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Imaging Resource Guide

Section 1: Getting Started

Section 1.1: 11 Best Practices for
Better Imaging

We have compiled a number of best practices for creating sophisticated,
cost-effective imaging systems that are applicable for most applications.
While the following list is nearly exhaustive and should be considered
when designing any imaging system, every application is unique and
additional considerations may be required.

EO Best Practice #1: Bigger, in many cases, is better.
Allow ample room for the imaging system.

Understanding a system’s space requirements before building is especial-
ly true for high resolution and high magnification requirements. While re-
cent advancements in consumer camera technology have yielded strong
results in a small package, they still do not approach the capabilities re-
quired for even intermediate-level industrial imaging systems — partially
because of their size limitations. Many applications can require complex
light geometries, large diameter and long length lenses, and large camer-
as, in addition to the cabling and power sources required to operate some
of the equipment. Avoid having to make sacrifices to system performance
just because the system’s space requirements were not considered. It is
often advantageous to specify the vision portion of a system first, as it
is typically easier to arrange the electronics and mechanics around the
vision portion rather than the other way around. It is also important to
remember that the illumination scheme is part of the vision system, and
the geometry of the object under inspection can often necessitate the use
of a large light source such as a diffuse dome (see EO Best Practice #4).

EO Best Practice #2: Don't believe your eyes.

The human eye and brain work together to form an extremely advanced
imaging and analysis system that is capable of filling in information that
is not necessarily there. Additionally, humans see and process contrast
differently than imaging systems. Software analysis should be used to
ensure image quality and performance requirements are met. Images
that look good to a human viewer may not be usable with an algorithm.

EO Best Practice #3: Danger! Don’t get too close.

Due to the constraints of physics, attempting to look at fields of view
that are too large relative to alens’s working distance places excessive
demands on the design of the optical component and can decrease
system performance. It is recommended that a lens be chosen such
that the working distance is roughly two to four times as long as the
desired field of view is wide, in order to maximize performance while
minimizing cost and complexity. Remember EO Best Practice #1 and
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Whether your application is in machine vision, life sciences, security, or
traffic solutions, understanding the fundamentals of imaging technology
significantly eases the development and deployment of sophisticated
imaging systems. While advancements in sensor and illumination tech-
nologies suggest limitless system capabilities, there are physical limita-
tions in the design and manufacture of these technologies. Optical com-
ponents are not an exception to such limitations, and optics can often be
the limiting factor in a system’s performance. The content provided in
this guide is designed to help you specify an imaging system, maximize
your system’s performance, and minimize cost.
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Best Practice #1 and #3: If a 100mm field of view is re-
quired, it is recommended that the system’s working distance be
200 - 400mm. It may be possible that the system’s performance
requirements can be met at WD to FOV ratios approaching or
exceeding 1 to 1, however, potentially significant cost and perfor-
mance tradeoffs may be necessary.

Figure 1.1a A

100mm

Figure 1.1b

T

100mm

v

Figure 1.1: Two lens designs, 1./a and 1.1b, with the same field of
view and very different working distances.

Both lenses in Figure 1.1a and Figure 1.1b are imaging the same field
of view onto the same sensor, but the lens in a has a working dis-
tance of half of its field of view, while the lens in b has a working
distance of 3X its field of view. The light passes through the lens in a
at extreme angles and the light on the edges of the field of view (ma-
genta/red) have a much longer distance to travel than the light in the
center of the field of view (blue). In contrast, the lens in b achieves
the same field of view at shallower angles with a smaller path length
difference. As a result, the lens in b features a much less complex
lens design and provides superior performance at a lower cost.

consider the imaging system’s space requirement before building
the system.

This practice also applies to the relationship between sensor size and
focal length. It is best to have focal length to sensor diagonal ratios of
two to four to maximize performance.



EO Best Practice #4: Light up your life.

It really does matter.
While it can seem like an art form, selecting the appropriate lighting geom-
etry is highly scientific. In order for a lens and sensor to effectively work to-
gether, strong contrast must be produced by properly lighting the object. The
characteristics of the object under inspection and the nature of any defects
must be understood so that the proper illumination geometry is used. Keep in
mind that sometimes these lights can be very large (see EO Best Practice #1).

Learn more about illumination geometries on pages 152-155.

EO Best Practice #5: Color matters.

The wavelength (color) selected for the illumination can have an enor-
mous impact on improving or reducing system performance. For in-
stance, in an application using both high quality optics and a top-of-the-
line sensor, switching from broadband to monochromatic illumination,
or between specific wavelengths, can improve performance by a signifi-
cant amount. As with EO Best Practice #4, the proper choice of wave-
length can make the difference between high contrast and no contrast.
Depending on whether the wavelength is correctly chosen or not, the
color of illumination can determine the success or failure of a system.

Learn how proper filtering techniques can have an

impact on system performance on Pages 120-122.

EO Best Practice #6: There can be only one; high

resolution and large depths of field struggle to co-exist.
As shown in Section 2.4, maximizing resolution and depth of field re-
quires the same variable, the lens’s f/#, to move in opposite directions.
Essentially, it is impossible to have very high resolution over a large
depth of field. Physics dictates that this cannot be done and compro-
mises will need to be made or more elaborate solutions, such as using
multiple imaging systems, will need to be employed.

EO Best Practice #7: There is no universal solution;

a single lens that can do everything does not exist.
As resolution requirements increase, the ability to decrease aberrations
(attributes of optical design that adversely affect performance) becomes
increasingly difficult over a wide range of working distances and fields
of view. Even without budget constraints, there are limitations. For this
reason a wide range of lens solutions for similar applications are required.
More details are in Section 3, pages 14-17 on Designing for Performance.

Section 1.2: Fundamental Parameters
of an Imaging System

The following parameters are the most basic concepts of imaging and
will be referenced throughout the remainder of this guide.

Field of View (FOV): The viewable area of the object under inspec-
tion. This is the portion of the object that fills the camera’s sensor.

Working Distance (WD): The distance from the front of the lens to the
object under inspection.

Resolution: The minimum feature size of the object that can be distin-
guished by the imaging system. Learn more in Section 2.1.

Depth of Field (DOF): The maximum object depth that can be main-
tained entirely in acceptable focus. DOF is also the amount of object
movement (in and out of best focus) allowable while maintaining focus.
Learn more in Section 4.4, page 26.

Sensor Size: The size of a camera sensor’s active area, typically specified
in the horizontal dimension. This parameter is important in determining the
proper lens magnification required to obtain a desired field of view.

PMAG: The Primary Magnification of the lens is defined as the ratio be-
tween the sensor size and the FOV. Although sensor size and field of view
are fundamental parameters, it is important to realize that PMAG is not.

EO Best Practice #8: Be self-aware. Thoroughly

understand the object to be inspected.
The foundation of imaging is the ability to produce the highest level of
contrast possible on the object under inspection, so an understanding
of the object’s properties, such as its materials or finishes, is critical to
the application’s success. Additionally, it is not enough to just know what
parts are considered good or bad. Rather, to guarantee high levels of
reliability and repeatability, the range of details that will be inspected
and the margins for good and bad must be understood.

EO Best Practice #9: Be a control freak.

The ability to control the environment into which the imaging system
is deployed can significantly affect the reliability and consistency of re-
sults. Additionally, it also reduces the likelihood of unintended problems.
Whether using filters to increase contrast, baffles to eliminate unwanted
light from entering the system, or measurement devices to monitor light
sources for spectral stability, controlling the environment will reduce
unforeseen difficulties in the future. Some of these techniques are ex-
tremely low cost ways to protect and increase the performance of an
expensive imaging system.

EO Best Practice #10: Be the squeaky wheel.

Do not be afraid to ask why something will or will not work. Suppliers
should be able to explain why different components in the system are
or are not capable of achieving the desired result. The answer will not
always be the same; sometimes the issues are laws of physics limitations
and sometimes they are deficiencies related to the design or fabrication of
the component. Optical manufacturing is a science, and the designers and
manufacturers should be capable of explaining why things are happening.

EO Best Practice #11: Make a list; understand and define

the fundamental parameters of the imaging systems.
By narrowing down the specific parameters required for the imaging
system, the wide range of available lenses
and sensors can be reduced to a manage-
able selection of components. Fundamen-
tal parameters of an imaging systems are
a great place to start and are detailed in the
next section.

VIEW THIS
PAGE WITH

ar)

PMAG = Semsor size (mm) 1.1

field of view (mm)

Note: Typically, only horizontal values are used.

Figure 1.2 Fundamental Parameters
Sensor SizeA’;
Camera —~
Working
Distance
Depth Of
Fleld F f E
ﬁe/d of V f F
Resolution

Figure 1.2: [llustration of fundamental parameters of an imaging system.
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Section 1.3: Understanding Focal Length and Field of View

Fixed Focal Length Lenses

A Fixed Focal Length Lens, also known as a conventional or ento-
centric lens, is a lens with a fixed Angular Field of View (AFOV). By
focusing the lens for different working distances, differently sized Fields
of View (FOV) can be obtained, though the viewing angle is held con-
stant. AFOV is typically specified as the full angle (in degrees) associated
with the horizontal dimension (width) of the sensor that the lens is to be
used with.

Note: Fixed Focal Length Lenses should not be confused with Fixed
Focus Lenses. Fixed Focal Length Lenses have the ability to be focused
for different distances; Fixed Focus Lenses are intended for use at a
single, specific working distance. Examples of Fixed Focus Lenses are
many Telecentric Lenses and Microscope Objectives.

The focal length of a lens defines the lens’s angular field of view. For
a given sensor size, the shorter the focal length, the wider the angular
field of the lens. Additionally, the shorter the focal length of the lens,
the shorter the distance needed to obtain the same FOV compared to a
longer focal length lens. For a simple, thin convex lens, the focal length is
the distance from the back of the lens to the plane of the image formed
of an object placed infinitely far in front of the lens. From this definition,
it can be shown that the angular field of view of a lens is related to the
focal length (Equation 1.2), where f is the focal length in millimeters and
h is the horizontal dimension of the sensor in millimeters (Figure 1.3).

AFOV(°) = 2 x tan’ <h> 1.2

yii

In general, however, the focal length is measured from the lens’s rear
principal plane, which is rarely located at the mechanical back of an
imaging lens; this is one of the reasons that working distances calculated
using paraxial equations are only approximations and the mechanical

design of a system should only be laid out using data produced by com-
puter simulation or data taken from lens specification tables. Paraxial
calculations, as from lens calculators, are a good starting point to speed
the lens selection process, but the numerical values produced should be
used with caution.

When using Fixed Focal Length Lenses, there are three ways to
change the field of view of the system (camera and lens). The first and
often easiest option is to change the working distance from the lens to
the object; moving the lens farther away from the object plane increases
the field of view. The second option is to swap out the lens that is being
used with one of a different focal length. The third option is to change
the size of the sensor that is being used; a larger sensor will yield a larger
field of view for the same working distance, as defined in Equation 1.2.

While it may often be convenient to have a very wide angular field
of view, there are some negatives to consider. First, the level of distor-
tion that is associated with some short focal length lenses can greatly
influence the actual AFOV and can cause variations in the angle with
respect to Working Distance (WD) due to the varying magnitude of the
distortion. Next, short focal length lenses generally struggle to obtain
the highest level of performance when compared against longer focal
length options (see Best Practice #3 in Section 1.1, page 4). Additionally,
short focal length lenses can have difficulties covering medium to large
sensor sizes, which can limit their usability, as discussed in Section 4.2,
pages 20-23.

Another way to change the field of view of a system is to use
either a Varifocal Lens or a Zoom Lens; these types of lenses al-
low for the adjustment of their focal lengths and thus have variable
angular fields of view. Varifocal and Zoom Lenses often have draw-
backs in terms of size and cost in comparison to Fixed Focal Length
Lenses, and often cannot offer the same level of performance as
Fixed Focal Length Lenses.

Figure 1.3 Obiect at Infinity

Shorter Focal
Length

I* Longer Focal Length 4-|

Figure 1.3: For a given sensor size, h, shorter focal lengths produce wider AFOV’s.

Using WD and FOV to Determine Focal Length

In many applications, the required distance from an object and the de-
sired field of view (typically the size of the object with additional buffer
space) are known quantities. This information can be used to directly
determine the required angular field of view via the formulas shown
in Fquation 1.3, where WD is the Working Distance from the lens and
AFOQV is the Angular Field of View. Equation 1.3 is the equivalent of

AFOV(®) = 2t <—”°f‘21‘)’("\';|')F(?T:’nS“'“)>
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finding the vertex angle of a triangle with its height equal to the working
distance and its base equal to the horizontal field of view, as shown in
Figure 1.4. Note: In practice, the vertex of this triangle is rarely located
at the mechanical front of the lens, from which working distance is mea-
sured, and should only be used as an approximation unless the entrance
pupil location is known.

Horizontal FOV (mm) = 2 x WD (mm) x fan (@) 1.3



Once the required AFOV has been determined, the focal length can
be approximated using Equation 1.2 and the proper lens can be chosen
from a lens specification table or datasheet by finding the closest avail-
able focal length with the necessary angular field of view for the sensor
being used.

The 14.25° derived in Example 1 (see white box below) can be used
to determine the lens that is needed, but the sensor size must also be
chosen. As the sensor size is increased or decreased it will change
how much of the lens’s image is utilized; this will alter the AFOV of
the system and thus the overall FOV. The larger the sensor, the larger
the obtainable AFOV for the same focal length. For example, a 25mm
lens could be used with a '2” (6.4mm horizontal) sensor or a 35mm lens
could be used with a %3” (8.8mm horizontal) sensor as they would both
approximately produce a 14.5° angular FOV on their respective sensors.

Alternatively if the sensor has already been chosen, the focal length
can be determined directly from the FOV and WD by substituting Equa-
tion 1.2 in Equation 1.3, as shown in Equation 1.4,

_ (hxWD)
= Horizontal FOV 1.4

where, h is the horizontal sensor dimension (number of horizontal pix-
els multiplied by the pixel size) and FL is the focal length of the lens,
both in millimeters; the FOV and WD must be measured in the same
unit system. As previously stated, some amount of flexibility to the sys-
tem’s working distance should be factored in, as the above examples
are only first-order approximations and they also do not take distortion
into account.

Calculating FOV Using a Lens with a Fixed Magnification

Generally, lenses that have fixed magnifications have fixed or limited
working distance ranges. While using a Telecentric or other Fixed Mag-
nification Lens can be more constraining, as they do not allow for differ-
ent fields of view by varying the working distance, the calculations for
them are very direct, as shown in Equation 1.5.

Horizontal Sensor Size (mm)
PMAG

Horizontal FOV (mm) = 1.5

Since the desired FOV and sensor are often known, the lens selection
process can be simplified by restructuring Equation 1.5 into Equation 1.6.

Horizontal Sensor Size (mm)
PMAG = ———————— 1.6
Horizontal FOV (mm)
If the required magnification is already known and the working distance
is constrained, Equation 1.4 can be rearranged (replacing h/FOV with
magnification) and used to determine an appropriate fixed focal length
lens, as shown in Equation 1.7.

H 1.7
WD

PMAG =
Be aware that Equation 1.7 is an approximation and will rapidly deterio-
rate for magnifications greater than 0.1 or for short working distances.
For magnifications beyond 0.1, either a Fixed Magnification Lens or
computer simulations (e.g. Zemax) with the appropriate lens model
should be used. For the same reasons, lens calculators commonly found
on the internet should only be used for reference. When in doubt, con-
sult a lens specification table.

Note: Horizontal FOV is typically used in discussions of FOV as a
matter of convenience, but the sensor aspect ratio (ratio of a sensor’s
width to its height) must be taken into account to ensure that the entire
object fits into the image where the aspect ratio is used as a fraction (e.g.
4:3 = 44), Equation 1.8.

Horizontal FOV = Vertical FOV x Aspect Ratio 1.8

7

Figure 1.4

l«—— Working Distance ———»

r

HFOV

ISensor Horizontal

Front Rear Image Plane
Object Plane Principal  Principal
Plane Plane

Figure 1.4: Relationship between HFOV, sensor size, and WD for a given
angular FOV.

LENS FOCAL LENGTH EXAMPLES

Using WD and FOV to Determine Focal Length

Example 1: For a system with a desired working distance of
200mm and a horizontal FOV of 50mm, what is the Angular Field
of View (AFOV)?

50mm

0 Y b
Zxtan (2 X 200mm

) ~ AFOV(°)

AFOV =14.25°

Calculating FOV Using a Lens with a Fixed Magnification

Example 2: For an application using a '2” sensor, which has a hori-
zontal sensor size of 6.4mm, a horizontal FOV of 25mm is desired.

PMAG = 6.4mm

PMAG = 0.256X
25mm

By reviewing a list of Fixed Magnification or Telecentric Lenses, a
proper magnification can be selected. Note: As the magnification
increases, the size of the field of view will decrease; a magnifica-
tion that is lower than what is calculated is usually desirable so that
the full field of view can be visualized. In the case of Example 2, a
0.25X lens is the closest common option, which yields a 25.6mm
FOV on the same sensor.

Whilemostsensorsare 4:3,5:4and 1:1 are also quite common. This distinc-
tionin aspectratio alsoleads to varying dimensions of sensors of the same
sensor format. All of the equations used in this section can also be
used for vertical FOV as long as the sensor’s vertical dimension is
substituted in for the horizontal dimension specified in the equations.

WWW.EDMUNDOPTICS.COM/EO-IMAGING 7



Section 2: Understanding Lens Specifications

Section 2.1: Resolution

Resolution is a measurement of an imaging system’s ability to reproduce
object detail and can be influenced by factors such as the type of lighting
used, the pixel size of the sensor, or the capabilities of the optics. The
smaller the object detail, the higher the required resolution.

Dividing the number of horizontal or vertical pixels on a sensor into
the size of the object one wishes to observe will indicate how much
space each pixel covers on the object and can be used to estimate reso-
lution. However, this does not truly determine if the information on the
pixel is distinguishable from the information on any other pixel.

As a starting point, it is important to understand what can actual-
ly limit system resolution. An example can be shown in Figure 2.1: a
pair of squares on a white background. If the squares are imaged onto
neighboring pixels on the camera sensor, then they will appear to be one
larger rectangle in the image (a) rather than two separate squares (b).
In order to distinguish the squares, at least one pixel needs to be be-
tween them. This minimum distance is the limiting resolution of the sys-
tem. The absolute limitation is defined by the size of the pixels on the
sensor as well as the number of pixels on the sensor.

The Line Pair and Sensor Limitations

The relationship between alternating black and white squares is often
described as a line pair. Typically, the resolution is defined by the fre-
quency measured in line pairs per millimeter (Ip/mm). A lens’s resolu-
tion is unfortunately not an absolute number (learn more in Section 3). At
a given resolution, the ability to see the two squares as separate entities
will be dependent on grey scale level. The bigger the separation in the
grey scale between the squares and space between them (Figure 2.1b),
the more robust is the ability to resolve the squares. This grey scale
separation is known as contrast (at a specified frequency). The spatial
frequency is given in lp/mm. For this reason, calculating resolution in
terms of Ip/mm is extremely useful when comparing lenses and for de-
termining the best choice for given sensors and applications. Contrast is
explained in more detail in Section 2.3.

The sensor is where the system resolution calculation begins. By start-
ing with the sensor, it is easier to determine what lens performance is
required to match the sensor or other application requirements. The
highest frequency which can be resolved by a sensor, the Nyquist fre-
quency, is effectively two pixels or one line pair. 7able 2.1 shows the
Nyquist limit associated with pixel sizes found on some highly used sen-
sors. The resolution of the sensor, also referred to as the image space
resolution for the system, can be calculated by multiplying the pixel size
in uym by 2 (to create a pair), and dividing that into 1000 to convert to mm:

sensor resolufion _ image space resolufion _ 1000pm/mm 21

in Ip/mm in Ip/mm 2 x pixel size (pm) :
Sensors with larger pixels will have lower limiting resolutions. Sensors with
smaller pixels will have higher limiting resolutions. How this information is
used to determine necessary lens performance can be found in Section 3.

With this information, the limiting resolution on the object to be
viewed can be calculated. In order to do so, the relationships between
the sensor size, the field of view, and the number of pixels on the sensor
need to be understood.
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Understanding a manufacturer’s specifications for a lens can greatly sim-
plify the research and purchasing processes. In order to know how a
lens works, it is critical to understand resolution, magnification, contrast,
f/#, and how to read common performance curves including Modula-
tion Transfer Function (MTF), Depth of Field (DOF), Relative Illumina-
tion, and distortion.
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Figure 2.1 Camera Resolution Limit
SENSOR SENSOR
Pixels
LENS
(a) OBJECT  (b)
Line-Pair

Figure 2.1: Resolving two squares. If the space between the squares
is too small (@) the camera sensor will be unable to resolve them as
separate objects.

Sensor size refers to the size of a camera sensor’s active area, typically
specified by the sensor format size (Page 143). However, the exact sen-
sor proportions will vary depending on the aspect ratio, and the nominal
sensor formats should be used only as a guideline, especially for telecen-
tric lenses and high magnification objectives. The sensor size can be
directly calculated from the pixel size and the number of active pixels on
the sensor.

Horizontal sensor _ (Horizontal pixel size in ym) x (# of active horizontal pixels)
dimension in mm 1000pm/mm

Vertical sensor - (Vertical pixel size in pm) x (# of active vertical pixels)
dimension in mm 1000pm/mm

2.3

Pixel Size (pm) Associated Nyquist Limit (Ip/mm)

1.67 2994
2.2 2213
3.45 1449
4.54 110.1
5.5 90.9

Table 2.1: As pixel sizes get smaller the associated Nyquist limit in
Ip/mm rises proportionally.



Section 2.2: Object Space Resolution

In order to determine the absolute minimum resolvable spot that can be
seen on the object, the ratio of the field of view to the sensor size needs
to be calculated. This is also known as the Primary Magnification (PMAG)
of the system.

PMAG = _Sensor size (mm) 2.4
field of view (mm)

The ratio associated with system PMAG allows for the scaling of the

imaging space resolution which tells us the resolution of the object.

RESOLUTION AND MAGNIFICATION
CALCULATION EXAMPLES USING A
SONY ICX 625 SENSOR

Known Parameters:

Pixel Size = 3.45 x 3.45um

Number of Pixels (H x V) = 2448 x 2050
Desired FOV (Horizontal) = 100mm

Limiting Sensor Resolution:

1000pm/mm

image space resolution in Ip/mm = —r
2 x pixel size (pm)

object space resolution in (Ip/mm) = image space resolution (Ip/mm) x PMAG 2.5
image space resolution in Ip/mm = 1000pm/mm

Generally when developing an application, a system’s resolution requirement 2 x 3.45m
is not given in Ip/mm, but rather in microns (um) or fractions of an inch.
There are two ways to make this conversion: Sensor Dimensions:
1000um/ horizontal sensor dimension in mm = B‘]I(S):l)laﬂ—x/(ZMS) =
object space resolution (pm) = _ pm/mm 2.6 H/mm
2 x object space resolution in (Ip/mm)
Or vertical sensor dimension in mm = (3:496m) x (2050) _
1000pm/mm
biedt Wi _ __pixel size (ym)
object space resolution (pm) PIAG of the ystem 2.7
PMAG: paG = 3500 _ [ op4sx
While one can quickly jump to the limiting resolution on the object by us- mm
ing the last formula, it is very helpful to determine the imaging space reso- Resolution:

lution and PMAG to simplify lens selection. It is also important to keep in
mind that there are many additional factors involved, and this limitation is
often much lower than what can be easily calculated using the equations.
Learn more about lenses and contrast limitations in Sections 2.3 and 3.

object space resolution = 145 Ip/mm x 0.0845 = 12.25 [p/mm =

Section 2.3: Contrast CONTRAST EXAMPLE

The ability to resolve detail is directly related to both a lens’s ability
to reproduce contrast and the number of pixels utilized. The images
below are of the same test target, but taken by two different lenses us-
ing the same number of pixels on the sensor. Both images are cropped
from the center of the sensor. Each lens’s ability to reproduce contrast
is the determining factor in the performance of the system.

Lens 1 yields a contrast level of 22.6%, while Lens 2 produces
a contrast level of 12.7%. This is a 78% difference in performance
between the two lenses, even though the systems look somewhat
equivalent to the human eye.

It must also be understood that a lens will not necessarily pro-

1) duce the same contrast at the same frequency across the entire
o _mn- -y 100 2.8 FOV. Additionally, contrast levels will change as a lens’s f/# is ad-
L justed. More detail on this can be found in Sections 2.4 and 2.5.

max " min

Contrast describes how well black can be distinguished from white at a
given resolution on an object. For an image to appear well defined, the
black details need to appear black and the white details must appear
white (See Figure 2.2). The more the black and white information trend
into the intermediate greys, the lower the contrast at that frequency. The
greater the difference in intensity between a light and dark line, the bet-
ter the contrast. While this may appear obvious, it is critically important.

The contrast at a given frequency can be calculated in Fquation 2.8,
where I is the maximum intensity (usually in pixel greyscale values, if
a camera is being used) and [ _ is the minimum intensity:

% Contrast =

The lens, sensor, and illumination all play key roles in determining the
resulting image contrast. Each one can detract from the overall contrast
of a system at a given resolution if not applied correctly and in concert
with one another.

(Continued on page 10)

Figure 2.2 Imaging Pixels».:.:.:
|, VIEW

Lens 1

White
T L ) I(umrusl THIS @
Square Wave ¢ PAGE
Black LY _| / / WITH ©

~
— |

Figure 2.2: Understanding contrast. Transition from
black to white is high contrast while intermediate greys
indicate lower contrast.

Lens 2
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(Continued from page 9)

Lenses and Contrast Limitations

Lens contrast is typically defined in terms of the percentage of the ob-
ject contrast that is reproduced when assuming ideal illumination. Res-
olution is actually somewhat meaningless unless defined at a specific
contrast. In Section 2.1, the example assumed perfect reproduction on
the object, including sharp transitions at the edge of the object on the
pixel. However, in reality this is never the case. Because of the nature
of light, even a perfectly designed and manufactured lens cannot fully
reproduce an object’s resolution and contrast. Even when the lens is op-
erating at the diffraction limit (described in Section 3.1), the edges of the
dots in Figure 2.3 will be blurred in the image. This is where calculating
a system’s resolution by simply counting pixels loses accuracy, and can
even become completely ineffective.

Consider two dots close to each other being imaged through a lens, as
in Figure 2.3. When the spots are far apart (in other words, at a low fre-
quency), the dots are distinct, though both somewhat blurry at the edg-
es. As they approach each other, the blurs overlap until the dots can no
longer be distinguished as separate entities. The system’s actual resolv-
ing power depends on the imaging system’s ability to detect the space
between the dots. Even if there are ample pixels between the spots, if
the spots blend together due to lack of contrast, they will not easily be
resolved as two separate details. Therefore, the resolution of the system
depends on many things, including blur caused by diffraction and other
optical errors, the dot spacing, and the sensors ability to detect contrast.

Section 2.4: f/#
(Lens Iris/Aperture Setting)

The f/# setting on a lens controls many of the lens’s parameters: overall
light throughput, depth of field, and the ability to produce contrast at a
given resolution. Fundamentally, f/# is the ratio of the effective focal
length (EFL) of the lens to the effective aperture diameter (D, ):

EFL

f/# = (See Figure 2.4a) 2.9

EP

In most lenses, the f/# is set by the turning the iris adjusting ring, there-
by opening and closing the iris diaphragm inside. The numbers labeling
the ring denote light throughput with its associated aperture diameter.
The numbers usually increase by multiples of V2. Increasing the f/# by
a factor of V"2 will halve the area of the aperture, effectively decreasing
the light throughput of the lens by a factor of 2. Lenses with lower f/#s
are considered fast and allow more light to pass through the system,
while lenses of higher f/#s are considered slow and feature reduced
light throughput.

Table 2.2 shows an example of f/#, aperture diameters, and effective
opening size for a 25mm focal length lens. Notice that from the setting
of f/1 to /2, and again for f/4 to /8, the lens aperture is reduced by
half and the effective area is reduced by a factor of 4 at each interval.
This illustrates the reduction in throughput associated with increasing a
lens’s f/#.

t/# Lens Aperture Diameter (mm) Aperture Opening Area (mm?)
1 25.0 490.8
1.4 17.9 251.6
2 12.5 122.7
2.8 89 62.2
4 6.3 31.2
5.6 45 159
8 31 15

Table 2.2: The relationship between f/# and effective area for a 25mm
singlet lens. As the f/# increases, the area decreases, leading to a slower
system with less light throughput.

10 800-363-1992 - EDMUND OPTICS®
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Figure 2.3
Contrast and Frequency

IMAGE

OBJECT

IMAGING LENS

Figure 2.3: Two spots being imaged by the same lens. The top lens is
imaging objects at a low frequency, the bottom lens is imaging objects
at a higher frequency.

VIEW
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f/# and Effects on a Lens's Theoretical PAGE @
Resolution, Contrast, and DOF: WITH °

The f/# impacts more than just light throughput. Specifically, f/# is di-
rectly related to the theoretical resolution and contrast limits and the
Depth of Field (DOF) and depth of focus of the lens. Additionally, it will
influence the aberrations of a specific lens design.

As pixels continue to decrease in size, f/# becomes one of the most
important limiting factors of a system’s performance because its effects on
DOF and resolution move in opposite directions. As shown in 7able 2.3, the
requirements are often in direct conflict and compromises must be made.

Diffraction ) . Numerical
t/# Limited Resolution Depth of Field  Light Throughput e
A v A v v
v A v A A

Table 2.3: Lens performance changes as the f/# varies.

f/# Changes with Working Distance Change: — ADVANCED

The definition of f/# in Fquation 2.9 is limited in the sense that it is
defined at an infinite working distance where the magnification is ef-
fectively zero. Most often in machine vision applications, the object is
located much closer to the lens than an infinite distance away, and f/# is
more accurately represented by the working f/#, Equation 2.10.

(/#), = (1 +|m|) x f/# 2.10

In the equation for working f/#, m represents the paraxial magnifica-
tion (ratio of image to object height) of the objective. Note that as m
approaches zero (as the object approaches infinity), the working f/# is
equal to the infinite f/#. It is especially important to keep working f/#
in mind at smaller working distances. For example, an f/2.8, 25mm focal
length lens operating with a magnification of -0.5X will have an effective
working f/# of f/4.2. This impacts image quality as well as the lens’s
ability to collect light.



f/# and Numerical Aperture (NA) - ADVANCED

It can often be easier to talk about overall light throughput in a lens in
terms of the cone angle, or the numerical aperture (NA), of a lens. The
numerical aperture of alens is defined as the sine of the marginal ray
angle in image space, and is shown in Figure 2.4.

Figure 2.4a

D Bl o

Figure 2.4b

Projection of image space marginal ray angle fo edge of exit pupil

i

Exit Pupil * Entrance Pupil

Figure 2.4: Visual representation of f/#, both for a simple lens (a) and
a real-world system (b).

Section 2.5 Limitations on Resolution
and Contrast: The Airy Disk - aovanceo

When light passes through any size aperture (every lens has a finite ap-
erture), diffraction occurs. The resulting diffraction pattern, a bright re-
gion in the center together with a series of concentric rings of decreas-
ing intensity around it, is called the Airy Disk (see Figure 2.5).

The diameter of this pattern is related to the wavelength (h of the il-
luminating light and the size of the circular aperture, which is important
since the Airy Disk is the smallest point to which a beam of light can be
focused. As focused Airy patterns from different details on the object
come close together, they begin to overlap (refer to Section 2.3 for more
information on contrast). When the overlapping patterns create enough
constructive interference to reduce contrast, as in Figure 2.3, they even-
tually become indistinguishable from each other. Figure 2.5 shows the
difference in spot sizes between a lens set at f/2.8 and a lens set at f/8.

As pixels continue to reduce in size, this effect becomes more of an
issue and eventually is very difficult to overcome. The Airy Disk, or mini-
mum spot size can be calculated using the f/# and wavelength in ym:

minimum spot size (Airy Disk diameter) in pm = 2.44x h (ym)xf/#  2.12

Table 2.5 shows the calculated Airy Disk diameter for different f/#s us-
ing green light (520nm or 0.520pm). The smallest achievable spot size
can quickly exceed the size of small pixels. This leads to difficulties
when trying to yield the full resolution capacities of a sensor with any
usable level of contrast. Additionally, this does not take into account
any lens design limitations and manufacturing errors associated with
the fabrication of lens elements and optical assemblies, which can lead
to reductions in the ability to produce the smallest physically achievable
spot and thus reduced levels of resolution and contrast. Note: This is all
theoretical and is the starting point for limitations in an optical system.

It is important to remember that f/# and NA are inversely related.

M= 2.11

2(t/#)

Table 2.4 shows both a typical f/# layout on a lens (each successive fig-
ure increasing by a factor of v 2) along with its relationship with numeri-
cal aperture.

f/# 1.4 2 238 4 5.6 8 11 16

NA 0.36 0.25 0.18 0.13 0.09 0.06 0.05 0.03

Table 2.4: Relationship between f/# and numerical aperture.

Notation in terms of numerical aperture as opposed to f/# is especially
common in microscopy, but it is important to keep in mind that the NA
values that are specified for microscope objectives are specified in object
space, since light collection is often more easily thought of there. The other
interesting parallel is that infinite conjugate microscope objectives can be
thought of as machine vision objectives (focused at infinity) in reverse.

More on f/# effects on resolution can be found in the sections on
MTF, the Diffraction Limit, and the Airy Disk. Details on f/# and DOF
can be found Section 4.4.

f/# greatly impacts all of the following sections and is a very impor-
tant concept to understand.

Need help? WWW.EDMUNDOPTICS.COM/CONTACT

Figure 2.5 The Diffraction Limit and f/#
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Figure 2.5: Diffraction increases as the imaging lens iris is closed
(f/# increases).

t/# Airy Disk Diameter (ym) at a Wavelength of 520nm
1.4 1.78
2 2.54
2.8 3.55
4 5.08
5.6 7.11
8 1015
1 13.96
16 20.30

Table 2.5: The minimum spot size, or Airy Disk, increases with f/# and
can quickly surpass pixel size. See Table 2.1 for sample pixel sizes.
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Section 2.6: Lens Performance Curves

Understanding and calculating a lens's performance can be a difficult
task. There are many variables that will affect a lens's performance, in-
cluding the laws of physics, design criteria and philosophy, and man-
ufacturing tolerances and errors. In order to obtain optimal system
performance, both optical designers and the end users have access to
several metrics that can be used to measure a lens’s performance. These
curves are often provided to help specify the correct lens.

Modulation Transfer Function (MTF)

The Modulation Transfer Function (MTF) curve is an information-dense
metric that reflects how a lens reproduces contrast as spatial frequency
(resolution) varies. These curves offer a composite view of how opti-
cal aberrations affect performance at a particular set of fundamental
parameters dictated by the application’s need. It is important to under-
stand that changing almost any setting on a vision system, including the
fundamental parameters, will change the performance characteristics of
the curve. How MTF is calculated and the limits of MTF are detailed in
Section 3.2; Fundamental parameters are defined in Section 1.2.

Figure 2.6 shows a common type of MTF curve, which describes the
modulus of the optical transfer function (contrast) vs. frequency (resolu-
tion). How frequency is determined is covered in Section 2.1. This curve
provides a broad overview of a lens's performance at a specific working
distance, f/#, sensor size, and wavelength range.

In regards to our presentation, there are multiple colored curves
(black, blue, green, and red) that are displayed. The solid black line
at the top is the diffraction limit of the lens, and represents the abso-
lute limit of the lens performance. No matter how advanced the lens
performance becomes, it will never rise above this line. The additional

Visit WWW.EDMUNDOPTICS.COM/IMAGING
to download comprehensive datasheets
for all TECHSPEC® imaging lenses which
feature these performance curves.

DOWNLOAD
DATASHEET

colored lines on the curve that are below the diffraction limit repre-
sent the MTF performance of the lens. They correspond to different
field heights (positions across the sensor) that are to be used. In this
case, there are three different field heights represented: on-axis (blue),
which represents the center of the image circle; 70% of the diameter
of the image circle (green), which represents about half the image
area; and the full image circle (red), which is the corner of the image
sensor that is in use. Note that some curves will contain more field
points for analysis.

The other noteworthy feature within the curves is the difference
between solid and dashed lines, represented on the curve by the let-
ters T and S, which represent the tangential (T: yz) and sagittal, or
“radial” (S: xz) planes of focus, respectively. These fields are different
due to aberrations that are caused by asymmetry, such as astigma-
tism, which is why there is not a separate curve for tangential and
sagittal on-axis. If element tilts or decenters existed, the asymmetry
would cause there to be different T and S curves on-axis, as well.

The MTF curve is a map of contrast vs. frequency. Interpretation of
an MTF curve is highly application dependant.

Figure 2.6
{/# and working distance parameters for this MTF curve Lens Stock Number
MTE:|f/2.8, 218mm WD|[#63-777 |
T T T T T T T T 100
field height (multiply by 2 Jo0
for image circle diameter) a0
Dashed Color Lines: Tangential plane MTF :| i : 170 -
Solid Color Lines: Sagittal plane MTF i : 60 =
L 2= 15 5.50mm |} T, feen, ] 45 2
- == T54.00mm i i . "~... o s 40 s
MTF On-Axis 222 15 0.00mm || : ' B S
Diffraction Limit Diff. Limit : : A
el Sizes__10ym ; oy {10 15 - 20% contrast is typically the
Y S S N N S N S o minimum contrast for acceptable
o . 1) 750 150.0 image quality
pixel limited resolution by pixel size Spatial Frequency in Cycles Per mm
(Nyquist Freq.)

Figure 2.6: An MTF performance curve illustrates contrast vs. frequency.

Depth of Field (DOF)
The Depth of Field (DOF) plot displays how the MTF changes as details
of a specific size (resolution, given as a frequency) move closer to, or far-
ther away from, the lens without refocusing. In other words, how the con-
trast changes above and below the specified working distance. Figure 2.7
shows the type of DOF curve provided in TECHSPEC® lens datasheets.
The depth of field plot shows the differences in MTF based on con-
stant field heights (the different colors of the individual curves) for a
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fixed spacial frequency on the image side, with the diffraction limit left
out. As the MTF is sampled at different positions along the optical axis,
defocus is introduced into the system. In general, as defocus is intro-
duced, the contrast will decrease. The horizontal line toward the bottom
of the curve represents the depth of field at a specific contrast level (in
this case, 20%). The generally accepted minimum contrast for a machine
vision system to maintain accurate results is 20%.



Figure 2.7 spatial frequency,
f/#, and working
distance parameters
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Figure 2.7: Depth of field performance curve shows how
contrast changes with working distance.

Relative Illlumination

The Relative Illumination curve is used to quantify changes in the il-
lumination level across the sensor. Changes in illumination can have
undesired effects on the final image when it comes to analysis. Details
on what causes RI changes can be found in Section 4.2 on Relative Il-
lumination. The curve in Figure 2.8a shows a typical relative illumination
curve, with the relative brightness (relative to the brightest point in the
image) vs. field height.

The different individual curves represent the relative illumination per-
formance based on f/#. Note that as the f/# increases, relative illumi-
nation generally increases. Be careful not to confuse this with absolute
brightness, as higher f/#s will still cause an overall brightness decrease.
Learn more about f/# in Section 2.4.

The x-axis represents the distance from the center of the sensor to
the corner of the sensor. The y-axis indicates how much illumination
exists at any position in the field relative to the point of highest illumi-
nation, typically the center of the field, set equal to 100%. In order to
clarify how the lens's relative illumination will perform across different
sensors, dotted lines representing different sensor diagonals have been
included in the plots. Figure 2.8b is a projection of how the relative il-
lumination in Figure 2.8a will look at f/1.4 in a real world image. Learn
more about relative illumination in Section 4.2, page 20.

Distortion

In an imaging system, distortion causes apparent magnification changes
with respect to field position. There are many ways to represent distor-
tion, but Figure 2.9 shows field height vs. geometric distortion percentage,
which is a typical plot that lens designers and engineers utilize to charac-
terize distortion. Lean more about distortion in Section 4.5, pages 29-30.
The plot in Figure 2.9 shows distortion as the percentage of magnifica-
tion shift (x-axis) moving from the center of the image to the corner of
the image (y-axis). The larger the absolute percentage of distortion, the
larger the difference between the ideal image map and the distorted one.

Our curves are shown for one point in space and
performance will vary at other points. Please contact
EO Technical Support for details relating to your application.
1-800-363-1992 or email: TECHSUP@EDMUNDOPTICS.COM
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Figure 2.8a: A relative illumination curve shows the relative brightness
vs. field height at various f/#s.

Figure 2.8b

Relative lllumination: /1.4, 25" Sensor Format
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Figure 2.8b: This plot shows how the f/1.4 curve blue in 2.8a will
appear across a #3” image sensor.

Figure 2.9
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Figure 2.9: A distortion curve illustrates the magnification shift from the
center of the image to the edge.
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Section 3: Understanding Lens

Design Limitations

Section 3.1: Diffraction Limit:

Every lens has an absolute upper performance limit dictated by the
laws of physics. This limitation is controlled by the working f/# of the
lens and the wavelength(s) of light that pass through the lens. Known
as the Diffraction Limit, this limitation is given in line pairs/mm and
determines the theoretical maximum resolving power of the lens. Even
a perfect lens that is not limited by design will be diffraction limited. This
limit is the point where two Airy patterns (Section 2.5) are no longer dis-
tinguishable from each other. To calculate the diffraction limit, a simple
formula that relates it to the f/# of the lens and the wavelength of light
can be used. Learn more about f/# in Section 2.4.

Diffraction Limit (Ip/mm) = 1000ym/mm 3.1

f/# x wavelength (in pm) :
After the diffraction limit is reached, the lens becomes incapable of resolv-
ing greater frequencies. The diffraction limit detailed in 7able 3.1 shows
contrast at 0% for given frequencies. These numbers may appear rather
high, but are strictly theoretical — a number of other practical factors must
also be considered. First, as a general rule, imaging sensors cannot repro-
duce information at or near 0% contrast. Due to inherent noise, contrast
generally needs to be above 10% to be reliably detected on standard imag-
ing sensors. To avoid imaging complications, it is recommended to target
20% contrast or higher at the application’s critical lp/mm resolution. Ad-
ditionally, lens aberrations and variations associated with manufacturing
tolerances also reduce performance. Modulation Transfer Function
(MTF) curves are used to determine whether a lens will effectively utilize
a sensors capabilities and fulfill the desired application’s requirements.

Section 3.2: Modulation Transfer
Function (MTF) and MTF Curves:

MTF curves show resolution and contrast information simultaneously al-
lowing a lens to be evaluated based on the requirements for a specific ap-
plication and can be used to compare the performance of multiple lenses.
Used correctly, MTF curves can help determine if an application is actual-
ly feasible. For information on how to read an MTF curve, see Section 2.6.

Figure 3.1 is an example of an MTF curve for a 12mm lens used on the
Sony ICX625 sensor, which has a sensor format of %5” and 3.45um pixels.
Sensor format is described in the camera section on Pages 142-145. The
curve shows lens contrast over a frequency range from 0 Ip/mm to 150 Ip/
mm (the sensor’s limiting resolution is 145 lp/mm). Additionally, this lens
has its f/# set at 2.8 and is set at a PMAG of 0.05X, which yields a FOV
of approximately 170mm for 20X the horizontal dimensions of the sensor.
This FOV/PMAG will be used for all examples in this section. White light
is used for the simulated light source.

This curve provides a variety of information. The first thing to note is that
the diffraction limit is represented by the black line. The black line indicates
that the maximum theoretically possible contrast that can be achieved is
almost 70% at the 150 Ip/mm frequency, and that no lens design, no matter
how good, can perform higher than this. Additionally, there are three colored
lines: blue, green, and red. These lines correspond to how this lens performs
across the sensor in the center (blue), the 0.7 position at 70% of the full field
on the sensor (green), and the corner of the sensor (red), respectively. It is
clearly shown that at lower and higher frequencies contrast reproduction is
not the same across the entire sensor and, thus, not the same over the FOV.

Additionally, it can be seen that there are two green and two red lines.
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t/# 0% Contrast Limit (Ip/mm) @ 0.520pm
14 1374
2 962
2.8 687
4 481
5.6 343
8 240
11 175
16 120

Table 3.1: The diffraction limit calculated at different f/#s for 0.520um
light (green light).

MTF: /2.8, 150mm WD, 12mm FL
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Figure 3.1: MTF curve for a 12mm lens used on the Sony ICX625 sensor.

These lines represent the tangential and sagittal contrast components
associated with detail reproduction that is not in the center of the FOV.
Due to aberrational effects (Section 6, pages 36-38), a lens will produce
spots that are not completely round and will therefore have different sizes
in the horizontal and vertical orientation. This size variation leads to spots
blending together more quickly in one direction than the other, and pro-
duces different contrast levels in different axes at the same frequency. It
is very important to consider the implications of the lower of these two
values when evaluating a lens for a given application. It is generally advan-
tageous to maximize the contrast level across the entire sensor to gain the
highest levels of performance in a system.



Comparing Lens Designs and Configurations

Example 1: Comparison of two different lens designs
with the same focal length (FL), 12mm, at /2.8

Figure 3.2 examines two different lenses of the same focal length that
have the same FOV, sensor, and f/#. These lenses will produce systems
that are the same size but differ in performance. In analysis, the hori-
zontal light blue line at 30% contrast on Figure 3.2a demonstrates that at
least 30% contrast is achievable essentially everywhere within the FOV,
which will allow for the entire capability of the sensor to be well-utilized.
For Figure 3.2b, nearly all of the field is below 30% contrast. This means
that better image quality will only be achievable over a small portion of
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of the lower performance lens in Figure 3.2b with 70%
contrast. When that same box is placed on Figure 3.2a, a tremendous
performance difference can be seen even at lower frequencies between
the two lenses.

The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is
associated with a much more complex design and tighter manufacturing
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for
larger field of view are required. Figure 3.2b will work best where more
pixels are needed to enhance the fidelity of image processing algorithms
and where lower cost is required. Both lenses have situations where they
are the correct choice, depending on the application.

Example 2: Two different high resolution lens designs
with different focal lengths: 12mm and 16mm at /2.8

Figure 3.3 examines two different high resolution lenses with focal lengths
of 12mm and 16mm that have the same FOV, sensor, and f/#. By looking
at the lens’s contrast at the Nyquist limit of Figure 3.3b (light blue line),
a distinct performance increase can be seen when compared to Figure
3.3a. While the absolute difference is only about 10 - 12% contrast, the
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on
this graph, this time where Figure 3.3a hits 70% contrast. Note that the
difference at this level is not as extreme as in the previous example. The
tradeoff between these lenses is that the working distance for the lens
in Figure 3.3b has an increase of about 33% but with a decent increase
in performance. This follows the general guidelines outlined in the Best
Practices Section 1.1.

Example 3: Comparison of MTF for different f/#s of
the same 35mm lens design

Figure 3.4 features the MTF for a 35mm lens design using white light at
/4 (a) and £/2 (b). The yellow line shows the diffraction-limited contrast
at the Nyquist limit for Figure 3.4a on both graphs while the blue line
denotes the lowest actual performance at the Nyquist limit of the same
lens at f/4 in Figure 3.4a. While the theoretical limit of Figure 3.4b is far
higher, the performance is much lower. This is an example of how a
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of a lens, even though the theoretical performance limit is greatly
reduced. The primary tradeoff besides resoultion is less light throughput
at the higher f/#.

(Continued on page 16)
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Figure 3.2: MTF curves for two lens designs (a and b) with the same
focal length, f/#, and system parameters.
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Figure 3.3: Two different high resolution lens designs with different focal
lengths at the same f/# and system parameters.
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Figure 3.4: MTF curves for a 35mm lens at the same WD and different
f/#s: f/4 (a) and {/2 (b).
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(Continued from page 15)

Comparing Lens Designs and Configurations

Example 4: The Effect of Changing Working
Distance on MTF

For Figure 3.5, working distances of 200mm (a) and 450mm (b) are exam-
ined for the same 35mm lens design at f/2. A large performance difference
can be seen, which is directly related to the ability to balance aberrational
content in lens design over a range of working distances. Changing work-
ing distance, even with refocusing, will lead to variations or reductions
in performance as the lens moves away from its designed range. These
effects are most profound at lower f/#s. More details on these effects can
be found in the section Designing to Balance Aberrations and the section
on Aberrations in Section 6.1, page 36 and Section 6.2, page 37 respectively.

Visit WWW.EDMUNDOPTICS.COM/IMAGING
to download comprehensive datasheets
for all TECHSPEC® imaging lenses which
feature these MITF curves.

DOWNLOAD
DATASHEET

Section 3.3: Wavelength Effects
on Performance

Different wavelengths bend at different angles as light passes through
a medium (glass, water, air, etc.). This is commonly observed when
sunlight passes through a prism and creates a rainbow effect; shorter
wavelengths are bent more than longer ones. This same effect creates
problems when trying to resolve details and gain information in imag-
ing systems. To avoid this issue, imaging and machine vision systems
commonly use monochromatic illumination, which involves only single
wavelengths or narrow bands of the spectrum. Monochromatic illumi-
nation, e.g. from a 660nm LED, practically eliminates what are known as
chromatic aberrations in an imaging system.

Chromatic Aberrations
Chromatic aberrations exist in two fundamental forms: lateral color shift
(Figure 3.6) and chromatic focal shift (Figure 3.7).

Figure 3.6

Figure 3.6: Lateral Color Shift.

Lateral color shift, Figure 3.6, can be seen as you move from the center
of the image towards the edge of the image. In the center, the spots for
different wavelengths of light are concentric. Moving towards the cor-
ner of the image, wavelengths tend to separate and produce a rainbow
effect. As a result of this color separation, a given point on the object
is imaged over a larger area, resulting in reduced contrast. On sensors
with smaller pixels, this result is even more pronounced, as the blurring
spreads over more pixels. In depth details on lateral color can be found
in Section 6.2 on aberrations.
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Figure 3.5a
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Figure 3.5: MTF curves for a 35mm focal length lens at /2 with different
working distances.

Chromatic focal shift, Figure 3.7, relates to the ability of a lens to fo-
cus all wavelengths at the same distance away from the lens. Different
wavelengths will have different planes of best focus. This shift in focus
with respect to wavelength results in reduced contrast, since the differ-
ent wavelengths create different spot sizes at the image plane where the
camera sensor is located. In the image plane of Figure 3.7 a small spot
size in the red wavelengths, a larger spot size in green, and the largest
spot size in blue is shown. Not all colors will be in focus all at once. Ad-
vanced details can be found in Section 6.2 on Aberrations.

Figure 3.7

Image Plane

Figure 3.7: Chromatic Focal Shift.

Choosing the Optimal Wavelength

Monochromatic illumination enhances contrast by eliminating both
chromatic focal shift and lateral chromatic aberration. It is readily avail-
able in the form of LED illumination, lasers, and through the use of fil-
ters. However, different wavelengths can have different MTF effects in a
system. The diffraction limit defines the smallest theoretical spot which
can be created by a perfect lens, as defined by the Airy Disk diameter,
which has a wavelength (1) dependence. See Section 2.5 for more details
on the Airy Disk and diffraction limit. Using the Equation 3.2, one can
analyze the change in spot size for both different wavelengths and dif-
ferent f/#s.

Minimum spot size (Airy Disk diameter) inpm = 2.44 x 1y (ym) x £/# 3.2



Table 3.2 features the calculated Airy disk diameter for wavelengths rang-
ing from Violet (405nm) to Near-Infrared (880nm) at various f/#s. This
data clearly shows that lens systems have better theoretical resolution
and performance when they are utilized with shorter wavelengths. The
benefits to understanding this are multi-fold. First, shorter wavelengths
allow for better utilization of the sensor’s pixels regardless of size due
to the smaller achievable spot size. This is especially pronounced on
sensors with very small pixels. Second, it allows for more flexibility to
use higher f/#s, which will allow for greater depth of field. For example,
a red LED could be used at f/2.8 to generate a spot size of 4.51pym or
a blue LED could be used to generate almost the same spot size at f/4.
If both options yield acceptable levels of performance at best focus,
the system set at f/4 using blue light will produce better depth of field,
which could be a critical requirement. Advanced details may be found in
Section 4.4, pages 26-28 on f/# and DOF.

Example 1: Improvement with Wavelength

Both images in Figure 3.8 are taken with the same lenses and camera
producing the same field of view, thus presenting the same spatial reso-
lution on the object in lp/mm. The camera utilizes 3.45um pixels. The
illumination used in Figure 3.8a is set at 660nm and 3.8b at 470nm. The
high resolution lens was set to higher f/# to greatly reduce any aber-
rational effects. This allows diffraction to be the primary limitation in the
system. The blue circles are representative of the limiting resolution in
Figure 3.8a. Note that Figure 3.8b has a significant increase in resolvable
detail (approximately 50% finer detail). Even at the lower frequencies
(wider lines), there is a higher level of contrast with 470nm illumination
in Figure 3.8b.

