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Imaging Freeform Optical Systems

From design to reality:
prototype telescope
with NURBS freeform
mirrors.

KEY FEATURES

Lincoln Laboratory developed a program to raytrace and + Provides freeform optical
design nonuniform rational basis spline (NURBS) freeform system design
surfaces in imaging optical systems. Our groundbreaking - Uses NURBS-based design
program addresses the limitations faced by traditional for complex freeform shapes
optical design programs in optimizing complex freeform - Optimizes thousands of
surfaces demanded by imaging systems that employ freeform parameters
high-performance, large-format detector arrays or are . Enables speed and

, peed and accuracy
packaged into smaller volumes. of imaging system
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Our optical design program’s unique algorithms optimize freeform
lenses and mirrors in imaging systems to provide high speed and
enhanced resolution in cameras and telescopes. These new high-
speed cameras and telescopes match the performance advances
in large-format detector arrays to produce images with less noise
and higher resolution than previously possible.

These high-resolution cameras can be designed

with mirror surfaces to allow their use in the

infrared and the visible bands.

Example Uses

* Three-dimensional scene
reconstruction used in
topographical mapping, Prototype telescope Wavefr.ont
architecture, geology, and maps show the optical
surveillance can be generated performance at field points

g covering the full view. The
from fewer images average r.m.s. wavefront

numbers on the maps meet the
+ Optimization of the thousands of required wavefront quality.

variables associated with NURBS
freeform surfaces, the industry
standard for mathematically
describing the complex
curvatures in car body shapes

+ Cameras with a six-fold
improvement in spatial
resolution over the field of view; ’
successfully demonstrated |:
by a three-mirror camera with
surfaces polished to match the
exact freeform shapes designed
by our program

Our prototype demonstration telescope
provided the full frame image and the
zoomed-in portion of the water tower.
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