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Zoom objective with  
deformable mirrors

In a relatively broad of range of ap-

plications, unobscured optical systems are 

required that can be operated over a wide 

optical spectrum, ranging from ultra violet 

over visible light to near or even mid infra-

red. An integrated zoom function for those 

systems is desirable. Commercially available 

lens-based objectives are composed of at 

least two moveable lenses or lens groups 

with different complicated moving func-

tions. Using optical elements with variable 

power (e.g. liquid lenses or deformable mir-

rors) manufacturing costs can be reduced. 

Furthermore, because the mechanical 

guidances become unnecessary, longer 

product lives can be ensured.

However, for applications in the machine vi-

sion or in environmental monitoring, where 

image data over a wide spectral range are 

required, zoom objectives with liquid lenses 

are not appropriate. For a lot of applica-

tions the UV or near infrared (NIR) part of 

the light spectrum in combination with the 

visible light (VIS) is used. Therefore, more 

then one detector with different spectral 

sensitivities will be often used. Applying an 

all-reflective objective without chromatic 

aberrations instead of a common refractive 

lens, the need of several objectives will 

be unnecessary. The all-reflective zoom 

objective design of the Fraunhofer IPMS 

consists of 4 mirrors, which are arranged 

without any obscuration. The central 

obscuration of coaxial systems causes a 

loss of contrast, which can be avoided by 

a so-called »Schiefspiegler«-approach. 

The zoom functionality of the objective 

is realized by changing the curvature of 

two mirrors. The design provides a zoom 

factor of 3, a rectangular full field of view 

between 38° × 49° and 13° × 17°, and an 

f-number of 4.5.
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A main prerequisite for the realization of 

such full reflective systems with variable 

focal length are suitable deformable 

mirrors, where the radius of curvature 

can be changed via actuators. Those 

mirrors are currently under development. 

Optical simulations have shown that mirror 

diameters of at least 12 mm are required in 

Applications of such kind of optical power 

zoom applying deformable mirrors include 

industrial automation, automotive and tool 

building as well as remote sensing and 

photogrammetry.

order to achieve f-numbers that make the 

optical power zoom usable. For a first proof 

of the design, three identical systems with 

different focal lengths were constructed, 

whereas the variable mirrors were sub-

stituted by ultraprecision-machined solid 

mirrors. 

1 Schematic view of zoom 

objective

2 Photo of zoom objective
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