Example 2: White Light vs. Monochromatic MTF

In Figure 3.9, the same lens is used at the same working distance and
f/#. Figure 3.9a is using white light, and Figure 3.9b is using 470nm illu-
mination. In Figure 3.9a, all of the performance is at 50% or below at the
Nyquist limit. For Figure 3.9b, all of the performance at the Nyquist limit
is higher than Figure 3.9a. Additionally, performance in the center of the
system in Figure 3.9b is above the diffraction limit of Figure 3.9a. The
reason for this increase in performance is twofold: using monochromatic
light eliminates chromatic aberrations in the system which generally al-
lows for much smaller spots to be created, and 470nm illumination is one
of the shortest wavelengths of light that is used in visible range imaging.
As detailed in the sections on diffraction limit and Airy Disk, shorter
wavelengths allow for higher levels of resolution.

Wavelength Considerations

A few issues can arise with changing wavelength that need to be under-
stood. From a lens design perspective, the further into the blue portion of
the spectrum, as wavelengths become shorter, the more a lens design can
struggle regardless of how narrow the waveband that is used. Essentially,
glass materials tend to not perform well at shorter wavelengths. Designs
do exist in this region of the spectrum, but they are often limited in their
capabilities, and the exotic materials that may be required to build the
lens can be costly. The best theoretical performance seen in 7able 3.2 is at
the violet wavelength of 405nm, but most system designs cannot perform
well in this area. It’s very important to evaluate what a lens can realistically
do at such short wavelengths using lens performance curves.

Example 3: Theoretical Limitations

Figure 3.10 compares a 35mm lens at f/2 with blue (470nm) and violet
(405nm) wavelengths (3.10a and 3.10b respectively). While Figure 3.10a
has a lower diffraction limit, it also shows that the 470nm wavelength
yields higher performance at all field positions. The effect here is in-
creased when the lens is used at the extremes of its design capabilities
for f/# and WD (detailed in Section 3.2 on MTF).

Another wavelength issue that can greatly affect performance is re-
lated to chromatic focal shift. As the application’s wavelength range
increases, the lens’s ability to maintain high levels of performance will
be compromised. Section 6.2 on Aberrations goes into more detail on
the phenomenon.
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Color Wavelength Aperture (f/#)
(nm) /1.4 /2.8 t/4 /8 /16
NIR (Near-Infrared) 880 3.01 6.01 8.59 17.18 34.36
Red 660 225 451 6.44 12.88 25.77
Green 520 1.78 3.55 5.08 10.15 20.30
Blue 470 1.61 32 459 9.17 18.35
Violet 405 1.38 277 395 791 15.81

Table 3.2: Theoretical Airy Disk diameter spot size (in ym) for various
wavelengths and f/#:s.

Each image is from the center of the
field of view of a multi element star
target. The elements of a star target
allow for the visualization of chang-
ing resolution produced by a lens
and camera system in all directions.
Higher resolutions are observed
closer 1o the center of the sfor
where the lines become narrower,
producing higher frequencies.

Figure 3.8: Images of a star target taken with the same lens, at the same
f/#, with the same sensor. The wavelength is varied from 660nm (a) to
470nm (b).
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Figure 3.9: MTF curves for the same lens at f/2
lengths; white light (a) and 470nm (b).

using different wave-
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Figure 3.10: MTF curves for a 35mm lens at f/2 with 470nm (a) and
405nm (b) wavelength illumination.

WWW.EDMUNDOPTICS.COM/EO-IMAGING 17



Section 4: Real World Performance

Example 1: Variation in Spot Sizes and Pixel Outputs
with Wavelength at Low f/# (Theoretical)

Figures 4.1a and 4.1b demonstrate four different wavelengths being per-
fectly imaged, with the exception of blur caused by diffraction (Section
3.1), in the center of a sensor containing 3.45um pixels and at f/2.8. This
is considered a small pixel size, and it is associated with a very popu-
lar 5 megapixel sensor utilized by many camera companies. Figure 4.1a
shows the difference in spot size when stepping up from 470nm (Blue)
to 880nm (NIR) wavelengths. Figure 4.1b shows pixel outputs for each of
the images created by the lens in Figure 4.1a; notice the smaller spots
associated with the shorter wavelengths.

Section 4.1: From Lens to Sensor:
Limitations on Collecting Information

In an effort to better understand the differences that can occur between
theoretical and as-manufactured performance, Examples 1-3 show what
happens at the sensor level, and how output from the sensor would be
visualized with different wavelengths and f/#s. Figures transition from
theoretical to real world examples that include aberration and lens
fabrication errors.

As will be noted, the shorter the wavelength, the theoretically great-
er the performance of the imaging system. In recent years, blue LEDs
have become very dependable for increasing the performance of
small pixel-equipped sensors. Remember EO Best Practice #5, (page 5)
Color Matters. Understanding the physical capabilities and limitations
of a lens at different f/#s and wavelengths helps the user optimize
the utility of high resolution imagers and enables solutions to once
difficult applications.

Example 2: Variation in Spot Sizes and Pixel Outputs
with Wavelength at High f/#s (Theoretical)

The images in Figure 4.2 are similar to Figure 4.1, but the aperture setting
has been changed to f/8. At this setting, Figure 4.2a shows that all of the
spots, regardless of wavelength, exceed the size of a single pixel, which
causes energy to spill into adjacent pixels. Figure 4.2b shows a notice-
able blurring in the pixel outputs at the longer wavelengths with spots at
880nm no longer able to be separated. This demonstrates the physical
ramifications associated with changing the f/#, even in a theoretically
perfect system.

Figure 4.1a: An Illustration of how spot size changes by wavelength from
470nm (blue) to 880nm (NIR) at /2.8.

470nm 520nm 660nm 880nm

Figure 4.1b: How the pixels of a sensor interpret the spot sizes in figure 4.1a.

Figure 4.2a: An lllustration of how spot size changes by wavelength from
470nm (blue) to 880nm (NIR) at f/8.

470nm 520nm 660nm 880nm

Figure 4.2b: How the pixels of a sensor interpret the spot sizes in figure 4.2a.

Figure 4.1: Variation in spot sizes and pixel outputs with wavelength
at low f/#.
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Figure 4.2: Variation in spot sizes and pixel outputs with wavelength
at high f/#.



Example 3: Variation in Spot Sizes and Pixel Outputs
with Wavelength in Real Lenses That Include Aberrations

In this example, a more realistic representation of the center and cor-
ner of a true lens design is shown at f/2.8. These figures now include
aberrations that are inherent in even the highest quality lens designs, as
well as issues associated with manufacturing tolerances. Aberrations mis-
place information and alter the shape of the spots that are created, lead-
ing to shapes that are no longer rotationally symmetric; the sum of all

aberrations involved determine this shape. Please note, aberrations tend
to be more pronounced at the corner of an image than compared to the
center. A great difference can be seen between the spots shown in Fig-
ures 4.1a and 4.1b versus Figures 4.3a and 4.3b; Figure 4.1 is a theoretical
demonstration, while Figure 4.3 uses a real lens. Notice how aberrations
influence the spot shapes image shown in Figure 4.3c and 4.3d.

Figure 4.3a: An lllustration of spot sizes for a real lens with aberrations in the
center of the image at f/2.8.

470nm 520nm 660nm 880nm

Figure 4.3b: How the pixels of a sensor interpret the spot sizes in figure 4.3a.

Figure 4.3c: An lllustration of spot sizes for a real lens with triangular shaped
aberrations in the image corner at f/2.8.

470nm 520nm 660nm 880nm

Figure 4.3d: How the pixels of a sensor interpret the spot sizes in figure 4.3c.

Figure 4.3: Variation in spot sizes and pixel outputs with wavelength in real lenses that include aberrations.

Example 4: Real-World Lens Performance.
Looking at Actual Images.

Figure 4.4 is an application image that shows the difference in real-world
performance of two lenses with the same focal length (16mm), f/# (2.8),
and field of view (100mm horizontally) coverage. These images demon-
strate all of the concepts detailed in the sections on MTF, f/#, and wave-
length (Sections 3.2, 2.4, 3.3, and 4.1 respectively). The target is a multi-
element Star Target (#58-835) that allows the concurrent visualization
of a wide range of frequencies (resolutions) in all areas of the FOV and
in all directions. More details on this and other targets for benchmarking
a systems performance can be found on pages 164-173.

The differences in lens performance can be seen by examining close-
up sections of the field of view (full resolution images available online).
Figure 4.4 shows the complete star target; the highlighted areas located
in the center, bottom middle, and the corner of the target will be com-
pared between the two different lenses. A Sony ICX 625 monochrome
sensor with 3.45pm pixels and a total resolution of 5 megapixels and a
white light back light illuminator are used in this example.

The comparisons shown in Figure 4.4 demonstrate Lens A’s superior
performance. Specifically, the corner of the image shows a large dif-
ference in contrast, as it is noticeably more difficult
to differentiate the blacks and whites in the Lens B

Figure 4.4 Lens A (left)

Lens B (right) example. Additionally, the directionality of differ-
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ent aberrations (mainly astigmatism) are prominent;
more detail can be seen associated with lines propa-
gating in the radial direction.

The close up of the corner of the image in
Figure 4.4 (yellow and red boxes) presents an addi-
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tional concern, where each black and white line pair

Lens B (right) covers approximately 10 pixels total. Compared to
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the resolvable portion at the center of the image,
the corner has effectively reduced spatial resolution
(due to the blur circle covering multiple pixels) from 5
megapixels (2448 x 2050) near the center to approxi-
mately 500 x 400 pixels in the corner, which is below

Lens A (left)

Iz,

AW

I

what a VGA sensor (640 x 480 pixels) can reproduce.

Lens B (right) Even at reduced sensor resolution, some lenses will

still struggle greatly due to design constraints and
manufacturing tolerances, which is demonstrated by
the different contrast levels from each lens. For in-

stance, the contrast level in the yellow box for Lens A

Figure 4.4: A star target is imaged with two lenses (A and B) with the same focal length,

is 45% and 7% in the red box for Lens B.

f/#, field of view, and sensor. The superiority of Lens A is apparent in all areas but is most

pronounced along the edge and in the corner of the image.
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Section 4.2: Sensor Relative
lllumination, Roll-Off, and Vignetting

In order to evaluate and understand issues that can be associated with
vignetting (the blocking of rays that pass through the outer edges of an
imaging lens), roll-off and relative illumination, sensor sizes, and formats
need to be considered. In addition to the following overview, more infor-
mation on sensors and formats can be found on pages 142-145.

Matching Sensors with Lenses

One issue that often arises is the ability of an imaging lens to support
certain sensor sizes. If the sensor is too large for the lens design, the re-
sulting image may appear to fade away and degrade towards the edges;
this effect is caused by vignetting. As the resolution demands of a sys-
tem increase, one of two things needs to happen: pixels need to get
smaller or sensors need to get bigger. As is detailed in the sections on
MTF and diffraction limit (Sections 3.2 and 3.1), continuous reduction
in pixel size produces significant issues regarding the optics’ ability to
resolve true detail. This concern, combined with the signal to noise and
sensitivity issues associated with current sensor technology, results in
sensors having to grow in size; such growth causes these issues regard-
ing vignetting and roll-off, unless the proper lens is used.

Relative lllumination

Relative Illumination is a way of representing the combined effect of
vignetting and roll-off in an imaging lens, and is generally given as a
percentage of illumination at any point on the sensor normalized to the
position in the field with maximum illumination. Vignetting and roll-off
are two separate components of relative illumination. An example of
RI is shown in Figure 4.5. More details on how to read this curve can be
found in Section 2.6.

The curve in Figure 4.5 shows that at its lowest aperture setting (f/1.4
— the blue line), this lens has an RI of 57% of the illumination level of the
image center at the corner of a %5” sensor. Under the same conditions,
the lens has an RI of 72% in the corner of a %2” sensor. As the sensor
gets smaller, the RI improves. Also note that the RI improves as the f/#
is increased; this occurs until there is no more vignetting in the lens, at
which point all higher f/# settings will have the same illumination pro-
file. Increasing the f/# generally does not increase the image circle size
much, in that a lens designed for a particular sensor size will not perform
well on a larger sensor even with the f/# stopped down.

Roll-off will still occur when the lens is stopped down, as that is relat-
ed to the angle of the rays and not the number of rays that pass through
the lens. Many lenses will have an illumination profile that is highest
in the middle of the field and is either flat or declines to some lower
percentage as it approaches the edge. There are rare cases where the
RI increases slightly across the image circle, but this is related to pupil
compression and will not be covered in this text.

Vignetting Within a Lens - ADVANCED
Vignetting is the result of light rays not making it through the entire

lens system to the sensor, due to being blocked by the edges of indi-
vidual lens elements or mechanical stops. This clipping of rays can be
intentional or unintentional, and in some case is unavoidable. Vignett-
ing is most often seen at or in lower f/#s, short focal length lenses, or
lenses where higher resolutions need to be achieved at a lower cost.

Figure 4.6 demonstrates clipping as it may occur for the same 16mm
lens at different f/#s (f/1.8 and f/4). Note the clipping of rays in Fig-
ure 4.6a, as indicated with red circles; these rays are not able to pass
through all of the optics in the lens. Figure 4.6b, on the other hand,
demonstrates an example without vignetting. The vignetting in Figure
4.6a could have several causes, including diameter limitations of the
optics or a need to eliminate the rays to block stray light. Vignetting is
sometimes purposely included in a lens design to improve overall lens
performance or reduce cost.
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Sensor Roll-Off

Roll-off is the decrease in relative illumination with respect to
field that is not caused by vignetting, but by radiometric laws.
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Figure 4.5: A relative illumination curve showing relevant image sensor
formats on the x-axis.
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Figure 4.6: A 16mm lens design at /1.8 (a) and f/4 (b). At /1.8 vignett-
ing occurs where light rays are clipped by the edges of the lens.



Vignetting to Gain Performance (Selective Vignetting)
— ADVANCED

Vignetting is often used to maximize the resolution of a lens design across
the entire image circle. Since it is more difficult to direct the rays that cre-
ate the edge of an image to the desired location on a sensor, higher reso-
lution objects are generally more difficult to reproduce at the edge of the
image than at the center. Rays that end up on the wrong pixel will degrade
the image at that location; one way to manage this is to eliminate these
rays from the system. If the undesired rays do not make it to the sensor,
they cannot degrade the image. Removing these mis-directed rays, how-
ever, reduces relative illumination.

Effects of Vignetting at the Pixel Level: Large Pixels

Figure 4.7 lllustrates light rays incident on a pixel in the corner of a sensor
at f/1.4 (a) and {/2 (b). In Figure 4.7a, some light spills onto the adjacent
pixel creating image and contrast degradation. Increasing the f/# (Figure
4.7b) essentially creates vignetting which clips those extraneous rays. Fig-
ure 4.8 illustrates this same vignetting effect at the center of the sensor.
However, with these large pixels, the change in f/# has little effect on the
overall image quality.

Vignetting can also be purposefully designed into lenses in scenarios

control of rays, causing image degradation. The looser the tolerances on
the lens, the more adverse these degrading effects can become, and tight-
ening the tolerances is often not practical due to the increase in manufactur-
ing cost. Often, a balance must be struck between reducing manufacturing
cost and maintaining image quality. In cases where cost is a primary factor,
vignetting must be utilized in an attempt maintain resolution across the field
of view. Doing such will have an adverse effect on the illumination profile.
Designing vignetting into a lens can be accomplished in a couple different
ways: by purposefully designing the clear apertures of the individual lens
elements such that they vignette severely off-axis rays, or by introducing
mechanical apertures to block aberrated rays, as shown in Figure 4.11a.

Effects of Vignetting at the Pixel Level: Small Pixels

In Figures 4.9 and 4.10, the pixels have been reduced to half the size,
yielding a 4X resolution increase. In this example, vignetting by increas-
ing f/# greatly, improves performance across the entire sensor, as op-
posed to the first example which only slightly improved the imaging
performance in the corner of the image. All of these Figures (4.7 - 4.10)
exhibit nominal design capabilities and do not account for reduced per-
formance that results from manufacturing tolerances. With tolerances
included, the need for vignetting can be even more pronounced, espe-

in which the effects from manufacturing tolerances adversely affect the cially in cases where cost is a driving factor. (Continued on page 22)
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NOTE: Energy is almost all on a single pixel in 4.7a

Figure 4.7: Light rays incident on pixels in the corner of a sensor at
/1.4 (a) and /2 (b). Increasing the f/# creates vignetting which clips
the extraneous rays spilling onto the adjacent pixel in 4.7a.

Figure 4.8: Light rays incident on pixels in the center of an image at
/1.4 (a) and /2 (b). Increasing the f/# has no significant effect on image
quality as all rays were contained in the desired pixel for each example.

Figure 4.9a Corner -

f/1.4

Figure 4.9b .

4 /2

NOTE: Energy is spread over 3 pixels in 4.9a

Figure 4.10a Center

1 /1.4

Figure 4.10b

t/2

Figure 4.9: Light rays incident on pixels in the corner of a sensor at
f/1.4 (a) and f/2 (b). Increasing the f/# creates vignetting which clips
the extraneous rays spilling adjacent pixels.
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Figure 4.10: Light rays incident on pixels in the center of an image at
f/1.4 (a) and f/2 (b). Increasing the f/# creates vignetting which pre-
vents the extraneous rays from spilling onto nearby pixels.
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(Continued from page 21)

Demonstration of Vignetting in Different Lens Designs - ADVANCED
Figure 4.11 features a standard 12mm lens design layout, along with both
its relative illumination and MTF curves. Note the size difference of the
ray bundles in 4./1a at the center (blue lines) and corner (green lines);
the size difference demonstrates a large amount of selective vignetting.
The vignetting leads to lower illumination at the edges of the image than
in the center (4.11b). This is done in an effort to minimize the costs as-
sociated with materials and manufacturing tolerances, while maintaining
reasonable performance at a lower price.

The lens in Figure 4.12, an ultra-high resolution 12mm lens design, has a
much more evenly sized ray bundles across the field (4.12a) due to a low
level of vignetting. This translates to much more even relative illumination
across the entire sensor (4.12b). The lens in this example is designed using
more costly materials at tighter tolerances, which allows it to maintain high
levels of performance across the image, without the need to introduce vi-
gnetting to improve its performance. The trade off in using such a lens is that
the ultra-high resolution lens is more expensive than the standard design.
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Figure 4.11: A standard 12mm lens ray path (a), relative illumination
curve (b), and MTF curve (c).
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Figure 4.12: A ultra-high resolution 12mm lens ray path (a), relative
illumination curve (), and MTF curve (c).



Illumination Roll-Off - ADVANCED

In its simplest form, the maximum brightness of a lens for some given
image circle with no vignetting is limited by the fourth power of the
cosine of the chief ray angle in image space. This is known as cos’e roll-
off. Figure 4.13 shows the chief rays for the center and the corner of the
image (highlighted in red).

In many applications, roll-off is not an issue, but it can be problematic
when the chief ray angle becomes quite steep. This is especially true in
applications utilizing large sensors, line-scan applications, and wide an-
gular FOV (short focal length) applications. Table 4.1 shows how roll-off
increases with angle. Notice that for an angle of 15°, there is a reduction
in relative illumination of about 13% from the center to the corner, but by
doubling the angle, the roll-off increases to nearly a 44% reduction of RI.

Roll-off must be considered in applications with short working dis-
tances and large fields of view. This can produce large chief ray angles
in image space, regardless of sensor size.

One way to correct for roll-off is by designing the lens to be image
space telecentric. In doing this, the difference in the angle of the chief
rays will be 0°, which produces even illumination. Another way to offset
roll-off is to create unbalanced illumination on the object under inspec-
tion. By mounting additional lights closer to the edges of the object un-
der inspection or by adding an apodizing neutral density filter onto the
lens, roll off-can be mitigated.

Visit WWW.EDMUNDOPTICS.COM/IMAGING
to download comprehensive datasheets
for all TECHSPEC® imaging lenses which
feature these performance curves.

DOWNLOAD
DATASHEET

Roll-Off and Micro Lenses - ADvAaNCED

Micro lenses are utilized on many sensors in an effort to increase the
amount of light making it to the active pixel area. Like all other lens-
es, micro lenses have an angular acceptance in which they operate
most efficiently. As the angle of incidence increases, the amount of
light that makes it to the active area of the pixel is reduced. Most lens
designs attempt to keep their image space chief ray angles below 5
to 7° in order to reduce these effects. Figure 4.14a shows a micro lens

Difference in Chief Ray Angle Maximum Relative lllumination Level Center to Corner

5° 98.5%
10° 94.0%
15° 87.1%
30° 56.3%
45° 25.0%
60° 6.3%

Table 4.1: Relation between chief ray angle and relative illumination at
the corner of an image, assuming 100% relative illumination at the center.

Figure 4.13 Chief Ray and Roll-Off

Figure 4.13: Imaging lens layout, highlighting the chief rays of the ray
bundles belonging to the center (blue lines) and the corner (green lines)
of the image. These define the angle which is used to approximate roll-off.

over the pixel. Figures 4.14b and 4.14c show how light is focused
at normal incidence and at an oblique incidence to the micro lens,
respectively. Normal incidence would represent the center pixel on
the sensor. At this position all rays are focused onto the active area
of the pixel. At oblique angles, not all rays make it to the active pixel
area. This results in additional reduced relative illumination beyond
what is specified in a lens’s relative illumination curve.
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Section 4.3: Pixel Sizes and Optics

— ADVANCED

Understanding the interplay between camera sensors and imaging lenses
is a vital part of designing and implementing a machine vision system.
The optimization of this relationship is often overlooked, and the impact
that it can have on the overall resolution of the system is large. An improp-
erly paired camera/lens combination could lead to wasted money on the
imaging system. Unfortunately, determining which lens and camera to use
in any application is not always an easy task: more camera sensors (and as
a direct result, more lenses) continue to be designed and manufactured to
take advantage of new manufacturing capabilities and drive performance
up. These new sensors present a number of challenges for lenses to over-
come, and make the correct camera to lens pairing less obvious.

The first challenge is that pixels continue to get smaller. While smaller
pixels typically mean higher system-level resolution, this is not always
the case once the optics utilized are taken into account. In a perfect
world, with no diffraction or optical errors in a system, resolution would
be based simply upon the size of a pixel and the size of the object that
is being viewed (see Section 2.1 for further explanation). To briefly sum-
marize, as pixel size decreases, the resolution increases. This increase
occurs as smaller objects can be fit onto smaller pixels and still be able to
resolve the spacing between the objects, even as that spacing decreases.
This is an oversimplified model of how a camera sensor detects objects,
not taking noise or other parameters into account.

Lenses also have resolution specifications, but the basics are not quite
as easy to understand as sensors since there is nothing quite as concrete
as a pixel. However, there are two factors that ultimately determine the
contrast reproduction (modulation transfer function, or MTF) of a par-
ticular object feature onto a pixel when imaged through a lens: diffrac-
tion and aberrational content. Diffraction will occur anytime light passes
through an aperture, causing contrast reduction (more details in Section
2.5). Aberrations are errors that occur in every imaging lens that either
blur or misplace image information depending on the type of aberra-
tion (more information on individual optical aberrations can be found
in Section 6.2). With a fast lens (<f/4), optical aberrations are most often
the cause for a system departing from “perfect” as would be dictated by
the diffraction limit; in most cases, lenses simply do not function at their
theoretical cutoff frequency (o, mﬂ), as dictated by Equation 4.1

_ 1
P = n(f/#) 4.1

To relate this equation back to a camera sensor, as the frequency of
pixels increases (pixel size goes down), contrast goes down - every lens
will always follow this trend. However, this does not account for the real
world hardware performance of a lens. How tightly a lens is toleranced
and manufactured will also have an impact on the aberrational content
of a lens and the real-world performance will differ from the nominal,
as-designed performance. It can be difficult to approximate how a real
world lens will perform based on nominal data, but tests in a lab can help
determine if a particular lens and camera sensor are compatible.

One way to understand how a lens will perform with a certain sen-
sor is to test its resolution with a USAF 1951 bar target. Bar targets are
better for determining lens/sensor compatibility than star targets, as
their features line up better with square (and rectangular) pixels. The fol-
lowing examples show test images taken with the same high resolution
50mm focal length lens and the same lighting conditions on three differ-
ent camera sensors. Each image is then compared to the lens’s nominal,
on-axis MTF curve (blue curve). Only the on-axis curve is used in this
case because the region of interest where contrast was measured only
covered a small portion of the center of the sensor.

Figure 4.15 shows the performance of the 50mm lens when paired
with a 1/2.5” ON Semiconductor MT9P031 with 2.2um pixels, when at
a magnification of 0.177X. Using Fquation 2.1 from Section 2 (see page 8),
the sensor’s Nyquist resolution is 227.7 Ip/mm,

1000

Sensor Resolution =
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meaning that the smallest object that the system could theoretically im-
age when at a magnification of 0.177X is 12.4pm (using an alternate
form of Equation 2.7).

Object Space Resolution = Sensor Resolution ® PMAG = 227.7 = 0.177  40.3 lp/mm  12.4pm

Keep in mind that these calculations have no contrast value associated
with them. The left side of Figure 4.15 shows the images of two elements
on a USAF 1951 target; the top image shows two pixels per feature, and
the bottom image shows one pixel per feature. At the Nyquist frequency
of the sensor (227 Ip/mm), the system images the target with 8.8% con-
trast, which is below the recommended 20% minimum contrast for a reli-
able imaging system. Note that by increasing the feature size by a factor
of two to 24.8um, the contrast is increased by nearly a factor of three.
In a practical sense, the imaging system would be much more reliable at
half the Nyquist frequency.

Figure 4.15
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Figure 4.15: Comparison nominal lens performance vs. real-world per-
formance for a high resolution 50mm lens on the ON Semiconductor
MT9P031 with 2.2pm pixels. The red line shows the Nyquist limit of the
sensor and the yellow line shows half of the Nyquist limit.

The conclusion that the imaging system could not reliably image an ob-
ject feature that is 12.4pm in size is in direct opposition to what equations
2.1 and 2.7 show, as mathematically the objects fall within the capabili-
ties of the system. This contradiction highlights that first order calcula-
tions and approximations are not enough to determine whether or not
an imaging system can achieve a particular resolution. Additionally, a
Nyquist frequency calculation is not a solid metric on which to lay the
foundation of the resolution capabilities of a system, and should only be
used as a guideline of the limitations that a system will have. A contrast
of 8.8% is too low to be considered accurate since minor fluctuations in
conditions could easily drive contrast down to unresolvable levels.

Figures 4.16 and 4.17 show similar images to those in Figure 4.15
though the sensors used were the Sony ICX655 (3.45pm pixels) and
ON Semiconductor KAI-4021 (7.4um pixels). The top images in each
figure show two pixels per feature and the bottom images show one pixel
per feature. The major difference between the three Figures is that all
of the image contrasts for Figures 4.16 and 4.17 are above 20%, meaning
(at first glance) that they would be reliable at resolving features of that
size. Of course, the minimum sized objects they can resolve are larger
when compared to the 2.2um pixels in Figure 4.15. However, imaging
at the Nyquist frequency is still ill-advised as slight movements in the
object could shift the desired feature between two pixels, making the
object unresolvable. Note that as the pixel sizes increase from 2.2um,
to 3.45um, to 7.4um, the respective increases in contrast from one pixel
per feature to two pixels per feature are less impactful. On the ICX655
(3.45pm pixels), the contrast changes by just under a factor of 2; this ef-
fect is further diminished with the KAI-4021 (7.4pum pixels).



Figure 4.16

10
09
08
07
0.6
05
04
03
0.2
0.1
00

N

Modulus of the OTF

= T15.0.00mm
= Diff. Limit

§

0 227 454 681 908 1135 1362

Spatial Frequency in Cycles per mm

1589 1816 2043 227

72 lp/mm

M= -

Contrast 48%

145 Ip/mm

Contrast: 24.6%

Figure 4.16: Comparison nominal lens performance vs. real-world
performance for a high resolution 50mm lens on the Sony ICX655 with
3.45pm pixels. The dark blue line shows the Nyquist limit of the sensor,
and the light blue line shows half of the Nyquist limit.
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Figure 4.17: Comparison nominal lens performance vs. real-world per-
formance for a high resolution 50mm lens on the ON Semiconductor
KAI-4021 with 7.4pum pixels. The dark green line shows the Nyquist limit
of the sensor, and the light green line shows half of the Nyquist limit.
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An important discrepancy in Figures 4.15, 4.16, and 4.17 is the difference
between the nominal lens MTF and the real-world contrast in an ac-
tual image. The MTF curve of the lens on the right side of Figure 4.15
shows that the lens should achieve approximately 24% contrast at the
frequency of 227 Ip/mm, when the contrast value produced was 8.8%.
There are two main contributors to this difference: sensor MTF and lens
tolerances. Most sensor companies do not publish MTF curves for their
sensors, but they have the same general shape that the lens has. Since
system-level MTF is a product of the MTFs of all of the components of
a system, the lens and the sensor MTFs must be multiplied together to
provide a more accurate conclusion of the overall resolution capabilities
of a system. As mentioned above, a toleranced MTF of a lens is also a
departure from the nominal. All of these factors combine to change the
expected resolution of a system, and on its own, a lens MTF curve is not
an accurate representation of system-level resolution.

As seen in the images in Figure 4.18, the best system-level contrast is
in the images taken with the larger pixels. As the pixel size decreases,
the contrast drops considerably. A good best practice is to use 20% as
a minimum contrast in a machine vision system, as any contrast value
below that is too susceptible to fluctuations in noise coming from tem-
perature variations or crosstalk in illumination. The image taken with the
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50mm lens and the 2.2um pixel in Figure 4.15 has a contrast of 8.8% and
is too low to rely on the image data for object feature sizes correspond-
ing to the 2.2pm pixel size because the lens is on the brink of becoming
the limiting factor in the system. Sensors with pixels much smaller than
2.2pm certainly exist and are quite popular, but much below that size
becomes nearly impossible for optics to resolve down to the individual
pixel level. This means that the equations described in Section 2 become
functionally meaningless for helping to determine system-level resolu-
tion, and images similar to those taken in the aforementioned figures
would be impossible to capture. However, these tiny pixels still have a
use - just because optics cannot resolve the entire pixel does not render
them useless. For certain algorithms, such as blob analysis or optical
character recognition (OCR), it is less about whether the lens can ac-
tually resolve down to the individual pixel level and more about how
many pixels can be placed over a particular feature. With smaller pixels
subpixel interpolation can be avoided, which will add to the accuracy of
any measurement done with it. Additionally, there is less of a penalty in
terms of resolution loss when switching to a color camera with a Bayer
pattern filter.

Figure 4.18
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Figure 4.18: Images taken with the same lens and lighting conditions
on three different camera sensors with three different pixel sizes. The
top images are taken with four pixels per feature, and the bottom images
are taken with two pixels per feature.

Another important point to remember is that jumping from one pixel per
feature to two pixels per feature gives a substantial amount of contrast
back, particularly on the smaller pixels. Although by halving the frequen-
cy, the minimum resolvable object effectively doubles in size. If it is ab-
solutely necessary to view down to the single pixel level, it is often better
to double the optics’ magnification and halve the field of view. This will
cause the feature size to cover twice as many pixels and the contrast will
be much higher. The downside to this solution is that less of the overall
field will be visible. From the image sensor perspective, the best thing to
do is to maintain the pixel size and double the format size of the image
sensor. For example, an imaging system with a 1X magnification using a
'2” sensor with a 2.2pm pixel will have the same field of view and spatial
resolution as a 2X magnification system using a 1” sensor with a 2.2ym
pixel, but with the 2X system, the contrast is theoretically doubled.
Unfortunately, doubling the sensor size creates additional problems
for lenses. One of the major cost drivers of an imaging lens is the format
size for which it was designed. Designing an objective lens for a larger
format sensor takes more individual optical components; those com-
ponents need to be larger and the tolerancing of the system needs to
be tighter. Continuing from the example above, a lens designed for a 1”
sensor may cost five times as much as a lens designed for a %2” sensor,
even if it cannot hit the same pixel limited resolution specifications.

Need more information about a
TECHSPEC® imaging lens? Contact our
Technical EO Technical Support team

for details relating to your application.
1-800-363-1992 or
email: TECHSUP@EDMUNDOPTICS.COM
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Section 4.4: Depth of Field
and Depth of Focus

Due to similarities in name and nature, depth of field and depth of fo-
cus are commonly confused concepts. To simplify the definitions for our
purposes, depth of field concerns the image quality of a stationary lens
as an object is repositioned, whereas depth of focus concerns a station-
ary object and a sensor’s ability to maintain focus for different sensor
positions, including tilt.

Depth of Field

The Depth of Field (DOF) of a lens is its ability to maintain a desired
amount of image quality (spatial frequency at a specified contrast), with-
out refocusing, if the object is positioned closer to and farther from best
focus. DOF also applies to objects with complex geometries or features
of different heights. As an object is placed closer or farther than the set
focus distance of a lens, the object blurs and both resolution and con-
trast suffer. Because of this, DOF only makes sense if it is defined with
an associated resolution and contrast. A number of targets can be used
to directly measure and benchmark an imaging systems DOF; these tar-
gets are detailed on pages 164-167.

DOF Requires a Resolution

“Does this lens have good depth of field?” Although a common ques-
tion, it is difficult to quantify without using a specific object detail size or
image space frequency. The smaller the detail, the higher the spatial fre-
quency that needs to be resolved, and the smaller the DOF the lens can
produce. A DOF curve can be used to see how a lens actually performs
over a given depth at a specific detail’s size (Section 2.6). These graphs
not only take into account the theoretical limitations associated with the
f/# setting, but also the aberrational effects of the lens design itself.

In Figure 4.19, the contrast levels (y-axis) that can be seen over a
working distance range (x-axis) at a fixed frequency of 20 lp/mm (im-
age detail) are shown. Note the difference in DOF between Figure 4.19a,
which is set at f/2.8, and Figure 4.19b, which is set at f/4. Something
else to note is that there is more usable DOF beyond the best focus than
between the best focus and the lens, due to magnification decreasing.
The graphs themselves contain different color lines denoting different
positions where the image will fall on the sensor.

Figure 4.20 features the same lens as Figure 4.19a but at a different
working distance. Note an increase in DOF occurs at longer working
distances. Eventually, as the lens focuses towards infinitely far away ob-
jects, the hyperfocal condition occurs. This condition is reached at the
distance in which everything appears in equal focus.

How f/# Affects Depth of Field, Conceptual

Changing the f/# of alens will change the DOF, as shown in Figure 4.21.
For each configuration shown in Figure 4.21 there are two bundles of rays.
The bundle represented by dotted black lines shows how information
spreads as it moves from the object toward the lens system. As an object
moves away from the best focus position (where the dotted lines cross),
object details move into a wider area of the cone. The wider the spread
of the cone, the more the information from that distance from the lens
is blurred into all of the other information around it. The f/# of the lens
controls how fast the cone expands and, thus, how much information or
detail is actually blurred together at a given distance.

There is also a red cone in the figure, which is an angular representa-
tion of the resolution of the system. Where the lines of the two cones
intersect defines the total range of the depth of field. The lower the f/#,
the faster the black dotted lines expand, and the lower the depth of field.

As details get smaller, the bundles in Figure 4.21a and 4.21b move
closer together, accelerating the effect. Eventually, increasing the f/#
too much causes smaller details to blur due to the diffraction limit of the
lens being reached, since the limiting resolution of the lens is inversely
proportional to the f/#. This limitation means that while increasing the
f/# will always increase the depth of field, the feature size that is re-
solvable (even at best focus) gets larger. For more information on the
diffraction limit and its relationship to f/#, see Section 3.1. Utilizing short
wavelengths does allow for forgiveness in this area, and in many ways
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Figure 4.19: Depth of field curves for a lens at /2.8 (a) and {/4 (b).
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Figure 4.20: Depth of field curves for a lens at f/2.8 at 200mm WD (a)
and at 500mm WD (b). Note (b) has a much larger scale.
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Figure 4.21: Geometric representation of DOF for high and low f/# lenses.

some of this lost resolution can be salvaged. Learn more about changing
wavelength can affect system performance in Section 3.3.

In general, when lenses are focused at short working distances, the
large cone angles cause the cones to diverge very quickly on either side
of best focus, leading to limited depth of field. For objects that are in
focus at longer working distances, the rate of transition of the bundles
decreases and DOF will increase.



Example: f/# Effects at the Object Level,
a Close Up View

Figure 4.22 illustrates the ray bundle at the center of an object under in- Figure 4.23 shows the same type of illustration as Figure 4.18, but has
spection at /2.8 (@) and /8 (b). The vertical lines represent 2mm incre- cones representing multiple points in the field of view, essentially on and
ments of movement away from best focus and closer to the lens. On each off information representing line pairs. The overlap in the bundles in
vertical line, there is a square that represents a single pixel of detail. Figure Figure 4.23a shows how the information runs together more quickly than
4.22a demonstrates that the desired amount of detail quickly becomes a that of Figure 4.23b. This is an example of how information from two

limited part of each bundle as the width of the bundle exceeds the feature different object details would blur together due to a lower f/#. In Figure
size. In Figure 4.22b, the bundle expands far more slowly and the detail is 4.23b, this does not occur due to the higher f/# of the lens.

larger than the bundle diameter for all distances shown, allowing it to be

the dominant signal contributor and thus more distinguishable.
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Figure 4.22: An illustration of the ray bundle at the center of an object under inspection at f/2.8 (a) and {/8 (b).
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Figure 4.23: An illustration of ray bundles across a portion of the center of the field of view at f/2.8 (a) and {/8 ().
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related to how the quality of focus changes on the sensor side of the lens
as the sensor is moved while the object remains in the same position. Sensor Tilt and Depth of Focus
Depth of focus dictates how much tip and tilt can be tolerated between
the image plane of the lens and the sensor plane itself. The lower the Definitions:
f/#, the more the depth of focus is reduced and the more impact tilt has ;
o _ =Sensor Tilt :
on achieving best focus across the sensor. . X - : \
It needs to be understood that without active adjustment there will al- L= A.X"ﬂ S_h'ﬂ due fo - ;
ways be some degree of variation in the orthogonality between the sen- s = Pixel Size Sensor
sor and the lens that is used; Figure 4.24 shows how this issue arises. It is p= Number of Pixels on sensor
generally assumed that problems involving depth of focus only occur with h = Half Sensor Size
large sensors, however, this issue is actually independent of sensor size. 5= Depth of Focus Lens

As the derivation in Figure 4.24 shows, depth of focus is heavily dependent
on the number of pixels and has little to do with array or pixel size. As

(f/#), = Working F-number x

sensors increase in pixel count, this issue is only amplified. Particularly in PIX{ |

many line scan applications, the large arrays and low f/#s emphasize the & = 1H(t/ #h's

need for careful alignment between the object, lens, and sensor. 7= (s*p*tan(_))/2 s
6/2>z

[ (F/#)w> (p*tan(_))/2]

Need more information about a TECHSPEC®imaging lens?
Contact our Technical EO Technical Support team
for details relating to your application.

1-800-363-1992 or email: TECHSUP@EDMUNDOPTICS.COM Figure 4.24: How sensor tilt with respect to the optical axis affects depth
of focus.
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Effects of Sensor Tilt - ADVANCED

Figure 4.25 shows a 35mm lens using 470nm illumination. Figure 4.25a
is set to f/2.8 and Figure 4.25b is set to £/5.6. Both graphs go out to 150
Ip/mm, which is roughly the Nyquist limit of a sensor using 3.45pum
pixels. It is easy to see that the performance of Figure 4.25a is far better
than Figure 4.25b, using this lens at a setting of /2.8 would provide the
highest level of imaging quality in a given object plane. However, as dis-
cussed in the previous section, tilt in relation to the sensor will negatively
impact the actual image quality that the system produces: the higher the
number of pixels, the more profound the effects.

In Figure 4.26, depth of focus for £/2.8 and {/5.6 of the 35mm lens
featured in Figure 4.25 are analyzed. In both figures, the far right vertical
line represents best focus for the entire image. Each semi-vertical line to
the left of best focus represents a position 12.5pym closer to the back of
the lens. These simulate the positions of the pixels assuming a tip/tilt
of 12.5uym and 25pm respectively from the center to the corner of the
sensor. The blue ray bundle is for the center of the image and the yellow
and red ray bundles are for the corner of the image. The yellow and red
bundles represent one line pair cycle on the sensor assuming 3.45um
pixels. Notice in Figure 4.26a, f/2.8, that there is already bleed-over be-
tween the yellow and red ray bundles at the shift to the 12.5pm tilt po-
sition. Moving out to 25um, the red bundle now covers two full pixels
and about half the yellow bundle as well, causing significant blurring. In
Figure 4.26b, /5.6, we see that the yellow and red ray bundles stay within
one pixel over the full 25um tilt range. Note that the blue pixel’s position
does not change, as the tip/tilt is centered on this pixel.
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Figure 4.25: MTF performance of a 35mm lens at /2.8 (a) and {/5.6 (b)
Note that in each case, the diffraction limited resolution is nearly obtained.
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Figure 4.26: Ray bundles in image space of the same 35mm focal length lens at f/2.8 (a) and {/5.6 (b). The blue ray bundle is in the center of the image; the

red and yellow bundles are at the corner of the image.

Figure 4.27 illustrates the change in MTF performance in the corner of
the image for this 35mm lens assuming 25pm of tilt as seen in Figure
4.26. Figure 4.27a shows the new performance of the lens at f/2.8, note
the significant reduction in performance from Figure 4.27a. Figure 4.27b
shows the performance shift at f/5.6 which is minor in relation to 4.27b.
Most importantly this lens at f/5.6 will now significantly outperform the
£/2.8 setting. The drawback to running systems at /5.6 is three times
less light; this could be problematic in high speed and line scan applica-
tions. Finally, assuming that the sensor is tilted about the center of the
sensor, reduced performance will occur at both the top and bottom of
the sensor (and their corresponding points in the field of view) due to
the tilt, since the ray bundles expand after best focus. No two camera
and lens combinations are exactly the same. When building multiple
systems this issue can present itself at varying degrees of magnitude.

In order to overcome these issues, cameras and lenses with higher
tolerance control should be utilized. Additionally, for sensors, some
lenses have tip/tilt control mechanisms to actively overcome this effect.
It is also important to note that some line scan sensors can have swale,
which means that they are not completely flat; this cannot be mitigated
or removed via tip/tilt control.
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Figure 4.27: MTF performance of a 35mm lens at f/2.8 (a) and £/5.6(b),
and with 25um of z-axis shift caused by image plane tilt.



Section 4.5: Distortion

The term distortion is often applied interchangeably with reduced image
quality. Distortion is an individual aberration that does not technically
reduce the information in the image; while most aberrations actually mix
information together to create image blur, distortion simply misplaces
information geometrically. This means that distortion can actually be
calculated or mapped out of an image, whereas information from other
aberrations is essentially lost in the image and cannot easily be recre-
ated. More details on other aberrations can be found in Section 6. Please
note that in extreme high distortion environments, some information
and detail can be lost due to resolution change with magnification or
because of too much information being crowded onto a single pixel.

Distortion is a monochromatic optical aberration that describes how
the magnification in an image changes across the field of view at a fixed
working distance; this is critically important in precision machine vision
and gauging applications. Distortion is distinct from parallax, which is
a change in magnification (field of view) with working distance (more
on parallax is provided in the section on telecentricity in Section 5.1.
It is important to keep in mind that distortion varies with wavelength,
as shown in Figure 4.28, and that when calibrating distortion out of a
machine vision system the wavelength of the illumination needs to be
taken into account. Curves like the one in Figure 4.28 are very helpful in
determining how to calibrate out distortion.

As with other aberrations, distortion is determined by the optical de-
sign of the lens. Lenses with larger fields of view will generally exhibit
greater amounts of distortion because of its cubic field dependence.
Distortion is a third-order aberration that, for simple lenses, increases
with the third power of the field height; this means that larger fields of
view (a result of low magnification or short focal length) are more sus-
ceptible to distortion than smaller fields of view (high magnification or
long focal length). The wide fields of view achieved by short focal length
lenses should be weighed against aberrations introduced in the system
(such as distortion). On the other hand, telecentric lenses typically have
very little distortion: a consequence of the way that they function. It is
also important to note that when designing a lens to have minimal dis-
tortion, the maximum achievable resolution can be decreased. In order
to minimize distortion while maintaining high resolution, the complexity
of the system must be increased by adding elements to the design or by
utilizing more complex optical glasses.

How is Distortion Specified?
Distortion is typically specified as a percentage of the field height. Typi-
cally, 2 to 3% distortion is unnoticed in a vision system if measure-
ment algorithms are not in use. In simple lenses, there are two main
types of distortion: positive, barrel distortion, where points in the field
of view appear too close to the center; and negative, pincushion distor-
tion, where the points are too far away. Barrel and pincushion refer to the
shape a rectangular field will take when subjected to the two distortion
types, as shown in Figure 4.29.

Distortion can be calculated simply by relating the Actual Distance
(AD) to the Predicted Distance (PD) of the image using Equation 4.2.
This is done by using a pattern such as dot target shown in Figure 4.30.

Distortion (%) = x 100 4.2

AD - PD

PD
It is important to note that while distortion generally runs negative or
positive in a lens, it is not necessarily linear in its manifestation across
the image for a multi-element assembly. Additionally, as wavelength
changes, so does the level of distortion. Finally, distortion can change
with changes in working distance. Ultimately, it is important to individu-
ally consider each lens that will be used for a specific application in order
guarantee the highest level of accuracy when looking to remove distor-
tion from a system.

(Continued on page 30)
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Figure 4.28
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Figure 4.28: Distortion plot showing the variance of distortion with re-
spect to wavelength.

Figure 4.29
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Figure 4.29: An illustration of positive and negative distortion.

Figure 4.30
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Figure 4.30: Calibrated target (red circles) vs. imaged (black dots) dot
distortion pattern.

WWW.EDMUNDOPTICS.COM/EO-IMAGING 29



(Continued from page 29)

Example of Distortion Curves

Figure 4.31 shows negative, or barrel, distortion in a 35mm lens system.
In this specific example, all of the wavelengths analyzed carry almost
identical levels of distortion, thus wavelength-related issues are not
present. In Figure 4.32, an interesting set of distortion characteristics can
be seen: first, there is separation in the level of distortion for the differ-
ent wavelengths, and second, both negative and positive distortion is
present in this lens. Distortion of this nature is referred to as wave, or
moustache, distortion. This is often seen in lenses that are designed for
very low levels of distortion, such as those designed for measurement
and gauging applications. In this scenario, calibrating the system so that
distortion is removed can require special consideration for applications
where different wavelengths are used.

Geometric Distortion vs TV Distortion:

An Important Difference

In lens datasheets, distortion is usually specified in one of two ways:
radial, geometric distortion or RIAA TV distortion. Geometric distortion
describes the distance between where points appear in the distorted
image and where they would be in a perfect system. In practice, this can
be measured using a distortion dot target. The difference between the
distance from the center of the target to any dot in the field of view and
the distance from the center of the image to the same, now misplaced
dot (shown in Figure 4.30), provides the radial distortion percentage cal-
culated with Equation 4.2.

The measurement of TV distortion is specified by an RIAA imag-
ing standard, and is determined by imaging a square target that fills the
vertical field of view. The difference in height between the corners and
the center edge of the square is used to calculate the TV distortion with
Egquation 4.3; this describes the apparent straightness of a line which
appears at the edge of the image, which is essentially the geometric dis-
tortion at a single field point. By only specifying distortion at one point
in the field, it is possible to misrepresent a non-zero distortion lens as
having 0% distortion. In Figure 4.32, a 0% intercept can be found for any
of the wavelengths shown. However, when the full image circle is con-
sidered, it is obvious that the lens has non-zero distortion. An example
of how TV distortion can be found is shown in Figure 4.33.

D, = A_H” x 100 43

As shown in Figure 4.32, in real world, compound imaging lens assem-
blies, distortion is not necessarily monotonic and can change signs across
the field of view, which is why a radial distortion plot is preferable to the
single RIAA value. Due to the way it is specified, the TV distortion value
can be much lower than the maximum geometric distortion value of the
same lens, thus it is important to be aware of what type of distortion is be-
ing specified when choosing the most appropriate lens for an application.

Keystone Distortion
In addition to the previous distortion types mentioned, which are inher-
ent to the optical design of a lens, improper system alignment can also
result in keystone distortion, which is a manifestation of parallax (shown
in Figure 4.34a and 4.34b).

When calibrating an imaging system against distortion, keystone
distortion should be considered in addition to radial geometric distor-
tion. Although distortion is often thought of as a cosmetic aberration, it
should be carefully considered against other system specifications when
choosing the right lens. In addition to the potential for a loss in image in-
formation, algorithmic distortion correction takes additional processing
time and power, which may not be acceptable in high speed or embed-
ded applications.

Did you know telecentric lenses typically feature very
low levels of distortion? See pages 82-109 for our
complete selection of TECHSPEC?® telecentric lenses.
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Figure 4.31 Distortion vs. Image Height
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Figure 4.31: Negative, or barrel, distortion in a lens.

Figure 4.32 Distortion vs. Image Height
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Figure 4.32: Wave, or moustache, distortion in a lens.
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Figure 4.33: TV distortion with both barrel and pincushion distortion.

Figure 4.34a: Lens layout showing keystone distortion.

Figure 4.34b: Manifestation of keystone distortion.
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Figure 4.34: Examples of keystone distortion.



Section 5: Telecentricity and
Perspective Error

The ability to quickly perform repeatable, high accuracy measurements
is critical to maximize the performance of many machine vision systems.
For such systems, a telecentric lens allows the highest possible accuracy
to be obtained. This section discusses the unique performance charac-
teristics of Telecentric Lenses and how telecentricity can impact system
performance.

TECHSPEC®Telecentric Lenses can be found on pages 82-109
or WWW.EDMUNDOPTICS.COM/TELECENTRICS

VIEW THIS
PAGE WITH

ar]

Section 5.1: The Advantages of Telecentricity

Zero Angular Field of View: Parallax Error Elimination
Conventional lenses have angular fields of view such that as the distance
between the lens and object increases, the magnification decreases. This
is how the human vision behaves, and contributes to our depth percep-
tion. This angular field of view results in parallax, also known as perspec-
tive error, which decreases accuracy, as the observed measurement of the
vision system will change if the object is moved (even when remaining
within the depth of field) due to the magnification change. Telecentric
Lenses eliminate the parallax error characteristic of standard lenses by
having a constant, non-angular field of view; at any distance from the lens,
a Telecentric Lens will always have the same field of view. See Figure 5.1
for the difference between a non-telecentric and a telecentric field of view.
A Telecentric Lens’s constant field of view has both benefits and con-
straints for gauging applications. The primary advantage of a Telecentric
Lens is that its magnification does not change in respect to depth. Fig-
ure 5.2 shows two different objects at different working distances, both
imaged by a Fixed Focal Length (non-telecentric) Lens (center) and a

Telecentric Lens (right). Note that in the image taken with a Telecentric
Lens, it is impossible to tell which object is in front of the other. With the
Fixed Focal Length Lens, it is quite obvious that the object that appears
smaller is positioned farther from the lens.

While Figure 5.2 is drastic in terms of a working distance shift, it il-
lustrates the importance of minimizing parallax error. Many automated
inspection tasks are imaging objects that move through the field of view
of an imaging system, and the position of parts is rarely perfectly repeat-
able. If the working distance is not identical for each object that the lens
is imaging, the measurement of each object will vary due to the mag-
nification shift (see Section 2.2 on magnification and how it is defined,
page 9). A machine vision system that outputs different results based on a
magnification calibration error (which is unavoidable with a Fixed Focal
Length Lens) is a non-reliable solution and cannot be used when high
precision is necessary. Telecentric Lenses eliminate the concern about
measurement errors that would otherwise occur due to factors such as a
vibrating conveyor or inexact part locations.

Figure 5.1

Telecentric Lens

Figure 5.1: Field of view comparison of a conventional and Telecentric Lens. Note the conventional lens’s angular field of view and the Telecentric

Lens’s zero angle field of view.

Figure 5.2 SETUP

FIXED FOCAL LENGTH LENS

TELECENTRIC LENS

Figure 5.2: The angular field of view of the Fixed Focal Length Lens translates to parallax error in the image and causes the two cubes to appear to

be different sizes.
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Telecentric Lenses and Depth of Field

It is a common misconception that Telecentric Lenses inherently have
a larger depth of field than conventional lenses. While depth of field is
still ultimately governed by the wavelength and f/# of the lens, it is true
that Telecentric Lenses can have a larger usable depth of field than con-
ventional lenses due to the symmetrical blurring on either side of best
focus. As the part under inspection shifts toward or away from the lens,
it will follow the angular field of view (or the chief ray) that is associated
with it. In a non-telecentric lens, when an object is moved in and out of
focus, the part blurs asymmetrically due to parallax and the magnifica-
tion change that is associated with its angular field of view. Telecentric
Lenses, however, blur symmetrically since there is no angular compo-
nent to the field of view. In practice, this means that features such as
edges retain their center of mass location; an accurate measurement can
still be made when the object is beyond best focus as long as the contrast
remains high enough for the algorithm being used by the machine vision
system to function properly.

