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Color conversion algorithm of dynamic filter type color
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Abstract: In response to the challenges associated with the physical coupling of color and brightness in

traditional planar additive mixed-color electrowetting display electronic paper, including significant light
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leakage in the dark state and the limitations of post-processing algorithms imposed by the device's bottom
layer, we propose a dynamic filtering type color electrowetting display electronic paper device along with a
two-stage brightness maximum compensation color conversion driving algorithm. This innovative device
substitutes the fixed filter with controllable color electro-ink wet ink and incorporates independently driven
black electro-ink wet units for each RGB sub-pixel, thereby achieving physical decoupling of color and
brightness within each channel. To facilitate accurate color image reproduction, we designed a two-stage
color conversion algorithm that prioritizes the maximization of brightness, leveraging the unique
characteristics of this dynamic filtering architecture. In the first stage, the black unit is fully activated to
optimize the target color of the color voltage. The second stage maintains the color voltage while
optimizing the voltage of the black unit to achieve brightness compensation, introducing a channel penalty
term to mitigate color deviation. We constructed a forward optical virtual simulation platform based on the
measured spectra of each monochromatic pixel. The results of the simulation comparison indicate that, in
contrast to single-layer color and traditional image processing algorithms, this collaborative device-
algorithm scheme effectively suppresses color distortion, enhances the ability to reproduce details in dark
areas, and achieves a balance between color accuracy and output brightness. This research offers both
theoretical and simulation insights for the driving design of high-quality color electrowetting display
electronic paper.

Key words: electrowetting display; electronic paper; dynamic color filter; color-luminance decoupling
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Fig. 1 Structure of dynamic filter color electrowetting
electronic paper device. (a) Cross-sectional
structure and switching states of a single pixel;

(b) Three-dimensional schematic of the pixel array.
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Fig.2 Comparison of oil aperture processes for three col-
or electrowetting display schemes in displaying
red. (a) Static filter solution; (b) Single-layer
color scheme; (c¢) Proposed dynamic filter color
electrowetting device; (d) Equivalent display of
the proposed device: top—red of static filter, mid-
dle—red of single-layer color, bottom—neutral

gray with identical aperture ratios.
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Fig.3 Fabrication process and electro-optical characteristics of monochrome electrowetting units. (a) Preparation process
flow; (b) Red pixel voltage-transmittance curve; (c¢) Green pixel voltage-transmittance curve; (d) Blue pixel volt-
age-transmittance curve; (e) Black pixel voltage-transmittance curve; (f) Four-color unit voltage-aperture ratio

curve; (g) CIE 1931 standard color matching functions.
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Fig.6 Convergence characteristics and color evolution of the two-stage optimization. (a) Color difference convergence

curves of the two stages; (b) Color gradients during optimization.
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Fig.7 Comparison of display results for four test images
under five schemes. (a) Original SRGB images;
(b) Static filter scheme; (c¢) Single-layer color
scheme; (d) Error diffusion algorithm; (e) Color
space transformation algorithm; (f) Proposed al-

gorithm of this work.
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