings.
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Fig. 2 The schematic view of our proposed method
for compensation of over/under exposure.
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(a) Background image (b) Input imagel ot

(d) Input image3 lo®

(c) Input image2 1¢?

Fig. 3 Background image and input images.
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(b) Center of irradiated area C*  (c) Center of irradiated area C?> (d) Center of irradiated area C3

Fig. 4 Determination image and center of irradiated area images.



(a) Luminance corrected image Ip!

(b) Luminance corrected image 1p?

(c) Luminance corrected image Iy®

Fig. 5 Luminance corrected images.
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(a) Output image2 12 (c) Output image3 12

(d) Output from Iyt (e) Output from 1,2 (f) Output from I,°

Fig. 6 Output images when N=3.
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Fig. 7 Experiment environment.



(@) Input imagel o
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(c) Input image3 16
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(e) Output image3 I

(f) Contrast compensation

Fig. 8 Experiment results.
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