While it may seem counterintuitive, blur can be used advantageously
in certain applications with Telecentric Lenses. For example, if a ma-
chine vision system needs to find the center location of a pin, as shown
in Figure 5.3a, the transition from white to black is quite sharp when the
lens is in focus. In Figure 5.3b, the same pin is shown slightly defocused.

Looking at a plot of the image grey levels from a line profile taken
across the edge of the part, as in Figure 5.4, the slope of the line is much
shallower for the slightly defocused image, as the pin edge is spread
over more pixels. Due to the symmetric blurring of the Telecentric Lens,
this blur is still usable as the centroid has not moved and the amount of
sub-pixel interpolation needed is decreased. This reduces sensitivity to
grey level fluctuations caused by sensor noise and allows the pin center
location to be found more reliably and with higher repeatability.

Telecentricity and Distortion

Another advantage of using Telecentric Lenses in metrology applica-
tions is that Telecentric Lenses typically have lower distortion values
than Fixed Focal Length Lenses. Distortion causes the actual position of
an object to appear as though it is in a different location, which can fur-
ther decrease measurement accuracy (see Section 4.4 for more informa-
tion on distortion, pages 26-28). For example, Figure 5.5a shows jumper
pins on a circuit board that has been imaged by a Fixed Focal Length
Lens with high distortion. The distortion, coupled with the parallax error
inherent to non-telecentric lenses, makes the pins toward the edge of the
image appear as though they are bent toward the center. When looking
at the same pins with a Telecentric Lens, as in Figure 5.5b, it is apparent
that the pins are indeed straight.

While it is true that distortion can be calibrated out of images to par-
tially improve the accuracy, the parallax is still present and will cause
error. The other advantage to not needing to calibrate out the distor-
tion from the Telecentric Lens is that the measurement process can run
faster as there is less computing that the software needs to do, reducing
CPU load and directly leading to higher system throughput and more
parts measured per minute.

Because Telecentric Lenses tend to have such low distortion, they
are more prone to having non-monotonic wave distortion than fixed fo-
cal length lenses, as shown in Figure 5.6. While the magnitude of the
distortion is generally low enough to not have a significant impact on the
measurement of the part under inspection, it is still important to check
the distortion specifications of the Telecentric Lens and to properly cali-
brate the imaging system utilizing the Telecentric Lens. This property is
also why distortion plots should be used rather than a single numerical
value, as the lens can have zero distortion at the field point where it is
specified, but be non-zero elsewhere.

32 800-363-1992 - EDMUND OPTICS®

32

Figure 5.3a
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Figure 5.3a and b: The same pin imaged both in and out of focus. Note
that the transition from white to black covers many more pixels when the
lens is slightly out of focus (b), which can be advantageous.

Figure 5.3b
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Figure 5.4: Plot showing the difference in slope between a focused and
defocused edge. The defocused edge takes up many more pixels; find-
ing the edge becomes easier without relying on sub-pixel interpolation.

Figure 5.5a
A Fixed Focal Length Lens
n n n n nn Figure 5.5b
Arrangement

Telecentric Lens

Figure 5.5: Comparison of jumpers on a circuit board. Figure 5.5a
shows an image that has been taken with a Fixed Focal Length Lens.
Figure 5.5b shows an image that has been taken with a Telecentric Lens.
Note that the pins do not appear bent in the telecentric image.



In applications where the object plane is tilted, Telecentric Lenses pro-
vide a good alternative to Fixed Focal Length Lenses due to their low dis- Distortion vs. Image Height
tortion and invariant magnification. The camera can also be tilted to keep 4.0mm 2
the tilted object in sharp focus; this is called the Scheimpflug condition. \\\
The Scheimpflug condition is a way to extend the depth that is being
observed by the machine vision system by tilting the object plane and the 1/3"
image plane, as shown in Figure 5.7. If a conventional lens is used this way,
it will result in keystone distortion, described in detail in Section 4.5, pages
26-28. Telecentric Lenses, however, will not demonstrate keystone distor- — 486nm
tion, as the magnification does not change with depth. Care must be taken — 5880m
in calibration, though, as the part will be observed as a geometric projec- — 4560
tion: a circle will be an ellipse, a square will be a rectangle, and so on.

Figure 5.6
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Figure 5.6: Non-monotonic, or wave distortion typical of telecentric
lenses.

Figure 5.7
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Figure 5.7: 1X Telecentric Lens in the Scheimpflug layout with tilted object and image planes.

Section 5.2: Distortion and the Telecentricity Specification

As discussed in prior sections, the elimination of both parallax and distor- )

tion play large roles in determining the quality of a particular Telecentric Figure 5.8

Lens. While distortion’s specifications are discussed in much more de- 5.500

tail in Section 4.5, pages 26-28, the distortion of Telecentric Lenses can be

specified in two different ways: TV distortion or geometric distortion. Both

are generally classified as a percentage value, but TV distortion values

will almost always be lower than geometric distortion values, which can

be misleading. When a telecentric lens is specified with geometric distor-

tion values, the value that is given is at the maximum field height of the

maximum sensor size that the lens is capable of. In the case where the lens Wavelength:

has monotonic distortion, the value that is specified will be the highest. — 486nm

However, in the case of wave distortion, it is important to look at the plot = 588nm

(as in Figure 5.6) to determine how the distortion is actually characterized. 1100 = 656nm
The other relevant specification is telecentricity, which is generally

specified in degrees, and can be thought of as the residual angular field

of view of the lens. Unfortunately, just as no lens has zero distortion, no

lens is perfectly telecentric. Figure 5.8 shows a plot of the telecentricity Object Space Telecentricity (Degrees)

for a 1X Telecentric Lens.
The plot in Figure 5.8 shows three different lines, each representing the Figure 5.8: Telecentricity plot for a typical Telecentric Lens

telecentricity at different wavelengths (red, green, and blue). The most im-

portant nuance to note about the plot is that the telecentricity varies with

wavelength, meaning that the accuracy of a measured part can change de-

pending on the wavelength (color) of light that is used to inspect the part.

While this variance is small in an absolute sense, it is important to consider

when designing systems that require the highest possible accuracy. For

these systems, it is best to use monochromatic illumination, preferably the

wavelength where the telecentricity was optimized in the design process.

Learn more about using proper illumination on pages 152-155.

Telecentricity Plot for a Typical Telecentric Lens
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Section 5.3: Telecentric Lens Size Control

The field of view of any Telecentric Lens is limited by the front optic
diameter; the larger the required field of view, the larger the front optic
diameter. Telecentric Lenses can grow quite large and heavy with small
magnifications, as such magnifications require large front optics; this can
be prohibitive in some setups where weight or size is a concern. The f/#
of a lens also plays into the size of the lens, particularly at large mag-
nifications where the front optics also grow with the speed of the lens.
Figure 5.9 shows two different 4X telecentric lenses of different f/#s. The
lens at the top of Figure 5.9 shows a system that runs at f/6, and the lens
at the bottom runs at a much slower {/16.

If a particularly large field of view is required, Fixed Focal Length
Lenses can be augmented with additional optics in order to produce
a pseudo-telecentric lens for large fields of view. Figure 5.10 shows a
25mm Fixed Focal Length Lens that has been augmented with a Fresnel
Lens to make a telecentric lens that has an 8” field of view. This type
of augmentation always has lower image quality than a specifically de-
signed Telecentric Lens, but can be useful where cost-sensitive, large
field of view applications require telecentricity. This approach allows for
minimal flexibility with regards to working distance, as well as substan-
tial chromatic aberrations due to the use of a Fresnel Lens.

Figure 5.9
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t/16

Figure 5.9: Two 4X telecentric lenses, operating at f/6 (top) and f/ 16 (bottom), showing how f/# can partially dictate element size for telecentric lenses.

Figure 5.10 _

Fresnel Lens

Figure 5.10: A fixed focal length lens augmented with a Fresnel lens, making it pseudo-telecentric.

Section 5.4:
Telecentric Design Topics - abvancep

In previous sections, the lenses discussed have been divided into two
different categories: Telecentric Lenses and non-telecentric lenses. How-
ever, there are two types of telecentricity: object space and image space
telecentricity (which refer to the entrance pupil and exit pupil locations,
respectively). The pupils of an optical system are images of the aperture
stop; typically, machine vision lenses have embedded aperture stops,
with individual lens components surrounding it on either side. The en-
trance pupil is the image of the aperture stop into image space, and the
exit pupil is the image of the aperture stop into object space. See Figure
5.11 for illustrations of entrance and exit pupils for a non-telecentric lens.
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Figure 5.11
aure Entrance and Exit Pupils for a Non-Telecentric Lens
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Figure 5.11: A machine vision lens with entrance and exit pupils locat-
ed within the lens, which is typical of most Fixed Focal Length Lenses.



Object Space Telecentricity

When a machine vision lens is described as simply being telecentric, it
is most likely object space telecentric. These have all of the properties
and advantages described in the previous sections. A lens is said to be
object space telecentric when the entrance pupil is located at infinity in
image space (everything behind the objective), as shown in Figure 5.12.

In an optical design, object space telecentricity is accomplished by
placing the aperture stop of the system at the focal point of the front
group. The entrance pupil at infinity explains why the field of view is
constant and non-angular. Since the chief ray, which defines the field of
view of a system, crosses the optical axis at the aperture stop and also
crosses at the entrance pupil, the ray will be parallel to the optical axis
when the pupil is at infinity, and the angular field of view is zero (Figure
5.13). By contrast, any entrance pupil located a finite distance away from
the lens will result in a non-parallel chief ray, as shown traced in Figure
5.14 for a non-telecentric lens.

Lenses that are only object space telecentric have the ability to be
focusable since the back half of the lens can be designed with moving
elements, which is advantageous for systems that need the variability of
working distance. They can also be designed to be variable magnifica-
tion lenses, as the rear elements can be used to control magnification, or
the sensor plane can be moved for small magnification shifts. The mag-
nification in the field of view, however, will still remain constant once the
magnification is set, and will retain the high measurements accuracy that
is expected of a Telecentric Lens.

Object space-only Telecentric Lenses are more easily capable of hit-
ting larger image sensor formats, even in more compact form factors,
as the rays in image space are allowed to diverge; the back of the lens
therefore does not need to exceed the sensor dimensions.

Figure 5.12 Object Space Telecentricity
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Figure 5.12: A lens which is object space telecentric, with the entrance
pupil projected to image-side infinity.

Figure 5.14
Entrance Pupil Location

Entrance Pupil

Figure 5.14: The entrance pupil’s location is where the object space
chief ray crosses the optical axis, as shown with a non-telecentric lens.

Figure 5.13
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Figure 5.13: An object space telecentric lens where the chief rays are all parallel to the optical axis in object space. Note that the field of view does
not change regardless of where the object plane is positioned, as the chief rays defining the field of view are all parallel to the optical axis.

Image Space Telecentricity

As object space telecentricity is defined by the position in object space
of the entrance pupil, image space telecentricity can be defined by the
exit pupil being located at infinity in image space. This is shown in Figure
5.15.

Much in the same way that the magnification of an object will not
change if a lens is object space telecentric, when a lens is image space
telecentric the magnification will not change with respect to the place-
ment of the sensor plane, as shown in Figure 5.16. This means that sen-
sor placement tolerance for cameras is not as important with image
space telecentric lenses, as small shifts toward or away from optimal
position will not cause differences in magnification between two systems
with identical lenses.

Additionally, image space Telecentric Lenses do not suffer from radio-
metric cos’e roll-off (described in detail in Section 4.2, pages 20-23) since
the rays land perpendicular to the sensor across its entire area. This is
advantageous because it allows the image to have a more even relative
illumination profile assuming selective vignetting has not been built into
the lens design.

Image space telecentricity is not exclusive to Telecentric Lenses as
it can be specified into conventional lenses such as Fixed Focal Length
Lenses. Most Fixed Focal Length Lenses on the market are not designed
to be image space telecentric, however, as they usually require addi-
tional elements (and thus cost) to achieve telecentricity, and they can
grow quite large in diameter depending on the sensor size that is being
used. If a non-telecentric lens is image space telecentric, it will typically
be denoted.
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Figure 5.15 Image Space Telecentricity
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Figure 5.15: A lens which is image space telecentric, with the exit pupil
projected to image space infinity.

Figure 5.16 - Image Space Telecentric Lens

\r\%

Figure 5.16: An image space telecentric lens, where the chief rays are
all parallel to the optical axis in image space. Note that the image height
does not change regardless of where the sensor plane is positioned, as
the chief rays defining image height are all parallel to the optical axis.
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Double Telecentricity

While object space telecentricity provides a substantial boost to gaug-
ing accuracy over conventional lenses, even greater accuracy can be
achieved if a lens is both object and image space telecentric (doubly tel-
ecentric). The same principles of image and object space telecentricity
hold true; in a doubly telecentric lens, both the entrance and exit pupils
are projected to their respective infinities, as shown in Figure 5.17.

Doubly Telecentric Lenses are the most accurate type of Telecentric
Lens, as the field of view is completely unaffected to change caused by
shifts of the object position or the sensor position, nor do they suffer
from any cos‘e roll-off.

Figure 5.18 shows a plot comparing three different lenses - a fixed
focal length lens, an object space only telecentric lens, and a doubly
telecentric lens - with the x-axis representing the change in working dis-
tance (in mm) from nominal and the y-axis representing the dimensional
error as a percentage from the actual value.

As is shown in the plot, the doubly Telecentric Lens is the most ac-
curate of the group, with less than 0.2% error throughout a 4mm shift in
working distance. Doubly Telecentric Lenses should be used in applica-
tions requiring the highest accuracy and precision.

Figure 5.17
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Figure 5.17: A doubly Telecentric Lens, with the entrance and exit pu-
pils projected to image and object space infinity, respectively.

Figure 5.18 Telecentric Comparison
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Figure 5.18: Plot comparing three different types of lenses (non-telecen-
tric, object space telecentric, and doubly telecentric) and the dimensional
error that is associated with each as the working distance is changed.

Section 6: Advanced Design Concepts

Section 6.1: Aberrational Balancing
of MTF in Lens Design - abvancep

To design a lens with nearly perfect performance generally requires it to
be optimized at a single magnification, single working distance, and for
a single sensor. However, while such lens designs provide the maximum
reduction of aberrational effects and achieve the highest performance,
separate custom lenses would need to be built to meet the needs of each
individual application.

Designing individual custom lenses for each application is neither
cost effective nor practical. Instead, most lenses are designed for a large
range of coverage so that they are both cost effective and capable of
meeting the needs of many applications. This adaptability does have
faults; the most important of which is that it is not possible to simulta-
neously achieve the maximum performance at all fields of view, work-
ing distances, and sensors. These lenses can be considered “jack of all
trades, master of none” and are the most common lenses on the market
today. However, as resolutions continue to increase, other options may
need to be explored to maximize system performance.

To read more on Aberrational Balancing, visit us at WWW.EDMUNDOPTICS.COM/IMAGING-RESOURCE-GUIDE
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Section 6.2: How Aberrations Affect
Machine Vision Lenses - rbvancep

While aberration theory is a vast subject, basic knowledge of a few fun-
damental concepts can ease understanding: spherical aberration, astig-
matic aberrations, field curvature, and chromatic aberration.

Spherical Aberration

Spherical aberration refers to rays focusing at different distances de-
pending on where across the aperture they meet the lens, and is a func-
tion of aperture size. The steeper the angle of incidence light has on
the surface of a spherical lens, the greater the error in how the lens
will refract the light (Figure 6.9). Lenses with large apertures (small f/#s)
are more likely to have spherical aberration negatively impact the im-
age quality. If a lens has a lot spherical aberration, image quality can be
improved by increasing the f/# by closing the iris, but there is a limit
to how much this will improve image quality. Closing the iris too much
will cause diffraction to limit the performance (see diffraction limit in
Section 3.1). Optical designs that include high index glass or additional
elements can be used to correct for spherical aberration in a fast (small
f/#) lens; these designs will reduce the amount of refraction at each
surface and, with it, the amount of spherical aberration. However, this
can cause increases in the size, weight, and cost of the lens assembly.

Astigmatic Aberration

Astigmatism is a function of field angles. To summarize, astigmatic ab-
erration occurs when a lens has to perform over a wide field, but the
performance in the direction of the field is reduced compared to the
performance orthogonal to the field. If one looks at a series of bars
that are half horizontal and half vertical, the bars in one direction will
be in focus, but the bars in the other direction will be out of focus (as
shown in Figures 6.10 and 6.11). This is caused by the fact that rays away
from the center of the object do not pass through rotationally symmetric
surfaces like the on axis rays do (Figure 6.12). To correct this, two things
need to be done: have symmetric designs about the aperture and have
designs with low angles of incidence for the field rays. Keeping a design
symmetric leads to forms that are similar to a double gauss lens. Keep
in mind that symmetric designs prevent the use of telephoto or reverse
telephoto designs, which can cause long focal length designs to be large
and short focal length designs to have small back focal lengths. Reduc-
ing the angles of incidence, much like one does for spherical aberra-
tion, requires higher index glasses and additional elements, leading to
an increase in size, weight, and cost of the lens. The simplified definition
used here intentionally combines the effects for astigmatism and coma
for ease of understanding.

Field Curvature

Field curvature (Figure 6.13) is the aberration that describes the magni-
tude to which the image plane wants to be naturally curved. This aber-
ration is caused by the sum of the focal lengths of the lens elements in
the system multiplied by their index of refraction not equaling zero. If
the sum is positive, which is typical for an imaging lens, the image plane
will have a concave curvature to it; this is why movie theaters tend to
have slightly curved screens. Since curving the image plane is seldom
an option for a machine vision lens, the designers must insert negative
powered corrective elements to reduce the sum of the focal lengths.
This makes lenses longer and typically forces a negative lens to be close
to the image plane, reducing the back focal length of the lens.

Chromatic Aberration

Chromatic aberration implies different wavelengths of light focus at dif-
ferent points. Because the dispersion of a glass determines the refractive
power of the glass at different wavelengths, chromatic aberration can be
removed by designing an imaging lens that contains both positive and
negative lenses that are made using glasses with different dispersions.
This is illustrated in Figure 6.14, which compares a singlet to an achro-
matic doublet lens. A downside to such a design is that it increases the
number of elements needed for a lens.

(Continued on page 38)
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Figure 6.9 Spherical Abberration

Figure 6.9: Example of spherical aberration. The light incident near the
edges of the lens come to focus too early.

Figure 6.10: Field Point without
Astigmatism.

Figure 6.11: Field Point with
Astigmatism.

Sagittal

Figure 6.12 Astigmatism

Tangential

Figure 6.12: Off axis asymmetry.
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Figure 6.13: Field curvature example showing non-planer surface of
best focus.
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Figure 6.14: Comparison of singlet and doublet lens spots.
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(Continued from page 37)

To reduce the aberration, lower index lenses (which have higher abbe
numbers) typically need to be used. As mentioned before, higher index
lenses are required to correct for spherical and astigmatic aberrations;
if a lens needs to correct for spherical, astigmatic, and chromatic aber-

rations, additional lens elements will be required. Additionally, the most
desirable glasses for color correction often have properties that make
them more expensive and difficult to manufacture. When possible, mini-
mizing chromatic aberrations by using monochromatic light can have
considerable savings in cost and complexity.

Chromatic Focal Shift

A type of chromatic aberration, chromatic focal shift describes how dif-
ferent wavelengths focus along different longitudinal positions. The goal
of most imaging lens designs is to get all the desired wavelengths to
focus on the same plane (the location where the sensor is located in the
system). It is physically impossible to get a singular focus plane over a
wide spectral range. However, it is possible to come very close. The
closer to the same plane all the wavelengths are focused, the less issues
that will be observed in the image.

Figure 6.15 shows a chromatic focal shift curve. Since this is an ex-
ample of an achromatic lens design, two wavelengths can be focused
into the same plane at the same time. The vertical axis shows chang-
ing wavelength from short to long, which is blue to red in the visible
spectrum. The vertical black line represents a plane, which could be the
sensor location. The blue curved line represents the relative location of
best focus as a function of wavelength. The curve verifies that this is an
achromatic design, since even if moved slightly to the left or right, the
black line intersects the blue curve at only two points/wavelengths..

The blue, green, and red dots represent wavelengths associated with
common 470nm, 520nm, and 630nm (blue, green, and red) LEDs. Notice
that the green dot focuses to the left of the sensor plane, while the red
and blue dots focus more to the right; this is the most balanced position
of focus of the lens system if all the wavelengths or white light (which
encompasses all wavelengths) are used. This design displays non-ideal
image quality, as none of the wavelengths are truly in focus. If only one
wavelength is used, the performance will improve since the balance for
the others are eliminated. While this example demonstrates that red and
blue can be balanced, this is not always true. Most lens designs are ach-
romatic, but for very small pixels, this can become problematic.

Shown at the same scale as Figure 6.15, Figure 6.16 displays an apo-
chromatic lens. An apochromatic lens has three wavelengths that can
be focused in the same plane at the same time. While this is a far more
complicated design, it does allow for superior balancing across the wave-
length spectrum. As shown, all three LED colors can be brought into
focus on the same sensor plane simultaneously, which allows for supe-
rior image quality. Generally, apochromatic lens designs have high per-
formance, but low versatility; they work very well over a smaller range
of magnifications and working distances. Additionally, these are often
high cost designs due to the additional required elements being made
of expensive materials. Many high end, high magnification objectives
are apochromatic.

Figure 6.15 Chromatic Focal Shift (Achromat)
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Figure 6.15: Chromatic focal shift curve for an achromatic lens.

Figure 6.16
Chromatic Focal Shift (Apochromat)
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Figure 6.16: Chromatic focal shift curve for an apochromatic lens.

Nominal vs. As-Built

“How will this lens perform?” It may sound like a simple question, but
the answer can be complicated. For a machine vision lens, certain fac-
tors first need to be considered, such as the lighting used, the working
distance to the object, the f/# of the lens, and the sensor size. Then
the question needs to be clarified: how will the lens perform as-built as
compared to nominal.

What do nominal and as-built mean? The nominal specifications as-
sume that the lens is built exactly as it is designed. By modeling the lens
in a ray tracing software, such as Zemax, Code V, or one of the numer-
ous other options, one can predict the lens performance in any scenario
and easily extract data. This is not always the best answer, though, as it
assumes all factors are exactly as specified in the model, which is not
likely the case.

As-built, on the other hand, is a statistical prediction of how a lens will
perform using realistic manufacturing tolerances. As-built performance
is difficult to predict; many factors must be modeled that may alter the
performance of the lens, such as the absolute position and shape of the
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elements and the index and dispersion of the glass used. A typical toler-
ance file, the code used to tell the model all of the possible factors, has on
the order of 100 - 200 components for a Zemax simulation and 200 - 400
components for a Code V simulation; this can vary significantly depend-
ing on the number of elements and the ways the elements are mounted.

A simplified description for modeling as-built performance is that ev-
ery parameter is randomly varied, based on the tolerance ranges, and
then statistically evaluated to determine how many random assemblies
perform adequately. A few particular parameters are evaluated, such as
MTF at specific frequencies and field points; from this, a probability of
the lens reaching the performance requirements can be determined.

By looking at the prescription information of a lens, its nominal per-
formance can be easily predicted for any configuration and with any
criteria, such as MTF, distortion, or spot size. While this does not provide
as accurate of a prediction as toleranced, as-built performance, it can
provide a close approximation for the specific circumstance and a useful
comparative tool.



Section 7: Understanding Hardware

Section 7.1: Lens Spacers, Shims and
Focal Length Extenders

Applications can require a lens to stretch beyond its limits or be pre-
cisely dialed into its ideal design parameters. Lens spacers, shims
and focal length extenders are simple tools a user can easily utilize to
achieve these requirements. Spacers and focal length extenders mod-
ify the field of views or working distances in fixed focal length lenses,
whereas shims can be used to precisely control the working distance
of telecentric lenses.

Lens Spacers

Most fixed focal length lenses have integrated mechanics to allow fo-
cusing at different working distances. The fixed focal length nature of
the design means that the elements move throughout a defined range,
which dictates the working distances where it is possible to focus. This
predefined range is chosen based on the design of the lens, as lenses will
perform the best in the range they were designed for. However, it is often
advantageous to stretch a lens beyond its limits in order to fit a particular
application when smaller fields of view or shorter working distances
are required. By augmenting the system with a spacer in between the
camera and lens, the range of working distances over which the lens
optimally performs changes. This augmentation comes with a variety
of deviations from the way that the lens normally works that need to be
considered carefully before implementation into any system.

Generally, the main purpose of adding a spacer is to increase the
vision system’s magnification or shorten the working distance; these
two changes occur in tandem and are explained by the Gaussian im-
aging equations. Equation 7.1 shows the relationship between image
distance (J), object distance (O) and the focal length of the lens (f).
Note that the object distance is a negative number. By increasing the
image distance, the object distance (working distance of the lens) must
decrease. When the working distance and image distance change, so
must the magnification (PMAG), based on Equation 7.2 (more informa-
tion on magnification can be found in Section 2.2). Figure 7.1 shows
this effect visually. Imaging lenses are more complex systems and the
calculations for spacer usage are more complicated. More details on
how to do this can be found on our website.

7.1
f
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The decrease in working distance and the increase in magnification
(reduction of the field of view) are the two most distinct advantages of
utilizing a spacer in an optical system. Choosing the correct spacer will
vary by application, but consider an example with a 35mm focal length
lens compared to the same 35mm lens with an 11mm spacer. The results
of the spacer can be found in Table 7.1

In our example the spacer’s most significant impacts on the system are
that the working distance is reduced by more than half, and the magni-
fication increases by more than a factor of two. In a space constrained
system, using this type of spacer can be advantageous as well, as the total
track length (length from the image plane to the object plane) is reduced.

It is also important to take into account the performance impact
that spacers can have on the optical system. The working distance
range over which the lens physically operates before adding spacers
is generally where the best performance will be based on the optical
design, and performance will typically suffer as these distances are
altered with spacers. Using the same lens from the example above,
Figures 7.2 and 7.3 show the MTF curves for the lens at the minimum
working distance (Figure 7.2) and with the 11mm spacer (Figure 7.3) at
f/4 on a %3" sensor. As a rule of thumb, a spacer should not be used if
it is more than half of the focal length.

If used correctly, spacers can be an excellent way to augment a lens and
adapt it to a specific application, as long as its limitations and reductions
in performance are kept in mind. Restricting the wavelength range for
the lighting to be monochromatic will help to mitigate these issues. As a
best practice using a lens at within its design range is the best option for
optimal performance. Longer focal length lenses tend to respond better
to spacers, as they are often simpler designs when compared to shorter
focal length lenses, and it is important to carefully analyze the system
where spacers are considered before implementation.

Figure 7.1

Figure 7.1: An Illustration of the relationship between image and object
distance (I and O respectively) and lens focal length (f).

No Spacer 11mm spacer
Focal Length 35mm 35mm
Lens Length Hmm 52mm
Image Distance 42.9mm 53.9mm
Object Distance 190.9mm 100mm
Working Distance 165mm 74.1mm
Total Track 223.5mm 143.6mm
Magnification 0.22X 0.54X
Field of View (2") 28.5mm 11.88mm

Table 7.1: Comparison of specifications of the same 35mm focal length
lens (focused at minimum working distance) with and without a spacer.
The most important system changes are in bold.

35mm MTF With No Spacer 35mm MTF With 11mm Spacer
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Figure 7.2: 35mm focal length
lens at the minimum designed
working distance.

Figure 7.3: 35mm focal length
lens with 11mm spacer.
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Shims

Shims follow the same basic concepts as spacers, but are used for fixed
magnification lenses such as telecentric lenses. Shims are very thin
(0.025 - 1.0mm) stainless steel spacers used to control working distance
with fine precision in order to guarantee the best image quality possible
for a given setup.

Flange distance is defined as the ideal distance from the shoulder of
the camera to the sensor plane and can vary slightly from the nominal
design distance due to tolerancing. This departure from nominal is due
to variations in housing design and sensor placement inside of a cam-
era. An exact or custom distance may be required to control one of the
following: working distance, image quality, or system to system repeat-
ability. Shims act as thin spacers that can be placed between the lens and
camera to customize this distance.

As image distance varies, image quality can also vary. If the image dis-
tance is shifted too far from the ideal design, a noticeable blur or degra-
dation in MTF can occur. For example, this may occur when switching a
lens between different cameras - even if the same model of camera and
lens are being used, there may still be small variations from one camera
to the next that may cause working distance or image quality changes as
each new system is assembled. In this case, minor adjustments can be
made using shims to bring the MTF and focus back to optimum levels.
During the setup of each new system or line, slight adjustments to the
image distance may be required, which is why many telecentric lenses
come with shims included. With critical optical parameters dialed in for
each system, software thresholds and calibration procedures will be re-
peatable from one system to the next.

Telecentric lenses are often chosen for applications requiring demand-
ing manufacturing measurements, or the ability to get a certain view of
an object under test. Often times these applications include other chal-
lenges such as limited working distance range due to swinging robotic
arms, contaminations nearby, or limited space due to an existing me-
chanical layout of a machine into which the new measurement system
must be fit. Similar to using lens spacers, adding or removing shims at
the rear of a telecentric lens takes advantage of the relationship between
image distance, object distance, and focal length (Figure 7.1) and adjusts
the working distance slightly into a usable range. In monochromatic ap-
plications, shims can also be used to compensate or refocus for chromatic
focal shift (see Section 6). Shims give users precision control of image
distance to achieve the best possible solution for their application.

Focal Length Extenders/Multipliers

Another way to increase the magnification of a machine vision system
is by using a focal length extender. A focal length extender is similar to a
lens spacer in that they are both placed in between the back of the lens
and the camera. A focal length extender, however, will not change the
working distance range where the lens will work; focal length extenders
contain a negative set of elements that change the focal length of the
machine vision lens by a multiplicative factor. For example, a 25mm fo-
cal length lens with a focal length extender of 2X will have an effective
focal length of 50mm, and will therefore have half of the field of view it
originally had at the same working distance ranges.

Another useful advantage of focal length extenders is that they can be
stacked upon one another, and have a multiplicative effect on the focal
length of a lens. For example, a 25mm focal length lens used with two
focal length extenders of 1.5X and 2X will have a new focal length of
75mm, as 75 is the product of 25, 1.5, and 2.

Much in the same way that the use of spacers does not come without
a compromise, potential degradation of image quality should be con-
sidered when using focal length extenders. Because the individual lens
elements in an objective have all been specifically designed and engi-
neered to balance each other out in terms of optical performance, add-
ing an additional negative element into the optical train will reduce that
performance by introducing additional optical aberrations that the lens
was not designed to balance out. Focal length extenders also reduce the
amount of light throughput in a lens by changing the f/#. For instance, a
focal length extender of 2X will decrease light throughput by a factor of
four. The potential negative effects on image quality should be consid-
ered before implementing a focal length extender.
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Section 7.2: Ruggedization of
Imaging Lenses

Imaging lenses used in many industrial machine vision applications have
special requirements beyond those of standard imagining lenses. The
lenses used in factory automation, robotics, and industrial inspection
have to be able to work in specific and demanding environments, which
could involve vibrations, shocks, temperature changes, and contami-
nants. Because of these environmental requirements, new classes of
ruggedized lenses are being designed specifically to work in a multitude
of different scenarios and therefore create different types of ruggediza-
tion. There are three distinct types of ruggedization available:

1. Industrial Ruggedization

2. Ingress Protection Ruggedization

3. Stability Ruggedization

Industrial Ruggedization

Industrial Ruggedized lenses are designed to survive vibration and shock
without damage to the lens or change in focus and f/#. To achieve this,
flexibility is sacrificed by eliminating moving parts and making them
easier to lock down.

A standard fixed focal length lens utilizes a complicated iris and focus
mechanism. A typical iris is comprised of thin leaves and ball detents for
adjusting f/#, which can spring out of place during shock and vibration.
For Industrial Ruggedization, the iris is removed and replaced with a
fixed aperture stop. Additionally, the typical focusing mechanism of a
threaded barrel within another threaded barrel is replaced by a single
thread and rigid locking mechanism.

Figure 7.4

Double Threaded Focus — Ball Detents

Single Threaded Focus

Multiple Leaf Iris Aperture Stop

Figure 7.4: Standard Lens with complex mechanics and an adjustable
iris vs. Industrial Ruggedized Lens with simplified mechanics.

Industrial Ruggedization is ideal for applications where the system will
be set up once and not changed afterwards. An added cost advantage is
also present in this type of lens due to the removal of the complex move-
ments and adjustments, which results in a significant part reduction and
cost savings. There are many applications for Industrial Ruggedization,
such as high vibration factory environments, situations where the cam-
era is rapidly accelerated and decelerated, inspection systems where
many similar camera setups are repeated, and robotic vision.

Ingress Protection Ruggedization

Ingress Protection Ruggedization ensures that a lens assembly is sealed
to prevent moisture and foreign debris from entering the lens through
the use of O-rings and RTV silicone. This protection is typically added to
an Industrial Ruggedized lens, since an adjustable focus and iris would
be problematic for sealing. These lenses are used in environments of
high humidity/moisture, sputter, dust, or small particles, and also where
space is not available to fully enclose the lens and camera.

Figure 15 0-ring Seal —

Figure 7.5: Ingress Protection Ruggedized Lens with an O-ring to seal
out contaminants.



Stability Ruggedization

Similar to Industrial Ruggedized lenses, Stability Ruggedization protects
the lens from damage, but also ensures optical pointing and positioning
is maintained after shock and vibration. In addition to replacing the iris
and a simplified focus mechanism, individual lens elements are glued in
place to prevent them from moving within the housing. Figure 7.6 shows
a Stability Ruggedized lens in which the lens elements are glued in place
and a clamping lock is used to simplify the focus.

Figure 7.6 Sy e O]

H— Glue

Simple Focus With ——=
Clamping Lock

Figure 7.6: Stability Ruggedized Lens with all lens elements glued
in place.

In an imaging assembly, lens elements sit within the inner bore of the
barrel. The space between the outer diameter of the lens and inner
diameter of the barrel is small (typically less than 50 microns). Despite
the minimal amount of space, decenters of tens of microns are enough
to significantly affect the pointing of the lens. When using a Stability
Ruggedized lens, if an object point is in the center of the field of view
and falls on the exact center pixel, it will always fall there even if the
lens has been heavily vibrated (Figure 7.7). Stability Ruggedization is
important in applications where the field of view has to be calibrat-
ed, such as measurement equipment, 3D stereo vision, lenses used
for sensing for robotics, and lenses used for tracking object locations.
These applications often require the optical pointing to be stabilized to
values much smaller than a single pixel.

Figure 7.7a

Object Crosshair Image Crosshair

Figure 7.7a: Unperturbed system where object crosshair is mapped to
the image crosshair.

Figure 7.7b

Object Crosshair Image Crosshair

JHTE

Figure 7.7b: Perturbed system where lenses are decentered within
the barrel and the optical pointing stability changes. Object crosshair is
mapped to a different place on the image.

Figure 7.7¢

Figure 7.7c: Image crosshairs overlayed, red crosshair is image from
Figure 7.7a and the decentered yellow crosshair is from Figure 7.7b.
Example is highly exaggerated actual changes tend to be on the order
of a pixel or less.

Section 7.3: Resolution and Contrast
Comparison

High levels of optical performance are critical for successful imaging so-
lutions. Edmund Optics® has taken care to maintain optical performance
across the entire image plane. Resolution and contrast typically deterio-
rate at the corners of an image, thus both the center and corners of an
image must be considered when comparing overall lens performance.

Shown below are comparisons of our TECHSPEC® C Series Fixed
Focal Length Lens at the center and at the corner of the images to the
performance of various competitor lenses. Edmund Optics® lenses show
a 30% increase in contrast over the closest competitor at the center of
the image. Additionally, Edmund Optics® lenses show over twice the
contrast in the corner making our Compact Fixed Focal Length Lens
ideal from the most simple to the most complex applications. All tests
are done with a 16mm lens at f/2 on a 1.3MP, ¥2” sensor camera and
1.5” field of view.

Figure 7.8

CENTER CORNER

6mm TECHSPEC® ( Seri
Focal Length Lens, #59-8

=

Contrast 69%

ocal Length Lens, #59-870

Contrast 77%

Competition 1 Compeition 1

Contrast 59% Contrast 27%
Compeition 2 Compefition 2
Contrast 42% Contrast 21%

Figure 7.8: Ronchi Ruling Comparison. Ronchi Rulings are targets
with high frequency black and white lines, and are used to test a lens’s
ability to reproduce contrast. High contrast and edge sharpness are
critical for measurement and detection algorithms, especially in high
resolution applications.
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TECHSPEC*| UC Series Fixed
Focal Length Lenses

e Ultra-Compact C) Form Factor

* 4K Resolution Designed for Small
Pixels § 2.2pm)

e Optimized for 2.5" Sensors and
Supports up to 1.8"

e |deal for Factory Automation

Volume pricing and customization

available. An EO-designed and
manufactured family.

Tris Locking Screw Iris Adjustment
Focal Length A B o Focus Locking
oce eng Filter Thread s
(mm) (mm) (mm)

40 406 | M62.0 x 0.75 (with adapter) T \
% 409 . M34.0x0.5

S o

30 ; . M39.0 x 0.5 (with adapter) it Trod

30 ] . M25.5x0.5
30 | b M25.5x 0.5
30 . M25.5x0.5

Protrusion (D)

COMPATIBLE FILTERS

Focal Length Color Filter - Color Filter - Color Filter - Color Filter - v Linear IR Cut-Off Filter UV/IR-Cut Filter uv/vis
(mm) Light Red Red Green Blue Protective Filter  Polarizing Filter (KG-3) Cut-Off Filter

#89-822 #89-832 #89-792 #89-172 #54-047 #36-444 #19-806 #49-814 #64-888
#89-816 #89-826 #89-786 #89-766 #64-892 #64-897 - - -

See pages 111-113 for pricing and additional information.

- - - - #46-579 - #49-803 #49-811 -
#89-418 #89-824 #89-784 #89-764 #46-577 #46-575 #48-000 #49-808 #65-796
#89-418 #89-824 #89-784 #89-764 #46-571 #46-5715 #48-000 #49-808 #65-796
#89-418 #89-824 #89-784 #89-764 #46-577 #46-575 #48-000 #49-808 #65-796

800-363-1992 - EDMUND OPTICS®




UC Series Fixed Focal Length Lenses

Relative lllumination, #33-300
100 .
90
w0l [— 718 E\ h
70— =~ 1/2.0 =
= 60— M
é 507"'f/4.0 2
é 40 — “= /5.6 3
= : : 8
; : ~+
lzg Sersnr Fnrrputz ‘/4"5 %”E "
l[)1.00 2.00 4.00
Image Height (mm)
Focal Length: 4mm
MTF: £/1.8, 200mm WD, #33-300 Maximum Camera Sensor Format: %"
100 5 Optimized Sensor Format: V25"
90 \‘\ —— Field of View, /2.5" Sensor: 19.4mm - 71.2°
80 \ — — Field of View, 142" Sensor: 22.9mm - 79.5°
70 \ — Field of View, ¥4." Sensor: =
o \ Working Distance: Omm - o
£ ok Je=15360mm Aperture (f/#): 18-/
ié:, 40 1| == 153.00mm g Numerical Aperture NA, Object Side: 0.089
30 {15 0.00mm . \&E Number of Elements (Groups): 8(7)
wh 1= Diff. Limit . Coating: /4 MgF, @ 550nm
10 LBl m Lens IIMq'mm: (-M;um
Weight: 13
00.0 1000 2000 S.Iotk No. / Price ) #33-300 $195.00
Spatial Frequency in Cycles per mm Corve Guidesee page 12 Filter Adapter / Price ( . #3'08 $30.00
all For OEM Quantity Pricing
Relative Illumination, #33-301
100 e i B L R "-"'JE':- e X
) ~ ; X NN 0
w0l [—18 ~— N
70 ld-=-1n8 : — o1
R e f/4.0 -
Q) SREERY o)
E 40— /80 -
= 3 g
?g Sensor Format: % v 1" ~+
3.00 2.00 4.00
Image Height (mm)
Focal Length: 6mm
MTF: £/1.85, 100mm WD, #33-301 Maximum Camera Sensor Format: "
100 x Optimized Sensor Format: Yo5'
90 — Field of View, ¥2.5" Sensor: 62.54mm - 52.78°
80 Q\\ ~— Field of View, 12" Sensor: 71.38mm - 58.97°
70 \\ ~ — Field of View, 116" Sensor: -
6 \‘ . ~ Working Distance: 50mm - oo
E\:,.; 50 |—{ == TS 3.60mm 5 '.-..,:.. T~ Aperture (f/#): f/1.85-1/11
§ 40 || == 153.00mm e Numerical Aperture NA, Object Side: 0.00775
= 30 |z 150.00mm Number of Elements (Groups): 9(8)
— Diff. Limit Coafing: /4 MgF, @ 550nm
20
Pixel ize: Sm Lens Mount: C-Mount
10 Weight: 68y
00‘0 1000 2000 S-Iock No. / Price ) #33-301 $180.00
Spatial Frequency in Cycles per mm Corve Guide see page 12 Filter Adapter / Price . . / -
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UC Series Fixed Focal

2.5 Format

Smm

Focal Length: 8mm
Maximum Camera Sensor Format: "
Optimized Sensor Format: V25"
Field of View, 2.5" Sensor: 35.65mm - 39.24°
Field of View, 72" Sensor: 40mm - 43.6°
Field of View, 1/1.¢" Sensor: -
Working Distance: 50mm - e
Aperture (f/#): f/1.8-f/1
Numerical Aperture NA, Object Side: 0.03
Number of Elements (Groups): 8(7)
Coating: /4 MgF, @ 5500m
Lens Mount: (-Mount
Weight: 589
Stock No. / Price #33-302 $150.00
Filter Adapter / Price #33-309 $30.00
Call For OEM Quantity Pricing
£
©
£5
o
LL
N
Focal Length: 12mm
Maximum Camera Sensor Format: Yig"
Optimized Sensor Format: Yos'
Field of View, ¥2.5" Sensor: 53.2mm - 26°
Field of View, 12" Sensor: 60.2mm - 29.2°
Field of View, 4.8" Sensor: 68mm - 32.8°
Working Distance: 100mm - e
Aperture (f/#): f/18-/1
Numerical Aperture NA, Object Side: 0.029
Number of Elements (Groups): 7(6)
Coating: /4 MgF, @ 550nm
Lens Mount: C-Mount
Weight: 5lg
Stock No. / Price #33-303 $165.00
Filter Adapter / Price N/A -

Call For OEM Quantity Pricing

44 800-363-1992 - EDMUND OPTICS®

Length Lenses

Relative Illumination, #33-302
Y S N M e
% i ~ e T
0| [—08 N S
L ]---t/20 Los
70 e~~~
= 0 /2.8 ~—
) R 72X
£ g|Lmise
= g
20 H H
10 Sglfsnr Fgrrgur 2 1s" 1"
0
0.00 2.00 4.00
Image Height (mm)
MTF: £/1.85, 100mm WD, #33-302
— \\
— D—
§ o
= 50 = TS 3.60mm SO
£ 4oL |==T15300mm : \\‘
7 b |==Ts000mm B sy
01— Diff. Limit -
10 Pixel Size: Sum
0
0.0 100.0 200.0
Spatial Frequency in Cycles per mm Curve Guide see page 12
Relative lllumination, #33-303
100 e i e o
90 — it L7 e s
w| [—173 — el
7 --1/20 Bl
g 60 — """ f/z.ﬂ
£ 50— =-1/40
E 40— f/5.6
=
20
10 J&'ﬁm'mﬂl‘ 1" s 15"
0
0.00 225 450
Image Height (mm)
MTF: £/1.8, 350mm WD, #33-303
E gk {z==T5360mm \\ .
z I T
£ a0 f-{==T5300m A T
o
o0 L= 1ift mit
10 Pixel Size: Sum
0
0.0 100.0 200.0
Spatial Frequency in Cycles per mm Curve Guide see page 12
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UC Series Fixed Focal Length Lenses

Relative lllumination, #33-304

100 TS ;
90 SRS
80 |—|—1138 SN
70 |—]---t20 :
= 60 F— " f/zﬂ
[ERE ) S R X
E a0 Lo f/56
=
20
10 Sensor Format: Ya" 5" '
0
0.00 2.25 450
Image Height (mm)
MTF: £/1.8, 500mm WD, #33-304
100
90 ——— —
80 RN
70 ’,”’\"-. . I —
) N
_ NN
£ o b 153.60mm \\ I RRRCP
] . |
£ 4ol {==15300mm N,
[RS8 0T XU o Qs o O
01— Diff. Limit ——
10 Pixel Size: Sum
0
0.0 100.0 200.0
Spatial Frequency in Cycles per mm Corve Guida s00 pugo 12
Relative lllumination, #33-305
100 S ,
) T 5
80 |——"118 \:
70 === 120 :
g 60— f/248
s 50" f/4.0
E 40 L2 f/5.6
= %
2
10 Sensor Format. Ya" s " ha"
0
0.00 225 4.50
Image Height (mm)
MTF: £/1.85, 350mm WD, #33-305
100
\
90— §<77774
) U o PR B
70
)
ool 153.60mm
£ 40 ||==T53.00mm
30 = 15 0.00mm
01— Diff. Limit
10 Pixel Size: Sum
0
0.0 100.0 200.0
Spatial Frequency in Cycles per mm Curve Guide see page 12
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5 3
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Focal Length: 16mm

Maximum Camera Sensor Format: V18"

Optimized Sensor Format: V25"

Field of View, 12.5" Sensor: 71.3mm - 20.21°

Field of View, 72" Sensor: 80mm - 22.62°

Field of View, 1/1." Sensor: 90mm - 25.36°

Working Distance: 200mm - e

Aperture (f/#): f/1.8-f/1

Numerical Aperture NA, Object Side: 0.021

Number of Elements (Groups): 7(5)

Coating: 1/4 MgF, @ 550nm

Lens Mount: (-Mount

Weight: 429

Stock No. / Price #33-304 $165.00

Filter Adapter / Price N/A -

Call For OEM Quantity Pricing

jewniod sz

Focal Length: 25mm
Maximum Camera Sensor Format: V8"
Optimized Sensor Format: Yo5'

46.74mm - 12.54°
52.5mm - 14.08°
59.14mm - 15.87°

Field of View, ¥2.5" Sensor:
Field of View, 12" Sensor:
Field of View, 4.8" Sensor:

Working Distance: 200mm - e

Aperture (f/#): 1/1.85-1/16
Numerical Aperture NA, Object Side: 0.0314

Number of Elements (Groups): 7(5)

Coating: /4 MgF, @ 550nm

Lens Mount: (-Mount

Weight: 47y

Stock No. / Price #33-305 $180.00
Filter Adapter / Price N/A -

Call For OEM Quantity Pricing
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TECHSPEC'| C Series Fixed
Focal Length Lenses

¢ Compact ) Form Factor
* Industry Leading Price to

Performance Ratio
Volume pricing and customization

available. An EO-designed and
e Supports up to #3" Sensors manufactured family.

e Designed for True Factory Automation

¢ Low Lens-to-Lens Variation
e Feature Locking Iris and
Focus Adjustment

For Fixed Focal Length Extenders, see page 69

DIMENSIONS Max. Rear Protrusion (D) =~ || <
Focal Length
(mm)

3.5 M105 x 1.0 (with adapter)
4.5 M58 x 0.75 (with adapter)
6 y M43 x 0.75 (with adapter)

8.5 I M25.5x0.5

Filter Thread

< Overall Max. Length (B) =

L !

