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New Imaging System Can Help Diagnose Disease
The Optical Society

For hundreds of
years, optical devices like telescopes and microscopes have relied on solid lenses
that slide up and down to magnify and to focus. To tune how much light is received,
conventional devices use mechanical contraptions like the blades that form the
adjustable aperture in cameras. To meet demands for ever smaller imaging
systems, researchers are working to create entirely unconventional ways of
focusing light. In pursuit of this vision, engineers from the University of Freiburg in
Germany have built a novel type of imaging system inspired by the elegance and
relative mechanical simplicity of the human eye. The technology may one day lead
to new imaging instruments and microscopes for use in medicine and scientific
research, such as devices for detecting early signs of skin cancer or early visual
cues for food spoilage.
Photo of the Day: ‘Eying’ Disease [1]
The new imaging system is the first to demonstrate the imaging capabilities of
some of these unusual focusing techniques by replacing conventional, solid lenses
with the combination of a malleable lens and a liquid iris-like component. And, the
researchers report, their device focuses light almost as well as its biological
counterpart in people. They describe their new imaging system in a paper published
today in The Optical Society's (OSA) [2] journal Optics Letters [3].
Though the image processing that happens in the human brain and eye is complex,
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the mechanical apparatus is relatively simple. It consists of muscles that deform a
stretchable lens to change the focal length, the distance between the lens and the
point at which rays of light are brought to a focus. The eye's iris opens and closes to
control the amount of light that can pass through the lens.
But as engineers try to shrink the size and expand the capabilities of these
instruments, the imaging systems they create become overly complex and
expensive. Instead of using complicated mechanisms that require moving parts to
tune the focus and adjust the aperture, the Freiburg researchers looked to the eye.
"What we're doing now is a completely different means of doing the tuning," said
Hans Zappe, the Gisela and Erwin Sick Professor of Micro-optics at the University of
Freiburg and coauthor of the paper.
For their new device, the researchers used two imaging elements that they had
demonstrated previously but had never combined into a single system. They made
a lens of silicone surrounded by several miniaturized motors that adjust the focus
by deforming the lens.
"You can squeeze and stretch it just like your eye squeezes and stretches its lens to
adjust its focal length," Zappe explained.
In front of the lens they included an iris-like component, which contains two liquids
enclosed in a single flat chamber. One liquid is opaque and surrounds the clear
liquid, forming what looks like a donut of black ink. Because the clear liquid is oilbased while the dark liquid is water-based, they stay separated. And since both
liquids have exactly the same density, they remain in place even if you shake or
rotate the device.
Applying an electrical voltage to these liquids changes some of their properties,
such as the way a droplet beads up on a surface. This behavior, called
electrowetting, allowed the researchers to manipulate the liquid, expanding and
contracting the dark ring to let in more or less light through the clear liquid at the
center.
Zappe and his team have tested and characterized the optics of their device in
detail, analyzing how much it would distort an image. Each of the two main
components – the iris-like liquids and the deformable lens – can be designed to
compensate for any aberrations in the other, resulting in better optical quality than
would be expected if you were to consider the two components separately, Zappe
said. While the new device may not be as good as the best conventional visual
imagers, it is the state of the art for a tunable lens, he said.
The cylindrical device described in the new paper is roughly three centimeters in
diameter and five centimeters long, and although the researchers plan to shrink the
design a bit more, making a miniature version isn't their primary goal, since optical
quality is inherently limited with smaller sizes. Instead, Zappe said, they hope to
add more functionality.
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"What we're looking at is to make really high-quality images where we have the
ability to image things that a normal person wouldn't be able to see," he explained.
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