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Abstract: Electrowetting displays (EWDs) suffer from oil film splitting, while the optimization of driving
waveforms still relies heavily on empirical parameter tuning. To address these issues, a closed-loop
driving waveform optimization method based on image feedback and improved Bayesian optimization is
proposed. A physical-state-aware mechanism is introduced to dynamically switch acquisition functions,
while a worst-value penalty for oil film splitting and a neighborhood exclusion strategy are incorporated to
treat failure states as optimization constraints, thereby enabling automatic search of driving parameters.

Experimental results show that the optimized waveform achieves a pixel aperture ratio of 57. 38% without
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obvious oil film splitting, representing improvements of 10.36 and 10.71 percentage points over the
conventional PWM rectangular waveform and gradient-rising waveform, respectively. The average
luminance reaches approximately 730 cd/m? with improved output stability. Ablation experiments further
demonstrate the contributions of different driving stages to reducing transient electric-field impact,
stabilizing the oil boundary, and improving oil recovery. Cross-device experiments indicate that directly
transferring an optimized waveform to other devices results in performance degradation, whereas the
proposed method can re-optimize the driving parameters according to device-specific response
characteristics. These results demonstrate that the proposed method can automatically obtain high-

performance and safe feasible driving parameters within a limited experimental budget, thereby improving

the automation, efficiency, and reliability of EWD driving waveform optimization.
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Fig. 1 Pixel structure of the EWD display
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Fig.2 Diagram of electrowetting opening: (a) Not
opened; (b) Opened.
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Fig.3 Schematic of oil splitting in electrowetting E-Paper
display: (a) No splitting; (b) Splitting.
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Fig.5 Experimental test platform. (a): PC host, (b): op-

tical microscope, (c) : function signal generator,

(d) : power amplifier.
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Tab.1 Instruments and their models

Instrument Model
Microscope Chongqing Optec SZ680
Arbitrary waveform generator  Tektronix AFG3052C
Power amplifier Aigtek Ata-122D
PC Lecoo
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Tab.2 Screen parameters

Parameters Value

Screen size 100 mm X 100 mm

Pixel size 150 pm X 150 pm
Resolution 320X 240
Oil color Magenta
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Fig. 7 Ablation experiments of the algorithm: (a) Comparison of three algorithms ; (b) Change in Aperture ratio for group

A; (c¢) Change in Aperture ratio for group B;(d) Change in Aperture ratio for group C.
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Fig. 10 Comparison of Aperture ratio for different driving waveforms: (a) Aperture ratio of the optimized waveform pro-

posed by the algorithm: 57.38% ; (b) Aperture ratio of the rectangular wave: 47.02%; (c) Aperture ratio of the

power function rise with negative voltage reset: 46. 67 %.
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Group  Aperture ratio/ % Oil film splitting situation

A 39.69 No
B 53.28 Yes
C 54.58 Yes
D 45.90 Yes
E 57.38 No
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Fig. 11 Effects of driving waveforms on different electrowetting display devices: (a) Magenta; (b) Yellow; (c) Cyan.
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