LRAFIVvHLYIERDOSIY FS5 R MEBERLIE

IR/ WHELCMOS A X—I VY —H/IEAAF+Iv oLV I ER
Contrast Improvement for a Linear/Log CMOS Image Sensor
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Abstract

Although linear/log image sensors provide high contrast
with their linear characteristic and wide dynamic range with
their logarithmic characteristic, conventional image data
processing results in low contrast in the logarithmic area.
This paper describes a dynamic range compression tech-
nique that improves contrast with linear/log image sensors.
An image consists of reflectance and illumination, and the
compression of the dynamic range of illumination achieves
a high contrast image. In the technique presented, illumi-
nation is extracted from an image by edge-preserving
smoothing. Smoothing and downsampling an image sev-
eral times provides multi-resolution images. The lower reso-
lution images are upsampled and their edge areas are re-
placed by those of the higher resolution images. This
upsampling and replacement is repeated until the original
image resolution is reached. In illumination compression,
lower compression of the linear area makes full use of the
characteristics of a linear/log image sensor. In addition to
the technique presented, an effective method of correct-
ing small edge artifacts for higher quality images is briefly
described.
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Fig.1 Photosensitive conversion characteristics of a
linear/log CMOS image sensor
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Fig.3 Dynamic range(DR) compression on retinex theory

I: wide dynamic range image; L: illumination; D: reflectance;
L": compressed illumination; I': DR compressed image
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Fig.5 Dynamic range compression (halo effect)
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Table 1 Specifications of contrast improvement
processing

Hierarchical LPF
LPF 7x7 weighted average
Downsampling  2:1
Number of steps 4
Edge detector ~ 3x3 Prewitt

el 33
e2 1310
Compression Eq. (5)
s 1105
Lmax' 4095 (12 bits)
Lmax 43801 (Fig. 8, photos on left)

16,383 (Fig. 8, photos on right)
Output conversion 12 bits to 8 bits, gamma = 1/1.8
Processing time 11 seconds (6MPixels, 1.6GHz CPU)
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Fig.8 Images obtained through contrast improvement processing. Input images are linear/log images converted from linear high-
dynamic range images synthesized from short- and long-exposure time images. Top: short- and long-exposure time images.
Middle: images from conventional image data processing of input images. Bottom: images from our contrast improvement
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Fig.9 Artificial edges and small halo artifact: (a) artificial edges
(e1 = 8, e2 = 328); (b) small halo artifact (e1 = 66, e2 =
2620); (c) after correction
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Fig.10 Images from our contrast improvement processing; input
image is taken with test sample of linear/log CMOS
image sensor. Top: image from conventional image data
processing. Bottom: image from our contrast improve-
ment processing
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