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Environment adaptive tone mapping algorithm for display devices
GONG Yin-giang, YU Xin, QIU Guo-ping”

(College of Electronics and Information Engineering » Shenzhen University ,
Shenzhen 518052, China)

Abstract: Ambient light has always been one of the essential obstacles to improving display devices’
image quality. In this study, a tone mapping algorithm is proposed, which can adjust the luminance
and color of the image to achieve reliable luminance mapping and color correction of the image in dif-
ferent luminance ranges. Firstly, the influence of ambient light on the display device is analyzed, and
the display device model is established. Secondly, the contrast perception model was used as a bridge
to solve the luminance mapping curve to minimize the contrast perception difference. Then, using the
color appearance model CAM16, the original image is mapped into the environment where the display
device is located, while the perception of color and brightness remains unchanged. Finally, luminance
mapping and color correction are combined, and a soft clip function is designed to correct the overex-

posure problem. Experimental and simulation results show that under different environments, the al-
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gorithm can repair the color deviation caused by luminance compression, reduce the color error to less

than 60% of the traditional method, reduce the contrast perception error, and obtain a stable image

performance. The requirements of display devices in a complex environment can be met.

Key words: display technology; tone mapping operator; human visual system; high dynamic

range imaging
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color accuracy of images. (a) No color cor-

rected; (b) Color corrected by CAMI16.
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Fig.5 Influence of the soft clip function on the color accu-
racy of the image. (a) Sky and flowers are partially
overexposed, and the overexposed areas are marked
in blue in the detailed images. The scatter plot on
the right shows the relationship between the subjec-
tive color parameters of CAM16-UCS in the HDR
original and final image; (b) Scatter plot of a’; (¢)

Scatter plot of 4.
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ent device luminance.
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Fig.7 Influence of ambient color temperature on the algorithm. The left column shows the results of the tone
mapping operator proposed in this paper in different color temperature environments. The ambient color
temperature is shown in the image as a medium gray border. The scatter plot on the right shows the re-
lationship between the subjective color parameters of CAM16-UCS in the HDR original and final image.
(a) Color temperature D55; (b) Color temperature D65; (c¢) Color temperature D75,
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Tab.2 Performance of different TMO under different test images
AE AE.
Color
Mantiuk Reinhard Mantiuk Reinhard
temperature Ours Ours
08 05 08 05
(1) D55 5.8 7.7 43 4.6 4.2 1.8
(2) D65 5.2 7.5 4.8 3.4 3.1 1.9
(3) D75 5.7 7.8 5.3 4.3 4.6 2.1
AVG 5.6 7.7 4.8 4.1 4.0 1.9
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Fig.8 Results under different background light distribution. (a) Pattern of different background light distribu-

tion; (b) Simulation images of the effect after the result and the background light are superimposed in

proportion; (c¢) Input images of the display device.
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Fig.9 Results under different background light luminance. (a) Simulation images of the effect after the result

and the background light are superimposed in proportion; (b) Input images of the display device.
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Fig.10 Results under different ambient color temperature. (a) Simulation images of the effect after the result
and the background light are superimposed in proportion; (b) Input images of the display device. The
maximum luminance of the background light is set to 10% of the maximum luminance of the display
device. The distribution of the background light is shown in Figure 8 (4-a).
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