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What Really Determines
Focus Accuracy

Autofocus accuracy is one of the most frequently
misunderstood topics in optical measurement — and
for good reason: it’s one of the most complex. In this
paper, we will look at how video autofocus works,
and what determines its accuracy.

| OPTICAL BASICS

Good focus is vital for optical measurement. Since it is the image of a part, and
not the part itself that is measured, good focus is essential for good results.

First — let’s look at how optical focus works. To understand focus, start by
thinking about an optical system we are all familiar with — the human eye.

The eye is a versatile optical system than can keep objects in good focus over
long distances. A distant road sign can be in good focus at 100 yards or more.
A newspaper is in focus when we hold it close, but not too close — typically
about 10-inches away. In both cases, the sharpness of the image is a function
of how far away the object is from the lens. An object anywhere within a certain
range is in good focus. That range is our optical “depth of field.”
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One thing the eye cannot do is measure dimensions. When it comes to
measurement, “good focus” is the distance at which the optics produce an
image of accurate size. That distance is known as the Object Conjugate, or
more commonly as the Focus Distance. Like the eye, the Focus Distance of

optical measuring systems is actually a range, since the image will appear to be
in good focus in more than one position. That range is the optical Depth of Field

(DOF), and typically it is intentionally made small to ensure precise focus.

Depth of Field is determined by the numerical aperture of the optical design,
which is represented by the cones of light in Figures 1 and 2. Some optical
systems — like the human eye example — are designed to have long DOF

so that many objects are in focus at the same time. This requires a small

numerical aperture.

The OGP® SNAP" and c-vision” measurement systems are
designed with low numerical aperture to achieve long DOF
in order to minimize the need for focusing. The optics in OGP
Fusion™ systems have similar capabilities as SNAP, but also
incorporate the high magnification and excellent autofocus
capabilities of SmartScope systems. This gives Fusion
systems the best capabilities of both worlds in long DOF

and high numerical aperture measurement.

Other optical arrangements, such as the camera example in Figure 2, use
a high numerical aperture to create a relatively shallow DOF, so that only
the feature of interest is in focus. Confocal microscopes are an example of

ultra-high numerical aperture.

In optical measuring systems, the
DOF is designed around the typical
measurement applications the
system will be used for. The DOF,
working distance and magnification
range are matched to the part

and feature sizes for convenient
measurement.

Magnification and DOF are not
directly proportional to one another,
however as a general rule, the
higher the magnification, the
shorter the DOF, which is why it is
recommended to focus using the
highest magnification available on
the system.

Many zoom lens systems, including
Smartscope® systems, offer a
choice of back tube, replacement
lenses and attachment lenses. The
selection of these elements can
impact the DOF.
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Autofocus works'
on exactly the same
principles that we

instinctively use when
we manually focus.




~ HOW ACCURATE IS
AUTOFOCUS?

Autofocus accuracy depends on several factors, but the primary factor is the optical
DOF. Since the position with the best image contrast is within the DOF, we can say the focus
accuracy is some fraction of the DOF. A conservative rule of thumb is that autofocus accuracy
is between 1/20th and 1/40th of the observable DOF. If the depth of field is 50 microns, 1/20th

of that range would be 2.5 microns.

There are many factors that can impact autofocus accuracy.
First, let’s look at the way focus accuracy is specified:

Z axis accuracy is specified as:

E.: (X.x + nL/1000)

For example: E: (2.5+4L/1000) pm.

The first term — 2.5 in this example — is
the constant. This figure is a good indication
of the basic accuracy and repeatability of a
focus measurement.

The second term — 4L/1000 — means add 4
times the length of measurement divided
by 1,000 to the first term to determine the
overall accuracy of a measurement between
point A and point B. Given the short range

of most Z axis measurements, the length
dependent second term is not nearly as
significant as it is for X,Y measurements. If we
measured a height of 125 mm (5-inches), the
Z axis accuracy would be [2.5+(4*125/1000)]
—or 3.0 microns.

Verifying Z axis accuracy requires a standard
that works well with autofocus and covers the
full range of focus travel with steps at several
intervals.

At OGP, we use master step gages having
a series of six or eight steps with high
contrast surfaces, spaced about 1-inch
apart. Automatic routines in the calibration
software perform autofocus at each of these
steps to determine focus accuracy. The step
gage is a good standard for calibration and
verification because it is a stable, durable, and
repeatable master gage which can be easily
certified and tests the entire Z axis measuring
range in one setup.

Linear accuracy specifications depend on
more than just the autofocus performance.
El: Z axis specifications account for all
degrees of freedom in the Z axis, including
focus and other normal variation.
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Learn more about OGP Measurement Systems at ogpnet.com

OGP (Optical Gaging Products) is a division of Quality Vision International Inc (QVI®), a world leading manufacturer of precision multisensor metrology
systems for industrial Quality Control. Our metrology systems focus on measurement technologies that help manufacturers monitor dimensional
compliance to design specifications. First introduced in 1992, the famous OGP SmartScope® product family has become one of the world’s most
popular and versatile dimensional measurement systems. SmartScope systems are designed and produced at QVI corporate headquarters in
Rochester, NY, USA. Flash branded systems are sold in North America while Flash CNC and CNC systems are found outside North America.
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Rochester, NY, USA Shanghai, China Hofheim-Wallau, Germany Singapore
585.544.0400 86.21.5045.8383/8989 49.6122.9968.0 65.6741.8880

www.ogpnet.com www.smartscope.com.cn www.ogpmesstechnik.de www.smartscope.com.sg

© 2024 Quality Vision International Inc. Specifications subject to change without notice. All rights reserved. Trademarks are the properties of their respective owners. Export of this product
is controlled under U.S. Export Regulations. An Export License may be required for deliveries or re-export outside the United States. Part Number 791083-0324




