Image Processing Systems SIMATIC MV:

Guide on Optics for the Image Analysis

With a lens suitable for the respective image analysis task, the
size of the image area for the camera picture is determined at
a desired operating distance. To obtain reproducible position,
measuring or quality data from the image analysis, the geo-
metry and the light intensity for the capture have to be kept
constant within the permissible tolerances.

For this reason, only lenses with fixed focal length and lock-
able aperture stop and focus are normally used. Zoom, auto-
matic aperture and autofocus - operated by motors - are rather
more troublesome than helpful.

Most of the cameras employed in the image analysis possess
a mechanical lens attachment with C or CS mount, to which
standard CCTV lenses can be screwed on.

This guide is intended to provide help in finding a suitable lens
for vision sensor applications.

Imaging types
The optical path of the lens is set by its construction.

With spherical lenses, the solid angle is dependent on the fo-
cal length, focus setting and aperture; all light runs through
the focal point of the lens (central projection). Objects further
away from the lens are imaged smaller, while objects closer to
the lens are imaged larger.

The desired image area size (height and width of the image),
the size of the sensor chip and the focal length of the lens de-
termine the operating distance:

A=(feBF)/b
A = Operating Distance (Distance Lens to Test Object) in mm
f = Focal Length of the Lens inmm
BF = Image Area in the Plane of the Test Object inmm
b = Effective Dimension of the Sensor inmm

Lenses with short focal length are called wide-angle lenses.
They can be used for short operating distances, but greatly
distort the image. For a given distance, they possess a large
image area.

Lenses with long focal length are called telephoto lenses. They
have a high magnification, but cannot be focused in the close-
up range. That is why macro lenses are used, which can be fo-
cused with the help of long extension tubes or adapter rings.
For a given distance, they possess a small image area.

With telecentric lenses, the object-side light path is nearly par-
allel (parallel projection). This means that objects at different
distances are imaged equal-sized. However, only objects
smaller than the lens diameter can be imaged.

Lens parameters

Usually, the focal length, maximum focal aperture and focus-
ing range are indicated on the lens.

Focal length: Information pertaining to image field angle or
magnification of the lens.

Aperture: Reduction of the light intensity through restriction
of the light path.

Focus: Focusing adjustment of the lens to a certain distance

The focal length is fixed, while the aperture and focus settings
can be locked on lenses for Machine Vision.

Depth of focus: The area in front and behind the object, within
which the image remains sufficiently in focus. The larger the
focal aperture (small f-stop), the smaller the depth of focus.
Lenses with longer focal lengths possess a smaller depth of fo-
cus, which greatly impacts images in the close-up range.
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Adjustment of the Lens Focus Range

The size of the desired image field and the size of the camera
chip determine the focal length of the lens, if a certain dis-
tance has to be observed.

If this distance lies outside of the focus range of the lens -
which is often the case in the close-up range - adapter rings
can be used to obtain a focused image.

Chips of the size 1/2", 1/3 " and 1/4" are most commonly used
in cameras. If the camera is designed for CS mount lenses —
as is the case with the VS 100 and VS 720 — a 5 mm adapter
ring can be used to also focus a C mount lens.

Object

9

Sensor
dimension (b)

| ><]

Sensor

Operating distance Focal length

(A) ()

Use of optical filters

With the help of optical filters, the optical properties can be re-
stricted to eliminate image interferences:

Color filters narrow the spectral range
Gray filters lower the light intensity
Polarizing filters reduce glare and reflections

To attach such filters, either the internal screw-thread or the
flange at the front of the lens can be used. The frame of the
filter glass is designed to match the lens.

The information provided in this brochure contains descriptions or characteris-
tics of performance which in case of actual use do not always apply as described
or which may change as a result of further development of the products. The
desired performance features are only binding if expressly agreed upon in the
contract. Delivery options and technical data subject to change without prior
notice.

Which Lens for which Tasks? (Examples)

Measuring Tasks and Shape Identification

For measuring geometric parameters with high precision and
reproducibility, a full-format imaging is required due to the
resolution. Thus, lenses with low distortion, high modulation
depth and small image field angle should be selected for this.

For objects with pronounced shapes facing the lens, telecen-
tric lenses are recommended.

Quality Control and Parts Identification

If the characteristics of an object are to be identified or
checked on the surface, low distortion and high image con-
trast form the basis for good results. Often, macro lenses are
employed in the close-up range.

Code and Plain Text Reading

The recognition algorithms are tolerant towards deviations in
the shape and size of the test objects. Thus, the requirements
on the quality of the optics are not quite so high. Low-cost
lenses directly affect the bottom line of image analysis sys-
tems, especially if multiple reading stations are employed.

Completeness Check and Handling Tasks

For the localization and pattern recognition, the same criteria
as for measuring tasks or the parts identification apply.

Further information on image processing systems

WWww.siemens.com/simatic-sensors/mv

Author:

Klaus-Juergen Petereit
E-Mail: klaus-juergen.petereit@siemens.com

Provided by
Siemens AG

Automation and Drives
Factory Automations Sensors
Postfach 4848

90327 NURNBERG
DEUTSCHLAND




