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Compensation of Over and Under Exposure Images Using ON/OFF Control
of Multiple Lightings for Exploration in Dark Environments
*J. Im, H. Fujii, A. Yamashita, H. Asama (The University of Tokyo)

Abstract— _In this paper, we propose a method to correct the over and under exposure regions in
the images. For the correction of over and under exposure regions, multiple lightings are used to
obtain multiple images whose over and under exposure regions are in different positions. The image
processing consists of four steps. Firstly, multiple images are captured by alternately turning on and
off illuminations which set in different positions. Secondly, luminance of the acquired images in
step 1 is corrected. Thirdly, the over and under exposure regions are extracted from the luminance

corrected images. Finally, the imaqﬁs are merged except for the over and under exposure regions.
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The experiment results show that
covered by our proposed method.
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Fig. 1: Investigation using remote controlled robot with attached
lightings.
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Fig. 2: Multiple lighting system.
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Fig. 3: Our image processing method for compensation of over
and under exposure using multiple images obtained by
multiple lighting system.
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Figure 4: Images obtained in image acquisition step : (a) Input image 1 lot, (b) Input image 2 1¢?, (c) Input image N 1oV,
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(c) Luminance corrected image N Ip\.

r N
b , 4 _

D? (c) Determination image N DN,

R A VD FE WD RBRMRREI TN, Z0F
EIX 2 SOBEZ RS, HBENOE 7 EALOERSH %
BLLETHL, AEOTHD WL, HAELLT
ThiuE, BOSNTHS LHWTHFIETHS. L
L, HEEROAEZFRALISGEE, trBtd b
WZEATHIHLOHLAEVH D NIEERS SN TIRY
FEINDMEENIAET 5.

Z 2T, REFETIIAMIE TIEE L TV HEREET
RS OMEDNS A & O - BOSNEREHEET 5
ZENARETHDHZEAFML, BED - BOSNH
B ORI & ERE R AR T 2. REFIE
DEEV - BoSNEIROM A Z Q2R

0 if 1°(i,j)>zy ANDr<r,
D"(i,j)=40  if 1'(i,j)<c. AND F>ry > 2
1 otherwise

©

Figure 5. Images obtained in luminance correction step : (a) Luminance corrected image 1 Ip!, (b) Luminance corrected image 2 12,
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Figure 6: Image obtained in extraction of over and under exposure areas step : (a) Determination image 1 D%, (b) Determination image 2
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Figure 7: Image obtained as a result of image synthesis step.
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TABLE 1. Photographing conditions.

Camera Sony 0l6000
Definition 640x480
I1ISO 400
F-number f/8
Shutter speed 1/40sec
Focal length 24mm
Lighting 3W Power LEDx6
Luminance of lighting 1,000Im
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Figure 8: Our system for compensation of over and under
exposure images.
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Figure 9: Placement of camera and lightings.
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Fig. 10: Experiment result at location 1 : (a) Input image 1, (b) Input image 2 and (c) Input image 3.
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Fig. 11. Experiment result at location 2 : (a) Input image 1, (b) Input image 2 and (c) Input image 3.
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Fig. 12. Experiment result at location 3 : (a) Input image 1, (b) Input image 2 and (c) Input image 3.
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Fig. 13. Entropy of original image, the result of contrast compensation, the result of HDRI and the result of our proposed method :

(a) Location 1, (b) Location 2 and (c) Location 3.