Outer ~ Filter Mounting
Diameter Thread Diameter (C)

(A) l
Focus Adjustment -~ \ ‘ (-Mount

; 4 Iris Adjustment
Focus Locking Screw Iis Locking Serew |

12 ! ) M25.5x 0.5
16 I l d M25.5x 0.5
M25.5x 0.5
M25.5x 0.5
M30.5x 0.5
M46 x 0.75

COMPATIBLE FILTERS See pages 123-125 for pricing and additional information

Focal Length Color Filter - Color Filter - Color Filter - Color Filter - uv Linear IR Cut-Off Filter uv/vis
(mm) Light Red Red Green Blue Protective Filter  Polarizing Filter (KG-3) Cut-Off Filter
35 - - - - #58-648 #64-903 - - -
- #54-765 #54-TT1 #54-177 #54-046 #36-443 #54-747 #54-751 #54-754
#39-819 #89-829 #89-789 #89-769 #54-040 #52-558 #49-805 #39-799 #89-839
#39-814 #89-824 #89-784 #39-764 #46-577 #46-575 #49-800 #89-794 #89-834

UV/IR-Cut Filter

#89-814 #89-824 #89-784 #89-764 #46-571 #46-515 #19-800 #89-794 #89-834
#89-814 #89-824 #89-784 #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
#89-814 #89-824 #89-784 #89-764 #46-577 #46-575 #49-800 #89-194 #89-834
#89-814 #89-824 #89-784 #89-764 #46-577 #46-575 #49-801 #89-794 #89-834
#89-815 #89-825 #89-785 #89-765 #46-576 #46-574 #89-835 #89-795 #89-835
#89-820 #89-830 #89-790 #89-770 #54-041 #36-439 #54-744 #89-800 #89-840

800-363-1992 - EDMUND OPTICS®




C Series Fixed Focal Length Lenses

Relative lllumination, #89-410
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Spatial Frequency in Cycles per mm Curve Guide sce page 12
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60 e \\ E
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47

Focal Length:

Maximum Camera Sensor Format:
Field of View, 1/1." Sensor:

Field of View, 72" Sensor:

Field of View, 75" Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Object Side:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

VIS Stock No. / Price

Filter Adapter / Price

jewniod s

wwg'g

3.5mm
Y.8"
4]1.2mm - 102.8°
34.1mm - 94.1°
23.0mm -74.4°
Omm - o
f/20-t/M
0.003
8(7)

425 - 675nm BBAR

(-Mount
110g
$495.00
$45.00

Call For OEM Quantity Pricing

Focal Length:

Maximum Camera Sensor Format:
Field of View, ¥4.s" Sensor:

Field of View, 12" Sensor:

Field of View, 5" Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Object Side:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

VIS Stock No. / Price

Filter Adapter / Price

yewniod '

WwiS y

4.5mm
Yi.8"
72.0mm - 84.7°
61.9mm - 76.7°
44.0mm - 59.2°
25mm - oo
f/20-/11
0.005
7(6)

425 - 675nm BBAR

C-Mount
70g
$495.00
$29.50

Call For OEM Quantity Pricing
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C Series

1.8 Format

O

Focal Length: 6mm

Maximum Camera Sensor Format: Yi.8"

Field of View, 1/1.¢" Sensor: 110.3mm - 62.1°

Field of View, 72" Sensor: 96.7mm - 55.9°

Field of View, 15" Sensor: 71.0mm - 42.7°
Working Distance: 75mm - o

Aperture (f/#): f/1.4-1/16
Numerical Aperture NA, Obiject Side: 0.005

Number of Elements (Groups): 9(7)

Coating: 425 - 675nm BBAR

Lens Mount: C-Mount

Weight: 110g

VIS Stock No. / Price #67-709 $395.00
Filter Adapter / Price #85-308 $30.00

Call For OEM Quantity Pricing

E “
©
E E
1
o
To R
®
Focal Length: 8.5mm
Maximum Camera Sensor Format: 25"

Field of View, 25" Sensor: 124.1mm - 59.1°

Field of View, 12" Sensor: 85.3mm - 42.6°
Field of View, 15" Sensor: 62.33mm - 31.8°
Working Distance: 100mm -
Aperture (f/#): f/1.3-1/16
Numerical Aperture NA, Object Side: 0.003
Number of Elements (Groups): 7(5)
Coating: 425 - 675nm BBAR
Lens Mount: C-Mount
Weight: 34y
VIS Stock No. / Price #58-000 $295.00
48 800-363-1992 - EDMUND OPTICS®
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Fixed Focal Length Lenses

lllumination (%)

Contrast (%)

Relative lllumination, #67-709
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20

10 Pixel Size: 10, m Sum
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(urve Guide see page 12
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Contrast (%)

Relative lllumination, #58-000
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10 nsor Format: Yo' | s 1"
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Curve Guide see page 12




C Series Fixed Focal Length Lenses

Relative lllumination, #58-001

100 A
% ~ .
80——H138 o~
70— -=-1/28 -
= 60— 140 gl
S S0 i/56 =
E 40 3
= 30 Q
20 T ~
10 Sensor Format: Y s " 23"
0 T
0.00 275 5.50
Image Height (mm)
MTF: £/2.8, 300mm W, #58-001 Focl Length: 12mm
0 Maximum Camera Sensor Format: 2"
% %\ Field of View, 25" Sensor: 82.5mm - 39.3°
% \\ o —— Field of View, 72" Sensor: 59.5mm - 28.9°
N, —
0 ""; - \\\\\ — Field of View, 5" Sensor: 44.4mm - 21.8°
60 N, \\ Working Distance: 100mm - o
§ 50— === 15 5.50mm \\\\"u ~— Aperture (f/#): /1.8-1/16
£ g0 |=15400mm ™~ Numerical Aperture NA, Object Side: 0.007
30 —= TS 0'0'0“fm - - Number of Elements (Groups): 7(7)
0 =i Lt s Sy Coating: 425 - 675nm BBAR
10 —%mrmz T0pm S R Lens Mount: (-Mount
0 Weight: 54g
o0 o o 1150 VIS Stock No. / Price #5801 $295.00
patial Frequency in Cycles per mm i
(urve Guide see page 12 Call For OEM Quantity Pricing

Relative lllumination, #59-870

100 .
90 ~—_! 3T -
ol [—0a
10l | --t28 5 ~
60p |10 f ~
0L |==1/56 ;
1
0
0

10 Sensor Format: Ya' ) s ! 24"

lllumination (%)
/
jew.od &4

T
0.00 275 5.50
Image Height (mm)

Contrast (%)

Focal Length: 16mm
MTE: £/2.8, 200mm WD, #59-870 Maximum Camera Sensor Format: %"

100 Field of View, 25" Sensor: 61.4mm - 30.9°
LU e e Field of View, 12" Sensor: 44.5mm - 22.7°
80 . W ~— Field of View, 15" Sensor: 33.3mm- 17.1°
70 : - Working Distance: 100mm - o0
“ . N Aperture (f/#): /1.4-1/16
50 [ ==T5 5.50mm "\ g - Numerical Aperture NA, Object Side: 0.013
w0 || 15 400mm Number of Elements (Groups): 7(6)
0 == 5000 ; ~ Coating: 425 - 675nm BBAR
pL o Dif. L Lens Mount: (-Mount
10 |- Pivel Size: 104 Spm Weight: 74g

0 ‘ : VIS Stock No. / Price #59-870 $295.00

00 730 1500 VIS-NIR Stock No. / Price #67-714 $495.00

Spatial Frequency in Cycles per mm Curve Guide see page 12 Call For OEM Quantity Pricing
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C Series Fixed Focal Length Lenses

£.
©
€5
(o)
LL
LN
Focal Length: 25mm
Maximum Camera Sensor Format: 2"
Field of View, 25" Sensor: 35mm - 19.8°
Field of View, 12" Sensor: 25.4mm - 14.5°
Field of View, 5" Sensor: 19mm - 10.9°
Working Distance: 100mm - oo
Aperture (f/#): f/1.4-1/17
Numerical Aperture NA, Object Side: 0.023
Number of Elements (Groups): 7(6)
Coating: 425 - 675nm BBAR
Lens Mount: C-Mount
Weight: 48g
VIS Stock No. / Price #59-871 $295.00
VIS-NIR Stock No. / Price #61-115 $495.00

Call For OEM Quantity Pricing

£.
©
€5
o
LL
To B
Focal Length: 35mm
Maximum Camera Sensor Format: 2"
Field of View, 25" Sensor: 39.3mm - 14.3°
Field of View, 12" Sensor: 28.5mm - 10.4°
Field of View, 14" Sensor: 21.4mm - 7.8°
Working Distance: 165mm - o
Aperture (f/#): 1/1.65-1/22
Numerical Aperture NA, Object Side: 0.021
Number of Elements (Groups): 7(6)
Coating: 425 - 675nm BBAR
Lens Mount: C-Mount
Weight: 759
VIS Stock No. / Price #59-872 $295.00
VIS-NIR Stock No. / Price #67-716 $495.00

Call For OEM Quantity Pricing

50 800-363-1992 - EDMUND OPTICS®

Relative lllumination, #59-871

——
—f/14
_ -=1/28 \\\
= =+ /40
'-E ==1/56
£
nat: v |y yw 2
T
275 5.50
Image Height (mm)
MTF: £/2.8, 200mm WD, #59-871
\\
N ’.:‘ \\\
=
= == 15 5.50mm
£ 22254 00mm SR
= L= TS 0.00mm —
| | — iff Limit
10y 5
750 150.0
Spatial Frequency in Cycles per mm
P ey yes (urve Guide see page 12
Relative lllumination, #59-872
——l_
— /16 \\\
--1/28 :
g = 1/40 :
£ == 1/56 ;
£ :
mat: Wi | ' 2
: T
275 550
Image Height (mm)
MTF: £/2.8, 300mm WD, #59-872
= 222 7 5.50mm
£ 22 75.4.00mm rre]
=L ez 15.0.00mm
| | — oif. L
10p Sy}
75.0 150.0
Spatial Frequency in Cycles per mm )
Curve Guide see page 12




C Series Fixed Focal Length Lenses

Relative lllumination, #59-873
90 i .
ol [—#a0 : — o~ c
0L {--128 ; =
S0l |0 gl
.‘g of T V56 3 3
£ 4
=3 g
2 ~+
10 nsor Format: Ya! s ! 24"
0 : T
0.00 275 5.50
Image Height (mm)
MTF: £/2.8, 500mm WD, #59-873 Focal Length: 50mm
Maximum Camera Sensor Format: %"
100 o
Field of View, 25" Sensor: 42.5mm - 8.5°
0 & ; Field of View, 2" Sensor: 31.0mm - 6.2°
80 . Field of View, 14" Sensor: 23.0mm - 4.6°
0 Working Distance: 250mm - e
60 —Tom Aperture (f/#): /2-1/72
s S0 _ 5 4'00""" — Numerical Aperture NA, Object Side: 0.018
E Ui . 0'00:: ! H } ;\ Number of Elements (Groups): 6(4)
S O e | : ™ Coating: 425 - 675nm BBAR
N : Lens Mount: (-Mount
10 Pixel ize: 100 Sum Weight: 106g
0 : VIS Stock No. / Price #59-873 $395.00
00 o T 1500 VIS-NIR Stock No. / Price #1717 $550.00
Spatial Frequency in Cycles per mm .
Curve Guide see page 12 Call For OEM Quantity Pricing
Relative lllumination, #36-410 a
m— o
i : N
80 b:
|l {--tns - °
S I Y )
S50l |-=i54 =
E . 3 3
=3 Q
2 o+
10 nsor Format: Yo' s %" 23"
0 : T
0.00 275 5.50
Image Height (mm)
MTF: £/2.8, 1250mm WD, #86-410 Focal Length: 100mm
Maximum Camera Sensor Format: 2"
]:g ~——— Field of View, 25" Sensor: 52.9mm - 4.0°
‘\ N e Field of View, 12" Sensor: 40.1mm - 2.9°
&0 T Field of View, %" Sensor: 30.1mm - 2.2°
n Working Distance: 750mm - oo
s 60 — T Aperture (f/#): f/2.8-1/22
E o I 4'00:: Numerical Aperture NA, Object Side: 0.014
s 0 - 0'00 Number of Elements (Groups): 7(6)
o e Coating: 425 - 675nm BBAR
— Diff. Limit oating: -o/onm
20— Lens Mount: C-Mount
10 Weight: 250g
000 <00 1000 VIS Stock No. / Price #36-410 $495.00
' . . : VIS-NIR Stock No. / Price N/A =
Spatial Frequency in Cycles per mm .
(urve Guide see page 12 Call For OEM Quantity Pricing
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TECHSPEC®

Compact Inst

Industrial Rug
Featuring Si
Designed for

Wide Range
the Standard

Features a Ld

Focus for Robust System Integration

Focal Length:

Maximum Camera Sensor Format:

Field of View, 1/1.8" Sensor:
Field of View, 12" Sensor:
Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price
/1.8 / Price
/2.8 / Price
f/4 / Price
£/5.6 / Price
f/8 / Price

M43 x 0.75 Filter Adapter / Price #39-940 $30.00
Call For OEM Quantity Pricing

6mm
Y1.8"
110.3mm - 62.1°
96.7mm - 55.9°
71.0mm - 42.7°
75mm - e
9(7)
425 - 675nm BBAR
(-Mount
64g

Stock No.

#86-591
#86-592
#86-593
#86-594
#86-595
#86-596

1-10
$380.00
$380.00
$380.00
$380.00
$380.00
$380.00

52 800-363-1992 - EDMUND OPTICS®

Price

11-24
$350.00
$350.00
$350.00
$350.00
$350.00
$350.00

Focus Locking Sarew

Thax. Overol Length (8)
mm

™ Fron Threading (4

Focal Length (mm) A
6 M34.0x 0.5
12 M22.0 x 0.75
16 M22.0x 0.75
25 M22.0 x 0.75

M25.5x0.5
M30.5 x 0.5

Locking Retainer Nut (M22 x 0.75)
C-Mount to NF-Mount Adapter

Max. Rer:v Protrusion (D)

26mm

|

CHlount 1220 %075

B (mm) C (mm) D (mm)
478 34.0 117
29.0 220 0.96
40.8 220 1.09
299 220 1.33

225

Volume pricing and customization

30.5

#89-944
#89-945

$25.00
$25.00

available. An EO-designed and

Focal Length:
Maximum Camera Sensor Format:

Field of View, 25" Sensor:
Field of View, 14" Sensor:
Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.8 / Price

/2.8 / Price

/4 / Price

/5.6 / Price

£/8 / Price

f/11 / Price

/16 / Price

M25.5 x 0.5 Filter Adapter / Price

manufactured family.

12mm
%"
82.5mm - 39.3°
59.5mm - 28.9°
44.4mm - 21.8°
100mm -
7(7)
425 - 675nm BBAR
C-Mount
54g
Price
Stock No. 1-10 11-24
#86-607 $280.00  $250.00
#86-608 $280.00  $250.00
#36-609 $280.00  $250.00
#86-610 $280.00  $250.00
#86-611 $280.00  $250.00
#36-612 $280.00  $250.00
#86-613 $280.00  $250.00
#89-941 $25.00

Call For OEM Quantity Pricing




Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 142" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price

/1.8 / Price

£/2.8 / Price

t/4 / Price

/5.6 / Price

/8 / Price

/11 / Price

/16 / Price

M25.5 x 0.5 Filter Adapter / Price

Ci Series Fixed Focal Length Lenses

Stock No.

#85-348
#85-349
#85-350
#85-351
#85-352
#85-353
#85-354
#85-336

N
> QN
M
3 3
=
Q
) 3
16mm
20
61.4mm - 30.9°
44.5mm - 22.7°
33.3mm - 17.1°
100mm - e
7(6)
425 - 675nm BBAR
C-Mount
35¢
Price
1-10 11-24
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
25.00

#89-941

Call For OEM Quantity Pricing

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 142" Sensor:

Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

£/1.65 / Price
:; 33 , Price
rice
£/5.6 / Price
£/8 / Price
£/11 / Price
/16 / Price
M30.5 x 0.5 Filter Adapter / Price

C-Mount Adapter for Front Attachment #89-946 $25.00
Call For OEM Quantity Pricing

Stock No.

#85-362
#85-364
#85-365
#85-366
#85-367
#85-368
#85-338

35mm
2
39.3mm - 14.3°
28.5mm - 10.4°
21.4mm - 7.8°
165mm - e
7(6)
425 - 675nm BBAR
C-Mount
38g
Price
1-10 11-24
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$25.00

#89-942

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 14" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price
/1.8 / Price
£/2.8 / Price
f/4 / Price

£/5.6 / Price
£/8 / Price

/11 / Price
/16 / Price

M25.5 x 0.5 Filter Adapter / Price

Call For OEM Quantit

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 142" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

£/2 / Price
£/2.8 / Price
f/4 / Price
£/5.6 / Price
/8 / Price
/11 / Price
/16 / Price

M25.5 x 0.5 Filter Adapter / Price

Stock No.

#85-355
#85-356
#85-357
#85-358
#85-359
#85-360
#85-361
#85-337

jewniod &z

25mm
o
35mm - 19.8°
25.4mm - 14.5°
19mm - 10.9°
100mm -
7(6)
425 - 675nm BBAR
C-Mount
30g
Price
1-10 11-24
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$280.00  $250.00
$25.00

#89-941

Stock No.

#86-614
#86-615
#86-616
#86-617
#86-618
#86-619
#86-620

O
n
S 3
=
Q
) 3
50mm
2
42.5mm - 8.5°
31.0mm - 6.2°
23.0mm - 4.6°
250mm - oo
6(4)
425 - 675nm BBAR
C-Mount
70g
Price
1-10 11-24
$380.00  $350.00
$380.00  $350.00
$380.00  $350.00
$380.00  $350.00
$380.00  $350.00
$380.00  $350.00
$380.00  $350.00
$25.00

#89-943

WWW.EDMUNDOPTICS.COM/EO-IMAGING
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TECHSPEC®

Cr Series Fixed

Focal Length Lenses

e Compact Ruggedized Xr) Versions of
our C Series Lenses

e Stability Ruggedized to Maintain Optical
Pointing After Shock and Vibration

e Individual Optics are Glued in Place to
Prevent Element Decenter

e Simplified Focus With Wide Range of
Aperture Options

e Features Stainless Steel Locking
C-Mount Clamp

Focal Length A
(mm)

(mm)
M34.0x 0.5
M25.5x 0.5
M25.5x 0.5
M25.5x 0.5

COMPATIBLE FILTERS
Focal Length Filter
(mm) Adapter
6 #89-940
#89-942
#89-942
#89-942

Color Filter -
Green
#89-789
#89-785
#89-785
#89-785

Color Filter -
Red
#89-829
#39-825
#89-825
#89-825

Color Filter -
Light Red
#89-819
#89-815
#89-815
#89-815

12
16
25

800-363-1992 - EDMUND OPTICS®

Volume pricing and customization

available. An EO-designed and
manufactured family.

Color Filter -

#89-769
#89-765
#89-765
#89-765

~e— Max. Overall Length

Max. Front 33.8mm

Diameter (C)

C-Mount

Front Threading (A)

See pages 111-113 for pricing and additional information.
IR Cut-Off Filter  UV/IR-Cot uv/vis
(KG-3) Filter Cut-Off Filter
#49-805 #89-799 #89-839
#49-801 #89-795 #39-835
#49-801 #89-795 #39-835
#49-801 #89-795 #89-835

uv Linear
Protective Filter Polarizing Filter
#54-040 #52-558
#46-576 #46-574
#46-576 #46-574
#46-576 #46-574




Focal Length:

Maximum Camera Sensor Format:
Field of View, 1/1.8" Sensor:

Field of View, 142" Sensor:

Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price

£/1.8 / Price

/2.8 / Price

f/4 / Price

£/5.6 / Price

f/8 / Price

M43 x 0.75 Filter Adapter / Price

Call For OEM Quantity Pricing

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 142" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price

/1.8 / Price

£/2.8/ Price

f/4 / Price

£/5.6 / Price

f/8 / Price

f/11 / Price

/16 / Price

M30.5 x 0.5 Filter Adapter / Price

C-Mount Adapter for Front Attachment #39-946 $25.00
Call For OEM Quantity Pricing

Cr Series Fixed Focal Length Lenses

MIN
yewnod sy,

9

6mm
Yig"
110.3mm - 62.1°
96.7mm - 55.9°
71.0mm - 42.7°
75mm - o
9(7)
425 - 675nm BBAR
C-Mount
97q
#35-139 $475.00
#35-140 $475.00
#35-141 $475.00
#35-142 $475.00
#35-143 $475.00
#35-144 $475.00

#89-940

$30.00

jew.od ¢4

16mm
2
61.4mm - 30.9°
44.5mm - 22.7°
33.3mm - 17.1°
100mm - e
7(6)
425 - 675nm BBAR
(-Mount
61.9g
#35-163
#35-164
#35-165
#35-166
#35-167
#35-168
#35-169
#35-170
#89-942

$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$25.00

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 12" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

£/1.8 / Price

/2.8 / Price

f/4/ Price

£/5.6 / Price

f/8 / Price

f/11 / Price

/16 / Price

M30.5 x 0.5 Filter Adapter / Price

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 142" Sensor:

Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

/1.4 / Price

/1.8 / Price

£/2.8/ Price

f/4 / Price

£/5.6 / Price

f/8 / Price

f/11 / Price

/16 / Price

M30.5 x 0.5 Filter Adapter / Price

MIN
jewio o

12mm
2
159.4mm - 41.1°
115.0mm - 30.3°

N
3
3

85.9mm - 22.9°
200mm - oo
7(7)
425 - 675nm BBAR
C-Mount

55.49
#35-155 $350.00
#35-156 $350.00
#35-157 $350.00
#35-158 $350.00
#35-159 $350.00
#35-160 $350.00
#35-161 $350.00
#89-942 $25.00

C-Mount Adapter for Front Attachment #89-946 $25.00
Call For OEM Quantity Pricing

jew.io ¢4

25mm
2
35mm - 19.8°
25.4mm - 14.5°
19mm - 10.9°
100mm - e
7(6)
425 - 675nm BBAR
(-Mount
5249
#35-172
#35-173
#35-174
#35-175
#35-176
#35-177
#35-178
#35-179
#89-942

$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$350.00
$25.00

C-Mount Adapter for Front Attachment #39-946 $25.00
Call For OEM Quantity Pricing
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TECHSPEC®

Cx Series Fixed

Focal Length Lenses

e Compact Flexible Xx) Housing Design

e Accommodates Interchangeable
Accessories

¢ Available Accessories Include Various
Liquid Lens Holders, Filter Holders, and
Aperture Stops

® Modular 3-Piece Design to Fit Your
Application Needs

e Features a Simplified Focus Mechanism
with Easy to Use Lock Nut and Recesses
Set Screw

Aperture (f/#) 12mm 16mm 25mm 35mm
/1.5 - #33-637 - -
f/1.65 - - - #33-666
/1.8 #33-624 #33-638 #33-653 #33-667
/2.8 #33-625 #33-639 #33-654 #33-668
/4.0 #33-626 #33-640 #33-655 #33-669
/5.6 #33-627 #33-641 #33-656 #33-670
/8.0 #33-628 #33-642 #33-657 #33-671
f/11.0 #33-629 #33-643 #33-658 #33-672
f/16.0 #33-630 #33-644 #33-659 #33-673
Price $9.95 $9.95 $9.95 $9.95

Aperture (f/#) 16mm 25mm 35mm
/1.8 #33-601 #33-608 -
/2.8 #33-602 #33-609 #33-615
/4.0 #33-603 #33-610 #33-616
/5.6 #33-604 #33-611 #33-617
/8.0 #33-605 #33-612 #33-618
f/11.0 #33-606 #33-613 #33-619
£/16.0 #33-607 #33-614 #33-620
Price $30.00 $30.00 $30.00

*For 12.5mm Diameter, 1.5mm or 2mm Thick Filters

800-363-1992 - EDMUND OPTICS®

Cx Lens Assembly Diagram

Rear Assembly
of (x Lens

Front Assembly
= of xLens

Visit our website
for more information on
Variable Focus Liquid Lenses

12mm lomm  25mm  35mm  35mm
Compatible Liquid Lens Arfic 25H0  Artic 25H0  Arfic 25H0  Artic 25H0  Artic 39HO
Compatible Liquid Lens Stock No. #34-282  #34-282  #34-282  #34-282  #34-283
Compatible Liquid Lens Kit Stock No.  #34-284  #34-284  #34-284  #34-284  #34-285
Stock No. #33-631  #33-645  #33-660  #33-675  #33-674
Price $30.00 $30.00 $30.00 $30.00 $30.00

*Liquid Lens not included

Stock No.
Cx Spanner Wrench #35-029
*Sold Separately - not inuded with lens.




Focal Length:

Maximum Camera Sensor Format:

Field of View, 25" Sensor:
Field of View, 12" Sensor:
Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Stock No.

Price

Call For OEM Quantity Pricing

Cx Series Fixed Focal Length Lenses

MIAN
yewnod 5

12mm
240
40.7°
30°
27°
100mm -
7(7)

425 - 675nm BBAR

C-Mount
33g
#33-562
$280.00

*Accessory (One Required) for Use. See Tables on Previous Page

Focal Length:

Maximum Camera Sensor Format:

Field of View, 25"Sensor:
Field of View, 12" Sensor:
Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Stock No.

Price

Call For OEM Quantity Pricing

M3IN
yewniod 5

25mm
2
18.7°
13.6°
10.2°
150mm - e

7(6)

425 - 675nm BBAR

C-Mount
3lg
#33-564
$280.00

*Accessory (One Required) for Use. See Tables on Previous Page

Focal Length:

Maximum Camera Sensor Format:

Field of View, 25" Sensor:
Field of View, 12" Sensor:
Field of View, 5" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Stock No.

Price

MIN
jewno ¢

o~
3
3

16mm
2
29.7°
21.8°
16.4°
100mm - o
7(6)
425 - 675nm BBAR
C-Mount
39
#33-563
$280.00

Call For OEM Quantity Pricing

*Accessory (One Required) for Use. See Tables on Previous Page

Focal Length:

Maximum Camera Sensor Format:

Field of View, 25"Sensor:
Field of View, 12" Sensor:
Field of View, 15" Sensor:
Working Distance:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Stock No.

Price

jew.oq &4

35mm
o
13.3°
9.7°
13°
225mm - o
7(6)
425 - 675nm BBAR
C-Mount
5lg
#33-565
$280.00

Call For OEM Quantity Pricing

*Accessory (One Required) for Use. See Tables on Previous Page
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TECHSPEC®

Overall
Length (B)
N | | @
DOWNLOAD Max. Outer Mounti
DATASHEETS Diameter (A) l l Diu::::elrn?()

Volume pricing and customization / \
Filter / \ Iris (-Mount

available. An EO-designed and Thiead  Focus Adjustment
) Adjustment  Focus 1s
manufactured family. Locking Screw ~ Locking Serew

m COMPATIBLE FILTERS See pages 123-125 for pricing and additional information.

Primar Filter Color Filter UV Protective Linear Polar- IR Cut-Off UV/IR-Cut  UV/VIS-Cut
Focal Length WD Rnnze A B ¢ Thread Blue Filter izing Filter Filter Filter Filter (R-72)

8.5mm, 25" Format ~ 200mm-c  42.5mm  44.5mm 335mm  M40.5x0.5 #89-818  #89-788  #89-768 #54-725 #53-999 #49-804 #89-798 #89-838
12mm, 25" Format 150 - 500mm  36mm 41.1mm 35mm M30.5x0.5 #89-815  #89-785  #89-765 #46-576 #46-574 #49-801 #89-795 #89-835
12mm, 5" Format 400 - 2000mm  36mm 41 4mm 35mm M30.5x0.5 #89-815  #89-785  #89-765 #46-576 #46-574 #49-801 #89-795 #89-835
12mm, %" Format ~ 1000mm-c  36mm 41.2mm 35mm M30.5x0.5 #89-815  #89-785  #89-765 #46-576 #46-574 #49-801 #89-795 #89-835
16mm, 25" Format ~ 100-500mm  37mm 44mm 36mm M25.5x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
16mm, 25" Format 300 - 2000mm  37mm 44mm 36mm M25.5x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
25mm, 25" Format  200- 600mm  37.5mm  34.4mm 36mm M255x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
25mm, 25" Format ~ 400-2000mm  37.5mm  33.7mm 36mm M255x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #39-834
25mm, %" Format  1500mm-c  37.5mm  33.7mm 36mm M25.5x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #39-794 #89-834
35mm, 25" Format  125-600mm  37.5mm 45mm 36mm M25.5x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
35mm, 25" Format 400 - 2000mm  37.5mm 45mm 36mm M255x0.5 #89-814  #89-784  #89-764 #46-577 #46-575 #49-800 #89-794 #89-834
12mm, 1" Format 100mm - 48mm 64.1mm 43.5mm M48 x 0.5 - - - #54-042 #52-559 - - -
16mm, 1" Format 100mm - 48mm 38.8mm  57.3-59.5mm M46x075 #54-762  #54-768  #46-571 #54-041 #36-439 #54-744 #54-748 #64-887

25mm, 1" Format 150mm-c  37.5mm  37.5mm 45.3mm M34 x 0.5 - - - #64-892 #64-897 - - -
35mm, 1" Format 200mm - 48.Imm  48.Imm 60-66mm  M37x0.75 #58-642  #58-643  #58-644 #54-039 #52-556 - - -
50mm, 45" Format 200mm - o 50mm 50mm  60.5-72.6mm M37.5x0.5 - - - #64-893 #64-899 - - -
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HP Series

lllumination (%)

Contrast (%)

Relative lllumination, #68-215

100
90

o o b e b

L
s s anunrds b ~

80 |=—1/14

70

L—===1/2.0

601 f==f/28

0L |

72X

O —{"="f/56

30

~<

20

10

2"

Sensor Format: V' | "k !

0.00

T
275
Image Height (mm)

MTF: /2.8, 200mm WD #68-215

550

e 75 5.50mm [+ :
=22 15 4.00mm ||} ey N
=22 75.0.00mm || "
— Diff Limit ||

Pixel Size:

1y’ S |

750

Spatial Frequency in Cycles per mm

150.0

Curve Guide see page 12

lllumination (%)

Contrast (%)

Relative lllumination, #63-777

80 |—{=—1/1.8
70 |—| —f/28
60 || —f/40

L {—1/56

Sensor Formaf

t: Wi % %"

%"

275
Image Height (mm)

MTF: £/2.8, 200mm WD, #63-777

550

100
90

80
70

60

50

40

30

20

ixel Size;

10p Sy |

0.0

75.0

Spatial Frequency in Cycles per mm

150.0

Curve Guide see page 12

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Min. Working Distance (WD):
Aperture (f/#):

Numerical Aperture NA, Object Side:

Resolution, Within Primary WD:
Distortion:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Primary WD 200mm - « / Price

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Min. Working Distance (WD):
Aperture (f/#):

Numerical Aperture NA, Object Side:

Resolution, Within Primary WD:
Distortion:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Primary WD 150 - 500mm / Price
Primary WD 400 - 2000mm / Price
Primary WD 1000mm - o / Price

].ew-IOd ||8/Z

wwg'g

Fixed Focal Length Lenses

8.5mm, 23" Format

2
101.4mm - 58°
75mm
f/1.4-1/16
0.0074
120 lp/mm
<-6.5%
9(8)

425 - 675nm BBAR

C-Mount
120g

#68-215
Call For OEM Quantity Pricing

:I.ewJOd ||8/Z

wwg|

$695.00

12mm, 25" Format

#63-171
#63-178
#63-779

2"
139mm - 42°
150mm
f/1.8-1/16
0.015
145 [p/mm
<3%

10(6)

425 - 675nm BBAR
C-Mount
103g

§795.00
$§795.00
$795.00

Call For OEM Quantity Pricing

WWW.EDMUNDOPTICS.COM/EO-IMAGING
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HP Series

25" Format

16m

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Min. Working Distance (WD):
Aperture (f/#):

Numerical Aperture NA, Obiject Side:
Resolution, Within Primary WD:
Distortion:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Primary WD 100 - 500mm / Price
Primary WD 300 - 2000mm / Price

Call For OEM Quantity Pricing

25mm
%" Format

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Min. Working Distance (WD):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution, Within Primary WD:
Distortion:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Primary WD 200 - 600mm / Price
Primary WD 400 - 2000mm / Price
Primary WD 1500mm - o / Price

Call For OEM Quantity Pricing

60

Fixed Focal Length Lenses

16mm, 25" Format
2"
60mm - 31.2°
100mm
/1.8-1/16
0.008
145 [p/mm
<3%
9(7)
425 - 675nm BBAR
(-Mount
71.59
#85-865
#85-866

$795.00
§795.00

25mm, 25" Format
2
78mm - 20.2°
200mm
/18-1/22
0.03
145 Ip/mm
<0.5%
9(6)
425 - 675nm BBAR
C-Mount
969
#63-780
#63-781
#63-782

§795.00
$§795.00
$795.00

800-363-1992 - EDMUND OPTICS®

60

Relative lllumination, #85-865

100
90 ~—
80 [—118
0| |—1/28
S 0L |—f40
'-§ 0L 1=—1f/56
Ew
B}
2 i
10 nsor Format: Ya' Y L/ 2"
0 T
0.00 275 550
Image Height (mm)
MTF: /2.8, 150mm WD, #85-865
100 l
%
80 T ————
I L * : \\\
70 T -
) e
— D~
L o b fe155.50mm e
£ 40— |==T54.00mm
20 222 15.0.00mm
2 — Diff. Limit , .
10 Pixel Size: —10pm um
0
0.0 75.0 150.0
Spatial Frequency in Cycles per mm Curve Guide see page 12
Relative lllumination, #63-780
100 .
% e S
ol [—713 i \\\
0L |—1/28 ~
|l |—i1o ~
2 0| |—1/56
Fo :
~ :
20 :
10 %nsorF rmat: A”é Ys" ' %"
0 -
0.00 275 5.50
Image Height (mm)
MTF: £/2.8, 500mm WD, #63-780
100
90 ) ]
80 N ——
) R SN S——
60 ?‘c. \K\
€ ol J=rwssom] i [ ; =~
5 w40 T
222 T5.0.00mm || : e
0 H o
— Diff. Limit || : B,
AN — H H
0 Pixel Size: 10, mé 5umi e
0
0.0 750 150.0
Spatial Frequency in Cycles per mm Curve Guide see page 12




HP Series Fixed Focal Length Lenses

Relative lllumination, #85-868

100
90
80 — /1.8
0| |—*f/28
& 60 || =—1/40
g 50 —f{/56
£ g |0
= 3
20 :
10 Sensor Format: | v " %"
0 T
0.00 275 5.50
Image Height (mm)
MTF: £/2.8, 500mm WD, #85-868 Focal Length:
Maximum Camera Sensor Format:

100 Field of View, 25" Sensor:

%0 Min. Working Distance (WD):

80 Aperture (f/#):

10 Numerical Aperture NA, Object Side:
= 60 Resolution, Within Primary WD:
g 0= 15 5.50mm Distortion:

& 40— B40mm Number of Elements (Groups):

30 | == 150.00mm Coating:

20H—1= Dif. i : : Lens Mount:

10 Pikel Size: 10, - Sum . Weighi:

0 Primary WD 125 - 600mm / Price

00 10 1500 Primary WD 400 - 2000mm / Price
Spatial Frequency in Cycles per mm Curve Guide see page 12
Relative lllumination, #86-570
100 . .
90 RN
80
70| |---t28 K

= 60 || =-1/40

:5_' 50 [ | =1/56

£ 0

=3
20 : :
10 Sensor Format: 14" ' 2" 1"
0 - T
0.00 4.00 8.00
Image Height (mm)
MTF: £/2.8, 100mm WD, #86-570 Focal Length:
Maximum Camera Sensor Format:

100 Field of View, 1" Sensor:

:g %‘\\‘ Min. Working Distance (WD):

70 M""L\\\\\\ Aperture (f/#):

0 \\ \b‘ Numerical Aperture NA, Object Side:
§ ol [=Tssom . Resolution, Within Primary WD:
£ b f=smsssomm| || L [T "j:- Distortion:

- 30 || == 75 0.00mm - Number of Elements (Groups):

o L= bt tmi Coating:

10 Lens Mount:

0 Weight:

0.00 625 1250 Primary WD 100mm -  / Price

Spatial Frequency in Cycles per mm Curve Guide see page 12

jewlio4] .4

35mm, 24" Format
2"
29mm - 12.6°
100mm
f/1.8-1/16
0.018
145 [p/mm
<1%
8(5)
425 - 675nm BBAR
C-Mount
69.59
#85-868
#85-869

$795.00
$§795.00

Call For OEM Quantity Pricing

jewiod L

12mm, 1" Format
I
129.6mm - 52.4°
100mm
f/2.8-1/16
0.01
110 lp/mm
<-4.2%
10(9)
/4 MgF, @ 550nm
C-Mount
260g

#86-570 $§795.00

Call For OEM Quantity Pricing
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HP Series Fixed Focal Length Lenses

1" Format

16mm

Focal Length:

Maximum Camera Sensor Format:
Field of View, 1" Sensor:

Min. Working Distance (WD):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution, Within Primary WD:
Distortion:

Number of Elements (Groups):
Coating:

Lens Mount:

Weight:

Primary WD 100mm - « / Price

#86-571

16mm, 1" Format
I
127mm - 53°
100mm
f/1.8-1/16
0.02
110 [p/mm
<3.5%
9(7)
1/4 MgF, @ 550nm
(-Mount
1959
$795.00

Call For OEM Quantity Pricing

1" Format

25mm

Focal Length:
Maximum Camera Sensor Format:

25mm, 1" Format
n

Field of View, 1" Sensor: 104mm - 35°
Min. Working Distance (WD): 150mm
Aperture (f/#): f/1.8-1/22
Numerical Aperture NA, Object Side: 0.031
Resolution, Within Primary WD: 110 [p/mm
Distortion: <-2.0%
Number of Elements (Groups): 7(6)
Coating: /4 MgF, @ 550nm
Lens Mount: C-Mount
Weight: 113y
Primary WD 150mm - = / Price #86-572 $595.00

Call For OEM Quantity Pricing

62

800-363-1992 - EDMUND OPTICS®
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Relative lllumination, #86-571

100 —— ~
90 \ \\\:\ ----- ...'
e T ——
70 || —#20 : N
= 0" f/28
E 50—t
é 40— /56
=
20 :
10 Sensor Format: 25" 1"
0 H
0.00 4.00 8.00
Image Height (mm)
MTF: £/2.8, 500mm WD, #86-571
100
" S T
80 R Te——
7 T~ T
- 60 \ e~
b {2 T58.00mm i —
S 40— == 15 5.50mm e |
ol |==T5000mm | :
20 — Diff Limit || :
10 Pixel Size: N Sum .
0 H
0.0 75.0 150.0
Spatial Frequency in Cycles per mm Curve Guide sce page 12
Relative lllumination, #86-572
100 N ek Pl T T
90 .: S e
80— — 1.8 ] M~ L
|- -120 : ~ .
70 : ~
= 60— f/2.8 : \
=
E so|—{ "W
E 40— f/5.6
=
20 :
0 Sensor Format: 25" 1"
0
0.00 4.00 8.00
Image Height (mm)
MTF: /2.8, 500mm WD, #86-572
100
i~
S —=
70 ‘:“l:.’*n, - : \\-
_ AN
S sof—[==Ts800mm | : ﬁ"‘a
) == 75 5.50mm ™S
S B ~
30 | = 15 0.00mm : I~ ]
2 — Diff. Limit H
o b Pt | 1o} .
0
0.0 750 150.0
Spatial in Cydl
patial Frequency in Cycles per mm Corve Guide see page 12




HP Series Fixed Focal Length Lenses

Relative lllumination, #86-573
W
90
o0 —[—118 —
S ) -
S - M
S ol 2
£ gLt 3
= 3 o
20 -
Sensor Format: 2" 1" 3
10
0
0.00 4.00 8.00
Image Height (mm)
Focal Length: 35mm, 1" Format
MTF: /2.8, 750mm WD, #86-573
/ Maximum Camera Sensor Format: 1"
100 Field of View, 1" Sensor: 10Tmm - 26°
:g Q\ Min. Working Distance (WD): 200mm
o NG | T Aperture (F/#): #/18-1/16
w0 I “’"\; Numerical Aperture NA, Object Side: 0.029
% 50— === TS 8.00mm [ ; Iv.: Resolution, Within Primary WD: 110 Ip/mm
£ 40— |=T5550mm | : Nﬁa Distortion: <1.5%
sl |==T50.00mm | : Number of Elements (Groups): 7(6)
g || — D Limi Conting: /4 MgF, @ 550nm
0 Pixel Size: 10m.; S Lens Mount: (-Mount
0 : i Weight: 2529
00 o 1500 Primary WD 200mm - o / Price #6573 $595.00
Spatial Frequency in Cycles per mm Curve Guide see page 12 Call For OEM Quantity Pricing
Relative lllumination, #86-574
W
90
ol [—s =
70l—|- =20 =
= | -
Ry . e (o]
£ wof L 3
= 3 o
fg Sensor Format: 1| R4 - 3
0 :
0.00 5.65 11.30
Image Height (mm)
MTF: /2.8, 500mm WD, #86-574 Focal Length: 50mm, 45" Format
#1728, 500mm WL Maximum Camera Sensor Format: 4"
Field of View, 45" Sensor: 75.1mm - 20.5°
Rl T T Field of View, 1" Sensor: 52.9mm - 14.6°
'\}‘;‘:\\ —— Min. Working Distance (WD): 200mm
N \\ : — Aperture (f/#): f/1.8-1/16
_ ; "& i Numerical Aperture NA, Object Side: 0.026
g 00| == T 1130mm x Resolution, Within Primary WD: 1101/
: - . i p/mm
S o E :.ggmm \ \.!"' Distortion: <1.0%
1 Diff'LinT : : Number of Elements (Groups): 7(5)
WP — - i 5 i Coating: /4 MgF, @ 550nm
i - Lens Mount: (-Mount
00 l 750 ' 1500 Weight: %
’ ) . ’ Primary WD 200mm - o / Price #86-574 $695.00
Spatial Frequency in Cycles per mm Curve Guide see page 12 all For OEM Quantity Pridng
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TECHSPEC’| DG Series Fixed Focal
Length Lenses

* Double Gauss DG) Design for Low
Distortion, <0.3%

e Supports Up to 1.3" Sensors

* No Vignetting

e Low-Profile Static Housing

e Up to 5 MegaPixel Resolution

® Feature Lockable Focus and Iris

Volume pricing and customization
available. An EO-designed and
manufactured family.

<— Overall Length (B) Motor Length (C)
Focal Length Jlter Thread
(mm) A(mm) B(mm) C(mm) D(mm) E(mm) F(mm) Filter Threa Dist. to Groove (E) >|/ | [<— Rear Protrusion (F)

18 48.0 323 4.6 40.0 25 M30.5x 0.5 Y

25 90 400 58 347 . 22 M305x05 . Motor Mount
Diameter (D)

35 450 50.1 11.6 40.0 . M37.0x0.75

50 47.5 69.0 10.6 40.0 . M39.0x 0.5 - om
(G.:gf xz Eosrn;{; Pully Be \' Iris Adjustment

f
75 54.0 116.2 192 46.0 . M49.0x 0.75 Focus Locking Screw Iris Locking Screw

Focal Length: 18mm
Maximum Camera Sensor Format: 14.3mm
Field of View, 1" Sensor: 159.2mm - 38.4° WTF: £/4.0, 400mm WD, #54-857
Field of View, 25" Sensor: 108.7mm - 26.8°
Field of View, 12" Sensor: 78.8mm - 19.6°
PMAG @ Min. WD: 0.074X
Working Distance (WD): 210mm - o
Aperture (f/#): f/4-112
Min. Resolution, Object Space (for /2" Sensor): 6 Ip/mm
Distortion (@ 400mm WD): <1%
Coating: /4 MgF, @ 550nm
Lens Mount: C-Mount
Weight: 277q
Stock No. / Price #54-857  $495.00
Call For OEM Quantity Pricing (urve Guide see page 12

Contrast (%)

Spatial Frequency in Cycles per mm

64 800-363-1992 - EDMUND OPTICS® 64




DG Series Fixed Focal Length Lenses

Contrast (%)

Focal Length: 25mm
Maximum Camera Sensor Format: 14.3mm
MIF:1/4.0, 400mm WD, #55-326 Field of View, 1" Sensor: 116.4mm - 28.7° = N
I:z [ Field of View, 25" Sensor: 79.9mm - 19.9° P
8 * Field of View, 12" Sensor: 58.1mm - 14.6° W m
0 — PMAG @ Min. WD: 0.106X 3
:E —— . : Working Distance (WD): 240mm - e 3 3
g {18 530mm Aperture (f/#): f/4 - Closed -
1 Distortion (@ 400mm WD): <0.3% o
D — bif, it Coating: /4 MgF, @ 550nm -
]E l‘ixeli#r l 10 Sm Lens Mount: (-Mount 3 3
B Spatl rrequen:}: Cydes per mm . L3 200y 9"
Stock No. / Price #55-326  $495.00

Curve Guide see page 12 Call For OEM Quantity Pricing

Focal Length: 35mm
NTF /4.0, 400mm WD, #54-689 Maximum Camera Sensor Format: 1"
. o Field of View, 1" Sensor: 82.5mm - 20.7° w
0k i Field of View, 25" Sensor: 56.7mm - 14.4° o
o ; 1 Field of View, 12" Sensor: 41.2mm - 10.5° = m
nr 1 PMAG @ Min. WD: 0.15X
g :g [ | ] Working Distance (WD): 240mm - oo 31 3
5 af{=Tssm b Aperture (f/#): f/4 - Closed =
oo 1 Distortion (@ 400mm WD): <0.3% 3
:g =it | ] Coating: /4 MgF, @ 550nm ?.’..
L L S Lens Mount: CMount
v Spatial Frequen:ys.i: Cycles per mm e weigI“: 2769 3
Stock No. / Price #54-689  $495.00
Focal Length: 50mm
T /4.0, 400mm WD, #54-690 Maximum Camera Sensor Format: 4"
" ! ! Field of View, 1" Sensor: 60.4mm - 14.5° m
% = Field of View, 25" Sensor: 41.6mm - 10.0° \b
8 < ; Field of View, 12" Sensor: 30.2mm - 7.3° o
0 o : ~_ PMAG @ Min. WD: 0.22X - o
z ] _L;sz ‘\ ~ Working Distance (WD): 240mm - o py
S p=me - e o
£ == s5s0mm I~ Aperture (f/#): f/4-1/18 - 3
= =2 T54.00mm \E
] s e Distortion (@ 400mm WD): <03% 3
fg M=oium [ [ | [ | i T Coating: /4 MgF, @ 550nm ?_)'_
oL S| S Lens Mount: (-Mount
¥ Spatial Frequen:ys.i: Cycles per mm . weigh': 248g 3
Stock No. / Price #54-690  $495.00

Curve Guide see page 12 Call For OEM Quantity Pricing

Contrast (%)

Focal Length: 75mm
- /4.0, 400mm WD, #54-691 Maximum Camera Sensor Format: 95"
. /A5 A A Field of View, 1" Sensor: 40.1mm - 9.8° q
0 Field of View, 25" Sensor: 28.2mm - 6.7° IS
. . S
) %‘: Field of View, /2" Sensor: 20.5mm - 4.9° o m
n + - PMAG @ Min. WD: 0.35X -
60 (== TS 11.30mm s : . . “
| Iy I A e ™ ~ Working Distance (WD): 250mm - oo o
jg {15550 “@ Aperture (f/#): f/4-1/30 -
Kl :Ezgg:: T Distortion (@ 400mm WD): <0.3% 3
fg " = oif. it Coating: /4 MgF, @ 5500m Q
. P | T S Lens Mount: (-Mount -
00 750 150.0 Weighl: 690g
Spatial Frequency in Cycles per mm
Stock No. / Price #54-691  $550.00

(urve Guide see page 12 Call For OEM Quantity Pricing
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TECHSPEC®

N

DOWNLOAD
DATASHEETS

Volume pricing and customization
available. An EO-designed and
manufactured family.

28mm Focal Length (#85-199 & #85-200)

Maximum R
~<— Moximu Overl Lenghh 72.6mm ﬂ< oon ™

50mm Focal Length (#85-203)

»| Max. Overall Length 43.0mm

— 36mm
[ s t
Front — Filter ‘Maximum Diamefer
Diomeer  Thread of Rear Protrusion
Timm 67 x 075 4mm
\ ~FFMount
o Fouus Locking
Focus Adsiment 4 "“;:’::‘"’-» ~ Saon

Filter Thread
M43x0.75

Diameter
52.7mm

e

Max Rear
Protrusion
10.6

f

Mounting
Diameter
56.0mm

!

Focus Adjustment _f X
J F-Mount

Focus Locking Screw
Iris Locking Screw

Iris Adjustment

100mm Focal Length (#85-204)

. Focus Locking Screw
Focs At * Iris Adjustment 1 Locking Serew

\

b f

Difim erter 'F‘iluzrlh[r]e; ;‘ gi‘ﬂ:l‘;?
61.0mm ’ 60.5mm

[

| ~— Max. Overall Length 104.0mm —>| F-Mount

66
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LF Series Fixed Focal Length Lenses

lllumination (%)

Contrast (%)

Relative lllumination, #85-199

— /18
-== 1/40
e if5h

30—

“-t /80

Sensor Format:

17 12"

5mm

0.00

10.82
Image Height (mm)

MTF: £/2.8, 575mm WD, #85-199

21.65

100

90 N

—

80
70

N
~

174!
K4
/

60

50

40 H == 15 21.65mm

==T515.20mm

30
=== 150.00mm

2

— Diff. Limit

]z Pivel Si+: l

25pm 12.5ym

0.0

25.0
Spatial Frequency in Cycles per mm

Curve Guide see page 12

Illumination (%)

Contrast (%)

Relative lllumination, #85-200

i

— /28

-==1/40

e {756

- 1/8.0

Sensor Format:

35mm

1 E 19"

10.82
Image Height (mm)

MTF: £/2.8, 1000mm WD, #85-200

21.65

100

90

~
\\\

80 3

o4
Bl O

/
/

70 0

60
50

‘\

== T521.65mm

T
N

40 H

wH ==T515.20mm

..... A

=22 750.00mm

2| _ bif timi

vy

25ym 12.5pm

10pm

g Pixel Siz}: l
0.0

25.0
Spatial Frequency in cycles per mm

50.0
Curve Guide see page 12

67

Focal Length:

Maximum Camera Sensor Format:
Field of View, 35mm Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Object Side:

Number of Elements (Groups):
Distortion (%):

Coating:

Lens Mount:

Weight:

Stock No. / Price

Focal Length:

Maximum Camera Sensor Format:
Field of View, 35mm Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Obiject Side:

Number of Elements (Groups):
Distortion (%):

Coating:

Lens Mount:

Weight:

Stock No. / Price

#85-199

Call For OEM Quantity Pricing

#85-200

Call For OEM Quantity Pricing

dM Hoys

28mm, Short WD
35mm
540mm - 67°
400mm - e
f/28-1/22
0.01
10(8)
<3%
/4 MgF, @ 550nm
F-Mount
547g
$1,695.00

am buon
Wwig ez

28mm, Long WD
35mm
960mm - 68.4°
700mm - o
f/2.8-1/22
0.0067
10(8)
<4%
1/4 MgF, @ 550nm
F-Mount
547g
$1,695.00

WWW.EDMUNDOPTICS.COM/EO-IMAGING 67



LF Series Fixed Focal Length Lenses

50m

Focal Length: 50mm
Maximum Camera Sensor Format: 35mm
Field of View, 35mm Sensor: 360mm - 39.8°
Working Distance: 500mm - e
Aperture (f/#): 1/2.0-1/22
Numerical Aperture NA, Object Side: 0.024
Number of Elements (Groups): 7(5)
Distortion (%): <1%
Coating: /4 MgF, @ 550nm
Lens Mount: F-Mount
Weight: 2259

Stock No. / Price #85-203 $895.00

Call For OEM Quantity Pricing

100mm

Focal Length: 100mm
Maximum Camera Sensor Format: 35mm
Field of View, 35mm Sensor: 162mm - 20.4°
Working Distance: 500mm - oo
Aperture (f/#): 1/2.8-1/22
Numerical Aperture NA, Obiject Side: 0.032
Number of Elements (Groups): 8(5)
Distortion (%): <1%
Coating: /4 MgF, @ 550nm
Lens Mount: F-Mount
Weight: 565¢
Stock No. / Price #35-204 $1,250.00
68 800-363-1992 - EDMUND OPTICS®
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Relative lllumination, #85-203

100 s = l
) \\\‘ i
80 : \‘\ e T
T : o
g :ﬁ - 1728 g =
E ol |7 !
= ol | T8
" = 1/8.0 H
0 Sensor Format: | 17} | 1.2" 35mm
0 :
0.00 10.82 21.65
Image Height (mm)
MTF: £/2.8, 1000mm WD, #85-203
100 preees
90 \ B S
% S I & S -
n A NS ...,
\ - T~ L T
_ 60 N :
=) N £ —
= s
£ wH == 75 21.65mm | NG b .
T k== 1s20mm 1
=275 0.00mm * “"‘“"h\
20 I
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Fixed Focal Length Lenses

FIXED FOCAL LENGTH LENS C-MOUNT SPACERS

TECHSPEC®

At long working distances, most lenses are difficult to fix in bench

_'I I top applications, and provide fields of view larger than required.

Sensor ! Spacers address these issues by reducing minimum working dis-

. tance and by increasing magnification, which decreases field of

view. The C-Mount Extender Kit includes 0.5mm, 1mm, two 5mm,
10mm, 15mm and 40mm spacers.

! Sensor |‘_

+ Camera

l Spacer

C-Mount Extender Kit: Includes 0.5mm, Tmm, two 5mm,
~4— 10mm, 15mm, and 40mm spacers #54261 59500

0 5mm Spacer: Converts (S-Mount camera to (-Mount #03-618  $20.00

~<— Object —> M25.5 x 0.5 to C-Mount Adapter: Double Male, Rotating ~ #66-381 ~ $45.00

As an alternative to spacers, adding a negative focal length lens to the camera end of an optical system can decrease the field of view
while maintaining the original working distance specifications. For instance, increasing the focal length by 2 decreases the field of view
by the same factor. Therefore, the 2X extender converts a 25mm FL lens to a 50mm FL lens. Designed for CS- or C-Mount video lenses.

FIXED FOCAL LENGTH LENS EXTENDERS

CS-Mount C-Mount
Description
Stock No. Price Stock No. Price
2X Focal Length Extender #56-822 $99.00 #54-356 $99.00
1.5X Focal Length Extender #56-823 $99.00 #54-357 $99.00

DOWNLOADABLE DATASHEETS FOR TECHSPEC® IMAGING LENSES

Download EQ's TECHSPEC® Lens Data Sheets to quickly understand key factors designed to help you select and compare the
right lens for your imaging system.

