CN 51'-1546/04 1SSN 1003- 501X (EIJEIJF&)'« ISSN 2094-4019 (R#Hf)

ETRRZETRNEIEEE FRBERIE
EXA, HHE, HIEE, 98, TEW, FUR, KER, HE

SIRA:
EXR, i, KEE, £ ETERTOTHROEEEB FREBEKIEY]. SLEIE, 2025, 52(2): 240226.

Mao W J, Lin S L, Lin J P, et al. Color correction of electrowetting electronic paper based on color space
transformation[J]. Opto-Electron Eng, 2025, 52(2): 240226.

https://doi.org/10.12086/0ee.2025.240226
14 %5 H HB: 2024-09-24; &2 HHA: 2025-01-04; 3 HH3: 2025-01-06

PSS
& BRI E RIS 8RR R B G EE

MRS, PR 9K, MEGE ARIEE, AL, EOKR
KBTI 2024, 51(9): 240142  doi: 10.12086/0ee.2024.240142

R ERTRIOMERIRET SN
ML, BHOK, IR, HERE, AR
BT 2024, 51(1): 230309  doi: 10.12086/0ee.2024.230309

B SR Sk F TR i L

OEE & 23

Opto-Electronic Engineering

http://cn.oejournal.org/oee % OE_Journal Website


https://www.oejournal.org/oee/
https://www.oejournal.org/oee/
https://doi.org/10.12086/oee.2025.240226
https://cn.oejournal.org/article/doi/10.12086/oee.2024.240142
https://doi.org/10.12086/oee.2024.240142
https://cn.oejournal.org/article/doi/10.12086/oee.2024.230309
https://doi.org/10.12086/oee.2024.230309
https://cn.oejournal.org/article/doi/10.12086/oee.2025.240226?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2025.240226?viewType=relative-article
https://cn.oejournal.org/article/doi/10.12086/oee.2025.240226?viewType=relative-article
http://cn.oejournal.org/oee

Opto-Electronic Engineering Art|C|e

% & x

2025, 55 52 %, 55 2 #f

DOI: 10.12086/0ee.2025.240226 CSTR: 32245.14.0ee.2025.240226

ET e BT RVEEE
TR BERKIE

EXAY, MR, HEEY, B
E;é—[iﬁu; g%‘gf‘)&d:ﬁllz, }K}%%l’z’ 7}7]‘}—_5%1,2*

TR R e 2R e, AR RN 362252;
ShEBEOLHRE BB SRR, MmN 350116

HE:. WRBELTRARAREREZAATEHI T, GBI, FHAAEEHRA, ARMITTAGZIRS, TE
TR, AHRRXEE R, RE—AEATHELHRYEYTASRABROEREEEE. ZH5FBH%MARGB &
F 24643 HSV i8], F14& A CLAHE stfofe E #HATH Q5 AL, HEEHEAN, TAAEATT] FIRE K
# 49 Retinex FLik#AT385%, REMP 524128, FOLEBEFREMBLR TRBEFAZMILHE, FTHER
A9, % F k& PSNR. SSIM. FSIM #= FSIMc L4 #1427 19%. 10.8%. 19.19% #= 19.54%, R EH8HE
WA RRRR, AT G R RAEH A 1.

KR MERERETHR EHDA RS, BRI, A5 EHHE

hESZES: TN27 NEktRERD: A

BN, MINFS, AR, SE BT ERE AR IR A ARALE [J]. LR TR, 2025, 52(2): 240226
Mao W J, Lin S L, Lin J P, et al. Color correction of electrowetting electronic paper based on color space transformation[J].
Opto-Electron Eng, 2025, 52(2): 240226

Color correction of electrowetting electronic
paper based on color space transformation
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?Fujian Science and Technology Innovation Laboratory for Photoelectric Information , Fuzhou, Fujian 350116, China

Abstract: Electrowetting electronic paper employs a subtractive color mixing system for color display, which results
in a smaller color gamut and potential color distortion. Additionally, it relies on ambient light's diffuse reflection,
leading to insufficient brightness. To address these issues, this paper proposes a color space transformation and
image adaptive enhancement algorithm for color electrowetting. The algorithm converts the image from the RGB
color space to the HSV space, using CLAHE to evenly distribute saturation and improve color performance. The
luminance channel is enhanced through guided filtering combined with an improved Retinex algorithm, preserving
detail and edge information, and ensuring the electrowetting display maintains realistic visual effects under the
same lighting conditions. Experimental results show that the algorithm improves PSNR, SSIM, FSIM, and FSIMc by
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19%, 10.8%, 19.19%, and 19.54%, respectively. This algorithm significantly enhances the display performance of

electrowetting electronic paper, laying a solid foundation for its commercialization.

