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Abstract: Micro-LED displays achieve image rendering beyond the physical resolution of the display by
means of sub-pixel multiplexing technology, which effectively reduces the production cost while improving

the perceived resolution. However, the traditional unweighted average rendering algorithm for the
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triangular arrangement of RGB subpixels easily leads to the problem of color distortion, which in turn
seriously affects the image display quality and user viewing experience. To solve this problem, this paper
proposes an adaptive weighted subpixel rendering algorithm based on color difference. The algorithm
consists of an image preprocessing module, a color space conversion module, an adaptive weight
calculation module, and a subpixel rendering module. Firstly, the image preprocessing module extends
the boundaries of the input image to ensure that no boundary-crossing problem occurs in the subsequent
subpixel rendering process. Next, the color space conversion module separates and expands the channels
of the read pixels and converts them from the sRGB color space to the CIELab color space. Subsequently,
the adaptive weight calculation module achieves scene matching by calculating the color difference polarity
between pixels and assigns values to the output subpixels. If it fails to match the corresponding scene, the
center pixel is selected and the weight value is calculated based on the color difference of the neighboring
pixels. Finally, the subpixel rendering module outputs the grayscale value of the subpixel based on the
calculated weight value to complete the rendering of the final image. The experimental results show that
compared with the traditional unweighted average subpixel rendering algorithm, the color difference-based
adaptive weighted subpixel rendering algorithm proposed in this paper performs better on the DIV2K
dataset. Specifically, the mean square error is reduced by 14.537 61, the peak signal-to-noise ratio is
improved by 0.828 21 dB, and the structural similarity is improved by 0.014 96, the feature similarity
index increased by 0. 000 83, and the fidelity of visual information increased by 0. 009 66. The algorithm
significantly suppresses the color distortion problem, which effectively improves the display quality and the
user viewing experience.
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Fig.1 Diagram of RGDB triangle arrangement structure
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Fig.2 Overall framework of the algorithm in this paper
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Fig.5 DIV2K dataset. (a) 48 images from the original dataset; (b) 16 images plus Gaussian noise.
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Fig. 6 Single-linewidth black background white line ren-

dering. (a) Original drawing; (b) Rendering effect

of the unadvised averaging algorithm; (c) Ren-

dering effect of the adaptive weighting algorithm.
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Fig.7 Rendering of the English letters. (a) Rendering
effect of the unadvised average algorithm; (b)

Rendering effect of the adaptive weight algorithm.
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Tab.2 Comparison of image quality metrics of two ren-

dering algorithms

BhR RIBCEIE RS A& A EE YR

MSE 87.963 61 73.426 01
PSNR/dB 28.900 78 29.728 99
SSIM 0.915 26 0.930 22
FSIM., 0.994 13 0.994 96
VIF 0.522 36 0.53202

T EOU M LA AT s e EL 5 A
T8 A VE Y R AE AN [ ER A R B, FR AT
TR 15 2] & 5k KR 1 MSE . PSNR. SSIM .
FSIMec # VIF B fH 2 H s &, an ¥ 8.9.10.11.12
FroR o X e R L TG B X LG, A B T IR A
it P o B A Ak BN [) 26 Y TR N 1) P B 25
T Ao X 4 A8 A G /Y X B A3 B B, F
A Vi e BETE AR Z S DL AR TR A ¥ 5
2L U HAE A B AL R R T % 5 80ORE B i 2 Ak
Yy BB AR S 3 AR BHRERY XA
B EFRAR T KL 09 MSE A, 342 71 T PSNR #I
SSIM $845 , EPUIE T HAE BIG OR 5L B2 R 4548 P35 7

[—— AIBCTE) —— FEN A

MOT T sk R

(=)

120
100

MSE

80
60
40 1
20

5 10 15 20 25 30 35 40 45
Test images

K8 MR LB MSE X H
Fig.8 Comparison of MSE between the two algorithms
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Fig.9 Comparison of PSNR between the two algorithms
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Fig. 10 Comparison of SSIM between the two algorithms
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Tab.3 Comparison of image denoising quality metrics of

two rendering algorithms

fefs NIBCEAE AL F R i Y

MSE 270. 382 09 132.648 44
PSNR/dB 23.844 19 26.994 57
SSIM 0.705 36 0. 856 04
FSIMc 0.93541 0.969 07
VIF 0.458 60 0.482 84
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Fig. 13 Comparison of the denoising effects of the two
algorithms. (a) Original images; (b) Images of
salt and pepper noise; (¢) Denoising effect of the
unweighted average rendering algorithm; (d)
Denoising effect of the adaptive weight rendering

algorithm.
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