* Modulation Transfer Function (MTF)
* Distortion

* Depth of Field

¢ Relative Illumination

WWW.EDMUNDOPTICS.COM/IMAGING
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SWIR Series Fixed Focal
Length Lenses

Designed, Coated, and Tested for
SWIR Wavelengths

Compact, Lightweight, COTS

Imaging Lenses

Low f/# for High Throughput
Anti-Reflection Coated from 0.8 - 1.8pym
Cover Large, 25mm Sensors

Focal Length Max Dia.  Max Length ~ Mounting Max Filter
(mm) (mm) (mm) (mm) Protrusion (nm)  Thread

25, C-Mount 40 63.5 40 1.62 M34x 0.5
50, C-Mount 56 112 55 M43x0.75

. o 50, F-Mount 56 103 55 M43 x 075
Volume pricing and customization 50, M42 x 1.0 12 55 M43 x 075

available. An EO-designed and 100, C-Mount 84 M72x 075

manufactured family. 100, F-Mount 84 M72x0.75
100, M42 x 1.0 84 M72x075

100 T T T T T T T T
90 1
80 “
70
= 60 -
% 50 H == 75 12.80mm
E s ==T1510.24mm
0k ==758.00mm ]
wh == T750.00mm a
— Diff. Limit | {
10 Pixel Siee: | | 25pm | | 12.5ym | | lOpm-
0.0 25.0 50.0
Spatial Frequency in Cycles per mm
Focal Lengfl: Zmm Relative llumination, #83-160
Maximum Camera Sensor Format: 25.6mm
Field of View, 25.6mm Sensor: 206.8mm - 55.8° 100 et
Field of View, 20.5mm Sensor: 128.2mm - 35.5° 90 T.w“""'?-s-.._"'".'..
Working Distance: 200mm - o :g B :.:""
Aperture (f/#): f/2.1-1/16 = wl | t/40 ~
Numerical Aperture NA, Object Side: 0.02 ) e i/56
Number of Elements (Groups): 9(6) _§ 40 1o /80
Coating: 0.8 - 1.8pm BBAR = ;g : : :
Weight: 180 10 Sensor Format: 24" 11 1.2/
C-Mount (17.5mm Flange) / Price #33-160 $1,995.00 0 i - :
C-Mount to M42 x 1.0 Adapter / Price #3151 $50.00 000 | :"?°h 1280
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SWIR Series Fixed Focal Length Lenses

MTF: £/2.8, 500mm WD, #83-166

100 |
90— =
30 T —
n L TT —
_ 6 s Lt
e, T,
= 50 | [==T512.80mm “fees
£ o L[5S 1024
S =158, 00mm
30 === 15 0.00mm
20 | — iff, Limit
10— T T
0 Pixel Slze: | 25pm 12.5m 10pm
0.0 250 50.0
Spatial Frequency in Cycles per mm
Relative lllumination, #83-166
100 -
— o B
% e : B e
80 |—— /2.1 E .\\
70 |—|===1/28
g 60— f/4_0 . . N
B oso|{ e
E 40 == /8.0
=
20
10 Sensor Format: EZ 1 1.2 ¢
0 : : :
000 640 1280
Image Height
moge fight () Curve Guide see page 12
MTF: /2.8, 1000mm WD, #83-170
100
90
80 —
70 ——
_ 60 H==151280mm \33\
T 50 H==T51024mm Nl
£ g0 H==T158.00mm —
30 | == 15 0.00mm
o0 1L Dif. imi
10 Pixel Size: 25um 12.5im 10pm
0
0.0 25.0 50.0
Spatial Frequency in Cycles per mm
Relative lllumination, #83-170
100 .
90 : : R
80 —— /23 H : \“
70 l—]-==128
= 60— == 140
B oso|{ e
E 40 —1 === 1/8.0
=3
20 H H
10 Sensor Format: 2" 1) 12"
0 : :
0.00 6.40 12.80
Image Height
mage Height (nm) Curve Guide see page 12
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Focal Length:

Maximum Camera Sensor Format:
Field of View, 25.6mm Sensor:
Field of View, 20.5mm Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Object Side:
Number of Elements (Groups):
Coating:

Weight:

C-Mount (17.5mm Flange) / Price
F-Mount (46.5mm Flange) / Price
M42 x 1.0 (5.8mm Flange) / Price

jewo4 Wwo Gy

50mm
25.6mm
140.7mm - 29.8°
112.3mm - 23.4°
275mm - oo
f/2.15-1/16
0.032
10(6)
0.8 - 1.8pm BBAR
< 574g (M42x 1.0)
#83-165 $2,250.00
#83-166 $2,250.00
#83-167 $2,250.00

Call For OEM Quantity Pricing

Focal Length:

Maximum Camera Sensor Format:
Field of View, 25.6mm Sensor:
Field of View, 20.5mm Sensor:
Working Distance:

Aperture (f/#):

Numerical Aperture NA, Object Side:
Number of Elements (Groups):
Coating:

Weight:

C-Mount (17.5mm Flange) / Price
F-Mount (46.5mm Flange) / Price
M42 x 1.0 (5.8mm Flange) / Price
100mm SWIR Mounting Clamp / Price

jewo4 Wwo Gy
wwiooL

100mm
25.6mm
105.8mm - 14.6°
660mm - 9.2°
400mm - o
1/2.25-1/22
0.046
10(10)
0.8 - 1.8ym BBAR
<1900g (M42 x 1.0)

#83-170 $2,495.00
#83-171 $2,495.00
#83-172 $2,495.00
#89-995 $295.00

Call For OEM Quantity Pricing

WWW.EDMUNDOPTICS.COM/EO-IMAGING A



TECHSPEC®

LS Series Fixed

Focal Length Lenses

Covers 62mm and 90mm Line Scan
4.5) Sensors

High Resolution Over Full Image Field
/4.0 Designed for High Illumination
Throughput

Works with Greater than a 62mm
Image Sensor

Edmund Optics® LS Series Fixed Focal Length Lenses specifi-
cally for Line Scan and Large Area Scan cameras. These high-
performance imaging lenses produce excellent image resolution
with impressive light throughput. In fact, at maximum aperture
f/4, these high-accuracy lenses provide twice the amount of il-
lumination throughput of comparable lenses at f/5.6 (where our
iris is Y2 closed).

Designed to reduce chromatic aberrations, these lenses yield
stunning sharpness and contrast even at maximum apertures.
Seven standard lens options are available at nominal magnifica-
tion values of 0.33X - 3.0X, with excellent performance extend-
ing over a range around these magnification values. Lens cell in-
cludes locking, variable iris and front filter threading. Focusing/

Maximum Avert
Sensor Size Pevire

(mm) (t/#)
0.33X 62 f/4-1/22
0.5X >62 f/4-1/72

Working Distance q Lens Lens
(Nominal Mag.) Typical Mag. Trak  Lenath
om(mu ag. Range rac eng
mm) (mm)  (mm)

386.0 0.32X-039X 214 103.6
271.0 0.44X-052X 235 106.6
194.5 0.69X - 0.81X 109.6
151.0 0.92X-1.07X 305
1585 1.23X - 1.47X
129.0 1.86X - 2.80X
110.0 2.55X - 4.50X

Nominal
Magnification

0.75X >62 f/4-1/22
1.0X i/4-1/12
1.33X f/4-1/12
2.0X f/4-1/22
3.0X f/4-1/172

1155
109.6
106.6
103.6

800-363-1992 - EDMUND OPTICS®

Diameter

Volume pricing and customization

available. An EO-designed and
manufactured family.

Mounting options are available for the most common camera
interfaces for many of the magnification options. Typical applica-
tions include web inspection, flat panel (LCD, plasma and solar)
inspection, factory automation and food/beverage inspection.

To use standard mounting with these lenses you must select a mag-
nification, the desired camera mount and the focusing mount. Refer-
ence the table below for required adapter sets and extension tubes.

These lenses feature a robust optical design that is capable of
achieving a wide magnification range around the stated nominal
value. Please call us to discuss your specific magnification re-
quirements. If one of the lenses does not perform somewhere in
the range of 0.33X to 3.0X that you require, we can adjust the
magnification in production, even in lower volumes.

Lens Front Filter

Thread
M55x0.75
M55x0.75
M55 x0.75
M55x 0.75
M46 x 0.75
M46 x 0.75
M46 x 0.75

Resolution
() (On 62mm Sensor)

64 >100 Ip/mm
64 >100 |p/mm
64 >100 Ip/mm
64 >75 Ip/mm

64 >100 |p/mm*
64 >100 lp/mm*
64 >100 lp/mm*

w
+

Distortion Stock No. Price 1-4

#68-219
#68-220
#68-221
#68-222
#68-223
#68-224
#68-225

<0.15%
<0.15%
<0.15%
<0.15%
<0.15%
<0.15%
<0.15%

$1,195.00
$1,195.00
$1,195.00
$1,195.00
$1,195.00
$1,195.00
$1,195.00

Bupng Ayuong W30 404 1)




LS Series Fixed Focal Length Lenses

Example Assembly of Lens to Camera Mount

Male Port of
Adapter Set (#69-241)

2X 25mm Extension
Tube (#69-242)

[N/

Wil

Female Part of
Adapter Set (#69-241)

Focusing Mount
(#69-240)

o
|

High Resolution
Large Format Lens

CAMERA MOUNTING OPTIONS *Features Tip-Tilt Control FIELD OF VIEW

Mount Type Magnification Stock No. Price
C-Mount 05,075 #69-225 $150.00
C-Mount 1.0,1.33,2.0,3.0 #69-226 $150.00
F-Mount 0.75 #69-227 $195.00
F-Mount 1.0,1.33,2.0,3.0 #69-228 $375.00
M42 x 1.0 0.33,0.5,075 #69-229 $150.00
M42 x 1.0 1.0,1.33,2.0,3.0 #69-230 $150.00
Fixed M72 x 0.75 0.5,0.75 #69-231 $150.00
Fixed M72 x 0.75 1.0,1.33,2.0,3.0 #69-232 $150.00
M72 x 0.75* 0.75,1.0,1.33,2.0, 3.0 #69-233 $550.00
Bolt Pattern* 0.5,075,1.0,1.33,3.0 #69-234 $550.00
Bolt Pattern* 20 #69-235 $550.00
Additional Mounting Components
Focusing Mount / Price #69-240 $650.00
Focus Mount Clamp, 75mm Centerline / Price #58-502 $195.00
Adapter Set / Price #69-241 $180.00
25mm Extension Tube (M72 x 0.75) / Price #69-242 $50.00

Sensor Format (:'::3(
11mm (35") 33.0
T6mm (1") 48.0
22mm (1.2") 66.0
35mm (4K) 105.0
43mm (8K) 129.0
57mm (8K) 171.0
62mm (12K) 1860

Camera Mount:
C-Mount:
F-Mount:

M42 x 1.0:
M72 x 0.75:
Bolt Pattern:

"Camera Dependent

0.5X 0.75X 1.0X
(mm) (mm) (mm)
220 14.6 11.0
320 213 16.0
440 293 220
70.0 46.6 350
86.0 57.2 43.0
114.0 758 51.0
124.0 82.5 62.0

Flange Distance

17.526mm

46.5Tmm

6.56mm'

19.56mm'

1.33X

(mm)

4.0mm Designed for Dalsa Piranha

83
12.0
16.5
26.3
323
42.8
46.5

2.0X 3.0X
(mm) (mm)
55 3.6
8.0 53
11.0 7.3
17.5 11.6
2.5 14.2
2.5 18.8
31.0 205

ADAPTER/EXTENSION TUBE GUIDE **Fixed Version Only

Camera Mount C-Mount F-Mount M42 x 1.0 M72 x 0.75 Bolt Pattern
Maanification Adapter Additional Adapter Additional Adapter Additional Adapter Additional Adapter Additional
9 Set Needed Extension Set Needed Extension Set Needed Extension Set Needed Extension Set Needed Extension
0.33X No Mounting No Mounting No Mounting No Mounting No 0 No Mounting No Mounfing No Mounting No Mounting
0.5X No 0 No Mounting No Mounting No 0 No** 0** No Mounting No Mounting
0.75X No 0 No 0 No 0 No 0 No 0
1.0X Yes 0 No 0 Yes 0 Yes 0 Yes 0
1.33X Yes 0 No 0 Yes 0 Yes 0 Yes 0
2.0X Yes 3 Yes 2 Yes 3 Yes 3 Yes 1
3.0X Yes 7 Yes 6 Yes 7 Yes 8 Yes 8
Relative lllumination, #68-220 MTF: £/4.0, 271mm WD, #68-220
100
100 90 ~
%0 80— N\ ~
80 | [— 1740 " NN g
0| —1s6 0 RN I
= = g AN T
5 9= /110 B [ [=msmmmm] N IS ~
i S M s 1075mm |
= g 301 o2 75 0.00mm e
n— e Dottt [ —e
10 Fen urr 1 .2 35mm 0k I T T o
0 ormat: . Pixel Sllf l m Sym ]
000 15.38 3075 00 750 1500
Image Height (mm) . Spatial Frequency in Cycles per mm .
Curve Guide see page 12 Curve Guide see page 12
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Red Series M12 u-Video™
Imaging Lenses

e High Resolution Infinite Conjugate Designs

74

M12x 0.5 (S-Mount) Mounting Thread

(0 -

800-363-1992 - EDMUND OPTICS®

Image
Plane

S-Mount M12 x 0.5) for Easy System Integration
400mm Minimum Working Distance

Ideal for Demanding Space Constrained Applications

All-Glass Element Design Provides High Resolution

Harsh Environment HEO) Versions with Weatherproof

Housing Available

Volume pricing and customization available.
An EO-designed and manufactured family.

DIMENSIONS

Focal Length: 2.2mm
Maximum Camera Sensor Format: Va'
Field of View, Max Sensor: 110°
Working Distance: 400mm - e
Aperture (f/#): /2.0
Numerical Aperture NA, Object Side: 0.0014
Resolution, On-Axis (20% Contrast): 100 [p/mm
Distortion, Diagonal at Full Field: -18%
Number of Elements (Groups): 7(6)
Lens Mount: S-Mount
Weight: 10g

Harsh Environment (HEO) (425 - 675nm Coating)

#58-840 $145.00

Harsh Environment (HEO) (600 - 1050nm Coating) #58-844 $145.00

Call For OEM Quantity Pricing

Contrast (%)

MTF: £/2.0, Infinite WD, #58-840

[] == T53.00mm
== T152.70mm
| 2= T5.0.00mm
f—{ == Diff. Limit

PixelSize:
! |

'Wum

Focal Length: 3.6mm
Maximum Camera Sensor Format: Va'
Field of View, Max Sensor: 82.5°
Working Distance: 400mm - e
Aperture (f/#): /2.5
Numerical Aperture NA, Object Side: 0.0016
Resolution, On-Axis (20% Contrast): 100 [p/mm
Distortion, Diagonal at Full Field: -46%
Number of Elements (Groups): 4(3)
Lens Mount: S-Mount
Weight: 4g

Standard (MgF, Coating):

#57-907 $95.00

Harsh Environment (HEO) (425 - 675nm Coating) ~ #58-841 $145.00
Harsh Environment (HEO) (600 - 1050nm Coating) #58-845 $145.00

Call For OEM Quantity Pricing

74

00 525 105.0
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: £/2.5, Infinite WD, #57-907
100 T T T T T
90
80
70
_ b0
=
3 Sf
E wf =22 75 3.00mm
ok =275 2.10mm
=22 15 0.00mm
BT i it
10 Pixel i 10 §
0 el Sige: | VLH | | Sm
0.0 55.0 110.0
Spatial Frequency in Cycles per mm
Curve Guide see page 12




Red Series M12 u-Video™ Imaging Lenses

Focal Length: 4.4mm
JATF: /1.9, Infalts WD, #57:918 Maximum Camera Sensor Format: ' h
- Field of View, Max Sensor: 65.8°
%0 ? H——— Working Distance: 400mm - N )
:E \ .&m Aperture (f/#): 19 m\= h
) & T Numerical Aperture NA, Object Side: 0.0031 M
2 50 = 15 3.00mm \\\i\\ i Resolution, On-Axis (20% Contrast): 100 [p/mm 2
S a0f—{==T5210mm :
R I it "l B Distortion, Diagonal at Full Field: -26% 3 3
20 (| == iff. Limit R Number of Elements (Groups): 4(3) Q
'2 mﬂlm l K & Lens Mount: S-Mount - 3
00 400 800 Weight: 7q
Spatial Frequency in Cycles per mm .
Standard (MgF, Coating) #57-908 $95.00
Focal Length: 6.4mm
MTF: £/1.9, Infinite WD, #57-909 Maximum Camera Sensor Format: s" 0
100 Field of View, Max Sensor: 437°
:z ANS = — Working Distance: 400mm - . ©®
0 \\\ Aperture (f/#): 19 @\=
S ARAN Numerical Aperture NA, Object Side: 0.0046 M h
% jz ] : E ;lng:: . i Resolution, On-Axis (20% Contrast): 100 lp/mm 2
0 {2 TS 000 R — T Distortion, Diagonal at Full Field: -11% 3 3
Im *_D'."' L"‘"" —h— Number of Elements (Groups): 4(3) )
E W l o ” Lens Mount: S-Mount -
Standard (MgF, Coating) #57-909 $95.00
Cuve Gide s poge 12
Focal Length: 7.2mm
MTF: /1.8, Infinite WD, #57-910 s ot e et i q
- Field of View, Max Sensor: 39.2°
-~ M—— Working Distance: 400mm - N )
:E Aperture (f/#): /18 (9\= N
w0 S Numerical Aperture NA, Object Side: 0.0048 M
E ol o \Q b Resolution, On-Axis (20% Contrast): 100 [p/mm 2
s ';z : :E:;g:: N \~\ ’ Distortion, Diagonal at Full Field: -8% 3 3
20 || — Dif.timit N e ] Number of Elements (Groups): 4(3) Q
]E """13"” l 1 T Lens Mount: S-Mount - 3
00 5 750 Weight: 59
e o Standard (gF, Coating) #7910 $95.00
Cuve Gide s oge 12
Focal Length: 8.0mm
Maximum Camera Sensor Format: e
MTF: £/2.5, Infinite WD, #69-255 Field of View, Max Sensor: 4%° m
b - Working Distance: 400mm -
:z IS — Aperture (f/#): /2.5 l\)\_k o
n \\\ - —— Numerical Aperture NA, Object Side: 0.004 = O
-0 \\... %,.\\ Resolution, On-Axis (20% Contrast): 145 lp/mm M
E 50 {222 15 4.00mm R <IN Distortion, Diagonal at Full Field: -10% 2
S :z B :::2:::: N Number of Elements (Groups): 6(5) 3 3
20 1| — i i Lens Mount: S-Mount Q
10 I’ixell&ize: 1 0 5im Weight: % -+
o = o Standard (425 - 625nm Coating) #69-255 $95.00 3
ot Frequency i ydes per Harsh Environment (HEO) (425 - 675nm Coating)  #63-759 $145.00
Harsh Environment (HEO) (600 - 1050nm Coating) #63-761 $145.00
(urv Guid seepoge 12
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Green Series M12
p-Video™ Imaging Lenses

Finite Conjugate Designs
S-Mount M12 x 0.5) for Easy
System Integration

All Glass Multi-Element Designs
Large Field Coverage

Ideal for Large Area Inspection
Applications

Low Weight to Ease System Integration

Volume pricing and customization
available. An EO-designed and
manufactured family.

M12 x 0.5 (S-Mount) Mounting Thread m
§ (M16x0.5 for #54-855)

FL (mm) A (mm) C (mm)

6 14 . 40-39
K (> Image Plane y 89.87

7.1-6.75

126-11.9

Focal Length: 6mm

Primary Magnification: 0.039X - 0.023X

Maximum Camera Sensor Format: '

Field of View, Max Sensor: 170 - 282mm

Working Distance: 150 - 400mm T /2.0, 250mm W, #87-231
Optimized Working Distance: 150 - 250mm ng

Resolution (20% Contrast): 80 Ip/mm &

Distortion, Diagonal at Full Field: -8.60% _ 22

Number of Elements (Groups): 5(5) ej; 50 —E ;’gg“"“

Coating: MANGE@SSomm | © [ snoten

Lens Mount: S-Mount a0 e
Weight: 3 ‘g Plfe | | | [ ; zsul.;.""
/2 / Price #7-031 7150 o0 ot e
/4 / Price #69-256 $71.50

£/5.6 / Price #83-934 $71.50

£/8 / Price #83-945 $71.50
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Green Series M12 u-Video™ Imaging Lenses

MTF: £/1.9, 250mm WD, #54-853

100
2 —
90 > =
., T
8 .
70 s \\
- L
_ 60 -, 3
= ., -
s 222 15 3.00mm X
7 SO =
£ ol |ems200m] Y ™
Tk ]=sTs000mm TR TN
— Diff. Limit
20 i e O O O S
10 Pivel Size: l 10pm Smi |
0
00 515 1150
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: /2.0, 250mm WD, #54-854
100
—
o T
8 N R
70
6 S
- B
£ b [e15400m E -
£ 0 2275 2.80mm ™~
20 222 15 0.00mm ~]
= Diff. Limit
20 -
10 Ptxe\ Size: l 10pm’ 15
0
00 350 700
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: /2.1, 250mm WD, #54-855
100
—
90 X =
8 = 3 “\’
70 N
) . ‘\““ > \\
< s rsanomn ] TR N
a0 2275 3.00mm R
8
0 222 T5.0.00mm ——
— Diff.Limit )
20— T 1 [ [ [T
10 Plxel Size: l 10pm 7.5im
0
00 400 800
Spatial Frequency in Cycles per mm
Curve Guide see page 12

Focal Length: 8mm

Primary Magnification: 0.053X - 0.032X

Maximum Camera Sensor Format: '

Field of View, Max Sensor: 95 - 156mm

Working Distance: 150 - 400mm

Optimized Working Distance: 150 - 250mm &
Numerical Aperture NA, Object Side: 0.006 T:
Resolution (20% Contrast): 108 lp/mm 2
Distortion, Diagonal at Full Field: -4.70% 3
Number of Elements (Groups): 5(5) 9.’..
Coating: /4 MgF, @ 550mm

Lens Mount: S-Mount

Weight: 5q

£/1.9 / Price #54-853  S771.50

Focal Length: 12mm

Primary Magnification: 0.081X - 0.049X

Maximum Camera Sensor Format: 2"

Field of View, Max Sensor: 80 - 134mm

Working Distance: 150 - 400mm

Optimized Working Distance: 150 - 250mm §
Numerical Aperture NA, Object Side: 0.01 T:
Resolution (20% Contrast): 150 lp/mm 2
Distortion, Diagonal at Full Field: -2.10% 3
Number of Elements (Groups): 5(5) 2"'_
Coating: /4 MgF, @ 550mm

Lens Mount: S-Mount

Weight: Tg

£/2 / Price #54-854 7750

Call For OEM Quantity Pricing

Focal Length: 25mm

Primary Magnification: 0.107X - 0.075X

Maximum Camera Sensor Format: Ve

Field of View, Max Sensor: 60 - 86mm

Working Distance: 250 - 350mm

Optimized Working Distance: 250 - 350mm ,\)\_k
Numerical Aperture NA, Object Side: 0.026 T|=
Resolution (20% Contrast): 115 lp/mm 2
Distortion, Diagonal at Full Field: -1.90% 3
Number of Elements (Groups): 4(4) ,n.i.
Coating: /4 MgF, @ 550mm

Lens Mount: M16x 0.5

Weight: 14g

£/2.1 / Price #54-855  S77.50

Call For OEM Quantity Pricing

7 WWW.EDMUNDOPTICS.COM/EO-IMAGING
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Blue Series M12
p-Video™ Imaging Lenses

e MegaPixel High Resolution Finite
Conjugate Designs
S-Mount M12 x 0.5) for Easy System
Integration

Multiple f/# Options for Performance
from 150mm to Infinity

Ideal for Smaller Format, Industrial
Digital Cameras

Designed for Easy Integration Into
Instrumentation

Consist of Several Precision Glass Elements

Volume pricing and customization Min. Resolution @ 20% Contrast o
. . p/mm
available. An EO-designed and L 145
manufactured family. 145

120
100

FL (mm) A (mm)
M12 x 0.5 (S-Mount) 3 140

Mounting Thread 4 14.0
5 14.0

<« (> Image Plane 6 14.0
8 14.0

10 14.0
15.0

14.0

18.0

Focal Length: 3mm

Primary Magnification: 0.029X - 0.015X

Maximum Camera Sensor Format: Vs'

Field of View, Max Sensor: 315- 622mm WIF: /4.0, 250mm WD, £89-340
Working Distance (WD): 100 - 400mm 10 N
Optimized Working Distance (WD): 100 - 200mm 90

Distortion, Diagonal: -34.7% :g :

Distortion, Horizontal -21.8% % zg: :E;gg::

Number of Elements (Groups): 6(5) 5 0 HusT5000m

Lens Mount: S-Mount zg I — it Lk 3 :

Weight: 5 ]z _.PlerS:le. i mumI - ISu."§ T
£/2.5 / Price #89-340  $95.00 00 _ 70 1500
/4 / Price #O31 $95.00 e

£/5.6 / Price #89-342  $95.00

£/8 / Price #89-343  $95.00
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Blue Series M12 u-Video™

MTF: £/4.0, 250mm WD, #89-344

100 I
90— ~
8
) = \\:
60 H oo
s == T5 3.00mm i
B 0[|==152.50mm
S 40 {222 750.00mm
30 - — Diff Limit
20
1o |-PielSize: | 10ym Sum
0
00 750 1500
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: £/4.0, 250mm WD, #69-260
100
" »ﬁﬁg
W e —
_ 0 e
= he,
E T T
= |[==18300mm | | & | ]|t
s L N N O A B R s
3022 75.0.00mm
2| — iff. Limit
0=
Pixel Size: 104m Spm
T ]
00 750 1500
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: /4.0, 250mm WD, #69-261
100
» -
80 =
70
_ 6
g
z 0
£ o [[=300m
£ wH
< 2275 270mm
3022 75.0.00mm
20 1 — i Limit
[ s
el Size: 104m Sym
Ty
00 750 1500

Spatial Frequency in Cycles per mm

Curve Guide see page 12

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:
Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal:
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

/4 / Price

£/5.6 / Price

/8 / Price

4mm
0.026X - 0.016X
1/3"
307 - 509mm
150 - 400mm
150 - 250mm
-25.1%
-15.1%
6(5)
S-Mount
5g
#89-344  $95.00
#89-345  $95.00
#89-346  $95.00
#89-347  $95.00

jewniod &,

wwly

Call For OEM Quantity Pricing

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:
Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal:
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

/4 / Price

/5.6 / Price

/8 / Price

Smm
0.033X - 0.020X
1/3"
163 - 270mm
150 - 400mm
150 - 250mm
-20.0%
-11.6%
6(5)
S-Mount
4
#58-201  $95.00
#69-260  $95.00
#83-938  $95.00
#83-949  $95.00

jewriod &

Call For OEM Quantity Pricing

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:
Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

/4 / Price

/5.6 / Price

/8 / Price

6mm
0.040X - 0.024X
1&"
132 - 220mm
150 - 400mm
150 - 250mm
-15.0%
9.2%
5(4)
S-Mount
59
#58-202  $95.00
#69-261  $95.00
#83-939  $95.00
#83-950  $95.00

jewniod &,

Call For OEM Quantity Pricing
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Blue Series M12 u-Video™ Imaging Lenses

10.0mm 8.0mm

12.5mm

80

! 15" Format

53" Format

14" Format

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:
Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal:
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

f/4 / Price

/5.6 / Price

/8 / Price

Call For OEM Quantity Pricing

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:

Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal:
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

f/4 / Price

/5.6 / Price

/8 / Price

Call For OEM Quantity Pricing

Focal Length:

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, Max Sensor:
Working Distance (WD):

Optimized Working Distance (WD):

Distortion, Diagonal:
Distortion, Horizontal:
Number of Elements (Groups):
Lens Mount:

Weight:

/2.5 / Price

/4 / Price

1/5.6 / Price

/8 / Price

Call For OEM Quantity Pricing

800-363-1992 - EDMUND OPTICS® 80

8mm
0.053X - 0.032X
1&"
92 - 154mm
150 - 400mm
150 - 250mm
-6.5%
-4.0%
5(5)
S-Mount
3g
#58-203  $95.00
#69-262  $95.00
#83-940  $95.00
#83-951  $95.00

10mm
0.068X - 0.040X
1/3"
72 - 120mm
150 - 400mm
150 - 250mm
-1.5%
-0.87%
5(4)
S-Mount
59
#58-204  $95.00
#69-263  $95.00
#83-941  $95.00
#83-952  $95.00

12.5mm
0.084X - 0.050X
1y
76 - 128mm
150 - 400mm
150 - 250mm
0.9%
-0.61%
5(5)
S-Mount
bg
#58-205  $95.00
#69-264  $95.00
#83-942  $95.00
#83-953  $95.00

MTF: £/4.0, 250mm WD, #69-262

100 T T T T T T T T T
L e
8of
0+
E 60
B 50
5 40 ||==153.00mm
= wl =275 2.50mm
222750.00mm
D piff.Limit | ;
I T U S
0.0 75.0 150.0
Spatial Frequency in Cycles per mm
Curve Guide see page 12
MTF: £/4.0, 250mm WD, #69-263
100
S
8 =
0 S
- 0 e
£ . \b.,
I ey I N N N ——
S UM 152 50mm
30 cee 150.00mm
20 [7| — i, Limit
10 Pixel Si*e: l 104m Spm
0
00 750 1500
Spatial Frequency in Cycles per mm
(urve Guide see page 12
MTF: £/4.0, 250mm WD, #69-264
100
90
80 Sy -
70 S~
_ 6 —
)
£ o l]==ms3oom s
= L= 2.50mm
S0 e 15 0.00mm
20 [ — pif. Lmit
10 Pixel Si#e: l 104m Spm
0
00 750 1500
Spatial Frequency in Cycles per mm
Curve Guide see page 12




Blue Series M12 u-Video™ Imaging Lenses

Focal Length: 17.5mm
Primary Magpification: 0.130X - 0.076X
Maximum Camera Sensor Format: '
Field of View, Max Sensor: 51 - 87mm A
MTF: /4.0, 250mm WD, #69-265
0 Working Distance (WD): 150 - 400mm q
” . ‘ Optimized Working Distance (WD): 150 - 250mm -
80 : N
n Distortion, Diagonal: 0.9% = @
g ¥ Distortion, Horizontal: 0.60% 31 m
é L= TS 4.00mm T 3 . -
kR |- 210mn Number of Elements (Groups): 6(5) 3
72T 000mm Lens Mount: S-Mount
20 M piff, Limit i Q
10 Pixel Site: l 104m Spm welgh‘: 79 r+
) 750 1500 1/2.5 / Price #58-206  $95.00
Spatial Frequency in Cycles per mm f/4 / Price #9265 $95.00
/5.6 / Price #83-943  $95.00
1/8 / Price #83-954  $95.00

Curve Guide see page 12 Call For OEM Quantity Pricing

Focal Length: 25mm
Primary Magnification: 0.190X - 0.110X
Maximum Camera Sensor Format: '
. /4.0, 250mm WD, #69-266 Field of View, Max Sensor: 35 - 60mm
0 Working Distance (WD): 150 - 400mm N
9% ‘\‘I‘ ‘ Optimized Working Distance (WD): 150 - 250mm NS
:z I \ e ] Distortion, Diagonal: 0.3% N2 m
£ :z Do N Distortion, Horizontal: 0.14% g‘
£ ol :E‘;‘;g:: e \ Number of Elements (Groups): 6(5) § 3
Zz i :IT)SI ’!‘H::’rlr::n Lens Mount: S-Mount o
10— 12:' T o o Weight: 12g + 3
W 750 1500 /2.5 / Price #58-207  $95.00
el feer s 1/4 / Price #9266 $95.00
£/5.6 / Price #83-944  $95.00
1/8 / Price #83-955  $95.00

Curve Guide see page 12 Call For OEM Quantity Pricing

TECHSPEC®|HU-VIDEO™ IMAGING LENSES ACCESSORIES

* p-Video Lens (M12) to C-Mount Adapter With or Without O-Ring
* Lock Nut to Secure M12 Micro-Video Lenses to Most Holders
TECHSPEC®p-Video™ Imaging Lens C-mount adapters are available both with or without an O-Ring. The O-Ring
is recommended for use with most p-video lenses with a full M12 x 0.5 threading, like our TECHSPEC® p-Video™
Imaging Lenses. It helps center the lens in the adapter and prevents the lens from defocusing.

For Infinite Conjugate p-Video™ Imaging Lenses, we recommend using the C-mount adapter without O-Ring
because the thread in either component might only meet the gap of the other.

The counter nut sets the micro-video lens secure in nearly any holder. Due to its slots and holes it can be used
with nearly any spanner wrench. The knurled surface also allows it to be set by hand.

The board holder, made of durable plastic, allows easy integration of micro-video lenses to customer specific
video and sensor devices.

H-VIDEO™ IMAGING LENSES ACCESSORIES

Description Stock No. Price
C-Mount to Micro-Video Lens Adapter #53-675 $25.00
C-Mount To Micro-Video Lens Adapter w/0-Ring #59-241 $30.00
M12 Micro-Video Lens Holder for Camera Boards #66-382 S11.00
M12 Lock Nut For Micro-Video Lenses #64-102 $10.00
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TECHSPEC®| TitanTL™
Telecentric Lenses

Max. Field Sensor Size
of View 2" " 4"
59.7mm #34-005 #34-010 #34-015
118mm #34-006 #34-011 #34-016
182mm #34-007 #34-012 #34-017
242mm #34-008 #34-013 #34-018

e Large Field of Views for Machine Vision

A (mm) B (mm) C (mm) D (mm)  Bolt Circle on Mounting Flange

and Metrology Applications w6 5259 28 8@ Thu on G280mm

208 383.1 260 8x @8mm Thru on @240mm

* Sensor Formats: '/1.8", 2/3", 1" and 4/3" 150 28 20 8 @8mm Thru on &180mm
. .. 79 1386 - -

e <0.1° Telecentricity 266 . 298 8 @mm Thru on @280mm

. 208 I 260 8x @¥8mm Thru on @240mm

O Integrated Mountlng Flange 150 ) 200 8x @8mm Thru on @180mm
. 79 , - -

For Ease of Alignment 26 . 298 B@Bmm Thru on 2280mm

. . 208 i 8x @8mm Thru on @240mm

* Rear Filter Holder for Simple 150 . 200 8<@8mmThru on &180mm
. . 79 . -

Filter Integration ! 26 . 8¢ @8mm Thru on &280mm

R R . R 208 ! 8x @8mm Thru on @240mm

e Adjustable Iris with Locking Set Screw 150 . 8x @Bmm Thru on &3180mm

79 ! —

Primary Magnification PMAG: 0.037X
Maximum Camera Sensor Format: V18"

Field of View, 12" Sensor: 172.4mm
Field of View, 1.8" Sensor: 193.9mm
Working Distance: 379mm
Depth of Field (20% @ 20 Ip/mm, f/8): +284.2mm
Aperture (f/#): f/8-1/16
Numerical Aperture NA, Object Side: 0.0023
Resolution (@ £/8): 70 lp/mm @ 45%
Typical Telecentriticty @ 588nm: <0.1°
Typical Distortion @ 588nm: <0.09%
Coating: /4 MgF, @ 520nm
Number of Elements (Groups): 6(4)

Rear Filter Diameter: 12.7mm

Lens Mount: C-Mount
Weight: 9.92kg
Stock No. / Price #34-003 $8,395.00

Call For OEM Quantity Pricing
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TitanTL™

Primary Magnification PMAG: 0.050X
Maximum Camera Sensor Format: V18"

Field of View, 12" Sensor: 129.4mm
Field of View, 14.8" Sensor: 145.6mm
Working Distance: 287mm
Depth of Field (20% @ 20 Ip/mm, f/8): +159.4mm
Aperture (f/#): f/8-1/16
Numerical Aperture NA, Object Side: 0.0031
Resolution (@ f/8): 70 lp/mm @ 40%
Typical Telecentriticty @ 588nm: <0.1°
Typical Distortion @ 588nm: <0.03%
Coating: /4 MgF, @ 520nm
Number of Elements (Groups): 6(4)

Rear Filter Diameter: 12.7mm

Lens Mount: (-Mount
Weight: 6.72kg
Stock No. / Price #34-002 $4,995.00

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.077X
Maximum Camera Sensor Format: Yi.8"

Field of View, 12" Sensor: 83.6mm

Field of View, 14.8" Sensor: 94.0mm
Working Distance: 224mm
Depth of Field (20% @ 20 Ip/mm, f/8): +66.2mm
Aperture (f/#): f/8-1/16
Numerical Aperture NA, Object Side: 0.0048
Resolution (@ /8): 70 Ip/mm @ 44%
Typical Telecentriticty @ 588nm: <0.1°
Typical Distortion @ 588nm: <0.19%
Coating: 1/4 MgF, @ 520nm
Number of Elements (Groups): 6(4)

Rear Filter Diameter: 12.7mm

Lens Mount: C-Mount
Weight: 3.46kg
Stock No. / Price #34-001 $2,995.00

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.151X

Maximum Camera Sensor Format: V18"

Field of View, 12" Sensor: 42.4mm

Field of View, 11.8" Sensor: 47 8mm

Working Distance: 111mm

Depth of Field (20% @ 20 Ip/mm, f/8): +17.1mm

Aperture (f/#): /8-1/16

Numerical Aperture NA, Object Side: 0.0094

Resolution (@ f/8): 70 Ip/mm @ 35%

Typical Telecentriticty @ 588nm: <0.1°

Typical Distortion @ 588nm: <0.04%

Coating: /4 MgF, @ 520nm
Number of Elements (Groups): 6(4)

Rear Filter Diameter: 12.7mm

Lens Mount: C-Mount

Weight: 0.72kg

Stock No. / Price #34-000 $1,495.00
Mounting Clamp / Price #56-026 $195.00
Color Filter - Red / Price #46-535 $57.50
Color Filter - Green / Price #46-536 $57.50
UV /Protective Filter / Price #54-048 $36.00
Polarizing Filter / Price #52-560 $43.00
UV/VIS-Cut Filter (R-72) / Price #64-889 $227.50

Call For OEM Quantity Pricing

Telecentric Lenses

XZL0'0  X0SO0'0

Xigi'0

WWW.EDMUNDOPTICS.COM/EO-IMAGING 83



TitanTL™ Telecentric Lenses

Primary Magnification PMAG: 0.045X
Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 193.7mm
Working Distance: 374mm
x Depth of Field (20% @ 20 Ip/mm, f/8): £192.1mm
-I-l Aperture (f/#): 1/8-1/22
m © Numerical Aperture NA, Object Side: 0.0028
E ; Resolution (@ f/8): 70 Ip/mm @ 35%
¢ o 1" Typical Telecentriticty @ 588nm: <0.1°
L 4 Typical Distortion @ 588nm: <0.05%
c :l\f’) Coating: 1/4 MgF, @ 520nm
[ ) Number of Elements (Groups): 6(4)
° Rear Filter Diameter: 25.4mm
Lens Mount: C-Mount
Weight: 9.94kg
Stock No. / Price #34-008 $8,395.00

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.060X
Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 145.7mm
Working Distance: 284mm
x Depth of Field (20% @ 20 Ip/mm, f/8): +107.7mm
" Aperture (f/#): f/8-1/22
O ((+] Numerical Aperture NA, Object Side: 0.0038
E ; Resolution (@ f/8): 70 Ip/mm @ 40%
o 3 L Typical Telecentriticty @ 588nm: <0.1°
L 4 Typical Distortion @ 588nm: <0.08%
o ;\m Couting: /4 MgF, @ 520nm
o Number of Elements (Groups): 6(4)
° Rear Filter Diameter: 25.4mm
Lens Mount: C-Mount
Weight: 6.74kg
Stock No. / Price #34-007 $4,995.00

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.093X
Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 94.1mm
Working Distance: 222mm
x Depth of Field (20% @ 20 Ip/mm, f/8): +45.1mm
" Aperture (f/#): f/8-1/22
m ((+] Numerical Aperture NA, Object Side: 0.0058
E ; Resolution (@ £/8): 70 Ip/mm @ 40%
0 s L Typical Telecentriticty @ 588nm: <0.1°
L 4 Typical Distortion @ 588nm: <0.10%
o =N\<'J Coating: 1/4 MgF, @ 520nm
[ ) Number of Elements (Groups): 6(4)
° Rear Filter Diameter: 25.4mm
Lens Mount: C-Mount
Weight: 3.48kg
Stock No. / Price #34-006 $2,995.00

Call For OEM Quantity Pricing
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Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 25" Sensor:
Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/8):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ /8):

Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):
Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

Mounting Clamp / Price

Color Filter - Red / Price

Color Filter - Green / Price

UV /Protective Filter / Price
Polarizing Filter / Price
UV/VIS-Cut Filter (R-72) / Price

TitanTL™

0.184X
2
47 8mm
110mm
£11.5mm
f/8-1/22
0.0115
70 Ip/mm @ 36%
<0.1°
<0.05%
/4 MgF, @ 520nm
6(4)
25.4mm
(-Mount
0.74kg
#34-005 $1,495.00
#56-026 $195.00
#46-535 $57.50
#46-536 $57.50
#54-048 $36.00
#52-560 $43.00
#64-889 $227.50

Call For OEM Quantity Pricing

Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 1" Sensor:

Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/11):

Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ f/11):

Typical Telecentriticty @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):
Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

0.066X
"
193.8mm
377mm
+130.9mm
f/11-1/22
0.0030
50 Ip/mm @ 40%
<0.1°
<0.05%

1/4 MgF, @ 520nm
6(4)
25.4mm
C-Mount
9.98kg
#34-013 $8,950.00

Call For OEM Quantity Pricing

Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 1" Sensor:

Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/11):

Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ f/11):

Typical Telecentriticty @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):
Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

0.088X
"
145.8mm
286mm
+72.8mm
f/11-1/22
0.0040
50 Ip/mm @ 40%
<0.1°
<0.05%

/4 MgF, @ 520nm
6(4)
25.4mm
C-Mount
6.78kg
#34-012 $5,650.00

Call For OEM Quantity Pricing

Telecentric Lenses

X990'0  Xb8lL'0

X350°0
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TitanTL™ Telecentric Lenses

Primary Magnification PMAG: 0.136X
Maximum Camera Sensor Format: 1"
Field of View, 1" Sensor: 94.2mm
Working Distance: 223mm
x Depth of Field (20% @ 20 Ip/mm, f/11): +30.7mm
- Aperture (f/#): f/11-1/22
o © Numerical Aperture NA, Object Side: 0.0062
m E ; Resolution (@ f/11): 50 Ip/mm @ 40%
O 1] Typical Telecentriticty @ 588nm: <0.1°
W 4 Typical Distortion @ 588nm: <0.13%
F E_ Coating: 1/4 MgF, @ 520nm
[ ) Number of Elements (Groups): 6(4)
c Rear Filter Diameter: 25.4mm
Lens Mount: C-Mount
Weight: 3.5%kg
Stock No. / Price #34-011 $3,495.00

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.268X
Maximum Camera Sensor Format: 1"
Field of View, 1" Sensor: 47 8mm
Working Distance: 110mm
Depth of Field (20% @ 20 Ip/mm, f/11): +7.8mm
Aperture (f/#): f/11-1/22
Numerical Aperture NA, Object Side: 0.0122
- Resolution (@ f/11): 50 Ip/mm @ 30%
w © Typical Telecentriticty @ 588nm: <0.1°
E Typical Distortion @ 588nm: <0.05%
o - ; Coating: 1/4 MgF, @ 520nm
(oW LU Number of Elements (Groups): 6(4)
L 4 Rear Filter Diameter: 25.4mm
N - Lens Mount: (-Mount
- Weight: 0.78kg
[ ] Stock No. / Price #34-010 $1,850.00
Mounting Clamp / Price #56-026 $195.00
c Color Filter - Red / Price #46-535 $57.50
Color Filter - Green / Price #46-536 $57.50
UV /Protective Filter / Price #54-048 $36.00
Polarizing Filter / Price #52-560 $43.00
UV /VIS-Cut Filter (R-72) / Price #64-889 $227.50

Call For OEM Quantity Pricing

Primary Magnification PMAG: 0.093X
Maximum Camera Sensor Format: 22.5mm
Field of View, 45" Sensor: 186.3mm
Working Distance: 374mm
x Depth of Field (20% @ 20 Ip/mm, f/11): +64.5mm
o Aperture (f/#): f/1-1/22
m © Numerical Aperture NA, Object Side: 0.0042
E ; Resolution (@ f/11): 50 Ip/mm @ 40%
0 s (1] Typical Telecentriticty @ 588nm: <0.1°
L 4 Typical Distortion @ 588nm: <0.04%
o l{: Cooting: /4 MgF, @ 520nm
o Number of Elements (Groups): 6(4)
° Rear Filter Diameter: 25.4mm
Lens Mount: C-Mount
Weight: 10.05kg
Stock No. / Price #34-018 $8,950.00

Call For OEM Quantity Pricing
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Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 45" Sensor:

Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/11):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ f/11):

Typical Telecentriticty @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):

Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

TitanTL™

0.124X
22.5mm
140.1mm
284mm
+37.0mm
f/m-1/2
0.0056
50 Ip/mm @ 40%
<0.1°
<0.07%

1/4 MgF, @ 520nm
6(4)
25.4mm
C-Mount
6.85kg
#34-017 $5,650.00

Call For OEM Quantity Pricing

Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 45" Sensor:

Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/11):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ f/11):

Typical Telecentriticty @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):

Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

0.191X
22.5mm
90.6mm
221mm
£15.2mm

f/n-1/22
0.0087

50 Ip/mm @ 35%
<0.1°

<0.11%

1/4 MgF, @ 520nm
6(4)
25.4mm
C-Mount
3.5%g
#34-016 $3,495.00

Call For OEM Quantity Pricing

Primary Magnification PMAG:
Maximum Camera Sensor Format:
Field of View, 45" Sensor:
Working Distance:

Depth of Field (20% @ 20 Ip/mm, f/11):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution (@ f/11):

Typical Telecentriticty @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):
Rear Filter Diameter:

Lens Mount:

Weight:

Stock No. / Price

Mounting Clamp / Price

Color Filter - Red / Price

Color Filter - Green / Price

UV /Protective Filter / Price
Polarizing Filter / Price
UV/VIS-Cut Filter (R-72) / Price

0.377X

22.5mm

45.9mm

110mm

+4.0mm

f/11-1/22
0.0171
50 Ip/mm @ 21%
<0.1°
<0.05%
1/4 MgF, @ 520nm
6(4)

25.4mm

(-Mount

0.85kg
#34-015 $1,850.00
#56-026 $195.00
#46-535 $57.50
#46-536 $57.50
#54-048 $36.00
#52-560 $43.00
#64-889 $227.50

Call For OEM Quantity Pricing

Telecentric Lenses

Xi6i'0  XbEi0

XEZE0
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TECHSPEC’| GoldTL™
Telecentric Lenses

e Designed Specifically for Machine Vision Applications
* <0.2° Telecentricity

e High Resolution and Low Distortion

* Max Sensor Size: 73" or 2" Format Series

Yield Constant Magnification over Defined Depth of Field
Simply Refocus to Obtain Same Magnification

Volume pricing and customization . . .
. . Note: Due to size and weight, mounting clamps are recommend-
available. An EO-designed and ed for all telecentric lenses. The 0.125X and 0.09X lenses require
manufactured family. a mounting clamp. The 0.06X and 0.08X lenses include a remov-
able mounting clamp.

0.125X & 0.09X Telecentric Lenses 0.06X & 0.08X Telecentric Lenses

[ 764 4»‘

C-Mount Thread
0160.0

Filter Thread
Filter Thread MI54x15

M105x1.0

Units: mm

Units: mm

88 800-363-1992 - EDMUND OPTICS®




GoldTL™ Telecentric Lenses

MTF: £/6.0, #58-260

100
90 F—
80
70
__ 60
E b {e=T5450mm
Eoaop (=m0 L L L L L T —
0 222 T50.00mm
— Diff. Limit
0 : :
10 Pixel Size: 10, Sum
0
0.0 75.0 150.0
Spatial Frequency in Cycles per mm
DOF: 20 Ip/mm, /6.0, #58-260
100 —
90 [~{==T50.00mm
80 - == T 3.00mm
70 | ==T154.50mm
_. 60 I
=
z 50
S
30
20 148.8mm
10 NG F N
0 d
-120.0 0.0 120.0
Working Distance Shift (mm) Curve Guide see page 12
MTF: £/6.0, #58-259
100
\
80
70
_ 60
E b {e= 15400mm
':e;, 40 ——{==T53.00mm
20 222 15 0.00mm
— Diff. Limit
20— ; ,
10 Pixel Size: | 10 m 5umi
0
0.0 75.0 150.0
Spatial Frequency in Cycles per mm
DOF: 20 Ip/mm, £/6.0, #58-259
90 {{ === T150.00mm N
g0 | === 15 3.00mm ',"7 "8(\
70 L] == 5 400mm £/ R\
u / A
= 3
z 50 >
e // X\
R \
20 4 72.0fmm %
10 [ \\ (7
0 1
-60.0 0.0 60.0
Working Distance Shift (mm) Curve Guide see page 12
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Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 72" Sensor:

Working Distance:

Depth of Field (20 Ip/mm, f/10):
Aperture (f/#):

Numerical Aperture NA, Obiject Side:
Resolution, Image Space MTF @ £/10:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):

Lens Mount:

Weight (kg):

Stock No.

Price

0.06X
V18"
N/A
100mm
170 - 220mm
+129mm @ 20%
f/6-1/25
0.005
40 lp/mm @ >65%
<0.018°
<0.200%

/4 MgF, @ 550nm
12(7)
(-Mount
6.7kg
#58-260
$4,495.00

X80°072X90°0

0.08X
2
110mm
80mm
170 - 220mm
+81.0mm @ 20%
f/6-1/25
0.006
40 lp/mm @ >65%
<0.018°
<0.400%

/4 MgF, @ 550nm
11(7)
C-Mount
6.7kg
#56-948
$4,495.00

Mounting Clamp / Price Included Included
Call For OEM Quantity Pricing

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 2" Sensor:

Working Distance:

Depth of Field (20 Ip/mm, /10):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Resolution, Image Space MTF @ £/10:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:

Coating:

Number of Elements (Groups):

Lens Mount:

Weight (kg):

Stock No.

Price
Mountin

Clamp / Price

0.09X
23
N/A
70.4mm
132-182mm
+63.6mm @ 20%
f/6-1/17.4
0.007
40 lp/mm @ >60%
<0.028°
<0.020%
/4 MgF, @ 550nm
11(8)
(-Mount
3.1kg
#58-259
$2,495.00
#56-027

Call For OEM Quantity Pricing

WWW.EDMUNDOPTICS.COM/EO-IMAGING

XS2L°'0%X60°0

0.125X
2
67.4mm
49mm
132 - 182mm
+30.4mm @ 20%
f/6-1/25
0.01
40 lp/mm @ >45%
<0.028°
<0.025%

/4 MgF, @ 550nm
10(8)
C-Mount
3.08kg
#55-348
$2,495.00
$195.00
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GoldTL™ Telecentric Lenses

0.18X s 0.25X

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 12" Sensor:

Working Distance: 161 - 186mm

Depth o Fleld (20 Ip/mm, £/10): +15.5mm @ 20%
Aperture (f/# f/6-1/18
Numerical Areriure NA, Obl_ecl Side: 0.015
Resolution, mage Space MIF @ f/10: 40 Ip/mm @ >60%
Typical Telecentricity @ 588nm: <0.040°
(yplml Distortion @ 588nm: <0.045%
oating: 1/4 MgF, @ 550nm
Number of Elements (Groups): 10(7)
Lens Mount: (-Mount
Welihi (kg): 1.6kg
Stock N #58-258

Price

$1,995.00
#56-026
#46-535

Mounting Clamp / Price

#46-536
UV /Protective Filter / Price #54-048
Polarizing Filter / Price #52-560
UV /VIS-Cut Filter (R-72 #64-889

X
o
o

o3
x
0
“
o

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 12" Sensor:
Working Distance:

0.36X
118"
N/A
17.6mm
117 - 142mm

Depth of Fleld (20 Ip/mm, £/10): +3.7mm @ 20%

Aperture (f/ /6 f/ 18

Numerical Arerlure NA, Ob{_etl Side:

Resolution, Image Space MTF @ £/10: 40 Ip/mm @ >70%

Typlcnl Telecenirlcli @ 588nm: 025°

gplcnl Distortion @ 588nm: <0 100%
oafing: n/4 M% @ 550nm

Number of Elements (Groups): [f (7)

Lens Mount: C-Mount

Welihi (kg): 0.9kg

Stoc #58-257

Price $1,795.00

#56-025
#54-765
#54-T71
#54-1771

Price

Mounting Clam|

UV/Protective Filter / Price
rlolnrlzm% Filter / Price

ut Filter (R-72

90 800-363-1992 - EDMUND OPTICS®

161 - 186mm

+8.2mm @ 20%
f/g 0f/25

40 Ip/mm @ >55%
<0.040°
<0.400%

1/4 MgF, @ 550nm
10(7)
C-Mount
1.6kg
#55-349
$1,995.00
$195.00
$57.50
$57.50
$36.00
$43.00
227.50

117 - 142mm
+2.1mm @ 20%
f/6-1/25
0.042
40 lp/mm @ >55%
<0.025°

n/4 P Oﬁogygso
oF, @ 550nm
8(5)

C-Mount

90

Contrast (%)

Contrast (%)

100

MTF: £/6.0, #58-258

| === TS 4.00mm

== T5 3.00mm
222 15 0.00mm »
— i Limit | | :

Pixel Size: | 10ym} Sum
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Spatial Frequency in Cycles per mm
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0.0 150

Working Distance Shift (mm) Curve Guide see page 12

Contrast (%)

Contrast (%)

100

70

60
50
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30
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MTF: £/6.0, #58-257
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Working Distance Shift (mm) Curve Guide see page 12




GoldTL™ Telecentric Lenses

MTF: £/6.0, #58-256
100 ‘
90
80
- N
~
_ i §\\
£ gl {==T5450mn NS
£ 40 b——1{==T153.00mm NS \\\
5 e —
30 b |==T5.0.00mm \\
g — — Diff. Limit =
10 b PielSizez |10 Sy
0
0.0 75.0 150.0
Spatial Frequency in Cycles per mm Primary Magnification:
Maximum Camera Sensor Format:
Field of View, 25" Sensor:
DOF: 20 Ip/mm, £/6.0, #58-256 Field of View, 12" Sensor:
Working Distance:
100 T T Depth of Field (20 Ip/mm, £/10):
90 H == 5 0.00 Aperture (f/4#):
-umm 7 N Numerical Aperture NA, Obi_e:i Side:
80 [{ == 15 3.00mm // \ Resolution, Image Space MTF @ /10:
70 | == 15 4.50mm // \\X Typical Telecentricity @ 588nm:
/ / \% zypicul Distortion @ 588nm:
__ 60 / oating:
) / [ \\ Number of Elements (Groups):
g ) \\ Lens Mount:
S0 Weight (kg):
20 Stock No.
/ / Price
20 +Hmm ‘ Mounting Clamp / Price
10 3 Color Filter - Red / Price
0 1 UV /Protective Filter / Price
1.0 00 10 Polarizing Filter / Price
Working Distance Shift (mm) Curve Guide see page 12 UV /VIS-Cut Filter (R-72) / Price

0.73X
Yi.8"
N/A
8.8mm
98 - 123mm
+0.95mm @ 20%
f/6-1/19.5
0.061
40 lp/mm @ >65%
<0.003°
<0.100%
1/4 MgF, @ 550nm
10(7)

C-Mount
1.2kg
#58-256
$1,695.00
#56-024
#46-532
#46-533
#54-047
#36-444
#64-888

Call For OEM Quantity Pricing

XL2XELO

1X
2
8.8mm
6.4mm
98 - 123mm
+0.6mm @ 20%
1/6-1/25
0.087
40 Ip/mm @ >50%
<0.018°
<0.003%
1/4 MgF, @ 550nm
9(7)

C-Mount
1.1kg
#55-350
$1,695.00
$195.00
$51.50
$51.50
$36.00
$39.00
127.50

it Thod
W2x075

0.25X & 0.18X Telecentric Lenses

193

I

0

b

12z

/B W

98— |

— 98 —

s 05408480 pssg

Units: mm

0.5X & 0.36X Telecentric Lenses

1X & 0.73X Telecentric Lenses

FilrTreod
Wi2x075

Units: mm

Units: mm

NEED HELP SELECTING THE RIGHT LENS FOR YOUR IMAGING SYSTEM?

