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Table 1 The PSNR and SSIM comparison of image processed by super pixel model

Even frame Odd frame Super pixel frame

Image PSNR SSIM PSNR SSIM PSNR SSIM
1 31.980 0.925 32.490 0.924 36.589 0.961

2 31.615 0.898 31.945 0.897 36.204 0.949

3 27.172 0.829 27.536 0.828 31.069 0.908

4 30.458 0.913 30.680 0.914 35.487 0.957

5 30.673 0.908 30.781 0.908 35.104 0.957

6 31.044 0.903 31.645 0.902 35.773 0.949

7 28.068 0.843 28.329 0.844 32.387 0.925

8 30.677 0.909 29.847 0.905 34.406 0.949

9 30.383 0.864 30.746 0.866 34.253 0.927
10 27.784 0.847 26.714 0.847 31.317 0.923
11 27.984 0.861 26.918 0.857 32.087 0.924
12 28.669 0.918 28.596 0.918 33.533 0.956
13 27.916 0.876 27.709 0.876 31.867 0.936
14 29.850 0.866 29.933 0.864 33.833 0.932
15 32.067 0.946 33.518 0.945 37.381 0.975
Average 29.756 0.887 29.826 0.886 34.086 0.942
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Table 2 JND integration results of different scanning methods(% )

19-SubFrame cGPwM"™ Super pixel
Number
IND,; =0 JND, <38 IND, =0 IND, <8 IND,; =0 IND, <8
1 87.970 94.136 90.261 95.640 90.885 98.978
2 89.040 90.785 89.310 91.132 93.797 99.791
3 91.252 94.859 91.654 95.178 93.960 99.926
4 89.688 93.309 90.049 93.638 93.476 99.684
5 91.921 94.587 93.122 95.563 94.574 98.578
6 88.981 93.950 89.847 94.674 92.628 99.370
7 90.703 94.492 91.429 95.052 93.889 99.749
8 89.847 94.043 91.517 95.397 91.621 97.446
9 87.965 93.131 88.377 93.460 91.454 99.715
10 87.992 93.223 88.550 93.652 90.928 99.622
11 89.866 93.988 90.605 94.633 93.204 99.287
12 89.328 93.759 89.680 94.061 92.113 99.855
13 89.919 94.206 91.088 95.956 91.859 98.009
14 89.882 93.900 90.408 94.404 93.008 99.405
15 93.368 95.294 93.850 95.633 96.982 99.608
16 90.553 94.205 90.798 94.507 94.386 99.838
17 90.839 93.895 91.401 94.336 95.033 99.726
18 91.851 94.024 93.023 94.940 95.799 98.734
19 89.769 93.975 90.590 94.665 92.466 99.058
20 94.794 96.713 95.071 97.040 96.608 99.686
21 89.037 94.004 90.026 94.727 92.382 99.304
22 88.305 93.313 89.093 94.000 91.308 99.299
23 90.089 93.783 90.823 94.422 93.517 99.810
24 90.569 94.419 92.122 95.642 92.876 98.783
Average 90.147 94.000 90.946 94.681 93.281 99.302
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Research on Digital Drive Imaging Quality of Silicon—based
OLED Micro Display Based on Super Pixel

JI Yuan"?, CHEN Honggang', CHEN Baoliang', ZHANG Yin’, XU Yiqing'
(1 Microelectronics Research and Development Center, Shanghai University, Shanghai 200072, China)
(2 School of Mechatronic Engineering and Automation , Shanghai University, Shanghai 200072, China)

Abstract: With the development of new display technology and the continuous warming of the concept of
metauniverse, micro—display has been widely used in near—eye display fields such as virtual reality and
augmented reality. The silicon-based OLED micro-display has become the best choice for near—eye display
devices due to its advantages of small area, high brightness, fast response, wide color gamut and high
resolution. traditional silicon-based OLED micro-displays mostly adopt analog drive mode, but it is
difficult to meet the requirements of high resolution and high refresh rate due to the limitation of the
conversion speed and accuracy of digital-to—analog converter. The digital driving mode adopts pulse width
modulation method, which makes the human eye perceive different gray levels by changing the light and
dark time of pixels. With the advantages of fast switching speed, high stability and low noise, digital drive
is more suitable for silicon-based OLED micro-displays with fast photoelectric response. However, with
the further improvement of the requirements for the imaging quality of micro—display, the current scanning
mode for digitally driven micro—display is difficult to meet the massive data transmission caused by the
improvement of resolution and refresh rate. At the same time, digital drives mostly adopt the addressing
display period separated sub—field method. The distribution of the luminous sub—field is not continuous
within a frame time, and the dynamic false contour phenomenon occurs when the moving picture is
displayed, which seriously affects the viewing quality of the human eye.

Aiming at the imaging problems such as low resolution, low refresh rate of micro—display and dynamic
false contour when displaying moving pictures, this paper proposes a digital driving scanning strategy based
on super—pixel technology and digital driving principle. This method uses the integral property and visual

0911002-10


http://r0k.us/graphics/kodak

FPH 5 BT AR F A RESE OLED fof 7 #4507 3K 3h 1A% i &2 B 5%

persistence property of the human eye to quickly switch between two lower resolution images in the process
of display. When the switching frequency is far beyond the critical flicker frequency that the human eye can
perceive, the human eye will recognize two lower resolution images as one higher resolution image due to
the spatial dislocation of the two images on the displays. A super—pixel model is built using MATLADB and
the image quality of the super—pixel processed image is evaluated. Under the condition that the data
transmission bandwidth is reduced by 50%, the average PSNR of the super—pixel image is about
34.086 dB, and the average SSIM is about 0.942. According to the integration method, the image quality
of the super—pixel image perceived by the human eye is not significantly different from the original image.
This scanning strategy provides an effective solution for improving the resolution and refresh rate of micro—-
display. In order to further prove the effectiveness of the super—pixel scanning strategy, this paper analyzes
the mechanism of dynamic false contour and simulates the dynamic false contour of the image under the
super—pixel scanning mode. Considering the existence of visual threshold in human eyes, the dynamic false
contour of super—pixel is evaluated by combining and extending the just noticeable distortion integral
method. Compared with traditional scanning methods, the super—pixel scanning method displays two sub—
frame images in one gray period, and the display time of each sub—frame only accounts for half of the gray
period. When the integration method is used to simulate the gray level of pixels perceived by the human
eye, it is necessary to integrate the subfields of two sub—frame spans. The simulation results indicate that
under the proposed scanning strategy, the probability of the error between the maximum perceived
brightness of the human eye and the actual brightness of each pixel in the process of image movement is
equal to 0 and not more than 8 gray levels is about 93.3% and 99.3%, respectively. Compared with 19
subfields and CGPWM scanning mode, the dynamic false contour phenomenon under the super—pixel
scanning strategy has been significantly improved, and the display effect conforms to the human eye
observation experience. According to the super—pixel scanning strategy, a digital driving type super—pixel
micro—display controller was designed, and a system verification platform based on FPGA was built. The
full-color digital driving type silicon—-based OLED micro—display with resolution of 2 048X2 048 was
successfully driven, which proved the feasibility of the proposed scanning strategy and laid the foundation
for the application of the digital driving type silicon-based OLED micro-display based on super—pixel.

Key words: Super—pixel; Silicon-based OLED micro—display; Digital drive; Dynamic false contour;
Micro display controller
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