Keywords: color electrowetting electronic paper; color space transformation; image enhancement; histogram

equalization
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(B K Retinex EIMG%658 , 1T LA 2| £ 2 BRI HEA
RRTR T, SRS EAR, wLIFEL—EEHR
R (RSN B, TR RS, —

A2 FRBGALLIE G2 ARR R
Table 2 x? test results of visual information from different images

x* test results Image 1 Image 2 Image 3 Image 4 Image 5 Image 6
HB 1.1579 0.7869 0.0382 0.9542 0.1428 0.6567

MB 0.1891 0.0429 0.3323 0.2242 0.5980 0.1663

LB 1.1647 1.0190 0.0554 0.5877 1.1517 0.1792

HS 1.1486 1.1208 0.1166 0.5347 0.4085 0.3090

MS 0.5825 0.8145 0.9881 0.7756 0.7023 1.0089

LS 0.9603 0.9093 0.8338 0.8512 0.2686 0.3051

HC 0.1703 0.8918 0.3805 0.9056 0.9015 0.9771

MC 0.5061 0.4707 1.1403 0.3312 0.3061 0.2922

LC 1.0989 0.7866 0.0413 0.8156 0.6071 1.1151

OR 0.9506 0.2054 0.5265 0.7861 0.8389 0.4200

PR 1.1514 0.8473 0.4579 0.1951 1.0691 0.2359

%3 TRIAEEAEERBMBG H. CE. PSNR. SSIM. FSIM #= FSIMc 14
Table 3 H, CE, PSNR, SSIM, FSIM, and FSIMc values of images processed by different algorithms

Algorithm H CE PSNR SSIM FSIM FSIMc

Original 1.7981 — — — — —
MEMBHE 1.9607 12.2554 60.1529 0.4997 0.7908 0.7896
MMBEBHE 1.9004 16.9650 59.9130 0.4867 0.7903 0.7890
FHRPHS 2.3987 0.7000 59.2433 0.7559 0.7055 0.7027
Ours 2.4978 0.1161 70.5047 0.8378 0.8409 0.8400
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Fig. 7 Comparison of image effects before and after different ablation experiments. (a) RGB original image; (b) Directly mapped CMY image;
(c) V-channel processed image only; (d) S-channel processed image only; (e) Ours
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TEE od) Rl IE F, 4 CLAHE B AP 5 Dog
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Fig. 8 Experimental environment
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Fig. 9 Comparison of the display effect on the color electrowetting display. (a) Original image; (b) Image processed by the proposed
algorithm; (c) Local magnification of the original image; (d) Local magnification of the processed image
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Table 4 Comparison of system resource consumption

LUT LUTRAM FF BRAM DSP BUFG
Software to HLS 208650 12787 129549 43 77 1
Hardware 57252 11442 43729 32 19 2
Modelsim HATO GRS . 75 25 MHz (RAMIR T, 5 4 i

A PASE I RRIT 16.2 ms FYAL PR, Wi 2 60 f/s A
Bk, B 4 LIRSS BRI A
BG5S, Mt HLS T H A MR 2tk i
5, BARXFOTIES TRAE, (HIERCRM I mAE e
—E R MEZTR, BRI R A
I, AT LUK BRI FERE R BN FR Y 27.4%, AN A
FAF AR RIE ST, BB B TR
PEEIEATRE . BRI RN S, PR
FERGHE

R FEL 0 o T e Y B (L FR ) A B R
A i3I R B R A i TR, 5 1 Sl s PR (B e
L BUOR S USGH R E BARE, X — B
BRH EB R B XS RR, ASCH Y T
2 A AR IR R A A R R, P8 a A
HR X PR A BRI, A RO B 1 7 (bl i 7
AT RE S B (R AR BT R AN, SRR SRR
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HGMATTRIFEIRE, $ETH T ORI AR [ 2R
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Color correction of electrowetting electronic
paper based on color space transformation

Mao Wenjie'?, Lin Shanling'?, Lin Jianpu'?, Mei Ting"?, Wang Tingyu?,
Cai Bipengl'z, Zhang ]ianhaol‘z, Lin Zhixian"**

A W v 4 1 ﬁ
-y e .
Algorithm-processed results for electrowetting display enhancement

Overview: Electrowetting electronic paper uses a subtractive color-mixing system with three primary inks (cyan,
magenta, and yellow), which results in a reduced color gamut and colorimetric distortion. These issues arise from the
difference between subtractive color mixing and traditional additive RGB systems. Electrowetting displays also depend
on ambient light, but diffuse reflection from the display surface often leads to insufficient brightness. This negatively
impacts the display quality and visual clarity, especially in low-light conditions.

To address these issues, a color space conversion and image self-adaptive enhancement algorithm is proposed for
electrowetting color displays. The objective is to improve color accuracy, increase brightness, and maintain image clarity
while overcoming the challenges posed by the reflective nature of the display. The algorithm converts RGB images into
the HSV color space, enabling more effective manipulation of color and brightness components. CLAHE (contrast
limited adaptive histogram equalization) is applied to the saturation channel (S channel), redistributing saturation more
evenly and avoiding over-saturation in specific hues, resulting in a more balanced and vivid color presentation. The
brightness channel (V channel) is enhanced by using an improved Retinex algorithm combined with a guidance filter.
This method improves brightness and contrast while preserving details and edges, addressing the issue of insufficient
brightness caused by the reflective display surface. The algorithm ensures that the electrowetting display maintains
realistic and stable visual performance under different lighting conditions.

Experimental results show significant improvements in image quality, with PSNR of 70.5047 dB and SSIM of 0.8378.
FSIM and FSIMc, which are used to measure human visual perception, reach 0.8409 and 0.84, respectively. Compared to
the FHRPHS algorithm, the proposed method improves PSNR by 19%, SSIM by 10.8%, and FSIM and FSIMc by 19.19%
and 19.54%, respectively. These improvements highlight the effectiveness of the approach in enhancing color
performance and image clarity, especially in scenarios with limited color gamut, making it suitable for improving
electrowetting electronic paper display quality.

Mao W J, Lin S L, Lin J P, et al. Color correction of electrowetting electronic paper based on color space
transformation[J]. Opto-Electron Eng, 2025, 52(2): 240226; DOI: 10.12086/0ee.2025.240226
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