2D & 3D mMobELs

AVAILABLE ONLINE
WWW.EDMUNDOPTICS.COM/IMAGING

91
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SilverTL™
Telecentric Lenses

e Designed for Metrology and Gauging Applications

Ideal for Factory Automation

Double Telecentric to Eliminate lllumination Roll-Off
High Light Throughput $/6)

Adjustable Lockable Iris

Volume pricing and customization
available. An EO-designed and
manufactured family.

0.16X & 0.60X 5 5 5 5 =
Primary ~ Max Diameter ~ Mounting Mounting Mounting .
ngth D (mm) Offset E (mm) Filter Thread

Iris Adjustment Ring Magnification A(mm)  Diameter B (mm)
0.16X 65 191 M62x 0.75
— 0 | CMownt Thread 020X 0 188 M5B x0.75

T 0.25X 48 158 M46x 0.75
0.30X 46 158 M43 x0.75
1 0.40X 45 159 M43 x0.75

—— 0.50X 40 153 M37 % 0.75
0.60X 4 156 MAO.5 x 0.5

~ 4mm 0.75X 3 1512 I M30.5x0.5
1.0X 40 114 M7 % 0.75

Units: mm 2.0 45 141 M43 % 0.75
4.0X Al 249 M58 % 0.75

Length C (mm) Le

MTF: £/6.0, #56-675
100 T
90 1
80 .
70 .
6 -
5 222 75 4.00mm
£ ok |==5300m
- ok |==Ts000mn] i i S
o || i it | ¢ g G
0k Pixel Size: 10um§ Sum; 4
Primary Magnification: 0.16X 0 L L e L i L L
Maximum Camera Sensor Format: ' 0.0 750 150.0
Field of View, 14" Sensor: 40mm Spatial Frequency in Cycles per mm
Field of View, 14" Sensor: 30mm
Working Distance (+3mm): 177mm
Depth of Field (20 Ip/mm, £/10): +19.74mm @ 20% DOF: 20 Ip/mm, /6.0, #56-675
Aperture (f/#): /6 - Closed 100 . —
Numerical Aperture NA, Obiject Side: 0.008 90 L= 15 0.00mm
Resolution, Image Space MTF @ £/10: 40 Ip/mm @ >40% .
Typical Telecentricity @ 588nm: <0.030° 80 [ 15 3.00mm
Typical Distorfion @ 588nm: <0.015% 70 (| == 15 4.00mm
Coating: 425 - 675nm BBAR _6f
Number of Elements (Groups): 8(6) é 0k
Lens Mount: C-Mount £
Weight: 500g S Ar
Stock No. / Price #56-675 $995.00 0
Color Filter - Red / Price #89-832 $255.00 0t 220)
Color Filter - Green / Price #89-792 $285.00 10 [
Color Filter - Blue / Price #89-172 $285.00 J | | |
UV/Protective Filter / Price #89-802 $255.00 ?20 0 0 200
Linear Polarizing Filter / Price #36-444 $39.00 ’ Working Dm'“e St (mm) N
Call For OEM Quantity Pricing (urve Guide see page 12
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SilverTL™ Telecentric Lenses

MTF: £/6.0, #63-073 o
100 S
) — » @
80 -
= 7N
70 RS
% : N 91
g oL [esmas0mm] =3
£ b |==T5300m Q
L s 1s000mm ~+ x
30
= Diff. Limit
20— : :
10 Pixel Size: 10, m 5umi
0 : . Primary Magnification: 0.20X
0.0 750 150.0 Maximum Camera Sensor Format: 18"
Spatial Frequency in Cycles per mm Field of View, 14" Sensor: 32mm
Field of View, 14" Sensor: 24mm
Working Distance (+3mm): 164mm
DOF: 20 Ip/mm, /6.0, #63-073 Depth o!} Field (20 Ip/mm, £/10): £12.9mm @ 20%
Aperture (f/#): £/6 - Closed
Numerical Aperture NA, Object Side: 0.016
\\ Resolution, Image Space MTF @ £/10: 40 Ip/mm @ >40%
Typical Telecentricity @ 588nm: <0.055°
Typical Distortion @ 588nm: <0.150%
_ Coating: 425 - 675nm BBAR
§ Number of Elements (Groups): 6(5)
£ Lens Mount: (-Mount
S Weight: 4759
Stock No. / Price #63-073 $995.00
2mm #54-765 $47.50
#54-T71 $47.50
0 #54-T77 $47.50
100 00 100 UV/Protective Filter / Price #54-046 $33.00
Working Distance Shift (mm) (urve Guidesee page 12 Linear Polarizing Filter / Price IR #ii $39.00

Contrast (%)

Contrast (%)

MTE: £/6.0, #56-676 O
100 5‘
%0 ' » @
80 NS - N
70 O o
60 -
50 b= 15 4.50mm 3
40 b——{==T53.00mm Q
22275 0.00mm e+ x
01 H T
— Diff. Limit | : H T,
0 : :
10 Pixel Size: | 10, m 5umi
0 : : Primary Magnification: 0.25X
0.0 750 1500 Maximum Camera Sensor Format: Y18
Spatial Frequency in Cycles per mm Field of View, 12" Sensor: 25.6mm
Field of View, 15" Sensor: 19.2mm
Working Distance (+3mm): 160mm
DOF: 20 Ip/mm, /6.0, #56-676 Depth of Field (20 Ip/mm, £10): +8.2mm @ 20%
100 — Aperture (f/#): /6 - Closed
90 == 15 0.00mm l Numerical Aperture NA, Object Side: 0.021
. Resolution, Image Space MTF @ £10: 40 lp/mm @ >40%
80 [~ == 15 300mm Typical Telecentricity @ 588nm: <0.035°
70 (=15 450mm | Typical Distortion @ 588nm: <0.040%
60 \ Coating: 425 - 675nm BBAR
5 Number of Elements (Groups): 8(5)
i / R Lens Mount: C-Mount
0 A\ Weight: 300g
30 A Stock No. / Price #56-676 $975.00
20 9:3/mm #54-762 $47.50
10 N\ #54768 $47.50
o fes B #46-571 $47.50
_s'.o 00 80 UV//Protective Filter / Price #54-041 $31.00

Working Disonce it (mm) (urve Guidesee puge 12 Linear Polarlzmi Filter / Price o #? $36.00
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SilverTL™ Telecentric Lenses

X.
O:¢
1 59
(o)
LL
® X
Primary Magnification: 0.30X
Maximum Camera Sensor Format: "
Field of View, 12" Sensor: 21.3mm
Field of View, 5" Sensor: 16mm
Working Distance (+3mm): 139mm
Depth of Field (20 Ip/mm, £/10): +5.7mm @ 20%
Aperture (f/#): f/6 - Closed
Numerical Aperture NA, Object Side: 0.025
Resolution, Image Space MTF @ £/10: 40 lp/mm @ >40%
Typical Telecentricity @ 583nm: <0.025°
Typical Distortion @ 588nm: <0.015%
Coating: 425 - 675nm BBAR
Number of Elements (Groups): 7(6)
Lens Mount: C-Mount
Weight: 350g
Stock No. / Price #58-428 $995.00
#89-829 $160.00
#89-789 $175.00
#89-769 $175.00
UV /Protective Filter / Price #89-799 $160.00

Linear Polarizing Filter / Price #52-558 $35.00
Call For OEM Quantity Pricing

X .
£
OE¢
¢ o
m
0
o
Primary Magnification: 0.40X
Maximum Camera Sensor Format: Yi.8"
Field of View, 12" Sensor: 16mm
Field of View, 145" Sensor: 12mm
Working Distance (+3mm): 103mm
Depth of Field (20 Ip/mm, f/10): +3.0mm @ 20%
Aperture (f/#): f/6 - Closed
Numerical Aperture NA, Object Side: 0.033
Resolution, Image Space MTF @ £/10: 40 Ip/mm @ >40%
Typical Telecentricity @ 588nm: <0.015°
Typical Distortion @ 588nm: <0.020%
Coating: 425 - 675nm BBAR
Number of Elements (Groups): 4(7)
Lens Mount: C-Mount
Weight: 290g
Stock No. / Price #56-677 $975.00
#89-829 $160.00
#89-789 $175.00
#89-769 $175.00
UV /Protective Filter / Price #89-799 $160.00
Linear Polarizing Filter / Price #52-558 $35.00

Call For OEM Quantity Pricing

94 800-363-1992 - EDMUND OPTICS®
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MTF: £/6.0, #58-428
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Working Distance Shift (mm) Curve Guide see page 12




SilverTL™ Telecentric Lenses

MTF: £/6.0, #63-074
100 l
90
80
70
= 60
‘.; 50 F— === 15 4.50mm
z 40 =275 3.00mm
20 222 75.0.00mm
2 = Diff. Limit
10 Pixel Size: 10, . Sum .
0
0.0 750 150.0
Spatial Frequency in Cycles per mm
DOF: 20 Ip/mm, £/6.0, #63-074
90 [~ ==T50.00mm 7
80 =TS 3.00mm
70 | == T154.50mm
e
=
z 30
)
30
20 2:3tmm
10 ke g
0
20 0.0 20
Working Distance Shift (mm)
oring Distnce it {mm Curve Guide see page 12
MTF: £/6.0, #56-678
100 l
90
8 N
70 \\ IS
) ~-
S e tsastmm | N el %\‘
£ b |==T5300mm | i P %Q\\
» 22275 0.00mm || \\‘ ------ \\
20 — Dif. Limit D S R
10 Pixel Size: | 10 Spm
0
0.0 750 150.0
Spatial Frequency in Cycles per mm
DOF: 20 Ip/mm, £/6.0, #56-678
100 —
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« vars \\\
=) / 7 // \ N
£ LA AN
i/ AR
2 // 1.5 {mm \\
1%z &
0
-1.0 0.0 1.0
Working Distance Shift (mm) Curve Guide see page 12

x~ c
- o
7 1
o
3 O
Q
~ X
Primary Magnification: 0.50X
Maximum Camera Sensor Format: V18"
Field of View, 72" Sensor: 12.8mm
Field of View, 145" Sensor: 9.6mm
Working Distance (+3mm): 120mm
Depth of Field (20 Ip/mm, f/10): +2.1mm @ 20%
Aperture (f/#): £/6 - Closed
Numerical Aperture NA, Object Side: 0.041
Resolution, Image Space MTF @ £/10: 40 lp/mm @ >40%
Typical Telecentricity @ 588nm: <0.012°
Typical Distortion @ 588nm: <0.200%
Coating: 425 - 675nm BBAR
Number of Elements (Groups): 6(5)
Lens Mount: C-Mount
Weight: 300g
Standard Stock No. / Price #63-074 $895.00
In-Line Stock No. / Price #38-344 $1,695.00
#58-642 $47.50
#58-643 $47.50
#58-644 $47.50
UV /Protective Filter / Price #54-039 $30.00
Linear Polarizing Filter / Price #52-556 $33.00

Call For OEM Quantity Pricing

=~ c
o ([
7 ON
o
3 O
o
= X
Primary Magnification: 0.60X
Maximum Camera Sensor Format: Yig"
Field of View, 12" Sensor: 10.7mm
Field of View, 5" Sensor: 8mm
Working Distance (+3mm): 103mm
Depth of Field (20 Ip/mm, f/10): +1.4mm @ 20%
Aperture (f/#): f/6 - Closed
Numerical Aperture NA, Obiject Side: 0.05
Resolution, Image Space MTF @ £/10: 40 lp/mm @ >40%
Typical Telecentricity @ 588nm: <0.007°
Typical Distortion @ 588nm: <0.035%
Coating: 425 - 675nm BBAR
Number of Elements (Groups): 7(4)
Lens Mount: (-Mount
Weight: 250g
Stock No. / Price #56-678 $975.00
#89-828 $155.00
#39-788 $170.00
#39-768 $170.00
UV /Protective Filter / Price #39-798 $155.00

Linear Polarizing Filter / Price #53-999 $35.00
Call For OEM Quantity Pricing
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SilverTL™ Telecentric Lenses

MTF: £/6.0, #67-731
- 100
© 90
LN .
5 70
h L 2 ®
= S 0 b—|==T550m i
® Q™ 5 qof—{==Ts400mm
30— == T50.00mm
o L =i tmi
10 Pixel Size: 10, . 5um5
Primary Magnification: 0.75X 0 '
Maximum Camera Sensor Format: 2" 0.0 750 150.0
Fie:: o: View, 2" Sensor: 8.5mm Spatial Frequency in Cycles per mm
Field of View, 15" Sensor: 6.4mm
Working Distance (+3mm): 100mm
Depth of Field (20 Ip/mm, £/10): +0.8mm @ 20% DOF: 20 Ip/mm, /6.0, #67-731
Aperture (f/#): /6 - Closed 100
Numerical Aperture NA, Object Side: 0.062 : .
Resolution, Image Space MTF @ £/10: 40 lp/mm @ >40% 90 | == 15 0.00mm s
Typical Telecentricity @ 588nm: <0.080° 80 [~ ==T54.00mm =
Typical Distortion @ 588nm: <0.080% 70 | =15 5.50mm =
Coating: 425 - 675nm BBAR P o
Number of Elements (Groups): 6(4) = =
Lens Mount: C-Mount g 0
Weight: 250g )
Standard Stock No. / Price #67-731 $895.00 20 A
In-Line Stock No. / Price #38-346 $1,695.00 L
#89-825 $125.00 0 ;
#9785 $135.00 10
#89-765 $135.00 o e s st
UV /Protective Filter / Price #89-795 $125.00 10 00 10
Linear Polarizing Filter / Price o #‘.1 $31.00 Working Distance Shit (mm) Corve Guidesee page 12
MTF: £/6.0, #58-430
i 100
© 90 ~
£ 80
O; N
LL _ 60 ' BN ~<
o = 5.;' 0 | = Ts530mm |- SINSI N~
F &~ 5 aof—{==TS400mm .§‘~:-\~\‘\
30 =15 000mm f ¢ \Q\
2 — Diff. Limit | : S \
10 Pikel Size: 10, ms Sym
Primary Magpification: 1.0X 0 :
Maximum Camera Sensor Format: %" 0.0 750 1500
Field of View, 14" Sensor: 6.4mm Spatial Frequency in Cycles per mm
Field of View, 14" Sensor: 4.8mm
Working Distance (+3mm): 83mm .
Depth of Field (20 Ip/mm, £/10): +0.5mm @ 20% DOF: 20 lp/mm, /6.0, #58-430
Aperture (f/#): f/6 - Closed 100 : :
Numerical Aperture NA, Obiject Side: 0.082 90 == 15 0.00mm
Resolution, Image Space MTF @ £/10: 40 Ip/mm @ >40% e 76 4. 00mm y, 75
Typical Telecentricity @ 588nm: <0.045° 80 e / lé’ NS
Typical Distortion @ 583nm: <0.060% 70 (=15 530mm l/i \
Coating: 425 - 675nm BBAR 6 /f
Number of Elements (Groups): 6(5) § 50 // \
Lens Mount: (-Mount £ 0 / ﬂ \
Weight: 190g S NE \
Stock No. / Price #58-430 $975.00 3 V/’,
#58-642 $47.50 20 / % 057 mm N
#58-643 $47.50 10 SR AR
#58-644 $47.50 0 /
UV/Protective Filter / Price #54-039 $30.00 050 0.00 050
Linear Polarizing Filter / Price R #52-556 $33.00 Working Distance Shift(mm) Curve Guide see page 12
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SilverTL™ Telecentric Lenses

Contrast (%)

Contrast (%)

MTF: £/6.0, #58-431
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97

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 12" Sensor:

Field of View, 5" Sensor:

Working Distance (+3mm):

Depth of Field (20 Ip/mm, f/10):
Aperture (f/#):

Numerical Aperture NA, Obiject Side:
Resolution, Image Space MTF @ £/10:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):

Lens Mount:

Weight:

Standard Stock No. / Price

In-Line Stock No. / Price

UV /Protective Filter / Price
Linear Polarizing Filter / Price

N
ne
2 0O
=
% X
=
2.0X
2
3.2mm
2.4mm
75mm
+0.13mm @ 20%
/6 - Closed
0.164
40 lp/mm @ >40%
<0.075°
<0.040%
425 - 675nm BBAR
7(6)
C-Mount
3509
#58-431 $995.00
#88-348 $1,895.00
#89-829 $160.00
#89-789 $175.00
#89-769 $175.00
#89-799 $160.00
#52-558 $35.00

Call For OEM Quantity Pricing

Primary Magnification:

Maximum Camera Sensor Format:
Field of View, 12" Sensor:

Field of View, 14" Sensor:

Working Distance (+3mm):

Depth of Field (20 Ip/mm, f/10):
Aperture (f/#):

Numerical Aperture NA, Obiject Side:
Resolution, Image Space MTF @ £/10:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Coating:

Number of Elements (Groups):

Lens Mount:

Weight:

Stock No. / Price

UV/Protective Filter / Price
Linear Polarizing Filter / Price

N
2 o
e
{O
=
% XX
=
4.0X
2
1.6mm
1.2mm
44mm
+0.03mm @ 20%
/6 - Closed
0.32
40 lp/mm @ >40%
<0.050°
<0.060%
425 - 675nm BBAR
8(7)
C-Mount
850
#58-432 $1,250.00
#54-765 $47.50
#54-771 $47.50
#54-777 $47.50
#54-046 $33.00
#36-443 $39.00

Call For OEM Quantity Pricing
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TECHSPEC®

Volume pricing and customization
available. An EO-designed and
manufactured family.

Working Primary Maximum Length (mm)
™ Distance (mm) Magnification ~ Diameter (mm)  Standard Model  In-Line Model

) 40 X 18 50 535

DOWNLOAD 40 x 18 37 40

DATASHEETS 40 K} 18 48 523

— 40 4X 18 47.1 503

65 0.5X 32 86.7 90

65 0.8X 2 86.5 89.9

65 1X 18 76.1 79.5

BT ) ) 65 2 18 76.5 79.9

<16.3mm-] | Accepts 0312/ or 0.187 65 3 18 763 794

[ with Inluded Adapter 65 ™ 18 8l 844
Intg oty :o: B 65 X 18 161 195
~ 65 8X 18 100 1037

f 110 0.5X 40 166.6 170
Mo %000 110 075X 9.5 1562 160
Diameter 110 1X 22 106.6 110
l_ 110 pA 18 126.6 130
i 110 B4 18 100 1036
Length | 220 X 36 162.5 164.7
300 1X 36 174.5 1713
300 pA 31 198.9 202.3

TECHSPEC® COMPACT TELECENTRIC LENS ACCESSORIES

Type Compatible Diameter Telecentric Note Stock No. Price 1-5 61010 1+
M25.5 x 0.5 Filter Adapter 18mm — #88-212 $29.50 $25.00
M25.5 x 0.5 Filter Adapter 22mm — #88-213 $29.50 $25.00 g
Right Angle Adapter 18mm 21.2mm Distance from Input to Output #88-215 $120.00 $102.00
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CompactTL™ Telecentric Lenses

dM wuwgy
dM wwiot

Primary Magnification: X Primary Magnification: 2X

Working Distance (+1mm): 40mm Working Distance (+1mm): 40mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 8.8mm Field of View, 25" Sensor: 4.4mm

Field of View, 142" Sensor: 6.4mm Field of View, 14" Sensor: 3.2mm

Field of View, 5" Sensor: 4.8mm Field of View, 5" Sensor: 2.4mm

Depth of Field (20% @ 20 Ip/mm): +0.5mm Depth of Field (20% @ 20 Ip/mm): +0.17mm

Aperture (f/#): f/m Aperture (f/#): /143

Numerical Aperture NA, Object Side: 0.045 Numerical Aperture NA, Object Side: 0.069

Typical Telecentricity @ 588nm: <0.035° Typical Telecentricity @ 588nm: <0.090°

Typical Distortion @ 588nm: <0.002% Typical Distortion @ 588nm: <0.140%

Number of Elements (Groups): 5(4) Number of Elements (Groups): 5(3)

Coating: 1/4 MgF, @ 550nm Coating: 1/4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): 31g Weight (Standard Model): 30g

Standard Stock No. / Price #63-745 $525.00 Standard Stock No. / Price #63-746 $550.00
In-Line Stock No. / Price #67-319 $925.00 In-Line Stock No. / Price #67-320 $950.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing

dM wwgy
dM wwgy

Primary Magnification: 3X Primary Magnification: 4X

Working Distance (+1mm): 40mm Working Distance (+1mm): 40mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 2.9mm Field of View, 25" Sensor: 2.2mm

Field of View, 12" Sensor: 2.1mm Field of View, 12" Sensor: 1.6mm

Field of View, 14" Sensor: 1.6mm Field of View, 14" Sensor: 1.2mm

Depth of Field (20% @ 20 Ip/mm): +0.08mm Depth of Field (20% @ 20 Ip/mm): +0.05mm

Aperture (f/#): f/16 Aperture (f/#): f/20

Numerical Aperture NA, Object Side: 0.093 Numerical Aperture NA, Object Side: 0.099

Typical Telecentricity @ 588nm: <0.075° Typical Telecentricity @ 588nm: <0.065°

Typical Distortion @ 588nm: <0.200% Typical Distortion @ 588nm: <0.180%

Number of Elements (Groups): 5(3) Number of Elements (Groups): 5(3)

Coating: 1/4 MgF, @ 550nm Coating: 1/4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): 3 Weight (Standard Model): 60g

Standard Stock No. / Price #63-747 $575.00 Standard Stock No. / Price #63-748 $595.00
In-Line Stock No. / Price #67-321 $975.00 In-Line Stock No. / Price #67-322 $995.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing
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CompactTL™ Telecentric Lenses

0.5X
0.8X

Primary Magnification: 0.5X Primary Magnification: 0.8X

Working Distance (+1mm): 65mm Working Distance (+1mm): 65mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 17.6mm Field of View, 25" Sensor: 11mm

Field of View, 2" Sensor: 12.8mm Field of View, 2" Sensor: 8mm

Field of View, 5" Sensor: 9.6mm Field of View, 5" Sensor: 6mm

Depth of Field (20% @ 20 Ip/mm): +1.85mm Depth of Field (20% @ 20 Ip/mm): +1.2mm

Aperture (f/#): /9 Aperture (f/#): /149

Numerical Aperture NA, Object Side: 0.028 Numerical Aperture NA, Object Side: 0.027

Typical Telecentricity @ 588nm: <0.035° Typical Telecentricity @ 588nm: <0.065°

Typical Distortion @ 588nm: <0.025% Typical Distortion @ 588nm: <0.004%

Number of Elements (Groups): 5(3) Number of Elements (Groups): 4(3)

Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): T4g Weight (Standard Model): 429

Standard Stock No. / Price #63-741 $625.00 Standard Stock No. / Price #63-742 $625.00
In-Line Stock No. / Price #67-310 $995.00 In-Line Stock No. / Price #671-311 $995.00

Call For OEM Quantity Pricing

Call For OEM Quantity Pricing

65mm WD
65mm WD

Primary Magnification: X Primary Magnification: 2X

Working Distance (+1mm): 65mm Working Distance (+1mm): 65mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 8.8mm Field of View, 25" Sensor: 4.4mm

Field of View, 2" Sensor: 6.4mm Field of View, 2" Sensor: 3.2mm

Field of View, 5" Sensor: 4.8mm Field of View, 5" Sensor: 2.4mm

Depth of Field (20% @ 20 Ip/mm): +0.9mm Depth of Field (20% @ 20 Ip/mm): +0.23mm

Aperture (f/#): f/18.6 Aperture (f/4#): /173

Numerical Aperture NA, Obiject Side: 0.027 Numerical Aperture NA, Obiject Side: 0.058

Typical Telecentricity @ 588nm: <0.035° Typical Telecentricity @ 588nm: <0.100°

Typical Distortion @ 588nm: <0.050% Typical Distortion @ 588nm: <0.065%

Number of Elements (Groups): 4(4) Number of Elements (Groups): 5(4)

Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): 459 Weight (Standard Model): 459

Standard Stock No. / Price #63-733 $525.00 Standard Stock No. / Price #63-734 $550.00
In-Line Stock No. / Price #67-312 $925.00 In-Line Stock No. / Price #67-313 $950.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing
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Primary Magnification:

Working Distance (+1mm):
Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 2" Sensor:

Field of View, 5" Sensor:

Depth of Field (20% @ 20 Ip/mm):
Aperture (f/#):

Numerical Aperture NA, Object Side:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight (Standard Model):

Standard Stock No. / Price

In-Line Stock No. / Price

CompactTL™ Telecentric Lenses

dM wuwg9

3X
65mm
2%
2.9mm
2.1mm
1.6mm
+0.12mm
f/n.9
0.068
<0.075°
<0.080%
5(3)
/4 MgF, @ 550nm
C-Mount
459
#63-735 $575.00
#67-314 $975.00

Call For OEM Quantity Pricing

Primary Magnification:

Working Distance (+1mm):
Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 2" Sensor:

Field of View, 5" Sensor:

Depth of Field (20% @ 20 Ip/mm):
Aperture (f/#):

Numerical Aperture NA, Obiject Side:
Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight (Standard Model):

Standard Stock No. / Price

In-Line Stock No. / Price

Call For OEM Quantity Pricing

dM wuwg9

6X
65mm
2
1.5mm
1.1mm
0.8mm
+0.05mm
/35
0.085
<0.075°
<0.025%
5(3)
/4 MgF, @ 550nm
C-Mount
60g
#63-743 $625.00
#67-316 $995.00

Primary Magnification:

Working Distance (+1mm):
Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 2" Sensor:

Field of View, 5" Sensor:

Depth of Field (20% @ 20 Ip/mm):

Aperture (f/#):

Numerical Aperture NA, Object Side:

Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight (Standard Model):
Standard Stock No. / Price
In-Line Stock No. / Price

dM wwg9

4X
65mm
2
2.2mm
1.6mm
1.2mm
+0.09mm
f/m
0.074
<0.016°
<0.007%
5(3)
/4 MgF, @ 550nm
C-Mount
509

#63-736 $595.00
#67-315 $995.00

Call For OEM Quantity Pricing

Primary Magnification:

Working Distance (+1mm):
Maximum Camera Sensor Format:
Field of View, 25" Sensor:

Field of View, 2" Sensor:

Field of View, 5" Sensor:

Depth of Field (20% @ 20 Ip/mm):

Aperture (f/4#):

Numerical Aperture NA, Obiject Side:

Typical Telecentricity @ 588nm:
Typical Distortion @ 588nm:
Number of Elements (Groups):
Coating:

Lens Mount:

Weight (Standard Model):
Standard Stock No. / Price
In-Line Stock No. / Price

dM wuwg9

8X
65mm
2%
1.1mm
0.8mm
0.6mm
+0.03mm
f/45
0.088
<0.065°
<0.160%
6(4)
/4 MgF, @ 550nm
C-Mount
42

#63-744 $675.00
#67-317 $1,050.00

Call For OEM Quantity Pricing
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CompactTL™ Telecentric Lenses

X
LN

o

110mm WD

0.75X

Primary Magnification: 0.5X Primary Magnification: 0.75X
Working Distance (+1mm): 110mm Working Distance (+1mm): 110mm
Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 17.6mm Field of View, 25" Sensor: 11.7mm
Field of View, 2" Sensor: 12.8mm Field of View, 2" Sensor: 8.5mm
Field of View, 5" Sensor: 9.6mm Field of View, 5" Sensor: 6.4mm
Depth of Field (20% @ 20 Ip/mm): +1.9mm Depth of Field (20% @ 20 Ip/mm): +1.2mm
Aperture (f/#): /9.3 Aperture (f/#): /13.3
Numerical Aperture NA, Object Side: 0.027 Numerical Aperture NA, Object Side: 0.028
Typical Telecentricity @ 588nm: <0.250° Typical Telecentricity @ 588nm: <0.100°
Typical Distortion @ 588nm: <0.050% Typical Distortion @ 588nm: <0.020%
Number of Elements (Groups): 4(4) Number of Elements (Groups): 4(4)
Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm
Lens Mount: C-Mount Lens Mount: C-Mount
Weight (Standard Model): 182g Weight (Standard Model): 104g
Standard Stock No. / Price #63-729 $625.00 Standard Stock No. / Price #63-730 $625.00
In-Line Stock No. / Price #67-303 $995.00 In-Line Stock No. / Price #67-304 $995.00
Call For OEM Quantity Pricing Call For OEM Quantity Pricing
S S
X = X %
€ €
‘ o N o
T T
T T
Primary Magnification: X Primary Magnification: 2X
Working Distance (+1mm): 110mm Working Distance (+1mm): 110mm
Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 8.8mm Field of View, 25" Sensor: 4.4mm
Field of View, 2" Sensor: 6.4mm Field of View, 2" Sensor: 3.2mm
Field of View, 5" Sensor: 4.8mm Field of View, 5" Sensor: 2.4mm
Depth of Field (20% @ 20 Ip/mm): +1.2mm Depth of Field (20% @ 20 Ip/mm): +0.49mm
Aperture (f/#): /209 Aperture (f/4#): f/33
Numerical Aperture NA, Obiject Side: 0.024 Numerical Aperture NA, Obiject Side: 0.03
Typical Telecentricity @ 588nm: <0.090° Typical Telecentricity @ 588nm: <0.075°
Typical Distortion @ 588nm: <0.040% Typical Distortion @ 588nm: <0.045%
Number of Elements (Groups): 4(3) Number of Elements (Groups): 5(3)
Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm
Lens Mount: C-Mount Lens Mount: C-Mount
Weight (Standard Model): 559 Weight (Standard Model): 60g
Standard Stock No. / Price #63-731 $525.00 Standard Stock No. / Price #63-732 $575.00
In-Line Stock No. / Price #67-305 $925.00 In-Line Stock No. / Price #67-306 $975.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing
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CompactTL™ Telecentric Lenses

dM wwglLL
dM wwgee

Primary Magnification: 3X Primary Magnification: X

Working Distance (+1mm): 110mm Working Distance (+1mm): 220mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 2.9mm Field of View, 25" Sensor: 8.8mm

Field of View, 142" Sensor: 2.1mm Field of View, 14" Sensor: 6.4mm

Field of View, 5" Sensor: 1.6mm Field of View, 5" Sensor: 4.8mm

Depth of Field (20% @ 20 Ip/mm): +0.18mm Depth of Field (20% @ 20 Ip/mm): +0.6mm

Aperture (f/#): f/35 Aperture (f/#): f/m

Numerical Aperture NA, Object Side: 0.043 Numerical Aperture NA, Object Side: 0.044

Typical Telecentricity @ 588nm: <0.065° Typical Telecentricity @ 588nm: <0.03°

Typical Distortion @ 588nm: <0.160% Typical Distortion @ 588nm: <0.03%

Number of Elements (Groups): 5(3) Number of Elements (Groups): 5(4)

Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): 51g Weight (Standard Model): 1359

Standard Stock No. / Price #63-738 $625.00 Standard Stock No. / Price #33-096 $725.00
In-Line Stock No. / Price #67-307 $995.00 In-Line Stock No. / Price #33-110 $1,095.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing

dM wwQQg
dM wwQQg

Primary Magnification: 1X Primary Magnification: 2X

Working Distance (+1mm): 300mm Working Distance (+1mm): 300mm

Maximum Camera Sensor Format: %" Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 8.8mm Field of View, 25" Sensor: 4.4mm

Field of View, 12" Sensor: 6.4mm Field of View, 12" Sensor: 3.2mm

Field of View, 5" Sensor: 4.8mm Field of View, 5" Sensor: 2.4mm

Depth of Field (20% @ 20 Ip/mm): +0.75mm Depth of Field (20% @ 20 Ip/mm): +0.3mm

Aperture (f/#): /143 Aperture (f/#): f/28.5

Numerical Aperture NA, Object Side: 0.035 Numerical Aperture NA, Object Side: 0.035

Typical Telecentricity @ 588nm: <0.07° Typical Telecentricity @ 588nm: <0.06°

Typical Distortion @ 588nm: <0.02% Typical Distortion @ 588nm: <0.03%

Number of Elements (Groups): 5(4) Number of Elements (Groups): 5(4)

Coating: /4 MgF, @ 550nm Coating: /4 MgF, @ 550nm

Lens Mount: C-Mount Lens Mount: C-Mount

Weight (Standard Model): 1409 Weight (Standard Model): 1209

Standard Stock No. / Price #33-100 $725.00 Standard Stock No. / Price #33-101 $725.00
In-Line Stock No. / Price #33-114 $1,095.00 In-Line Stock No. / Price #33-115 $1,095.00

Call For OEM Quantity Pricing Call For OEM Quantity Pricing
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TECHSPEC®

DOWNLOAD
DATASHEETS

Volume pricing and customization
available. An EO-designed and
manufactured family.

TECHSPEC® PlatinumTL™ TELECENTRIC LENS DIMENSIONS

Magnification: 0.28X, Large Format 0.5X, Large Format 0.9X, Large Format

Mount: C-Mount F-Mount M42x1.0 M42x1.0 C-Mount F-Mount M42x1.0 M42x1.0 C-Mount F-Mount M42x1.0 M42x1.0

Stock No. #62-921 #62-922 #62-923 #62-924 #62-911 #62-912 #62-913 #62-914 #62-901 #62-902 #62-903 #62-904

Length (A) (mm): 197.5 167.6 208.5 195.5 172.9 143 184 1711 199.8 170.8 2107 197.8

Front Diameter (B) (mm): 138.6 138.6 138.6 138.6 90 90 90 90 65 65 65 65

Back Diameter (C) (mm): 50 55 50 50 50 55 50 50 53 55 53 53

Filter Thread: MI32x075 MI132x075 MI32x0.75 MI32x075 MB6x1.0  M86x10  M86x1.0  MB6x1.0  M62x075 M62x075 M62x0.75  M62x0.75

Mounting Clamp: #63-440 #63-440 #63-440 #63-440 #63-441 #63-441 #63-441 #63-441 #56-025 #56-025 #56-025 #56-025

Mounting Clamp Price: $350.00 $350.00 $350.00 $350.00 $295.00 $295.00 $295.00 $295.00 $195.00 $195.00 $195.00 $195.00
TECHSPEC® PlatinumTL™ Telecentric Lenses

Magnification: 0.28X, 25"  0.5X, 24" 1.7X,25" 0.367X,1" 0.55X, 1"

Mount: C-Mount C-Mount C-Mount C-Mount C-Mount .

Stock No. #62-933 #62-932 #63-232 #88-602 #38-603 ( —

Length (A) (mm): 203.8 174.9 189.5 163.5 182.5 — B

Front Diameter (B) (mm): 60.5 50 60 70 62 —

Back Diameter (C) (mm): 335 335 46 43.5 43.5 p—

Filter Thread: M58x0.75 M46x075 M58x0.75 M67x0.75 M58x0.75

Mounting Clamp: #63-442 #63-442 #63-233 #89-721 #89-721 | A

Mounting Clamp Price: $295.00 $295.00 $195.00 $175.00 $175.00
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PlatinumTL™ Telecentric Lenses

Primary Magnification: 0.28X, 75"
Maximum Camera Sensor Format: 25"
Field of View, 25" Sensor: 31.8mm
Field of View, 12" Sensor: 23.1mm
Working Distance: 180mm
T £/6.0, #62-933 Depth of Field (20 Ip/mm, /10): +6.9mm @ 20%
‘:g Aperture (f/#): f/6-1/22 O
© Numerical Aperture NA, Object Side: 0.023 m\'\’ PY
" I~ Resolution (@72 Ip/mm, Full Field): >40% =
) = Typical Telecentricity @ 588nm: <0.030° L N
< b= 15550mm ; P — . (o]
R ~ Typical Distortion @ 588nm: <0.006%
= 0] =275 4.00mm o -
7 b |00 Coating: 425 - 675nm BBAR 3 m
|| =it Number of Elements (Groups): 10(7) Q
1o b Helsie:| 10 5um Weight: <400g ~
ok [ ] - h C-Mount (17.5mm Flange) / Price  #62-933  $1,995.00 x
. Spatial Frequency lin Cycles per mm . #3465 $47.50
#54-T71 $47.50
#54-T71 $47.50
UV Protective Filter / Price #54-046 $33.00
Linear Polarizing Filter / Price #36-443 $39.00
Corve Guidesee page 12
Primary Magnification: 0.28X, Large Format
Maximum Camera Sensor Format: 28.7mm*
Field of View, 28.7mm Sensor: 103.6mm
Field of View, 45" Sensor: 65.3mm
Field of View, 25" Sensor: 31.8mm
ITF: /6.0, #62-622 Working Distance: 182mm N
" Depth of Field (20 Ip/mm, £/10): +6.9mm @ 20% o °
- Aperture (f/#): f/6-1/22 d
:z NGO Numerical Aperture NA, Object Side: 0.023 3 °
_ ol Resolution (@72 Ip/mm, Full Feld): S40% 3 N
% o] :Eggg:: ' Typical Telecentricity @ 588nm: <0.035°
& ';z I w% Typical Distortion @ 588nm: <0.012% 31 m
o0 || = Dif. Limit Coating: 425 - 675nm BBAR =
1o b ikl 10fn sum Number of Elements (Groups): 10(7) 3
it [ [ ] L 4 Weight: <81 o x
' ol Fm“emy'i" yes por ' C-Mount (17.5mm Flange)* / Price ~ #62-921  $4,995.00 =r
F-Mount (46.5mm Flange) / Price #62-922  $4,995.00
M42 x 1.0 (19.53mm Flange) / Price  #62-924  $4,995.00
M42 x 1.0 (6.56mm Flange) / Price  #62-923  $4,995.00
(urve Guide see page 12 *(-Mount Version is 1" Max Format
Primary Magnification: 0.367X, 1"
Maximum Camera Sensor Format: 1"
Field of View, 1" Sensor (mm): 34.9mm
Field of View, 25" Sensor: 24mm
MTF: /6.0, #88-602 Working Distance: 169mm o
100 . o
0 ~ I Zepih of Field (20 Ip/mm, £/10): +2.3mm @ 20% N Y
W perture (f/#): f/6-1/16 -
70 A Numerical Aperture NA, Object Side: 0.017 'I'-I w
g = 15800mn = ™ Resolution (@72 Ip/mm, Full Field): >40% 0o
B 15 5.50mm R
5 22275 0.00mm - Typical Telecentricity @ 588nm: <0.035° - m
zz i Typical Distortion @ 588nm: <0.003% 3
o[ s | 1t - Coating; 425 - 675nm BBAR - “
o _ o Number of Elements (Groups): 10(7) x
Spatial Frequency in Cycles per mm Weight: 660[]
C-Mount (17.5mm Flange) / Price #38-602  S$1,995.00
UV Protective Filter / Price #46-578 $41.00
Linear Polarizing Filter / Price #64-900 $43.00
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PlatinumTL™ Telecentric Lenses

Primary Magnification: 0.5X, %"
Maximum Camera Sensor Format: 24"
Field of View, 24" Sensor: 17.7mm
Field of View, 72" Sensor: 12.9mm
Working Distance: 173mm
Depth of Field (20 Ip/mm, £/10): +2.1mm @ 20% MIF: £/6.0, #62-932
Aperture (f/#): f/6-1/22 100
&= Numerical Aperture NA, Object Side: 0.041 ;z >
c Resolution (@72 Ip/mm, Full Field): SA0% . N
E Typical Telecentricity @ 588nm: <0.050° - 0
m (o) Typical Distortion @ 588nm: <0.006% T 0 —E i-;z"""
o L Coating: 425 - 675nm BBAR S I
= Number of Elements (Groups): 10(7) zz [ | = it
o PN Weight: 4309 1o b psize: |10
C-Mount (17.5mm Flange) / Price #62-932  $1,495.00 a L - =
#54-161 $47.50 Spatial Frequency in Cycles per mm
#54-768 $47.50
#46-571 $47.50
UV Protective Filter / Price #54-041 $31.00
Linear Polarizing Filter / Price #36-439 $36.00
e s e 12
Primary Magnification: 0.5X, Large Format
Maximum Camera Sensor Format: 28.7mm*
Field of View, 28.7mm Sensor: 57.75mm
Field of View, 45" Sensor: 36.42mm
Field of View, 25" Sensor: 17.7mm
- Working Distance: 175mm MTF: £/6.0, #62-912
© Depth of Field (20 Ip/mm, f/10): +2.05mm @ 20% 10
E Aperture (f/#): 1/6-1/22 90 N
j Numerical Aperture NA, Object Side: 0.041 [ R
(o] Resolution (@72 Ip/mm, Full Field): >45% 7 N
LL Typical Telecentricity @ 588nm: <0.055° o Q| 14 dmm P t‘ ~
E Typical Distortion @ 588nm: <0.020% - E izg:: i SN
® Coating: 425 - 675nm BBAR St I s g |
E Number of Elements (Groups): 10(7) 22 [ | — o i k.
c N Weight: <1070g o T
d C-Mount (17.5mm Flange)* / Price #62-911  $2,295.00 0
o F-Mount (46.5mm Flange) / Price #62-912  $2,795.00 00 750 1500
M42 x 1.0 (19.53mm Flange) / Price  #62-914  $2,795.00 Spatal Frequency in Cydes per mm
M42 x 1.0 (6.56mm Flange) / Price  #62-913  $2,795.00
UV Protective Filter / Price #64-895 $95.00
Linear Polarizing Filter / Price #64-902  $120.00
—
*(-Mount Version is 1" Max Format
Primary Magnification: 0.55X, 1"
Maximum Camera Sensor Format: 1"
Field of View, 1" Sensor (mm): 23.3mm
Field of View, 25" Sensor: 16mm
Working Distance: 150mm
Depth of Field (20 Ip/mm, f/10): +2.6mm @ 20% MTE: /6.0, #88-603
Aperture (f/#): f/6-/16 10
x - Numerical Aperture NA, Object Side: 0.018 % — |
© Resolution (@72 Ip/mm, Full Field): >40% %
m E Typical Telecentricity @ 588nm: <0.030° 70 p
- Typical Distortion @ 588nm: <0.007% = == 158.00mm o] N
(o] Coating: 425 - 675nm BBAR E 0= 15550mm - ~
m LL Number of Elements (Groups): 10(7) B A0 F|eaTS000mm [
_ Weight: 6509 30 [ — oif. Limit
o C-Mount (17.5mm Flange) #88-603  $1,995.00 fg e | o o
o #54765  $41.50 )
#54-171 $47.50 00 750 1500
UV Protective Filter / Price #54-046 $33.00 Spatal Fequencyin yces per mm
Linear Polarizing Filter / Price #36-443  $39.00
IR Cut-off Filter (KG-3) / Price #54-747 $185.00
UV/IR-Cut Filter / Price #54-751  $205.00
UV /VIS-Cut Filter (R-72) / Price #54-754 $87.50
Corve G e page 12
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PlatinumTL™ Telecentric Lenses

Primary Magnification: 0.9X, Large Format
Maximum Camera Sensor Format: 28.7mm*
Field of View, 28.7mm Sensor: 31.9mm
Field of View, 45" Sensor: 20.1mm
Field of View, 25" Sensor: 9.8mm
Working Distance: 111mm
MTF: £/6.0, #62-901 Depth of Field (20 Ip/mm, £/10): +0.65mm @ 20% N
100 Aperture (f/#): f/6-1/22 )
0 Numerical Aperture NA, Object Side: 0.045 .
0 Resolution (@72 Ip/mm, Full Field): >40% J
0 - Typical Telecentricity @ 588nm: <0.070° 3
© Typical Distortion @ 588nm: <0.035% [ ]
g b [=Tss0mm B> Coating: 425 - 675nm BBAR 3
E a0 {=2755 5mm R T~ Number of Elements (Groups): 10(7)
Y I SR Weight: <400 pL
oy I VT B 553 C-Mount (17.5mm Flange)* / Price ~ #62-901  $1,995.00 o
Pl Sz |10 sum F-Mount (46.5mm Flange) / Price #62-902  $2,295.00 -
0 M42 x 1.0 (19.53mm Flange) / Price #2904  $2,295.00 3
% 750 1500 M42 x 1.0 (6.56mm Flange) / Price  #62-903  $2,295.00 ()
Spatial Frequency in Cycles per mm #89-832 525500 EF
#89-792  $285.00
#89-772  $285.00
UV Protective Filter / Price #89-802  $255.00
Linear Polarizing Filter / Price #36-444 $39.00
Corve Guide see page 12 *(-Mount Version is 1" Max Format
Primary Magnification: 1.7X, 5"
Maximum Camera Sensor Format: %"
Field of View, 25" Sensor: 5.2mm
Field of View, 12" Sensor: 3.8mm
Working Distance: 123mm
WIF: /6.0, #63-232 Depth of Field (20 Ip/mm, /10): +0.18mm @ 20%
100
Aperture (f/#): f/6-1/22
:2 Numerical Aperture NA, Object Side: 0.083 co\N A
n ; Resolution (@72 Ip/mm, Full Field): >25% = °
L0 TN < Typical Telecentricity @ 588nm: <0.080° g‘
b= L f===T55.50mm i3y D . o . "
i NGRS Typcal Distortion @ 88 0.020% o q
R i~ Coating: 425 - 675nm BBAR 3
20 =D it Tl Number of Elements (Groups): 10(7) Q
1o b Pelsi:] 10 Sum Weight: <700g =+
0 ) C-Mount (17.5mm Flange) / Price #63-232  $1,995.00
00 750 1500
Spatial Frequency in Cycles per mm #54-765 54750
#54-T71 $47.50
#54-T71 $47.50
UV Protective Filter / Price #54-046 $33.00
) Linear Polarizing Filter / Price #36-443 $39.00
Curve Guide see page 12 Call For OEM Quantit

VIDEO RESOURCES

Join our imaging expert and Director of Machine Vision So-
lutions, Gregory Hollows, in the EO Imaging Lab as he re-
views with you the most important concepts to know when
designing or implementing a machine vision system.

TECHNICAL SUPPORT

24 hours a day* | 5 days a week

To make sure you never have a question go unanswered, we
provide global technical support by telephone, e-mail, and
chat. Our expert technical staff of engineers is available to

« Over 2 Hours of Instruction answer your most challenging product and application ques-

» Best Practices and Design Considerations

WWW.EDMUNDOPTICS.COM/IMAGING-LAB

tions. *Sunday, 8PM - Friday, 8PM, ET.

Contact us Today!
800.363.1992 or 856.547.3488
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TECHSPEC® VariMagTL""
Telecentric Lenses

¢ Telecentric and Non-Telecentric Designs
with Selectable Field of View

e Adjustable Iris for Depth of Field Control
* Fixed Versions Available

¢ C-Mount Compatible Design with
%" Sensor Coverage to Ease System
Integration

® Produce Low Distortion Images Ideal
for Inspection Applications and
Factory Automation

Note: Customized fixed versions are available to meet your
volume requirements. Please contact technical support to
discuss your specific requirements.

Volume pricing and customization
available. An EO-designed and
manufactured family.

0.15X - 0.5X Non-Telecentric Lens, #87-536 0.25X - 0.50X Telecentric Lens, #88-385
PMAG 0.15X 0.2X 0.3X ! 5 PMAG 0.25X 0.30X
WD (mm) 179.8 133.5 87.3 WD (mm) 145 1245
FOV (mm)* 58.7 44 29.3 | FOV (mm)* 352 29.3
0.5X - 1.0X Non-Telecentric Lens, #87-535 0.5X - 1.0X Telecentric Lens, #88-386
PMAG 0.5X 0.6X 0.7X 4 ! d PMAG 0.5X 0.6X
WD (mm) 100.1 87.4 783 . 1 . WD (mm) 115 106 102
FOV (mm)* 17.6 14.67 12.6 ) I FOV (mm)* 17.6 14.67 12.6
1.0X - 3.0X Telecentric Lens, #38-387
PMAG 1.0X 1.5X 2.0X

- WD (mm) 71.6 61 55.6
For Imaging Filters, see page 123 FOV (mm)* 88 587 44

Magnification: 0.15X - 0.5X Non-Telecentric
Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 58.7 - 17.6mm
Working Distance: 179.8 - 50.0mm
Resolution: 75 lp/mm @ >20%
Aperture (f/#): f/4-1/22

Typical Distortion @ 588nm: <0.1%

Filter Threading: M25.5x 0.5

Lens Mount: C-Mount

Max. Diameter: 32mm

Length: 59.5mm

Stock No. / Price #87-536 $850.00

Call For OEM Quantity Pricing
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VariMagTL™ Telecentric Lenses

Magnification: 0.5 - 1.0X Non-Telecentric

Maximum Camera Sensor Format: 2"

Field of View, 25" Sensor: 17.6 - 8.8mm

Working Distance: 100.1 - 61.5mm z
Resolution: 75 Ip/mm @ >20% o N
Aperture (f/4): t/a-t/2 S
Typical Distortion @ 588nm: <0.1% T~
Filter Threading: M25.5x 0.5 ‘L g‘
Lens Mount: (-Mount D =
Max. Diameter: 30mm n
Length: 56.11-75.45mm o g
Stock No. / Price #87-535 $850.00 ,?.. e~
0.5X Fixed Stock No. / Price #87-531 $750.00 =,
0.75X Fixed Stock No. / Price #87-532 $750.00 N

1.0X Fixed Stock No./ Price #87-533 $750.00

Call For OEM Quantity Pricing

Magnification: 0.25X - 0.5X Telecentric

Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 35.2-17.6mm

Working Distance: 145-100.1mm

Resolution: 75 lp/mm @ >20% 6' w\m
Aperture (f/#): /6 - Closed ‘T =
Typical Telecentricity @ 588nm: <0.1° N g‘
Typical Distortion @ 588nm: <0.1% D =
Filter Threading: M62x 0.75 3. 3
Lens Mount: (-Mount 29
Max. Diameter: 65mm n
Overall Length: 177.9mm

Stock No. / Price #88-385 $2,295.00

Call For OEM Quantity Pricing

X0'L-XS0  XS'0-XSc'0 XO'L-XSO0

Magnification: 0.5X - 1.0X Telecentric

Maximum Camera Sensor Format: %"

Field of View, 25" Sensor: 17.6 - 8.8mm

Working Distance: 115-100mm

Resolution: 75 Ip/mm @ >20% ‘;I (‘}N
Aperture (f/#): £/6 - Closed ‘T =
Typical Telecentricity @ 588nm: <0.1° N 31
Typical Distortion @ 588nm: <0.1% o -
Filter Threading: M40.5x 0.5 3. 3
Lens Mount: (-Mount 29
Max. Diameter: 50.8mm n
Overall Length: 175.48mm

Stock No. / Price #88-386 $1,495.00

Call For OEM Quantity Pricing

Magnification: 1.0X - 3.0X Telecentric

Maximum Camera Sensor Format: %" -
Field of View, 25" Sensor: 8.8-2.93mm °
Working Distance: 71.6 - 50.3mm

Resolution: 75 Ip/mm @ >20% o~ NN o
Aperture (f/#): /6 - Closed ‘L w2 x
Typical Telecentricity @ 588nm: <0.1° D -

Typical Distortion @ 588nm: <0.1% 8 (o) 1
Filter Threading: M30.5x0.5 5 =

Lens Mount: (-Mount q‘ 3 w
Max. Diameter: 48mm a' 'Q-)'. °
Overall Length: 90.1-153.7mm °
Stock No. / Price #88-387 $1,850.00 x

Replacement 2X - 3X Adapter #89-409 $45.00
Call For OEM Quantity Pricing
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TECHSPEC®

e Simultaneously Image Top
and Sides of an Object

e Can Be Used as Long Working
Distance Borescopes

¢ |deal for Component Inspection

TECHSPEC® Hypercentric Lenses provide a converging view
of an object, focusing on the top and surrounding sides si-
multaneously, and are used to eliminate the need for multiple
camera and imaging lens setups in machine vision inspection
or identification applications. TECHSPEC® Hypercentric Lens-
es are ideal for inspecting parts such as pharmaceutical vials,
batteries, or automotive parts. These imaging lenses provide a
conical-shaped working area, and are optimized for use with

Focus & Aperture Adjustment
(-Mount

Diameter 3

Convergence
Point (CP)

800-363-1992 - EDMUND OPTICS®

Hypercentric Lenses

monochromatic light. When 0.5 - 1.5mm spacers are positioned
between the lens and camera, TECHSPEC® Hypercentric Lens-
es can also be used as long working distance borescopes, si-
multaneously focusing on the internal walls and bottom surface
of an object. The borescope working distance is the area past
the convergence point (CP) of the standard working area. The
use of larger spacers increases the borescope focus distance.
Note: All specifications are defined at 660nm.

