
Automated Lens Metrology
Abstract—The Automated Lens Metrology system uses a

fleet of sensors to measure lens properties such as diameter,
center thickness, front radius of curvature, back radius of
curvature, effective focal length (at different wavelengths),
reflective spectra, and transmissive spectra. These proper-
ties are used to derive additional parameters and build a
datasheet that provides the user with information about
the inputted lens.

Index Terms—Optical metrology, Documentation, Auto-
matic testing, Spectral analysis

I. INTRODUCTION

A. Motivation

Optical laboratories suffer from a chronic com-
ponent organization issue. Specifically, it is hard
to label and keep track of lenses that perform
vastly different tasks because they tend to look very
similar. As a result, there are tens of thousands of
dollars of unsorted optics in our department that are
not utilized effectively.

As optical engineers, we have experienced this
problem first-hand. A typical sight in our labs is a
teaching assistant standing over a set of lenses to
compare their focal lengths by eye alone. This is an
imprecise and time-consuming sorting method that
is not suitable for research. Our design project aims
to remedy this issue by autonomously creating a
comprehensive datasheet for a given test lens. This
design’s intended users are students, researchers,
and professors in a lab setting.

B. System Overview

This project is designed around efficient metrol-
ogy. Almost all lens characteristics can be solved
from the combination of geometric values, focal
length, and wavelength dependency. The white light
source provides a collimated beam of broadband
light that can be narrowed to a single wavelength
by the monochromator. Photodiodes in front and
behind the test lens capture the transmissive and
reflective spectra, respectively. The light passing
through the test lens either converges or diverges,
forming a spot on a moving panel. This spot is
measured by the IAS and derives the focal length.

Fig. 1: Overview of optical systems.

II. OPTICAL DESIGN

A. White Light Source (WLS)

The white light source (WLS) is a broadband
source that provides illumination for the rest of the
system. Monochromators use diffraction gratings
to spatially split the light into their constituent
wavelengths. In order for the interference effects to
take place efficiently the light must be collimated
onto the grating. Collimation is when all rays are
parallel (or near to). To create the highest quality
beam, the two main factors considered are source
type and collimation strategy.

The source type has three main options: LEDs,
incandescents, and fluorescents. LEDs emit the
amalgamation of three peaks, and are popular for
their high power and cheap price. Incandescents
output the blackbody radiation curve, meaning out-
put is heavily biased towards the infrared region.
Finally, there are fluorescents which excite a gas
to create light, and the spectrum is then based on
the gas used. Most fluorescent lights people are
familiar with use mercury vapor, though high-end
light sources typically use xenon gas. Xenon gas
discharge tubes are usually prohibitively expensive,
but we realized that car headlights use the same
gas, have the same spectra, and cost a fraction of
standard xenon bulbs. We chose this bulb for its
high intensity and flat spectra, making it the perfect
source for the build.

The enemy of beam quality and collimation is
etendue. Etendue is the conservation of entropy for
light and is simply defined as the product of the
beam area A and beam divergence Ω (see equation
1).
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