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Tunable compound eyes with coaxial lens-on-lens ommatidia for
cooperative bi-focal imaging

Zhi-Juan Sun', Wei-lian Zhong', Qing Cai’*, Yi-Fan Lu®®, Chang-Xu LI, Dong-Dong Han' and Yong-Lai Zhang'*

Abstract: Compound eyes [CEs) offer a unique design paradigm for deweloping artificial micro-optical systems,
However, current bionic CEs still fall significantly short of their insect counterparts in performance, particularly
regarding ommatidial spatial arrangement, size distribution, visual field adaptability and environmental perception,
inspired by the CEs af Sympetrum frequens, we developed a tunable bionic CE with bi-focal ommatidia by integrat-
ing a flexible lens-on-lens {LolL) array with microfiuidics, enabling simultanegus bi-facal imaging. The polydimethyl-
siloxane (POMS) Lol array was fabricated through sequential processing steps, Including femtosecond laser dual-
miodification of guartz glass, two-step wet etching, and soft ithography using the resulting glass template. Integra-
tion of this flexible Lol array with a microfluidic chip produced a tunable CE with bi-focal ommatidia, allowing liguid-
pressure modulation of CE configurations. We systematically investigated the optical performance of both Lol
ommatidia and the integrated CE, including bi-focal focusing/imaging properties, tunable field-of-wiew (FOV), large-
FOW imaging, and moving target monitoring. This tunable CE with Lol ommatidia demonstrates significant potential
for cutting-edge applications.
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