Sensor Format (Vertical)*

Convergence Point Distance (CPD):

T (Near Aperture):

B (Far Aperture):

Max. View Angle (MVA): 33° 33°

21.1mm 20.1mm 19.5mm

Max. Working Distance (WD):

Max. Depth of Field: 18mm T4mm 9.5mm
58.9 x 167mm 58.9 x 160mm 58.9 x 158mm
#86-586
$2,595.00

Dimensions (Dia. x L):
#86-585
$2,550.00

Stock No. #86-584
Price $2,495.00




Hypercentric Lenses

Hypercentric Lens Borescope Configuration

~—— Spacers For Focus

Hypercentric Lens External Viewing Configuration

Hypercentric Lens
Hypercentric Lens

. . ~— Ringlight Low Angle . .
______ Rin Light——
— Convergence Point "t

® |///~— Object (PD

-~ «—— (onvergence
Point

Interior Wall To Be Inspected
(ie. Inside of botles, MVA
pipes, bores, etc.)

Learn more at www.edmundoptics.com/hypercentric Images of dice using a Hypercentric Lens (left) and a Fixed Focal Length Lens (right).

Images of Pipe Using Hypercentric Lens in Borescope Mode (left) and a 25mm Fixed Focal Length Lens (right).
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Zoom Lenses

SPECIFICATIONS

Magnification Setting: 0.75X 1X 2X 3X 4X 4.5X

Magnification Range: 0.65X - 1.15X 0.9X-1.2X 1.5X- 2.0 24X - 3.0 3.2X- 4.0 37X-4.6X

Working Distance (mm): 20-101 20-100 54-90 75-90 82-90 84-90

Horiz. Field of View, 25" Sensor (mm): 135-77 98-7.3 59-44 37-29 28-22 24-19

Horiz. Field of View, 12" Sensor (mm): 98-5.6 7.1-53 43-32 27-27 20-1.6 17-14
DYNAMIC FOCUS VZM™ LENS ACCESSORIES

Maximum Sensor Format: %" A .

Primary Magnification: 0.65X - 4.6X LT L] bl fie

Parfocal Working Distance: 87 £3mm y q a

Filter Thread: WI25 %05 C-Mount Electrical Lens Driver #88-940 $280.00

Overall Length: 248mm )

Stock No. / Price #9999 $1,850.00 6-way Male/Female Hirose Cable, 1m #38-941 $85.00

0.75X at Far Focus 0.75X at Near Focus 3.0X at Far Focus 3.0X at Near Focus

TECHNICAL NOTE

LIQUID LENSES

Attaching a liquid lens to existing fixed focal lenses can be useful in applications that require a large depth of field. The liquid lens will allow you to electronically
focus throughout the focus range of the lens. Having the ability to focus both up close and out to infinity in milliseconds can be very useful in applications such
as package sorting, security, and barcode reading. Optotune Focus-Tunable Lenses feature large clear apertures of 10mm or 16mm and are offered in many
popular machine vision mounting options.

STEP 1: Select a Compatible Lens for Your Application (Recommended Examples Below)

8.5mm #58-000

12mm #58-001, #86-607 - #86-613

T6mm  #59-870, #85-348 - #85-354, #85-336

25mm #85-355 - #85-361, #85-337

35mm #35-362 - #85-368, #85-338

50mm #86-614 - #36-620 L rrrr 1 [ |

*Liquid Lens Clear Aperture
Vignetting: [ Minimal/None Moderate 7 Significant [ Not Recommended

STEP 2: Select the Necessary C-Mount Adapter
For #58-000, #58-001, #59-870 use adapter #33-428
For 12mm, 16mm, 25mm Gi Series Lenses use adapter #33-185
For 35mm Gi Series Lenses use adapter #33-186
For 50mm Gi Series Lenses use adapter #33-187

STEP 3: Attach Liquid Lens Components to the Front of the Lens

! Tuning Range (Diopters) = Male Thread
10mm -1.510 3.5 C-Mount #38-939

16mm 21043 (-Mount #33-494
Optotune Electrical Lens Driver #88-940
1m 6-Way Hirose Cable #88-941 For more information about

SanibEyIH KA =SIMs * - - #3.3:468 : Fixed Focal Length Lenses, see page 46-53
For more information, visit our website
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Zoom Lenses

VZM™ IMAGING LENSES

VZM™ Zoom Imaging Lenses enable
inspection of a wide range of objects
without the inconvenience of changing
working distances. In addition, the par-
focal zoom allows magnifications to be
easily changed without refocusing. Iris
versions (i-series) all have locking iris,
front filter thread, removable mounting
flange, and optional zoom lock.

VZM™ 200i
* 4:1 Zoom Ratio
VIW™ 450 * Removable Mounting Flange
Right Angle « Optional Zoom Lock Adapter
Motorized * Rotatable Mount for
olorize Camera Orientation
VIM™ 450
VZM™ 100i VIM™ 200i VZM™ 300 (300i)
Min. Max. Min. Max. Min. Max.
Primary Magnification: 0.25X 1X 0.5X 2.0X 0.75X 3X
Field of View (42" Sensor, Horizontal): 25.6mm 12.0mm 3.0mm 8.0mm 2.0mm
Resolution in Object Space (Ip/mm): 175 32 26 88 46.5(37.5) 105(111)
Resolution in Image Space (Ip/mm): 70 32 52 44 62 (50) 35(37)
Filter Thread (i Models Only): M22.5x 0.5 M22.5x 0.5 M22.5 x 0.5 (300i only)
Working Distance: 175mm + 3mm 90mm + 3mm 60mm +3mm (56mm + 3mm)
Weight: 270g 2329 386g (2329)
VIM™ Zoom Lens N/A — N/A — #39-708 $995.00
VIM™ i Zoom Lens #59-805 $995.00 #54-715 $995.00 #52-571 $995.00

Motorized VIM™ Zoom Lens N/A — #57-826 $2,495.00

ACCESSORIES vzm™ 100i VZM™ 2001
A ‘ 1517 LAIEC) A— 1517 1752
VIM™ Extender Lenses u T w un = | —
muE i i | mnl_ L o3
i Trond (mﬁlrﬁ)’ OTI Gt frrbitd G e
Modulation Transfer Function— 1X PMAG . .
Object Resolution (Ip/mm) Skt bt
mﬂ 00 % 0 5 60 70 & % 10 " 20 40 60 80 100 120 140 160 180 200
" 32lp/mm " 88 p/mm 1517 BF17.526
See website for specifications o ok o o 5
; -t ik o YT
VZM™ EXTENDER LENSES . s 2o ot ml_, g1
Extender Lenses Stock No.  Price : » Rl ThesdM25:05 |t 0277/:‘. it
0.75X for VZM™ 200i ~ #63-100  $190.00 w| 32p/mm ': R
0.5X for VZM™ 200i #4716 $125.00 IR Pomm bR @ .
0.5K for VIM™450 #5538  $95.00 Imag Resion /) et e Units: mm
0.5X for VZM™ 450i #54-670 $95.00
0.25X for VIM™ 450i  #54-669  $150.00
™G o Modulation Transfer Function—0.25X PMAG
r;{(nqus;:: s Zoom #31-831 §75.00 Object Resolution (Ip/mm)
5w 15w %
Mounted Filters (for VZM™i models) N 175 Ip/mm]
£
EEEEEEEL . EO logo displayed on a
Image Resalution (Ip/mm) mobile phone at 0.125X. FOV = 48mm

e T T VIM™200i w/ 0.25X extender

FILTERS (M22.5 x O.5)

NUV #9753 $120.00

Blue #9763 $120.00 See Website for

Cyan #89-773  $120.00 . )

Green #9783 $120.00 Additional Resolution

UV/IR Cot-Off  #89793  $115.00 .

Orange #9803 512000 & Depth of F'_eld Data

Light Red #9-813  S115.00 www.edmundoptics.com/vzm

Dark Red #89-823  S115.00 U.S. $100 bill at 0.5X FOV=12mm

UV/VIS Cut-Off  #89-833  S$115.00 VIM™ 200i
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Zoom Lenses

VZM™ IMAGING LENSES

VZM™ 450 AND VZM™ 450i

* 6.4:1 Zoom Ratio

* 1.4 - 8.8mm FOV on '2” Sensor
e VZM™ 450 Right Angle

VZM™ 1000 AND VZM™ 1000i
* 4:1 Zoom Ratio

* 35mm Working Distance

¢ 0.64 - 2.5mm FOV on '2” Sensor

Available
VIM™ 450 (450i) VIM™ 600i VZM™ 1000 (1000i) VZM™ 1000 Trinocular
Min. Max. Min. Max. Min. Max. Min. Max.
0.7X (0.75X) 4.5X 1.0X 6.0X 2.5X 10X 2.5X 10X
8.8mm 1.4mm 6.4mm 1.0mm 2.56mm 0.64mm 2.56mm 0.64mm
30 144 87 176 102.5 228 102.5 228
40 32 87 29 A 228 a 228
M22.5 x 0.5 (450i only) M22.5x 0.5 M22.5 x 0.5 (1000i only)
90mm + 3mm 60mm +3mm 35mm +1mm
580g (405g) 2509 770g (326g)
#52-347 $995.00 N/A — #54-396 $995.00 #52-352 $1,295.00
#54-671 $995.00 #88-399 $995.00 #55-834 $995.00 N/A —
#571-827 $2,695.00 #57-828 $2,895.00 N/A —
by o v W e 53474 BFVSI—
= N i qzsn.n| roseo | | ho
ons Q2.5
1
" g C | N,
g0t oo . A 25 x0s i ot P o9~ ton 205 o2
VIM™ 450i Removable Mounting Flange for all VZM™ 1000i \%m in
i-Series (Fits Rack and Pinion #03-609) o
M225%05 3-M3 Set Screws
‘ . H—_ T o™ Y [ | 50.0mm di.
: 1 | — '
P 030 N o
*m\zb* st 1 ?4' : i 2500 it Threod 72,5 0.5 ono dpy Gl
(1540 11mm) 021.7 J;ny“ C-Mount h X ia.
-
100 10mm | ] 26 S i,
Units: mm 120 Units: mm Units: mm

Bottom right of ® symbol at 10X
FOV = 0.64mm
VIM™ 1000

® symbol at 3X FOV = 2mm
VIM™ 450i

See website for
VIM™ Imaging Systems

U.S. $100 bill at 10X FOV= 0.6mm

U.S. $100 Bill at 2.5X FOV= 2.5mm
VIM™ 1000i

VIM™ 450
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Zoom Lenses

CLOSE FOCUS ZOOM LENSES

« Versatile and Affordable -~ -
+ Smaller Fields of View & Working : 10X Zoom C fllouni I.en.s 6X Zoom C fllount len.s
Distances than Fixed FL Lenses Focal Length: 13- 130mm (10:1 zoom ratio) 18- 108mm (6:1 zoom ratio)
* Manual Iris for Light Control Max Sensor Format: i %"
Close Focus Zoom Lenses are ideal for inspec- Aperture (f/#): f/5.6-1/32 f/2.5-1/28
tion, documentation and testing applications. Due Total Field of View Range: 7.8 - 280mm 5.8mm - o
to their large field of view range, these lenses are L ge: i y .
generally considered the best selection for multi- Working Distance (WD) Range: 152 - 457mm 127 - 305mm (300 - o)
purpose use. Max. Dia. x L (mm): 48x98.5 62x 176
Weight: 233y 540q
10X Zoom Front Filter Size (Dia. x Pitch): W46 x 0.75 M52x0.75
Working Distance: Min 152mm Max 457mm Min 127mm Max 305mm
Primary Magnification: 0.82X - 0.085X 0.23X - 0.023X 11X - 0.2X 0.4X - 0.067X
Field of View Zoom Range: 7.8-75mm 28 - 280mm 5.8 - 35mm 16 - 96mm
Stock No. / Price #54-363 $495.00 #58-240 $495.00
*Without removable close up lens
10X 9835 6X Manual Zoom Video Lens #58-240
-3
6X Zoom o2 5 o 15 6 155 Emuﬂu; I o
] I i Chont
LT,
= - l T R o
03—/ b Units: mm oW L Units: mm

HIGH RESOLUTION MACRO ZOOM C-MOUNT LENSES

¢ Full Zoom, Focus and Iris Control
¢ Up to 100 Ip/mm Resolution
* Working Distances from 100mm to o

HIGH RESOLUTION MACRO ZOOM C-MOUNT LENSES *Horizontal on Max. Sensor **With close up lens attached
Focal Length (mm): 8.5 - 90.0 (10.6X) 11.5 - 69.0 (6X) 8.0 - 48.0 (6X)
Sensor Format: Va" %" '
Working Distance: 300mm - e (150 - 300mm)** 1000mm - o (10mm in Macro) 1000mm - oo (10mm in Macro)
Aperture (f/#): £/2.5 - Closed 1/1.4 - Closed £/1.0 - Closed
Angular Field of View*: 32°-31.3° 7.3°-419° 1.7°-43.6°
Resolution (Center, Corner): 100 [p/mm, 60 Ip/mm 100 lp/mm, 60 Ip/mm 100 [p/mm, 60 Ip/mm
Weight: 437g 300g 280g
Dimensions (Dia. x L): 60 x 130mm 48 x 102.7mm 50.5 x 92.8mm
Filter Thread: M48 x 0.75 M46 x 0.75 M46x0.75
Stock No. / Price #68-679 $495.00 #68-678 $695.00 #68-677 $695.00

MANUAL ZOOM IMAGING LENSES

¢ Manual Focus, Zoom & Aperture Control
* Features Locking Set Srews

¢ C-Mount
For Mounted Filters
See page 123-125
MANUAL ZOOM IMAGING LENSES *Horizontal on Max. Sensor
Focal Length (mm): 8.0 - 48.0 (6X) 12.5 - 75.0 (6X)
Max. Sensor Format: 3 %"
Camera Mount: (-Mount C-Mount
Aperture (f/#): /1.2 - {16 f/1.2-1/16
Angular Field of View*: 44.6°- 8.0° 27.8°- 4.9°
Field of View* (@ min. WD): 984 - 168mm 495 - 86mm
Working Distance (WD): 1.2m to o 1.0m to o
Max. Dia. x Max. L (mm): 51x97 57x114.5
Weight: 3059 4759
Front Filter Size (Dia. x Pitch): M49.0x 0.75 M55.0 x 0.75
Stock No. / Price #53-152 $450.00 #53-153 $495.00
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Specialty Lenses

UV FIXED FOCAL LENGTH LENSES

* Transmission from 230 - 1200nm

* Compact Size for Easy System Integration

5 . « Ideal for Use with Mounted Color Filters

100 Typical Transmission UV Fixed Focal Length Lenses are ideal for use in a variety of applications,

90.—£§ including the surface inspection of circuits or fiber optics, quality control of
_ ;g y 4 semiconductor materials, or for locating oil contamination or leakage. Addi-
g 60 / tional applications include forensic, pharmaceutical, or biomedical imaging,
z ig 7 | fluorescence, security, or counterfeit detection. UV Fixed Focal Length Lenses
=] I’ e H are manufactured from fused silica elements to provide excellent transmission
fg 7 — Ondiory Lens [ from the ultraviolet to the near-infrared. Note: These lenses are not corrected
0 I/ for chromatic aberration, and require refocusing when using an illumination
200 250 300 350 400 450 500 550 600 650 700 750 800

source with a spectral bandwidth greater than 10nm. A monochromatic light
source and narrow bandpass filter are recommended to improve the overall
performance of the lens. The 78mm lens (#57-543) has a removable C-mount
adapter, enabling it to be used with M42 x 0.75 (T2) mounts.

UV FIXED FOCAL LENGTH LENSES *Horizontal Field of View; calculated for 12" format sensor

Focal Length Max Sensor Aporturo /f Angular* FOV  FOV* at Minimum Spectral Dimensions (mm) Weight Filter Thread Stock

Wavelength (nm)

(mm) Format (Horiz.) Min. WD WD Range (nm) = Max Dia. Length (9) (Dia. x Pitch) No. Price
25 1" 1/2.8-1/16 14.0° 58.9mm 0.23m 230-1200 300 25.4 33 M25.5x%0.5 #57-542 $1,495.00
78 1" f/3.8-1/16 44° 36.1mm 0.44m 230-1200 62.5 109.3 446 M49.0x 0.75 #57-543 $3,495.00

VARIFOCAL LENSES

* Large Field of View

* C and CS-Mount Lenses

Varifocal lenses provide a flexible solution to applications that previously would have required multiple fixed focal length
lenses. Simply adjust through the indicated focal length range for the desired field of view, within the specified working
distance range, and then set focus for best image. They have a different, simplified optical and mechanical design that is
more cost-efficient to produce than zoom lenses. Note: CS-Mount lenses are not compatible with C-Mount cameras.

VARIFOCAL IMAGING LENSES *FOV=Field of View; calculated for 2" or max. /5" format Sensor.  **High resolution, low distortion lens for megapixel cameras. 1 Maximum
Focal Mount Max Sensor  Aperture Angular FOV* ~ FOV* (Hor.) at  Min. Working Dimensions (mm) Filter Thread Stock Pri
Length (mm) "™ Format (t/#) Horizontal ~ Min WD (mm)  Distance (m) ~ Max. Dia. Length Rear Prot.  (Dia. x Pitch) No. rice
1.8-3.6 S Vs' f/1.6-1/16  144.2°-79.4° 1236 - 332 0.2 374 51.0 0 - #55-254 $250.00
2.8-12.0 (s Vs' f/13-1/16  98.2°-23.8° 692-126 0.3 407 56.0 23 - #51-675 $155.00
2.9-8.2 ) Vs' f/1.0-f/16  98.3°-35.2° 1156 - 317 0.5 36.5 443 0 - #59-915 $150.00
3.5-105 S Va' f/1.0- Closed ~ 81.6°-27.2° 518-145 0.3 a7 48.8 25 - #59-916 $150.00
4.0-8.0 ( 1z f14-1/16  90.4°-47° 1007 - 435 05 4.6 48.8 41 - #59-917 $250.00
4.0-12.0 ( 1z f/12-1/16  93.6°-31.2° 639-168 03 40.0 503 4.6t - #58-365 $195.00
5.0 -50.0 [ Va' f/13-1/16  51.8°-5.6° 777-78 0.8 47.0 511 0 M37.5x0.5 #55-256 $195.00
10.0 - 30.0 S 1z f/14-1/16  357°-125° 387-131 0.6 4.0 51.5 0 M37.5x0.5 #51-677 $250.00
12.0 - 36.0* ( %" f/28-1/16  30.2°-10° 107 - 35 0.2 41.6 53.0 0 M35.5x0.5 #57-680"* $299.00
20.0 - 100.0 e Vs" f/1.6-1/16  13.6°-28° 238-49 1.0 50.0 110.0 0 - #58-440 $250.00

55mm FL PARTIALLY-TELECENTRIC VIDEO LENS

¢ Manual Iris ¢ Ideal for Measurement Applications ¢ +12.5mm Depth of Field at 0.5X
Telecentric lenses yield constant magnification over a range of working distances, virtually eliminating viewing angle error.
The 55mm focal length telecentric lens allows +12.5mm of object movement (at 0.5X magnification) before a 1% error
in image scale occurs. Conventional lenses typically permit £1.7mm of movement under the same conditions. The lens’
protective window (at C-Mount end) needs to be removed for use with adapter lenses. This lens is only partially telecentric,
since it has both a telecentric and non-telecentric range.

These lenses are ideal in machine vision applications requiring accurate measurement of three-dimensional objects with
slight height variations. By eliminating the perspective distortion and magnification error inherent in conventional lenses,
they yield dimensionally accurate images that are easily interpreted by software.

For mounting these lenses, the Industrial Boom Stands and mounting adapters are recommended as workstation platforms.
Ring light guides cannot be mounted directly on this lens because of the front focusing adjustment.

TELECENTRIC SPECIFICATIONS (Lens is not telecentric with the 0.75X Converter) *Horiz. /2" Sensor Lock Screw for PMAG setting
Lens Alone Lens with 2X Converter
Primary Magnification PMAG: 0.5X - 0.4X 1.0X - 0.4X (full range)
Field of View*: 12.8-16.0mm 6.4 -16.0mm sl= =
Working Distance: 5.0"-6.25" 5.25"-11.25" b i
Focal Length: 55mm 110mm
Aperture 1(/ #): 1/28-1/32 | 855 Tt o) 40
Max. Sensor Format: %" Filter Size: M43 x0.75 W‘T K Sarew for I
Distortion: <1.0% Weight: 1.0z ock Serew for s
Lens Mount: (-Mount 2X Converter 0.75X Converter
NON-TELECENTRIC SPECIFICATIONS *Horizontal for 12" format sensor Y
Lens Alone With 2X Converter With 0.75X Converter -
Primary Magnification PMAG: 0.5X - 0X 1.0X - 0X 0.375X - 0X S b
Field of View*: 12.8mm - 6.7° 6.4mm - 3.3° 17.0mm - 8.9°
Lens Working Distance: 5"t0 o 5.25"t0 oo 5"t0 o0 "0
55mm Partially-Telecentric Video Lens #52-271 $575.00 91| —
2X Converter for #52-271 #52-272 $175.00 — 295 —] 13.0 |‘~6L_ Units: mm
0.75X Converter for #52-271 #52-213 $175.00 )
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Specialty Lenses

LOW DISTORTION WIDE ANGLE LENSES

* High 3 MegaPixel Resolution

* No Refocusing from 100mm to Infinity

« Lightweight Design

The optical design of these low-distortion wide angle lenses enables users to achieve less than 3% distortion over a 125°
field of view or less than 1% over a 110° field of view. Originally targeted for security applications, these lenses main-
tain high resolution and can accommodate camera sensors up to 3 MegaPixels, making them an ideal replacement for
machine vision or factory automation applications. No refocusing is needed from 100mm to Infinity. Locking screw for
manual iris enables lenses to be used in high vibration environments.

LOW DISTORTION WIDE ANGLE LENSES *Horizontal for 5" format sensor
Focal Max. Sensor  Camera Distortion* Aperture  Angular Field Min.. Working Din!ensions Weight Manual lris Avto Iris
Length Format Mount (f/#) of View* Distance (Dia. x L) Stock No. Price Stock No. Price
1.28mm a' S <3% /1.8 - Closed 125° 10mm 36.0 x 65.0mm 110g #62-046 $595.00 #68-696 $595.00
1.28mm Vs" ( <3% f/1.8 - Closed 125° 10mm 36.0 x 65.1mm 110g #62-050 $595.00 N/A -
1.67mm Ya5" S <1% /1.8 - Closed 110° 100mm 36.0 x 56.0mm 80y #64-105 $365.00 #68-697 $425.00
1.67mm V25" ( <1% /1.8 - Closed 110° 100mm 36.0 x 56.0mm 80g #68-695 $495.00 N/A -
1.8 - 3.0mm Yo" s <1% /18- Closed ~ 105°-77° 500mm 39.0 x 50.0mm 70g #85-162 $385.00 #85-163 $395.00
1.8 - 3.0mm V25" ( <1% f/1.8-Closed  105°-77° 500mm 39.0 x 50.0mm 70g #89-524 $675.00 N/A -

FISHEYE VIDEO LENSES

* Wide Field of View (185°)

* Fixed Focus

* Lockable Iris Control

The Fisheye Video Lens is designed to support MegaPixel resolution cameras across a 185° field of view. The large depth
of field eliminates the need for focus adjustment and allows the lens to be sharply focused between 100mm and infinity.
Alockable iris adjustment enables control over the exposure without changing integration time, and stays locked in place
to prevent accidental alteration. This lens is excellent for space-constrained applications where large fields of view are
required at short working distances.

FISHEYE VIDEO LENS *Horizontal for 2" format sensor
Max. Sensor Camera Aperture Angular Field Min. Working Dimensions . .
Focal Length Format Mount (£/#) of View* Distance (Dia. x L) Weight Stock No. Price
1.8mm 2/a3 C-Mount f/1.4-1/16 185° x 154° 100mm 56.5x 52.1mm 135¢ #62-274 $695.00

SCHNEIDER FAST C-MOUNT LENSES

* Helical Focus Movement

* Click-Stop Free Iris Setting

* External Iris & Focus Lock

Designed for extremely low light situations, the high aperture (f/0.95) of these lenses provides excellent image qual-
ity even under low light conditions. These lenses are designed to cover the visible spectrum (400 - 700nm). Locking
focus and iris prevent change in stressful environments. The front filter thread allows the use of color filters to increase
contrast, for increased accuracy of sorting, picking or measuring applications, or reducing glare with polarizing filters.

SCHNEIDER FAST C-MOUNT LENSES

Focal Length Max. Sensor Aperture Angular Geometric FOV at Min. Working Filter Stock Price
(mm) Format f/# FOV (°) Distortion (%)  Min. WD (mm) Distance (mm) Thread No.
17.0 %" f/0.95-/11 29 <-3 56.5 150 M35.5x 0.5 #59-832 $2,495.00
25.0 1" f/0.95-t/M 20 <-3 76.8 300 M39x 0.5 #59-833 $1,995.00

118 800-363-1992 - EDMUND OPTICS® 118



Specialty Lenses

* 1.68 to 50.0mm Focal Length Options
MI12x0.5 e M12 x 0.5 Mounting Thread

Image Plane + Multi-Element Design
Designed for use in micro board-level cameras, these
lenses provide excellent image quality in a small, versatile
package. Optimized to cover up to %5” sensors, they are
an ideal choice for wide angle and close focus applica-
tions. All lenses are threaded for M12 x 0.5. All glass lens
k D~ element designs. Lenses are designed for the 400nm to
+~— B —8™ —

~ (- 700nm range.
Units: mm

INFINITE CONJUGATE p-VIDEO™ IMAGING LENSES *Horizontal af max. Sensor format. **Filter at 650nm 1 Values for %4" Sensor

Focal  Max. Angular  Min. Working Distortion Diag. Max. Res. @ 20% Contrast (Ip/mm) Dimensions (mm) No-IR Cut IR Cut™ Price
Length ~ Sensor £/ "ty 1) Distance (mm) at Fll Fild (%) i i ; Stock No. Stock No
(mm)  Format On-Axis 0.7 Field FullField A B C D - - 1-10 11-24
1.68 vat /25 1329 400 -83.90 160 80 - 150 132 33 28 #9776  #66-880 $49.50 $40.50
1.74 v /28 1144 400 -60 124 87 30 210 196 33 32 #56-774  #66-881 $49.50 $40.50
1.9 v /20 118 400 - - - - 150 131 44 28 #4106  #66-882 $49.50 $40.50
2.1 5" /2.0 131 400 -82.4 100t 63t 40! 170 183 48 37 #5569  #66-883 $49.50 $40.50
25 B 125 115.8 400 -60 63 48 30 170 191 44 37  #57-681  #66-884 $49.50 $40.50 o
29 s 120 98.6 400 -36.0 63 63 40 150 174 52 58 #5550  #66-885 $49.50 $40.50 =
3.0 % /20 97.8 300 -52.10 97 62 35 140 153 53 39  #59-778  #66-886 $49.50 $40.50 9‘°
6.05 v 118 46 400 -10 72 55 46 150 1526 8.0 6.0  #57-684  #66-890 $49.50 $40.50 =
6.37 Vs' f/2.4 422 400 -2.40 80 63 25 148 1312 53 33  #55-573  #66-891 $49.50 $40.50 g
8.0 v /25 30.9 800 -3.0 80 63 63 150 135 58 30  #55-574  #66-892 $49.50 $40.50 £
10.1 %' 118 36 400 -0.57 81 54 64 150 134 61 32 #3762  #59-779 $49.50 $40.50 Bk
10.4 %' 128 35 400 -2.00 93 90 88 140 120 64 40  #65251  #64-107 $49.50 $40.50 §Z
12.0 /20 222 800 -0.15 63 60 60 140 121 62 40  #56-775  #66-893 $49.50 $40.50 (e
16.0 % /20 17 400 -2.50 75 65 60 140 144 80 45  #64108  #66-894 $49.50 $40.50
25.0 v /15 107 200 -0.46 83 58 58 250 232 81 67  #56-776  #66-895 $59.50 $51.50
35.0 % /20 13.6 200 -1.10 160 100 80 250 234 158 60  #59-780  #66-8%6 $59.50 $51.50
50.0 %' /15 6.8 400 -1.20 160 100 80 2710 528 41 80  #59-781  #66-897 $59.50 $51.50
Focal Length ~ Max. Sensor 4 Angular ~ Working TV Distortion Contrast at 100 Ip/mm Resolution Dimensions (mm) Stock Price
(mm) Format FOV*(°) Distance (mm) (%) Op-Axis 0.7 Field Foll ield A B (e No. 110 -4 [
2.5 Yo.8" f/2 125 400 - -36% 85% 67% 34% 20 17.97 4571 #34-711 $59.50 $51.50
3.0 Yo1" /2 1145 400 - -53.0% 69.0% 44.0% 37.0% 15 154 52 #88-587  $59.50 $51.50 [
35 Yo7" f/2.5 102.8 400 - -46.2% 59.0% 46.0% 28.0% 15 154 6.9 #88-588  $59.50 $51.50 ey
4.0 Yo7" f/2 101 400 - -32.3% 75.0% 62.0% 34.0% 15 16.1 59 #88-589  $59.50 $51.50 =S
4.3 V7" f/2 68 400 - -0.4% 72.0% 56.0% 46.0% 22 21.5 55 #88-590  $59.50 $51.50 §
4.6 Yo' f/2 74 400 - -27.1% 72.0% 38.0% 29.0% 12 131 1.9 #88-591  $59.50 $51.50
5.6 V28" f/2 50 400- » -1.5% 67.0% 51.0% 49.2% 17 222 53 #88-592  $59.50 $51.50  Ed
6.0 Yar" f/2 51 400 - -16.0% 66.0% 62.0% 51.6% 14 151 6.7 #89-750  $59.50 $51.50 ¥
8.0 Yo7" f/2 42 400 - -9.9% 65.0% 54.0% 43.5% 15 144 6.8 #89-751  $59.50 $51.50 §
12.0 Yo7" f/2 27 400 - -2.4% 75.0% 73.0% 65.7% 15 143 57 #89-752  $59.50 $51.50

See pages 74-81 for additional TECHSPEC® p-video Imaging Lenses

SO MUCH MORE ONLINE. ...

Rodagon Large Format Lenses P-Iris Fixed Focal Length Lenses 7X and 12.5X High Precision TECHSPEC® C-Mount Achromatic Pairs
Zoom Lenses

WWW.EDMUNDOPTICS.COM/IMAGING
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Filtering in Machine Vision

Filter Technology

Figure 1

RGB Color Filters
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Figure 1: Transmission curves for several different colored glass filters.

For more information on various types of colored filters that are
available, visit WWW.EDMUNDOPTICS.COM/FILTERS

For recommended Imaging Filters, see pages 123-125.
For a complete listing of EO Filters,
visit WWW.EDMUNDOPTICS.COM/FILTERS
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There are many different types of filters in machine vision that can be
utilized to improve or change the image of the object under inspection.
It is important to understand the different technologies behind the vari-
ous types of filters in order to understand their advantages and limita-
tions. Although there is a wide variety of filters, almost all can be divided
into two primary categories: colored glass filters and coated filters.

Colored Glass Filters

Colored glass filters are incredibly common in machine vision, and are
created by doping glass materials with elements that selectively change
their absorption and transmission spectra. The dopants vary based on
which wavelengths are considered for transmission, and the manufactur-
ing process is then nearly identical to standard optical glass manufactur-
ing. Colored glass filters are advantageous for a couple different reasons:
they are of relatively low cost when compared to interference filters and,
more importantly, they do not demonstrate any shift in wavelength trans-
mission when used with wide angle lenses or at an angle. However, col-
ored glass filters also typically feature wide cut-on wavebands, do not have
curves that are as sharp or accurate as coated interference filters, and do
not have transmission throughput levels (percentages) as high as interfer-
ence filters. Figure 1 shows the transmission curves for several common
colored glass filters. Note that the filters feature wide cut-on wavebands
and have relatively shallow slopes describing their transmission functions.

Infrared (IR) cut-off filters can be either colored glass filters or a type
of coated filter that is useful for both monochrome and color cameras
in machine vision applications. Since the silicon sensors in most ma-
chine vision cameras are responsive to wavelengths up to approximately
1pm, any IR light incident on the sensor that may have been caused by
overhead fluorescent lights or other unwanted sources can create inac-
curacies on the sensor. On a color camera, IR light will create a false
color on the sensor that can degrade overall color reproduction. For this
reason, many color imaging cameras come standard with IR-cut filters
over the sensor. With monochrome cameras, the presence of IR light
will degrade the contrast of the overall image.

There are a multitude of other types of colored glass filters. For in-
stance, daylight blue filters can be used for color balancing when poly-
chromatic light sources and color sensors are used.

Coated Interference Filters

Coated filters typically offer sharper cut-on and cut-off transitions, higher
transmissions, and better blocking than colored glass filters. In addition
to colored glass filters, there are a range of coated filters, they range from
hard coated fluorescent filters to dichroic filters to polarization filters.
Each coated filter undergoes a unique manufacturing process to ensure
the proper performance. Wavelength-selective optical filters are manufac-
tured by depositing dielectric layers on a specific substrate of alternating
high and low indices of refraction. The surface quality and uniformity of
the substrate establishes the baseline optical quality for the filter, along
with setting wavelength limits where the transmission of the substrate ma-
terial falls off. The dielectric layers produce the detailed spectral structure
of a filter by creating constructive and destructive interference across a
range of wavelengths, as well as providing much sharper cut-off and cut-
on bands when compared to colored glass filters.

(Continued on page 121)



(Continued from page 120)

Many types of hard coated filters exist, such as bandpass, longpass,
shortpass, and notch filters, each with a specified blocking range and
transmission range. Longpass filters are designed to block short wave-
lengths and pass long wavelengths. Shortpass filters are the opposite,
passing shorter wavelengths and blocking longer. Bandpass filters pass a
band of wavelengths, while blocking longer and shorter wavelengths. The
inverse of a bandpass filter is a notch filter, which blocks a band of wave-
lengths and passes the longer and shorter. Transmission curve shapes for
these filter types are shown in Figure 2.

Filters designed for deep blocking (high Optical Density) and steep
slopes (sharp transition from blocking to transmission) are used in ap-
plications where precise light control is critical. Most machine vision ap-
plications do not require this level of precision; typically, any filter with an
Optical Density (OD) of 4 or greater is more precise than required and
adds unnecessary cost.

Because hard coated filters utilize optical interference to achieve such
precise transmission and rejection bands, they introduce some difficulties

when used in machine vision applications. All interference filters are de-
signed for a specific Angle of Incidence (AOI), generally 0° unless spe-
cifically defined otherwise. When used in machine vision, these filters are
generally placed in front of the lens; doing such causes the filter to accept
light coming from angles dictated by the angular field of view of the lens.
Especially in the case of short focal length (large angular field of view)
lenses, the light that is transmitted through the filter will often display an
unwanted effect known as blue shift. For example, a 4.5mm focal length
lens (wide angle) will have a much larger blue shift than a 50mm focal
length lens (narrow angle). As the AOI on an interference filter increases,
the optical path length through the filter layers increases, which causes
the cut-on and cut-off wavelengths to decrease (Figure 3). Therefore, at
different field points in the image, the filter will behave differently by trans-
mitting different wavelength ranges: the farther out in the field, the more
pronounced the blue shift. In most cases, interference filters can still pro-
vide better filtering control over a colored glass filter, but be aware of the
potential pitfalls when using an interference filter with a wide-angle lens.
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Figure 3a: Interference filters function
based on the distance that light incident
upon the filter travels. At the correct an-

gle of incidence, the light waves incident
on the filter destructively interfere, disal-
lowing them from making it through the
filter. At a different angle, the destructive
interference is not as effective, effectively
changing the type of filter.

Bandpass Filter Transmission

Figure 3b: An example of blue shift,
shown with a bandpass filter used at a
15° angle of incidence. Note not only the
shift towards a lower center wavelength,
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but the shallowing of the slope as well.
The dashed curve is ideal, when the filter
is used at a 0° angle of incidence.
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Figure 2: Transmission curve examples of longpass
and shortpass (a) and bandpass and notch filters (b).

Applications with
Machine Vision Filtering

When designing a machine vision system, it is important to enhance the
contrast of the inspected object’s features of interest. For an introduction
to contrast, see Section 2.3, Filtering provides a simple way to enhance the
contrast of the image while blocking out unwanted illumination. There are
many different ways filters can enhance contrast, and the filter type is de-
pendent on the application. Some common filters used in machine vision
are colored glass, interference, Neutral Density (ND), and polarization.

Colored glass bandpass filters are some of the simplest filters available
for drastically improving image quality. These filters work incredibly well
at narrowing the waveband that is visible by the vision system, and are
often less expensive than comparable interference filters. Colored glass
filters work best when used to block out colors on the opposite side of the
color wheel (Figure 4).
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Figure 4
Cool
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Figure 4: Color wheel demonstrating that warm colors should be used
to filter out cool colors on the opposite side of the wheel.
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Figure 5

Figure 5: Four liquid capsules under inspection with the same vision
system, shown here in color.
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Figure 6: Capsules being viewed with a monochromatic camera,
yielding a contrast of 8.7%.
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Figure 7: Capsules being viewed with a monochromatic camera and
green colored glass filter yielding a contrast of 86.5%.

Figure 8: Images taken with no filter (a) showing high glare and with
polarization filters (b) which reduce glare.
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Color Filters

Consider the example shown in Figure 5, where gel capsules are being
inspected. As shown, two red capsules are on the outer sides of a pair
of green capsules and under a white light backlight. This is a sorting
application where the pills need to be separated by color to reach their
respective locations. Imaging the capsules with a monochrome camera
(Figure 6) provides a contrast between the green and red capsules of
only 8.7%, which is below the minimum advisable contrast of 20%.

In this particular example, minor fluctuations in ambient light, such
as individuals walking past the system, can decrease the already low
contrast value of 8.7% enough so that the system is no longer capable of
operating properly. Several solutions to this problem exist: a bulky and
costly light baffling system can be built to completely enclose the inspec-
tion system, the entire lighting scheme of the system can be reworked,
or a filter can be added to enhance the contrast between the green and
red pills. In this instance, the simplest and most cost effective solution is to
utilize a green colored glass filter in order to improve the contrast between
the two different colored capsules. As shown in Figure 7, the contrast im-
proves from 8.7% to 86.5%: an increase of nearly a factor of 10.

Neutral Density Filters

Neutral density filters are used in certain applications where it is ad-
vantageous to have additional control over the brightness of an image
without changing the exposure time or adjusting the f/#. Although there
are two primary types of neutral density filters (absorbing and reflect-
ing), their overall responsibility is the same: uniformly lower the light
that is transmitted through the lens and onto the sensor. For applica-
tions like welding where the imager can be overloaded regardless of the
exposure time, neutral density filters can provide the necessary drop in
throughput without needing to change the f/# (which can impact the
resolution of the system). Specialty neutral density filters, like apodizing
filters, exist to help with hotspots in the center of an image caused by a
harsh reflection from an object, but the optical density decreases with
radial distance away from the center of the filter.

Polarizing Filters

Polarization filters are another common type of filter used in machine
vision applications as they allow better imaging of specular objects. In
order to properly use polarizing filters, it is important that both the light
source and the lens have polarization filters on them. These filters are
called the polarizer and the analyzer, respectively. Figure 8 shows an ex-
ample of how polarization filters can make a difference when viewing
specular objects. In the Figure 8a, a CCD imager is being inspected with
brightfield illumination and Figure 8b shows the same illumination setup
with a polarizer on the light source and an analyzer on the lens.

As shown in Figure 8b, augmenting the system with polarizers pro-
vides superior performance as the harsh reflections are absorbed by the
filter on the lens. To ensure the maximum extinction of unwanted glare,
the polarizer on the light source must be aligned with its polarization
axis 90° from the polarization axis of the polarizer on the lens, other-
wise, the lens will still transmit some of the harshly reflected light into
the system, causing glare.

It is critical to understand that filters exist to manipulate the contrast
of an image in order to help increase the accuracy of the imaging sys-
tem. Whether it is simple color filtering or polarization filtering, each
filter exists to solve a unique problem; it is important to understand what
filters should be used for specific applications.

More information on filters, including
technical content and transmission curves,
can be found on each TECHSPEC® filter’s product page
WWW.EDMUNDOPTICS.COM/FILTERS
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TECHSPEC®| IMAGING FILTERS

* Optimized for Use with Popular LEDs

Thickness * Multiple Mounting Sizes and Threads

" _,|< |<_ Thread Length Available to Ease System Compatibility
o —— * Extremely High and Flat Transmission Profiles
| _ Provide Even Illumination

TECHSPEC® Imaging Filters are designed and manu-

Front factured for the most demanding machine vision and
Thread i imaging applications. TECHSPEC® Imaging Filters
D'FI fer Clear  Filter pass or block specific UV, visible, or IR wavelengths
Outer | Diometer Aperture. Thread and provide extremely wide angles of incidence. Com-
Diameter pared to traditional filters, these hard coated filters pro-
vide superior blocking of unwanted light and greater
— durability for longer lifetimes. Additionally, these filters
B B— can be used to improve image contrast and isolate

spectral regions and colors.

COATING SPECIFICATIONS

Outer  Front Thread  Filter Thickness Thread Clear Center Full Width ~ Average Absolute Blocking Range (nm)
Filter Thread  Diameter (to allow for Diameter (mm) Length  Aperture CA Filter Wavelength  Half Max  Transmission
(mm) stacking) (mm) i (mm) (mm) (nm) (nm) (%) 0D >3.0 0D > 4.0

M22.5 x 0.50 245 M22.5x 0.50 20.1 45 20 18.5 NUV 330 95 74 400 - 650 200 - 250
M25.5 x 0.50 275 M25.5x0.50 23.0 45 20 215 470 85 95 200 - 400 550 - 1200
M30.5 x 0.50 325 M30.5x 0.50 28.0 5.0 20 26.5 518 95 89 600 - 1000 200 - 450
M34.0 x 0.50 36.0 M34.0x 0.50 3.6 50 1.5 30.0 Crom 54 92 9% 200 - 450 600 - 1000
M35.5 x 0.50 37.0 M35.5x 0.50 331 5.0 20 315 " UV/IR Cot-Off 18 290 9 200- 370 750-1100
M405x050 420  MAO5x050 380 50 20 365 LA 2 3 L 5
MA3.0x075 450  M430x075 402 50 20 392 ( 5% 7 8 700-1050  200-500
M46.0x0.75 480  M46.0x075 432 48 22 45 Light Red 634 70 9 200- 550 700-1050
M55.0x0.75 570  Ms50x075 522 48 22 505 _ 660 66 % 00-550  720-120
M62.0 x 0.75 65.0 M62.0x 0.75 59.2 55 25 51.5 880 135 9% 200 - 750 1000 - 1200

TECHSPEC® IMAGING FILTERS

Filter NUv Green
Thread Stock No. Price Stock No. Price Stock No. Price Stock No. Price

M22.5 x 0.50 #89-753 $120.00 #89-763 $120.00 #89-773 $120.00 #89-783 $120.00

M25.5 x 0.50 #89-754 $125.00 #89-764 $125.00 #89-774 $125.00 #89-784 $125.00

M30.5 x 0.50 #89-755 $135.00 #89-765 $135.00 #89-775 $135.00 #89-785 $135.00

M34.0 x 0.50 #89-756 $145.00 #39-766 $145.00 #39-776 $145.00 #39-786 $145.00

M35.5 x 0.50 #89-757 $149.00 #89-767 $149.00 #89-777 $149.00 #89-787 $149.00

M40.5 x 0.50 #89-758 $170.00 #89-768 $170.00 #89-778 $170.00 #89-788 $170.00

M43.0 x 0.75 #89-759 $175.00 #89-769 $175.00 #89-779 $175.00 #89-789 $175.00

M46.0 x 0.75 #89-760 $189.00 #89-770 $189.00 #89-780 $189.00 #89-790 $189.00

M55.0 x 0.75 #89-761 $225.00 #89-771 $225.00 #89-781 $225.00 #89-791 $225.00

M62.0 x 0.75 #89-762 $285.00 #89-772 $285.00 #89-782 $285.00 #89-792 $285.00

Call For OEM Quantity Pricing

TECHSPEC® IMAGING FILTERS

Filter UV/IR Cut-Off Light Red
Thread Stock No. Price Stock No. Price Stock No. Price Stock No. Price Stock No. Price
M22.5 x 0.50 #89-793 $115.00 #89-803 $120.00 #89-813 $115.00 #39-823 $115.00 #39-833 $115.00
M25.5 x 0.50 #89-794 $118.00 #39-804 $125.00 #89-814 $118.00 #39-824 $118.00 #39-834 $118.00
M30.5 x 0.50 #89-795 $125.00 #89-805 $135.00 #89-815 $125.00 #39-825 $125.00 #39-835 $125.00
M34.0 x 0.50 #89-796 $130.00 #89-806 $145.00 #39-816 $130.00 #39-826 $130.00 #39-836 $130.00
M35.5 x 0.50 #89-197 $135.00 #89-807 $149.00 #39-817 $135.00 #39-827 $135.00 #39-837 $135.00
M40.5 x 0.50 #39-798 $155.00 #89-808 $170.00 #89-818 $155.00 #89-828 $155.00 #39-838 $155.00
M43.0 x 0.75 #89-799 $160.00 #89-809 $175.00 #89-819 $160.00 #89-829 $160.00 #89-839 $160.00
M46.0 x 0.75 #89-800 $169.00 #89-810 $189.00 #39-820 $169.00 #39-830 $169.00 #89-840 $169.00
M55.0 x 0.75 #89-801 $199.00 #39-811 $225.00 #39-821 $199.00 #39-831 $199.00 #89-841 $199.00
M62.0 x 0.75 #89-802 $255.00 #39-812 $285.00 #39-822 $255.00 #39-832 $255.00 #89-842 $255.00
UV and IR Filters Color Imaging Filters
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Filters

MOUNTED IMAGING LENS FILTERS

O

nfrared Filters RGB Color Filters . Linear Polarzing Glass Filter UV Filters Neutral Density Filters
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INFRARED FILTERS COLOR FILTERS LINEAR POLARIZING FILTERS UV FILTERS NEUTRAL DENSITY FILTERS
* UV/IR Cut: Pass Only Visible, * Improve Contrast * Eliminate Hot Spots * Blocks UV & Transmits Visible ¢ Uniform VIS Light Reduction
Block UV & NIR « Isolate Spectral Regions/Colors ¢ Improve Illumination Contrast « Ideal to Protect Lenses & Filters ¢ Light/Exposure Control
* KG-3: Pass Visible, Block IR « Like Colors Lighten Like Colors  * Stackable for Variable Control * Use as Dust Cover « Stackable for Specific Control
* UV/VIS Cut: Block UV & « Colored Glass for Wider Angles ¢ Rotating Mount
Visible, Pass NIR vs. Dichroic Filter
INFRARED FILTERS
- IR-Cut (KG-3) UV/IR-Cut UV/VIS-Cut (R-72)
LT Stock No. Price Stock No. Price Stock No. Price
M25.5 x 0.50 #49-800 $160.00 #49-808 $175.00 #65-796 $67.50
M30.5 x 0.50 #49-801 $160.00 #49-809 $175.00 #65-797 $67.50
M37.0 x 0.75 #49-802 $165.00 #49-810 $180.00 N/A -
M39.0 x 0.50 #49-803 $165.00 #49-811 $180.00 N/A -
M40.5 x 0.50 #49-804 $170.00 #49-812 $185.00 N/A -
M43.0 x 0.75 #49-805 $170.00 #49-813 $185.00 N/A -
M46.0 x 0.75 #54-744 $170.00 #54-748 $185.00 #64-887 $67.50
M49.0 x 0.75 #54-745 $175.00 #54-749 $190.00 #54-152 $67.50
M52.0 x 0.75 #54-746 $185.00 #54-750 $205.00 #54-753 $77.50
M58.0 x 0.75 #54-747 $185.00 #54-751 $205.00 #54-754 $87.50
M62.0 x 0.75 #49-806 $230.00 #49-814 $240.00 #64-888 $127.50
M72.0 x 0.75 N/A - N/A - #64-889 $227.50
COLOR FILTERS
. Red Green Blue Daylight Blve
Filter Thread Stock No. Price Stock No. Price Stock No. Price Stock No. Price
M22.5 x 0.50 #46-539 $39.00 #46-540 $39.00 #46-541 $39.00 N/A -
M25.5 x 0.50 #46-542 $39.00 #46-543 $39.00 #46-544 $39.00 N/A -
M30.5 x 0.50 #46-545 $45.00 #46-546 $45.00 #46}547 $45.00 N;A -
M37.0 x 0.75 #58-642 $47.50 #58-643 $47.50 N/A - N/A -
M39.0 x 0.50 #49-197 $47.50 #49-798 $47.50 #49-799 $47.50 N/A -
M46.0 x 0.75 #54-762 $47.50 #54-768 $47.50 #46-571 $47.50 #54-780 $47.50
M49.0 x 0.75 #54-763 $47.50 #54-769 $47.50 #54-175 $47.50 #54-781 $47.50
M52.0 x 0.75 #54-764 $47.50 #54-770 $47.50 #54-776 $47.50 #54-782 $47.50
M58.0 x 0.75 #54-765 $47.50 #54-T71 $47.50 #54-177 $47.50 #54-783 $47.50
M62.0 x 0.75 #46-532 $51.50 #46-533 $51.50 N/A - #46-534 $51.50
M72.0 x 0.75 #46-535 $57.50 #46-536 $57.50 N/A - #46-537 $57.50
UV / PROTECTIVE FILTERS LINEAR POLARIZING FILTERS NEUTRAL DENSITY
Filter Thread Stock No. Price Filter Thread Stock No. Price Filter Thread 0D0.3 0D0.6 ODO0.9 Price
M22.5 x 0.50 #58-647 $25.00 M22.5 x 0.50 #58-649 $29.00 50%T  25%T  12%T
M25.5 x 0.50 #46-577 $30.00 mg;g X ggg mggg ggggg M22.5x0.50  #59-162  #59-167 #59172  $29.00
M27.0 x 0.50 #64-891 $30.00 0 x0. i : L L L
M30.5 x 0.50 6576 $30.00 M30.5 x 0.50 #46.574 $31.00 M25.5 x 0.50 #59-163  #59-168  #59-173  $30.00
M34.0 x 0.50 #64-892 $3000 M34.0 x 0.50 #64-897 $32.00 M30.5 x 0.50 #59-164  #59-169  #59-174  $32.00
M37.0 x 0.75 #54.039 $30.00 M35.5 x 0.50 #64-898 $33.00 M37.0 x 0.75 #59-165  #59-170  #59-175  $34.00
M37.5 x 0.50 #64-893 $30.00 M37.0 x 0.75 #52-556 $33.00 M39.0x0.50  #59-166  #59-171 #59-176  $35.00
M39.0 x 0.50 #6:579 $31.00 mgg x ggg il ggggg M36.0x 0.75  #54728 #5473  #54740  $37.50
M40.5 x 0.50 #34-115 $31.00 M42.0 x 0.75 #5957 $35.00 M49.0 x 0.75  #54729  #54735 #54741  $39.00
Masox2.73 o o M43.0 x 0.75 #52.558 $35.00 M52.0x 075  #54730 #54736 454742 $39.00
- X i : M46.0 x 0.75 #36-439 $36.00 M55.0 x 0.75 #65-014  #65018  #65022  $41.00
M48.0 x 0.75 #54-042 $31.00 M48.0 x 0.75 #59.559 $37.00
M49.0 x 0.75 #54-043 $31.00 M 49' 0x 0'75 6440 537'00 M58.0 x 0.75 #54-731  #54-737  #54-743  $43.00
M52.0 x 0.75 #54-044 $33.00 M52:0 - 0:75 #36.44] $38:00 M62.0 x 0.75 #65-015  #65-019  #65-023  $45.00
M55.0 x 0.75 #54-045 $33.00 M55.0 x 0.75 #36-442 $38.00 M72.0 x 0.75 #65-016  #65020 #65024  $60.00
M58.0 x 0.75 #3404 $33.00 M58.0 x 0.75 #36-443 $39.00 M77.0x0.75 #5017 #5021 #5025  $65.00
M62.0 x 0.75 #54-047 $36.00 M62.0 x 0.75 #36-444 $39.00
M67.0 x 0.75 #46-578 $41.00 M67.0 x 0.75 #64-900 $43.00
M72.0 x 0.75 #54-048 $36.00 M72.0 x 0.75 #52-560 $43.00 i i ludi i
M77.0 x 0.75 #4804 $59.00 M77.0 x 0.75 w4901 36300 Kit including all 11 M25.5 x 0.5 Filters
M86.0 x 1.00 #64-895 $95.00 M86.0 x 1.00 #64-902 $120.00 #66-156 $495.00
M105.0 x 1.00 #58-648 $129.00 M105.0 x 1.00 #64-903 $199.00
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Filters

CHSPEC®|M25.5 AND M30.5 MOUNTED FILTERS

* Mounts Available Separately to Hold any 25mm Diameter Filter

* Mounted ND, Shortpass, and Longpass Filters Available

We've specially designed our M25.5 x 0.5 and M30.5 x 0.5 diameter mounts to hold any of our 25 or 25.4mm diameter filters.
Mounts allow for up to 6.5mm filter thickness, making them ideal for stacking multiple ND filters, or for creating custom band-
pass filters from longpass and shortpass filter combinations. M25.5 x 0.5 Mounted Filters are ideal for use with our TECHSPEC®
C Series Fixed Focal Length Lenses; the M30.5 x 0.5 Mounted Filters are well-suited to our MegaPixel Fixed Focal Length Lenses.
See website for more options.

