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Abstract: To solve the problems of low color saturation and edge blurring caused by viscous resistance and other
factors in color EPD, this paper proposes a color e-paper edge enhancement error diffusion algorithm based on
HSL space to improve the display quality. This algorithm first uses an edge detection operator to obtain edge-
enhanced images from denoised images. It combines edge-enhanced image pixel neighborhood average gray
level, pixel and neighborhood gray level difference, and pixel neighborhood similarity to obtain new RGB image
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pixel value. Then, the new RGB image is processed by a threshold process to obtain a 16-level RGB image.

Finally, the 16-level RGB image is converted to HSL space, and a conversion model between HSL and RGB color

spaces is established. According to the brightness and saturation of the pixel, the adjustment factor is calculated to

enhance the saturation of the RGB image. Compared with the traditional error diffusion algorithm, the signal-to-
noise ratio PSNR of this algorithm is improved by 3.9%~26.7%, the UCIQE is improved by 10.1%~48.2%, and the
SSIM is improved by 13.2%~25.4%. The subjective evaluation refers to the ITU-R BT.500-1 standard to design
experiments and calculate Z scores. Finally, the image details and colors of the image processed by this paper

algorithm are closer to the original image on the color e-paper, and the overall visual effect is better.

Keywords: color electrophoresis display; error diffusion; saturation; edge detection; image enhancement
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Fig. 2 (a) The flow chart of error diffusion algorithm; (b) The flow chart of image saturation enhancement
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Fig. 3 (a) Lena original image; (b) Floyd-Steinberg algorithm rendering; (c) Knox algorithm rendering; (d) Kwak algorithm rendering;
(e) Algorithm rendering of this article
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Fig. 4 (a) Detailed picture of Lena’s original hat; (b) Detailed picture of Floyd-Steinberg algorithm hat; (c) Detailed picture of Knox algorithm
hat; (d) Detailed picture of the Kwak algorithm hat; (e) Detailed picture of the algorithm hat of this article
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(d) Kwak kR0 B (e) AL Fikikiram T A

Fig. 5 (a) Detailed picture of Lena’s original eyes; (b) Detailed picture of Floyd-Steinberg algorithm eyes; (c) Detailed picture of Knox algorithm
eyes; (d) Detailed picture of the Kwak algorithm eyes; (e) Detailed picture of the algorithm eyes of this article

B 6 (a) Baboon /& H; (b) Floyd-Steinberg H-i% 2R B; (c) Knox A& 2R E; (d) Kwak Fik R E; (e) AX F kR A
Fig. 6 (a) Baboon original image; (b) Floyd-Steinberg algorithm rendering; (c) Knox algorithm rendering; (d) Kwak algorithm rendering;
(e) Algorithm rendering of this article

B 7 (a)Baboon & HE &34 B; (b) Floyd-Steinberg £k %44 B ; (c) Knox ik &3 m ¥ B,
(d) Kwak ik 321 2m B (@) AL Hik fran i )
Fig. 7 (a) Detailed picture of Lena’s original nose; (b) Detailed picture of Floyd-Steinberg algorithm nose; (c) Detailed picture of Knox algorithm
nose; (d) Detailed picture of the Kwak algorithm nose; (e) Detailed picture of the algorithm nose of this article
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A2 AFA%IREY #3E %/ B %69 SSIM. PSNR {44 UCIQE 14
Table 2 SSIM, PSNR, and UCIQE values of images after different edge error diffusion enhancements
Kodak24 CBSD68
Image datasets
PSNR/dB SSIM UCIQE PSNR/dB SSIM UCIQE
Floyd-Steinberg 20.1667 0.6111 0.3205 19.8109 0.6468 0.2587
Knox 17.1841 0.6043 0.3265 17.1904 0.6538 0.2901
Kwak 19.7710 0.5996 0.3163 19.2995 0.6508 0.2909
Ours 21.7799 0.7472 0.4001 21.2150 0.7406 0.3835
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Fig. 8

(a) Rendering of the Lena's original image; (b) Lena display effect after the algorithm processing in this paper; (c) Renderings of the

original drawings of the flowers; (d) Effect of the flowers display after the algorithm processing in this paper
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Table 3 Z-scores for different display renderings
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Error diffusion optimization to enhance the
saturation of colored e-paper

Lin Shanling"’, Xie Xinxin"?, Lin Jianpu"*", Lin Zhixian"**, Guo Tailiang®’

N TV \ i/l \ oy

(a) Renderings of the original drawings of the flowers; (b) Effect of the flower bush display after the algorithm processing in this paper

Overview: Electrophoretic display has the similar reflectance and wide viewing angle characteristics as paper, and will
not harm the eyes due to the absence of a backlight. At the same time, electrophoretic display has the advantages of low
power consumption and bistability, so EPD is often used for e-books, shelf price tags, and billboards. The eye protection
characteristics make it deeply loved by the public, so people have more expectations for color EPD. However, there are
still problems of unclear details and color distortion in the display image.

There are three main forces involved in electrophoresis particles: the interaction force between particles, the viscous
resistance of the solvent, and the electric field force. The time delay of the particles reaching the common electrode is
caused by the uneven force between the three factors. The low color saturation of the image and the blurred loss of edge
details affect the feelings of the EPD users.

In order to solve the above problems, this paper proposes a color e-paper edge enhancement error diffusion algorithm
based on HSL space to improve the display quality. This algorithm first uses an edge detection operator to obtain edge-
enhanced images from denoised images. It combines edge-enhanced image pixel neighborhood average gray level, pixel
and neighborhood gray level difference, and pixel neighborhood similarity to obtain new RGB image pixel value. Then,
the new RGB image is processed by a threshold process to obtain a 16-level RGB image. Finally, the 16-level RGB image
is converted to HSL space, and a conversion model between HSL and RGB color spaces is established. According to the
brightness and saturation of the pixel, the adjustment factor is calculated to enhance the saturation of the RGB image.

The results show that compared with other algorithms, the proposed algorithm improves the PSNR by 3.9%~26.7%,
the saturation by 10.1%~48.2%, and the SSIM by 13.2%~25.4%. The edges and details of the image displayed by EPD
are enhanced; the clarity and visibility of the image are improved. Better preserve the information and color of the
original image. The EPD shows more parts of the image detail, which are fully enhanced. The colors of the image are
closer to the original and more saturated. All these have brought a better visual experience to the users of EPD.

LIN S L, XIE X X, LIN J P, et al. Error diffusion optimization to enhance the saturation of colored e-paper[J]. Opto-
Electron Eng, 2024, 51(1): 230309; DOI: 10.12086/0ee.2024.230309

Foundation item: Project supported by National Key R&D Program of China (2022YFB3603705), National Natural Science Foundation of China
(62101132), and Natural Science Foundation of Fujian Province (2020J01468)

'School of Advanced Manufacturing, Fuzhou University, Quanzhou, Fujian 362251, China; “Fujian Science and Technology Innovation Laboratory
for Optoelectronic Information of China, Fuzhou, Fujian 350116, China; 3College of Physics and Telecommunication Engineering, Fuzhou
University, Fuzhou, Fujian 350116, China

* E-mail: lip@fzu.edu.cn

230309-10


https://doi.org/10.12086/oee.2024.230309
mailto:ljp@fzu.edu.cn

	1 引　言
	2 算法基本原理
	2.1 传统误差扩散算法
	2.2 图像边缘检测原理
	2.3 HSL增强色彩饱和度原理

	3 基于HSL边缘增强的误差扩散算法
	4 仿真结果
	4.1 客观评价
	4.2 主观评价

	5 结　论
	参考文献

