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The Optical
Design Process

9CHAPTER 9

The optical design process includes a myriad of tasks that the designer
must perform and consider in the process of optimizing the perfor-
mance of an imaging optical system. While we often think primarily of
the robustness of the optimization algorithm, reduction of aberrations,
and the like, there is much more to do. The designer must be at what we
sometimes call “mental and technical equilibrium with the task at
hand.” This means that he or she needs to be fully confident that all of
the following are understood and under control:

All first-order parameters and specifications such as magnification,
focal length, ƒ/number, full field of view, spectral band and relative
weightings, and others.

Assure that the optical performance is being met, including image
quality, distortion, vignetting, and others.

Assure that the packaging and other physical requirements,
including the thermal environment, is being taken into account.

Assure that the design is manufacturable at a reasonable cost based
on a fabrication, assembly, and alignment tolerance analysis and
performance error budget.

Consider all possible problems such as polarization effects,
including birefringence, coating feasibility, ghost images and stray
light, and any other possible problems.
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168 Chapter 9

Once every one of these items has been addressed and is at least rec-
ognized and understood, we start with the sketch of the system. First,
the system is divided into subsystems if possible, and the first-order
parameters are determined for each subsystem. For example, if we are to
design a telescope with a given magnification, the entrance pupil diame-
ter should be chosen such that the exit pupil size matches the eye pupil.
A focal length of the objective and the eyepiece should be chosen such
that the eyepiece can have a sufficiently large eye relief. Now, when the
specs for each subsystem are defined, it is time to use the computer-
aided design algorithms and associated software to optimize the system,
which will be discussed in the rest of this chapter. Each subsystem can
be designed and optimized individually, and the modules joined together
or, more often, some subsystems are optimized separately and some as an
integral part of the whole system.

What Do We Do When We 
Optimize a Lens System?
Present-day computer hardware and software have significantly changed
the process of lens design. A simple lens with several elements has nearly
an infinite number of possible solutions. Each surface can take on an
infinite number of specific radii, ranging from steeply curved concave,
through flat, and on to steeply curved convex. There are a near infinite
number of possible design permutations for even the simplest lenses.
How does one optimize the performance with so many possible permu-
tations? Computers have made what was once a tedious and time-
consuming task at least manageable.

The essence of most lens design computer programs is as follows:

First, the designer has to enter in the program the starting optical
system. Then, each variable is changed a small amount, called an
increment, and the effect to performance is then computed. For
example, the first thickness may be changed by 0.05 mm as its
increment. Once this increment in thickness is made, the overall
performance, including image quality as well as physical
constraints, are computed. The results are stored, and the second
thickness is now changed by 0.05 mm and so on for all variables
that the user has designated. Variables include radii, airspaces,
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