M25.5 M30.5 1-5 6-25
Empty Mount for 25mm Filters #65-800 #65-801 $35.00 $29.75
SHORTPASS FILTERS LONGPASS FILTERS
Cut-Off Transmission Cut-On Transmission
Wavelength Band M25.5 Filter M30.5 Filter Price Wavelength Band M25.5 Filter M30.5 Filter Price
400nm 250 - 385nm #66-639 #66-654 $125.00 400nm 420 - 2000nm #66-669 #66-684 $125.00
450nm 250 - 430nm #66-640 #66-655 $125.00 450nm 470 - 2000nm #66-670 #66-685 $125.00
500nm 250 - 480nm #66-641 #66-656 $125.00 500nm 420 - 2000nm #66-671 #66-686 $125.00
550nm 400 - 530nm #66-642 #66-657 $125.00 550nm 475 - 2000nm #66-672 #66-687 $125.00
600nm 400 - 580nm #66-643 #66-658 $125.00 600nm 625 - 2000nm #66-673 #66-688 $125.00
650nm 400 - 630nm #66-644 #66-659 $125.00 650nm 675 - 2000nm #66-674 #66-689 $125.00
700nm 400 - 680nm #66-645 #66-660 $125.00 700nm 725 - 2000nm #66-675 #66-690 $125.00
750nm 400 - 725nm #66-646 #66-661 $125.00 750nm 780 - 2000nm #66-676 #66-691 $125.00
800nm 400 - 775nm #66-647 #66-662 $125.00 800nm 830 - 2000nm #66-677 #66-692 $125.00
850nm 400 - 820nm #66-648 #66-663 $125.00 850nm 880 - 2000nm #66-678 #66-693 $125.00
900nm 425 - 865nm #66-649 #66-664 $125.00 900nm 935 - 2000nm #66-679 #66-694 $125.00
950nm 450 - 910nm #66-650 #66-665 $125.00 950nm 985 - 2000nm #66-680 #66-695 $125.00
ABSORPTIVE ND FILTERS - VISIBLE SPECTRUM NON-REFLECTIVE ND FILTERS - NIR SPECTRUM
Optical Average 2 . 3 Optical Average . . 3
Density Transmission % M25.5 Filter M30.5 Filter Price Density Transmission % M25.5 Filter M30.5 Filter Price
0.10 79 #66-699 #66-714 $59.00 0.30 50 #66-729 #66-739 $119.00
0.15 70 #66-700 #66-715 $59.00 0.50 32 #66-730 #66-740 $119.00
0.20 63 #66-701 #66-716 $59.00 0.60 25 #66-731 #66-741 $119.00
0.30 50 #66-702 #66-717 $59.00 0.90 125 #66-732 #66-742 $119.00
0.40 40 #66-703 #66-718 $59.00 1.00 10 #66-733 #66-743 $119.00
0.50 32 #66-704 #66-719 $59.00 1.30 5.0 #66-734 #66-744 $119.00
0.60 25 #66-705 #66-720 $59.00 1.50 32 #66-735 #66-745 $119.00
0.70 20 #66-706 #66-721 $59.00 2.00 1.0 #66-736 #66-746 $119.00
0.90 125 #66-707 #66-722 $59.00 2.50 0.3 #66-737 #66-747 $119.00
1.00 10 #66-708 #66-723 $59.00 3.00 0.1 #66-738 #66-748 $119.00
1.30 5.0 #66-709 #66-724 $59.00
1.50 32 #66-710 #66-725 $59.00
2.00 1.0 #66-711 #66-726 259.00 Visit www.edmundoptics.com/filters
2.50 03 #66-712 #66-727 59.00 H ificati
5 o R T $006 for complete filter specifications.
FILTER HOLDERS FOR IMAGING LENSES
* Holds 2” Diameter or Square Filters * Provides Male M52 x 0.75 Filter Thread Interface

» Step Down Adapter Options for Other Common Filter Thread
These innovative filter holders enable easy integration of 2" and 50mm filters into imaging applications. Swivel feature on the back
end of the holder allows for rotation of the optic while mounted. The holder's male M52 x 0.75 thread can be adapted to other
standard mounting threads by using the optional filter thread adapters.

FILTER HOLDERS FOR IMAGING LENSES

2" Square Threaded Filter Holder #59-445 $40.00
2" Diamter Threaded Filter Holder #83-340 $40.00
FILTER THREAD ADAPTERS FILTER THREAD ADAPTERS
T Filter Threading S;g;k&l;. S|;I’5Itoeo Filter Threading Stock No. Price
X L
M55 x 0.75 59446 $25.00 M40.5 x 0.5 #59-453 $40.00
m:z b3 g;g iggﬁg g%ggg M39 x 0.5 #59-454 $45.00
Md6 x 0.75 #59.450 §25.00 M37 x 0.75 #59-455 $45.00

FILTER ADAPTER RINGS

Step rings allow the attachment of different size filters and accessories to your lens. Step rings are available in step up and step down
rings. To determine which type of ring you need, always start with the filter size that fits on your lens and then compare it to the
filter size you want to adapt. Choose a “Step Up” ring if the filter size of the lens is smaller then the filter size that you want to adapt.

FILTER ADAPTER RINGS - STEP UP RINGS FILTER ADAPTER RINGS - STEP DOWN RINGS
Description Stock No. Price YR DDescraﬂion S;fgzk]lolr. S?;‘go
q to tep Down Ring ¢ |
M37 1o WA Stzp Up Ring #9015 532,00 M49 to M43 Step Down Ring #5670 90
A M52 to M46 Step Down Ring #59-019 39.00
M52 to M67 Step Up Ring #59016 $39.00 M58 to M55 Step Down Ring #59.020 §39.00
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Mirrors

RIGHT ANGLE MIRRORS

* Reflects Light at 90°

« Ideal for System Alignment

* Multiple Coatings Available

Available with an enhanced aluminum or protected gold coating,
TECHSPEC® Right Angle Mirrors are easily mounted, and are
ideal for applications requiring precision alignment and high per-
formance. Right angle mirrors reflect incident light at 90°, and are

crucial in many optical systems. e
< C

Material: N-BK7 Clear Aperture: 90%

Dimensional Tolerance: £0.1mm Angle Tolerance: +2 aremin

Surface Quality: 40-20 Bevel: Profective as needed

Surface Accuracy: <25mm: /8, >25mm: /4 Hypotenuse Coating: As noted

TECHSPEC® RIGHT ANGLE MIRRORS
Size Size Stock No. Enhanced Aluminum Stock No. Protected Gold Stock No. Protected Silver
(mm) (mm) Enhanced Protected Protected
A=C B Aluminum 1-5 6-25 Gold 1-5 6-25 Sllver 1-5 6-25
3.0 42 #49-405 $62.50 $50.00 #65-844 $87.50 $70.00 #89-623 $71.50 $62.00
5.0 1. #45-591 $57.50 $46.00 #47-027 $82.50 $66.00 #89-624 $72.50 $58.00
6.25 8.8 #48-383 $57.50 $46.00 #48-385 $82.50 $66.00 #89-625 $72.50 $58.00
10.0 141 #45-592 $62.50 $50.00 o #47-028 $87.50 $70.00 o #89-626 $71.50 $62.00 o
125 177 #48-384 $62.50 ss000 [ #4838 $87.50 S = $77.50 s6200 [
15.0 2.2 #45-593 §75.00 $60.00 § #48-387 $100.00 $80.00 § #89-628 $90.00 $72.00 §
20.0 28.3 #45-594 $80.00 $64.00 go #47-029 $105.00 $84.00 g’ #89-629 $95.00 $76.00 g
25.0 354 #45-595 $85.00 $68.00 E'- #47-030 $110.00 $88.00 E‘- #89-630 $100.00 $80.00 %
30.0 424 #45-687 S115.00 $92.00 g-u #47-031 $140.00 $112.00 g-v #89-631 $130.00 $104.00 E-?
= = =

35.0 49.5 #49-406 $125.00 $100.00 = #65-845 $150.00 $120.00 = #89-632 $140.00 $112.00 =
40.0 56.6 #45-688 $160.00 $128.00 #65-846 $185.00 $148.00 #89-633 $175.00 $140.00
50.0 70.7 #45-689 $210.00 $168.00 #47-032 $235.00 $188.00 #89-634 $225.00 $180.00
75.0 106.1 #47-307 $255.00 $204.00 #47-308 $280.00 $224.00 #89-635 $270.00 $216.00

90° SPECIALTY MIRRORS

« Splits Input Image Into Two Paths Separated by 180°

* Variety of Sizes and Broadband Coatings Available

* Additional Right Angle Prism Options Available
TECHSPEC® 90° Specialty Mirrors are constructed from right an-
gle prisms with a mirror coating on the two legs and an uncoated
hypotenuse. The mirrored surfaces form a precise 90° angle, ideal
for splitting an image from a single imaging lens onto two different
cameras, or for combining two images onto a single camera.

Material: N-BK7 .
o, Angle Tolerance: +2 arcmin
Dimensional Tol.: £0.1mm )
- Bevel: Profective, as needed
Surface Quality: 40-20 Coating: s nofed
Clear Aperture: 90% oating: note
TECHSPEC® 90° SPECIALTY MIRRORS
Size (mm) Size (mm) Sutfate Stock No. Enhanced Aluminum ;:::::::«i Protected Gold
A=C Accuracy Enhanced Aluminum 1-5 6-25 26+ Gold 1-5 6-25 26+
5.0 7.1 n/8 #49-412 $85.00 $68.00 #65-847 $95.00 $76.00
10.0 14.1 n/8 #47-004 $99.00 $80.00 #47-237 $109.00 $88.00
15.0 21.2 n/8 #49-413 $110.00 $88.00 #65-848 $120.00 $96.00
20.0 28.3 n/8 #49-414 $120.00 $96.00 5=‘ #65-849 $130.00 $104.00 §
25.0 35.4 n/8 #47-005 $130.00 $104.00 #47-238 $140.00 $112.00
50.0 70.7 n/4 #47-006 $295.00 $236.00 #47-239 $300.00 $240.00
75.0 106.1 n/4 #47-309 $375.00 $300.00 #47-310 $390.00 $312.00
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Mirrors

TECHSPEC®| FIRST SURFACE MIRRORS

* Wide Variety of Shapes and Sizes Available
, 01=0r * Enhanced Aluminum, Protected Silver, and Protected Gold Coatings
Imwe i * Contact Us for Custom Sizes
Light 0_i_ O Light When using our TECHSPEC® First Surface Mirrors, the coated surface is to be fac-
! Firs Surface is Coated ing the incident light in order to minimize energy loss by not allowing light to pass
| Susitae | through the glass substrate. The mirrors are available in circular, square, and rectan-
gular dimensions. Rectangular first surface mirrors are ideal for applications requir-
ing the mirror to be mounted at 45° in order to produce a 90° bend in the light path.

Second Surface is Uncoated

Substrate: Float Glass Surface Quality: 60-40
Dimensional Tolerance: +0.25mm Circular Edges: Ground, 0.5mm max. edge chip
Thickness Tolerance: Nominal Rectangular Edges: Seamed, 0.5mm max. edge chip
Surface Accuracy: 4-6m) per inch Coating: As Noted
TECHSPEC® FIRST SURFACE MIRRORS 12mm Thick
e () T — Enhu?fgd Alummunz — — Pn;l_escled Silver — Prrf;tled Gold —
5.0 Dia. 2.00 #32-940 $17.00 $13.50 #89-463 $21.00 $16.50 $29.50 $24.00
6.0 x 6.0 2.00 #43-866 $17.00 $13.50 #89-464 $21.00 $16.50 $29.50 $24.00
6.0 x 8.5 2.00 #43-867 $17.00 $13.50 #89-465 $21.00 $16.50 $29.50 $24.00
6.35 Dia. 2.00 #45-610 $17.00 $13.50 N #89-466 $21.00 $16.50 s $29.50 $24.00 ~
10.0 Dia. 2.00 #32-941 $17.00 $13.50 2 #89-467 $21.00 $16.50 2 $29.50 $24.00 2
10.0 x 10.0 2.00 #45-517 $17.00 $13.50 x #89-468 $21.00 $16.50 T $29.50 $24.00 -
10.0 x 14.0 2.00 #48-449 S17.00 S13.50 = #89-469 $21.00 $16.50 = $29.50 $24.00 =
12.5 Dia. 2.00 #32-942 $17.00 S13.50 = #39-470 $17.00 $13.50 2 $17.00 $13.50 =
12.5x 12.5 2.00 #43-790 $17.00 S13.50 = #39-471 $17.00 $13.50 = $17.00 $13.50 =
12.5x17.5 2.00 #43-869 $17.00 $13.50 2 #39-472 $21.00 $16.50 2 $29.50 $24.00 2
12.7 Dia. 2.00 #83-483 $17.00 $13.50 g * - - g $29.50 $24.00 g
12.7 x 12.7 2.00 #83-484 $17.00 $13.50 F * — - =5 $29.50 $24.00 =
15.0 Dia. 3.00 #32-943 $17.00 $13.50 - #39-475 $21.00 $16.50 - $29.50 $24.00 o
15.0 x 15.0 3.00 #43-870 $17.00 $13.50 a #39-476 $21.00 $16.50 = $29.50 $24.00 =
15.0 x 21.0 3.00 #43-871 $17.00 $13.50 3 #39-477 $21.00 $16.50 3 $29.50 $24.00 a
18.0 Dia. 3.00 #45-521 $17.00 $13.50 * — — $29.50 $24.00
20.0 Dia. 3.00 #32-944 $19.00 $15.50 #89-479 $23.50 $18.50 $35.50 $28.50
20.0 x 20.0 3.00 #43-872 $19.00 2]5.50 #39-480 $23.50 S18.50 235.50 $28.50
20.0 x 28.0 3.00 #43-873 $19.00 15.50 #89-481 $23.50 $18.50 35.50 $28.50
25.0 Dia. 3.00 #32-945 $19.00 $15.50 #39-482 $23.50 $18.50 $29.00 $23.50
25.0 x 25.0 3.00 #43-192 $19.00 $15.50 #89-483 $23.50 S18.50 $30.00 $24.00
25.0 x 35.0 3.00 #43-875 $19.00 $15.50 #89-484 $23.50 S18.50 $35.50 $28.50
25.4 Dia. 3.00 #33-485 $19.00 $15.50 * - - $35.50 $28.50
25.4 x 25.4 3.00 #83-486 $19.00 $15.50 * - - $35.50 $28.50
30.0 Dia. 3.00 #46-025 $22.00 $18.00 #89-487 $27.50 $22.00 $59.00 $47.50
35.0 Dia. 3.00 #46-027 $22.00 $18.00 2 #89-488 $27.50 $22.00 g $59.00 $47.50 2
35.0 x 35.0 3.00 #45-519 $22.00 $18.00 - #89-489 $27.50 $22.00 - $59.00 $47.50 -
35.0 x 50.0 3.00 #48-450 $22.00 $18.00 < #89-490 $27.50 $22.00 ] $59.00 $47.50 S
38.1 Dia. 3.00 #83-487 $22.00 $18.00 = * = = 2 $59.00 $47.50 e
38.1 x 38.1 3.00 #83-488 $22.00 $18.00 = * - - = $59.00 $47.50 =
40.0 Dia. 3.00 #45-612 $28.00 $22.50 o * - - = $59.00 $47.50 o
50.0 Dia. 3.00 #45-614 $28.00 $22.50 E #39-494 $35.00 $28.00 g $50.00 $40.00 g
50.0 x 50.0 3.00 #43-876 $28.00 $22.50 = #39-495 $35.00 $28.00 F $58.00 $46.50 =
50.0 x 75.0 3.00 #48-451 $28.00 $22.50 - #89-496 $35.00 $28.00 - $68.00 $54.50 -
50.8 Dia. 3.00 #83-489 $28.00 $22.50 = * - - = $68.00 $54.50 =
50.8 x 50.8 3.00 #83-490 $28.00 $22.50 a * - - a $68.00 $54.50 =
60.0 x 85.0 3.00 #64-410 $34.00 $27.50 * - - $68.00 $54.50
75.0 Dia. 3.00 #45-616 $34.00 $27.50 * - - $90.00 $72.00
75.0 x 75.0 3.00 #48-452 $34.00 $27.50 * - - $90.00 $72.00
75.0 x 100.0 3.00 #48-453 $34.00 $27.50 * - - $90.00 $72.00
76.2 Dia. 3.00 #33-491 $34.00 $27.50 * - - $90.00 $72.00
76.2x76.2 3.00 #33-492 $34.00 $27.50 * - - $90.00 $72.00

TECHSPEC®| 45° REFLECTIVE DICHROIC COLOR FILTERS

* Reflects Stated Color While Transmitting
Remaining Visible Spectrum
« Ideal for Color Separation Applications

Substrate: N-BK7
Thickness: 12.5mm, 35 x 35mm: 3.0 £0.20mm
25.0mm, 50 x 50mm: 4.0 +0.20mm

Dimensional Tolerance: +0.25mm * Precision N-BK7 Substrate

Clear Aperture: >90% Our Reflective Dichroic Color Filters are designed to be used at a 45° angle
Surface Quality: 60-40 of incidence and will reflect the stated color while transmitting the remain-
Surface Accuracy: n/4 ing visible wavelengths. EO’s Reflective Dichroics boast higher performance
Parallelism: <1 aremin and a better quality substrate than other readily available color processing
A“Q'F of Incidence: 45° filters. Each filter provides greater than 98% reflection over the specified col-
Coating Tolerances: 15nm or range and greater than 90% transmission of the remaining wavelengths.

TECHSPEC® 45° DICHROIC COLOR FILTERS

Color R >98% R, =50% 12.5mm Diameter 25.0mm Diameter 35 x 35mm 50 x 50mm
Red 640 - 750nm 615nm #47-263 #47-266 #49-471 #47-948
Blue 400 - 475nm 510nm #47-264 #47-267 #49-472 #47-949
Green 535nm FWHM = 65nm #47-265 #47-268 #49-473 #47-950
Cyan 400 - 565nm 590nm #66-242 #66-245 #66-248 #66-251
Yellow 550 - 725nm 520nm #66-243 #66-246 #66-249 #66-252
Magenta 400 - 465nm & 635 - 725nm 495 & 605nm #66-244 #66-247 #66-250 #66-253
Price (1-10) $65.00 $75.00 $99.00 $125.00
Price (11-25) $50.00 $60.00 $80.00 $100.00
Call For OEM Quantity Pricing
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InfiniProbe™ TS-160 Universal
Macro/Micro System

Camera not included.

e High Resolution Design for up to 35mm Sensors
e 0X - 4X Macro and 4X - 16X Micro Configurations
e Internally Focuses from 18mm to Infinity

The InfiniProbe™ TS-160 Universal Macro/Micro System is a universal lens system
that redefines on-the-go adaptability. The InfiniProbe™ TS-160 Universal Macro/Mi-
cro System is designed to transform almost any machine vision, scientific-grade, or
DSLR camera into an ultra-portable, continuously-focusable microscope that is ideal
for forensic, industrial, or biological applications such as entomological microscopy. Ad-
ditionally, the TS-160 is optimized for up to 35mm sensors and is compatible with CS-,
C-, T-, and F-mount cameras. To maximize adaptability, the TS-160 can internally focus
from 18mm to infinity and internally accept any 25mm filter. When not being used in
the field, the TS-160 can be mounted to stands or fixtures for use in the lab. InfiniLight™
adapters are available for mounting popular brand-name flash units directly onto the
TS-160. Note: The main body and an objective are required for operation. Please con-
tact technical support to discuss your specific requirements.

Retainer for 25mm Filter

#88-932 Stereo Stand Adapter
(This replaces one
T24 Tube) #85-404

12 - Mount
Internal

Micro HM Objective \— CThrad InfiniProbeT; 312;:;;) Main Body M2x075

800-363-1992 - EDMUND OPTICS®

Camera not included.

Wasp Image taken with
InfiniProbe™ TS-160 in the Field

Image of Bullet Casing taken with
InfiniProbe™ TS-160 in the Lab




InfiniProbe™ TS-160 Universal

InfiniProbe™ TS-160 UNIVERSAL M INFINITY
Main Assembly with M42 x 0.75 Thread (Required) ity erote-optical Comeary
o InfiniProbe™ TS-160 (Includes Micro HM and Macro Objectives and T24 and T30 tubes) #34-715 $3,125.00
Optional Accessories
Compressor Lens #85-408 $295.00
C-Mount Adapter #38-956 $45.00
InfiniProbe™ TS-160 with Macro Objective and Mounting Bar
T2 (M42 x 0.75) to Canon EOS Adapter #85-401 $30.00
T2 (M42 x 0.75) to Olympus Camera Adapter #85-402 $30.00
T2 (M42 x 0.75) to Nikon F-Mount Camera Adapter #85-403 $30.00
Mounting Clamp #85-400 $85.00
Mounting Bar 486.888 $95.00 Many Configuration Options
Microscope Stand #59-418 $170.00
Microscope Stand Adapter for #59-418 #85-404 $135.00
Infinilight™ T24 Spacer for Canon and Nikon Macro Flash
InfiniLight™ T24 Spacer for Canon Macro Flash #88-576 $195.00
InfiniLight™ T24 Spacer for Nikon Macro Flash #88-577 $195.00

OBJECTIVE MAGNIFICATION TABLE (ALL COVER 35mm SENSOR)

Macro (One T24 Tube) Macro (Two T24 Tubes and Compressor Lens) Micro (One T24 Tube)

WD (mm) Magnification FOV (mm) WD (mm) Magnification FOV(mm) WD (mm) Magnification FOV (mm) Can be mounted directly to your DSLR for feld use

32 4.0 9.0 7]l 4.0X 9.0 18 16.0X 23
44 28X 129 pL! 3.5X 10.3 20 12.0 30
66 2.0 180 28 3.0 120 N 10.0X 36
94 1.5X 240 32 275X 131 24 5.0 12
139 1.0X 36.0 49 2.0 18.0 7 4.0X 9.0
189 0.75X 480 69 1.5X 240 — — —
214 0.66X 545 107 1.0X 36.0 — — —
239 0.6X 60.0 — — — — — -
284 0.5 720 _ _ _ _ _ _ Put your DSLR and Flash Directly on the TS-160 and

Mount in a Stand, just one of many Configurations

InfiniProbe™ TS-160 MAIN BODY
i Dighragm MACRO OBJECTIVE MICRO HM OBJECTIVE

Focuser

~[80|<
T C§
¢zn.04 = 30— 2 |24 > 3:13 | [ 50 _>| \—(-Threud
— ! !

Bl 745

E

w
- 2 —|
=3

[ 170

‘ Visit our website for the InfiniProbe MS™, for your C-Mount needs with up to 1" sensors ‘
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Infinity Photo-Optical Lenses

InfiniTube™ STANDARD

* Max. Format %5”

* Direct to Video CS / C-Mount

« Internal Focusing

* Conventional / In-Line
Illumination Option

* Requires Achrovid™ / Mitutoyo
Olympus / Nikon Objectives

* Optional 25mm Filter Holder

S INFINITY

Infinity Photo-Optical Company

InfiniTube™ STANDARD

Description Stock No. Price
ONE REQUIRED

Standard (no In-Line Attachment) #56-125* $895.00
Standard with Iris #65-607* $1,075.00
Standard 1.5X Magnification #65-608* $1,075.00
Standard 1.5X Magnification with Iris #65-609* $1,150.00
Standard Dual Port #65-610 $1,735.00
Standard Right Angle #65-611 $1,535.00
23" In-Line Assembly (#56-125 & #56-191) #54-590* $1,775.00
ONE REQUIRED for In-Line lllumination

Standard In-Line (Optimized for 10X and higher objectives) #56-191 $895.00
Standard In-Line (Optimized for 2X o 10X objectives) #56-126 $895.00
ONE REQUIRED

Mitutoyo / Achrovid™ Objective Adapter (M26) #53-787 $150.00
Nikon CFI60 Objective Adapter (M25) #54-589 $160.00
Olympus UIS Objective Adapter (RMS) #53-786 $150.00
OPTIONAL

Filter Holder 24 - 25mm (2 - 12mm thickness) #56-192 $85.00
(-Clamp with ¥2-20 Mounting Hole (not included with some lenses) #57-788 $95.00
DL Doubler Tube #39-686 $195.00

*Includes Mounting Clamp #57-788

730486
DL Doubler Tbe (2X)

#56:125 __
Infinifube™ Standard
#57-788
== C-Clamp with ¥4-20
#53-789 __ Mounting Hole

Variable Iris Diaphragm -

#56-191

Couxial In-Line Attachment

e A Optimized for 10K and higher Objectives
#56-126 -
Coaxial In-Line __
Attachment Optimized for #5912 #59-721
2X o 10X Objectives ] Colletor 11 | Collector |
" A 7

#3787 !
Mititoyo/Achrovid™" :
1

@3 {haible Opo)
(Available Option)
-
#53-786 #54-589 IF- 0h|e(l|ves #56-192
Olympus U~ Hikon 60~ #3781 I1° -'- Fiter Holder o ﬁ]
0l1|e(||ve Adnp'er Objective Adapter #53-782: IF-2* @25mm Filters
|

(M25) #53-783: IF-3*
#54-413: IF-3.5
#53-784: IF-4
“Note: IF-1, IF-2 and IF-3
are not suitable for use with
Cooxial In-Line Attachment (#56-126).

Objective Adumsr (M16)

L____

InfiniTube™ FM

* Best Value

* Direct to CS / C-Mount to '2” Format

¢ Ultra-Compact

* Mini Low Priced PL-Series Long
WD Objectives Mount Directly

* Internal Focusing

¢ In-Line Coaxial Illumination Option
Accepts 9mm Filters

* Rotatable Polarization-Capable

» Adaptable to Achrovid™/ Mitutoyo /
Olympus and Nikon Objectives

InfiniTube™ FM

Description Stock No. Price
ONE REQUIRED
FM-50 Main Body (0.25X)* #62-832 $525.00
FM-75 Main Body (0.33X)* #62-833 $525.00
FM-100 Main Body (0.5X) #58-309 $525.00
FM-200 Main Body (1X) #58-310 $525.00
Combined V2" In-Line Assembly and FM-200 (#58-310 & #58-312) #58-311 $995.00
OPTIONAL
In-Line Attachment (Optimized for 10X and higher objectives) #58-312 $525.00
In-Line Attachment (Optimized for 2X fo 10X objecfives) #58-313 $525.00
Collector | - LM. Turns #58-312 into #58-313 #59-471 $95.00
Collector II - HM. Turns #58-313 info #58-312 #59-472 $95.00
ONE REQUIRED
PL-SERIES OBJECTIVES (Direcily Attach to FM-body)

Regular PLs can be used In-line.

On FM-50 Main body, multiply objective rated power by 1X

On FM-75 Main body, multiply objective rafed power by 1.5X

On FM-100 Main body, multiply objective rated power by 2X

On FM-200 Main body, multiply objective rated power by 4X
PL-94mm WD/0.50X #55-405 $150.00
PL-68mm WD/0.66X #55-404 $150.00
PL-44mm WD/1.0X #55-403 $150.00
PL-18mm WD/2.0X #55-402 $150.00
PL/FD-390mm WD/0.125X (ot for In-line use) #59-117 $325.00
PL/FD-295mm WD/0.165X (ot for In-line use) #59-116 $325.00
PL/FD-195mm WD/0.25X (not for In-line use) #59-115 $325.00
ADAPTERS FOR LARGER INFINITY-CORRECTED OBJECTIVES
Mitutoyo/Achrovid™ Objective Adapter (M26) #58-316 $75.00
Mitutoyo/Achrovid™ 2X (only) Objective Adapter (M26) #58-949 $75.00
Nikon CFI60 Objective Adapter (M25) #58-315 $95.00
Olympus UIS/UIS-2 Objective Adapter (RMS) #58-314 $85.00
OPTIONAL
DL Doubler Tube (2X additional magnification) #39-686 $195.00
(-Clamp with -20 Mounting (not supplied with main bodies) #57-788 $95.00
Complete 1" In-Line System #58-348 $3,835.00

*When using FM-50 and 75 with inline, DL Doubler tube is recommended for sensors larger than 5"

OBJECTIVES
Magnification ~ Numerical Aperture  FOV (24" Camera Sensor) FOV (*2" Camera Sensor) Working Distance ~ Focal Length  Depth of Focus Resolving Power  Stock No. Price
MITUTOYO M PLAN APO OBJECTIVES
2X 0.055 4.40 x 3.30mm 3.20 x 2.40mm 34.0mm 100mm 91.0pm 5.0pm #46-142 $935.00
5X 0.14 1.80 x 1.32mm 1.28 x 0.96mm 34.0mm 40mm 14.0pm 2.0pm #46-143 $705.00
7.5X 0.21 1.17 x 0.88mm 0.85 x 0.64mm 35.0mm 26.67mm 6.2ym 1.3pm #66-383 $1,365.00
10X 0.28 0.88 x 0.66mm 0.64 x 0.48mm 33.5mm 20mm 3.5pm 1.0pm #46-144 $885.00
20X 0.42 0.44 x 0.33mm 0.32 x 0.24mm 20.0mm 10mm 1.6pm 0.7pm #46-145 $2,055.00
50X 0.55 0.18 x 0.13mm 0.13 % 0.10mm 13.0mm 4mm 0.9pm 0.5pm #46-146 $2,675.00
100X 0.70 0.09 x 0.07mm 0.06 x 0.05mm 6.0mm 2mm 0.6pm 0.4pm #46-147 $3,495.00
ACHROVID™ OBJECTIVES
0.054 4.40 x 3.30mm 3.20 x 2.40mm 37.0mm 100mm 91.0pm 6.2ym #56-121 $450.00
2.5X 0.064 3.52x 2.64mm 2.56 x 1.92mm 37.0mm 80mm 75.0pm 5.2ym #56-122 $450.00
3.3X 0.077 2.67 x 2.00mm 1.94x 1.45mm 37.0mm 60mm 45.0pm 4.3pm #56-123 $450.00
4X 0.09 2.20 x 1.65mm 1.60 x 1.20mm 37.0mm 50mm 25.0pm 3.7pm #56-124 $450.00
5X 0.12 1.80 x 1.32mm 1.28 x 0.96mm 37.0mm 40mm 16.0pm 2.8ym #55-790 $450.00
10X 0.21 0.88 x 0.66mm 0.64 x 0.48mm 17.5mm 20mm 4.5pm 1.6pm #55-791 $495.00
130  800-363-1992 - EDMUND OPTICS® 130



Infinity Photo-Optical Lenses

INFINITY K2 / DistaMax™ LONG DISTANCE VIDEO MICROSCOPE

* Most Advanced Research-Grade Tube System ¢ Focus from Infinity to 54mm N j —
* 3X Greater Magnification than Other Coaxial In-line Systems * CentriTel® Focuser Available INFINITY

Intinity Photo-Optical Company

Recognized as the standard in Long-Distance microscopes, the K2 DistaMax™ now incorporates a patented IVS focus system,
further improving what was already a top performer, and making the K2 DistaMax™ easier to use than previous models. To begin
using the K2 DistaMax"™, simply choose an objective for the front and a camera mount for the rear. The K2 DistaMax™ offers
high magnifications and a dynamic working distance range, covering all sensors up to 35mm (43mm diagonal) formats. The K2
DistaMax™ Single-Port package includes a manual iris for light level and depth of field control. The Dual-Port package includes
a right angle mirror for switching between views (not simultaneous viewing), in addition to the parts included in the Single-Port
package. The K2 DistaMax™ is ideal for applications ranging from remote vacuum chamber viewing to on-line process control.
The NWE Objective allows focus from infinity to as near as 675mm. Perhaps the most versatile K2 DistaMax™ objective, the NWE
also can be used with the Microscope Objective Adapter Disc and other accessories. All objectives attach directly to a front dovetail.
When combined with NWE Objective, Microscope Objective Adapter Disc, and Objective Adapter, the K2 DistaMax™ can interface
common infinity-corrected microscope objectives, even when the Coaxial In-line Illuminator is used, making it a powerful direct
coaxial in-line system. To enable CentriTel® for all formats simply add the CentiTel® Focuser, #87-430. For viewing through an eye-
piece (not included), adapter #58-796 is required. The recommended eyepiece is #37-692, which accepts 19mm diameter reticles.

One Main Body Required One Required
K2 Single Port #37-426 $5,450.00 Standard and Close-Focus Range Eyepiece: Not Included, see table
K2 Dual Port #87-421 $6,780.00 K2 Objective NWE #87-428 $665.00 Depth of Field:  Confinuously varicble
One Required K2 Objective STD #39-339 $665.00 Image: Inverted (staight): Erect right o
C-Mount Camera Adapter #88-956 $45.00 K2 Objective CF-1 #39-340 $665.00 ge: PR,
Nikon F-Mount Camera Adapter #42-835 $55.00 K2 Objective CF-1/B #51-121 $695.00 o left reverse (top dual pu.n)
62mm Eyepiece Tube (for viewing) #58-796 $85.00 K2 Objective CF-2 #39-341 $795.00 Objective Filter: Accepts 49 x 0.75mm Dia. Filters
Optional Amplifiers K2 Objective CF-3 #39-342 $795.00 Thread: (M27 x 0.5 for CF-4)
CF Tube (1.66x) #65-041 $425.00 K2 Objective CF-4 #52-829 $695.00 Iris: Variable 30 - 1.2mm
DL Doubler Tube (2X Video) #39-686 $195.00 High-Power Micro Range Dimensions:  66mm Max Di. x 290mm L
Lockable Doubler Tube (2X Video) #51-114 $275.00 K2 Microscope Adapter Disc #87-429 $150.00 o ot et
NTX Tube 2X #86-892 $475.00 Mitutoyo/Achrovid Objective Adapter (M26)  #53-787 $150.00 Weidht: 35 b
Zoom Module (1X - 2.2X) #59-238  S1,450.00 Nikon CF160 Objective Adapter (M25) #54589  $160.00 eight: S
Optional Olympus UIS Objective Adapter (RMS) #3786 S150.00 Mounting:  Ring clomp vith 4-20 (x1) and
CentriTel® Focuser #87-430 $1,995.00 Polarizer Set for #56-191 #59-768 $110.00 M4 (x2)
Mounting Bar #86-888 $95.00 Coaxial In-Line llluminator #56-191 $895.00
K2 OBJECTIVE OPTIONS *"Itis no coincidence that the NWE Objective's initials were chosen by Infinity Photo-Optical to honor the memory of EO's inspirational founder, Norman W. Edmund” -Jay Margolis, President of Infinity Photo-Optical.
NWE* STD (w/o0 S Lens) CF-1 CF-1/8B CF-2 CF-3 CF-4
Primary Magnification: 0.6X - 0.12X 0.95X - 0.31X 1.5X - 0.5X 2.13X- 0.71X 2.29X - 1.36X 3.05X - 2.06X 5.33X-4.27X
Field of View (V2" sensor) (mm): 10.7-533 6.74-20.5 3-122 43-9.0 28-47 21-31 1.20-1.50
Working Distance (mm): 675 - 360 - 980 265 - 580 222-418 138 - 205 92-125 55-63
Size (Dia. x L) (mm): 58x53 58x53 58 x 65 58x53 58 x4l 58x 68 48x54.7

InfiniTube™ ULTIMA MICROSCOPE TUBE LENSES

* Enables Dynamic Optical Focusing

* Compatible with Full-Frame 35mm Sensors

* Color-Matched for all Infinity Corrected Objectives

InfiniTube™ Ultima Microscope Tube Lenses utilize the optics and accessories of
the InFocus™ objective line, with simplified mounting capabilities for greater flex-
ibility. An added feature allows for integration to larger full frame camera sensors
for higher resolution imaging. These dynamic optical focusing systems eliminate the
need for correction collars and expensive motorized actuators. Available in three
versions, these modules are simplified by maintaining plan fields and mechanical di-
mensions across each option. InfiniTube™ Ultima Microscope Tube Lenses are ideal
for high powered microscope applications such as confocal microscopy and imaging
of thick biological specimens. Note: One objective and adapter are required for use.

InfiniTube™ ULTIMA MICROSCOPE TUBE LENSES InfiniTube™ ULTIMA ADAPTERS AND ACCESSORIES

MIN

Description Stock No. Price Description Stock No. Price
ONE MAIN BODY REQUIRED OPTIONAL AMPLIFIERS
InfiniTube™ Ultima - Nikon/Olympus/Mitutoyo #34-482 $1,599.00 DL Doubler Tube #39-686 $195.00
InfiniTube™ Ultima - Zeiss #34-483 $1,599.00 NTX Tube 2X #36-892 $475.00
InfiniTube™ Ultima - Leica #34-484 $1,599.00 OPTIONAL MICROSCOPE OBJECTIVE ADAPTERS
ONE REQUIRED RMS Objective Adapter #53-786 $150.00
(-Mount Camera Adapter #88-956 $45.00 Mitutoyo/Edmund/Achrovid Adapter #53-787 $150.00
Nikon F-Mount Camera Adapter #85-403 $30.00 Nikon (M25) Objective Adapter #54-589 $160.00
Canon EOS Camera Adapter #85-401 $30.00 OPTIONAL MICROSCOPE STAND ADAPTERS
Olympus Camera Adapter #85-402 $30.00 Olympus Stand Adapter #34-485 $195.00
Description Page Nikon Stand Adapter #34-486 $195.00
ONE REQUIRED Leica Stand Adapter #34-487 $245.00
Mitutoyo Objective 336-137, web Teiss Axio Stand Adapter #34-488 $195.00
Olympus Objective 138, web Teiss Standard Adapter #34-489 $195.00
Nikon Objective 139, web OPTIONAL ACCESSORIES
Achrovid Objective 130 Coaxial llluminator (for 2X to 10X objecfives) #56-126 $895.00
Male T-Mount fo Female C-Mount Adapter* #58.753 $30.00 Coaxial lluminator (for 10X and greater) #56-191 $895.00
. ) Mounting Bar #86-888 $95.00
Adopter Required for Use Large Mounting Clamp #85-400 $85.00
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TECHSPEC'| Compact Objective
Assemblies

¢ Lightweight Design with Compact Form Factor

. I . 2X Compact Objective Assermblis (#88-352
» Configurable Magnification Using Spacers TS T os (488357
— "

e Optimized For Long Working Distances - ’_"ﬂm
* Easily Increase Magnification by Adding Spacers to T %‘51‘3}5"
Increase Tube Length |

e Broadband AR Coating is Optimized for Visible
ng ht Tra nsmission 5X Compact Objective Assemblies (#88-353)
* Now Featuring Liquid Lens Technology on e Ol
e . |——Tube Length 50.00 —— {
Select Magnifications o |
ety
Note: A variety of magnifications and numerical aperture options are available i

upon request to accommodate various resolution, throughput, and depth of field
requirements. To ensure a lens is a proper fit for your application, additional
contrast, resolution, magnification, and tube length data is available upon re- 10X Compact Objective Assemblies (#88-354)
quest. Please contact technical support to discuss your specific requirements. el ngh 7035

Max. Diameter ©38.00 Tube Length )
v “7 25,00 — C- Mount

Front
Aperture

Volume pricing and customization olis
available. An EO-designed and o

manufactured family. ”
nits: mm

Field of Field of
View View
2/5" Sensor 2" Sensor

(mm) (mm) 1-5 6-10

2X 0.12 31.3 %" 137 10191 x 30 50.0 44x33 32x24 C-Mount #88-352 $450.00 $400.00
5X 0.15 16.2 %" 114 93.81x30 50.0 18x1.32  1.28x096  C-Mount #88-353 $550.00 $500.00
10X 0.17 13.5 %" 138 78.35x 38 25.0 088x0.66 0.64x048  CMount #88-354 $650.00 $600.00

Price

Working Maximum Front Dimensions Tube
Distance Sensor Aperture (mm) Length
(mm) Size (mm) (L x Dia) (mm)

Numerical

Aperture Mount Stock No.

Magnification
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Compact Objective Assemblies

INCREASE MAGNIFICATION BY ADDING TUBE LENGTH *Approximate. Spacer rings may be needed to dial in magnification
Stock No. Additional Tube Length Needed Magnification* Image
None (Base Magnification) 2
70mm 4X
#88-352
104mm 5X
19Tmm 7.5X
None (Base Magnification) 5X
40mm 7.5X
#88-353 78mm 10X
155mm 15X
230mm 20X
None (Base Magnification) 10X
#88-354 30mm 15X
60mm 20X

TECHSPEC® TUNABLE COMPACT OBJECTIVE LIQUID LENS ASSEMBLIES

Magnification: 2X 5X Image
Numerical Aperture NA: 0.12 0.15

Working Distance (mm): 313 16.2 #34-712
Focus Tunable Range (typical) (mm): £ 0.5

Maximum Sensor Size: %" 7"

Field of View, 25" Sensor (mm): 44x33 1.8x1.32

Field of View, 142" Sensor (mm): 32x24 1.28 x 0.96

Mount: C-Mount C-Mount

Liquid Lens Type: 10mm, VIS Coated, -1.5 - 3.5 diopter range 10mm, VIS Coated, -1.5 - 3.5 diopter range

Stock No. (NEXIMV) © »un3

1-5 $950.00 $1,050.00

6-10 $875.00 $975.00 #34-713

TECHSPEC®| EXTENSION TUBES TECHSPEC®| BRASS SPACER RINGS

TECHSPEC® C-MOUNT EXTENSION TUBES TECHSPEC® C-MOUNT BRASS SPACER RINGS

Length Stock No. Price Description Stock No. Price
Smm #54-628 $22.50 0.25mm Spacer Ring #54-450 $7.50
10mm #5462 $22.50 0.50mm Spacer Ring #3631 §7.50

1 #54-630 25.00
Smm : 1.00mm Spacer Ring #3632 §7.50

25mm #58-736 $30.00
1.25mm Spacer Ring #54-451 $7.50

40mm #54-631 $35.00
50mm #5463 $40.00 1.50mm Spacer Ring #54-452 $71.50
100mm #50-633 $65.00 2.00mm Spacer Ring #03-633 $7.50
111.5mm #53-838 $65.00 Spacer Ring Kit (2 of Each) #54-461 $70.00
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Using Infinity Corrected Objectives
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Types of Objectives

Microscope objectives are typically grouped under two categories:
finite conjugate and infinite conjugate (infinity corrected).

In a finite conjugate optical design, light from a source (not at infin-
ity) is focused down to a spot. In the case of a microscope, the image
of the object under inspection is magnified and projected onto the eye-
piece (or sensor if using a camera). The particular distance through the
system is characterized by either the DIN or JIS standard; all finite con-
jugate microscopes are either one of these two standards. These types
of objectives account for the majority of basic microscopes, such as sys-
tems used for general inspection or assembly purposes. Finite conjugate
designs are used in applications where cost and ease of design are major
concerns. Additionally, these objectives are typically used for brightfield
techniques only.

In an infinite conjugate, or infinity-corrected, optical design, light
from a source placed at infinity is focused down to a small spot. In an ob-
jective, the spot is the object under inspection and infinity points toward
the eyepiece (or sensor if using a camera). This type of modern design
utilizes an additional tube lens between the object and eyepiece in order
to produce an image. Though this design is much more complicated than
its finite conjugate counterpart, it allows for the introduction of optical
components such as filters, polarizers, and beamsplitters into the optical
path (Figure 2). As a result, additional image analysis can be performed in
complex systems. For example, adding a filter between the objective and
the tube lens allows one to view specific wavelengths of light or to block
unwanted wavelengths that would otherwise interfere with the setup.
Fluorescence microscopy applications utilize this type of design.

Figure 1
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Microscopy, in its simplest form, allows users to view samples and items
that cannot be resolved by the human eye. The technical field of mi-
croscopy can be segmented into three separate fields: optical, electron,
and physical scanning probe microscopy. Optical microscopy, the focus
of this article, relies heavily on properties known as diffraction and re-
fraction. Optical microscopy can be further segmented into a number of
techniques: brightfield, darkfield, phase contrast, differential interference
contrast (DIC), fluorescence, and confocal based systems. Each technique
has a number of similarities and differences; the type of objective used in
the system addresses many of these differences.

More information on infinity corrected objectives can be
found at WWW.EDMUNDOPTICS.COM/OBJECTIVES

Another benefit of using an infinite conjugate design is the ability to
vary magnification according to specific application needs. Since the
objective magnification is the ratio of the tube lens focal length to the
objective focal length, increasing or decreasing the tube lens focal length
changes the objective magnification. Typically, the tube lens is an ach-
romatic lens with a focal length of 200mm, but other focal lengths can
be substituted as well, thereby customizing a microscope system’s total
magnification. Infinity corrected objectives often incorporate multi ele-
ment designs and correct for a number of optical errors such as flatness,
chromatic aberration, spherical aberration, and polarization. These ob-
jectives can be used for almost all microscopy techniques.

Infinity corrected objectives are often designed to address spherical
and/or chromatic aberration. Achromatic, apochromatic, planar, and
semi-planar objective designs each address a specific optical need. Ach-
romatic objectives are among the simplest and least expensive objectives
that account for chromatic aberration. The correction occurs at the red
and blue wavelengths, and also account for spherical aberrations at green
wavelengths. Limited correction for chromatic aberration and lack of
flatness in the field make these suited for simple applications and entry-
level users. Apochromatic objectives provide much higher precision and
are chromatically corrected for the entire visible spectrum. In addition,
they provide spherical aberration correction for two to three wavelengths

Sensor or Eyepiece
Image Plane

Figure 2

Microscope Tube Lens

Infinite Conjugate Space Where
Addifional Optical Components
Such as Filters and Beamsplitters
Can be Added

] Objective

Obiject

Figure 1: Setup for an Infinity Corrected Objective System.
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and tend to have higher numerical apertures, longer working distances,
and typically address field flatness/curvature issues by incorporating
semi-planar or planar designs. Figure I illustrates the internal structure
differences between apochromatic and achromatic objectives.

Figure 2 illustrates the most basic infinity corrected objective configu-
ration. The objective collects light, which is then focused by the second-
ary tube lens to the eyepiece or sensor. The image shows a real life micro-
scope system composed of only four components: an infinity corrected
objective, a secondary tube lens, an extension tube for stray light control,
and a USB camera. Although simple, this system offers little adaptability.
As seen in Figure 3, a seven-component system can be implemented to
create a fluorescent system or to maximize contrast and resolution; in-line
illumination ensures there will be less noise in the system and minimizes
glaring as well as ghosting in the system.

The seven-component setup can be complicated, but the following expla-
nation aims to make the process as simple as possible. To start, #58-329
MT-1/ MT-2 C-mount Adapter can be opened up and the MT-1 or MT-2

Tube Lenses fit inside. Since the tube lenses themselves have no threads,
this adapter provides the necessary C-threads on both sides. Between this
adapter and the C-mount camera, an additional 190mm of extension tubes
is required. Since the tube lens does not attach directly to the objective, use
#55-743 Mitutoyo to C-Mount 10mm Adapter to attach the objective (this
adapter adds 10mm of length and adapts the M26 thread to a C-thread).
An additional 76.5mm of space between the tube lens and objective is
optimal, but it is common to only use about 56.5mm of space between
#55-743 and #58-329 since each adapter adds about 10mm of space. With
this 56.5mm of space, use extension tubes or add other optical compo-
nents such as beamsplitters, optical filters, or polarizers as needed.

It is important to note that 76.5mm is the recommended distance since
these objectives are infinity corrected. However, if the distance is too
short, the system may experience vignetting; if the distance is too long,
the resultant image will be dim because of insufficient light. To summarize,
refer to Figure 3 for an illustration of the seven-component digital video
microscope system.

Figure 3
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Figure 3: Seven-Component Infinity Corrected Digital Video Microscope System.

Fluorescence Filters for Microscopy

Fluorescence microscopy is an optical microscopy technique that uti-
lizes fluorescence, which is induced using fluorophores, as opposed to
absorption, scatter, or reflection. A fluorophore is a type of fluorescent
dye used to mark proteins, tissues, and cells with a fluorescent label
for examination by fluorescence microscopy. A fluorophore works by
absorbing energy of a specific wavelength region, commonly referred to
as the excitation range, and re-emitting that energy in another specific
wavelength region, commonly referred to as the emission range.
Fluorescence microscope systems can range from very simple, such as
an epifluorescent microscope, to extremely complex, such as confocal
or multiphoton systems. Whether simple or complex, fluorescence mi-
croscopes share the same basic concept: excitation energy is used to
illuminate a sample which then produces emission energy, albeit weak,
that is quantifiable. The excitation and emission wavelengths do not
share the same center wavelength, and this allows specialized optical
filters to increase overall contrast and signal.

The most basic concept and schematic can be seen in the Figure 4. A
filter arrangement is constructed out of three very specific filters: an exci-
tation filter, a dichroic filter, and an emission filter. The excitation filter is
placed within the illumination path of a fluorescence microscope, and fil-
ters out all wavelengths of the light source except for the excitation range
of the fluorophore or specimen under inspection. The dichroic filter is
placed between the excitation filter and emission filter at a 45° angle, and
reflects the excitation signal towards the fluorophore under inspection
while transmitting the emission signal towards the detector. The emission
filter is placed within the imaging path of a fluorescence microscope, and
filters out the entire excitation range of the fluorophore under inspection
while transmitting the emission range of the fluorophore.

A typical excitation and emission profile is shown in Figure 5. 1t is
clearly visible that the absorption and emission profiles share common
wavelengths, which is one of the main reasons why high quality filters
are required with high transmission, narrow bandwidths, high optical den-
sities, and extremely sharp cut-on and cut-off bands. Using low quality
filters can ultimately damage the sample, specimen, or expensive sensors.
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Figure 4: Basic Fluorescence Microscope Setup.
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Figure 5: Typical excitation and emission profile.
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Objectives

* Long Working Distance, 6mm for 100X

* High Quality Plan Apochromat Design

« Flat Image Surface Over Entire Field of View

Mitutoyo’s objectives are world-renowned for setting the standard of excellence for long working distance micro-
scope optics. They have achieved the best combination of working distance and optical performance by using a
new approach and avoiding outdated conventions used by competitors. In order to maintain as high an NA and
contrast as possible, the lenses are all Plan Apochromats. An apochromatic objective lens is chromatic aberration
corrected for red, blue, and yellow. Optimized for bright field illumination (incident illumination parallel to optical
axis), these lenses are ideal for in-line illumination applications. For an infinity correction system, a tube lens is
required. M Plan APO HR series objectives offer increased resolving power. All stated magnifications are based
on a tube lens focal length of 200mm.

M Plan Apo A B C D E F
W26 x 0.706 (36 TP) 1X 80 00 380 380 410 340
Max, Dia.F 2X 010 14 75 M7 32 340
s B~ [+——WD.—+ 5X 610 16 250 30 322 340
T t [ Typical Transmission for M Plan Apo 71.3))(( 2?3 gg ggg ;gg ggg g:g
D CE 10 20X 750 00 292 92 32 340
RN l - 50X 820 00 292 292 322 340
— . 100X 890 47 92 178 302 40
I MPlnAppHR A B € D E F
. 5} 9 - 10X 800 02 290 260 30 390
{Parfocal Distonce) Units: mm ! 50X 898 00 282 282 322 340
40 50 60 700 800 %0 1000 1100 M Pllg‘:\xpo st 9%7 OI.!O 2%2 2%2 32E.2 3‘;0
Wavelngth tm) 20X 645 12 252 2B5 322 340
Compatible with MT-1, MT-2, and MT-4 Tube 50X 745 39 252 M2 32 340
Lenses. For complete specifications, 80X 800 25 252 26 322 340
- 100X 80 44 252 10 32 340
pog
200X 80 05 294 270 30 390

M PLAN APO SERIES

M Plan Apo M Plan Apo M Plan Apo M Plan Apo M Plan Apo M Plan Apo M Plan Apo M Plan Apo
X X 5X 7.5X 10X 20X 50X 100X
Numerical Aperture, NA: 0.025 0.055 0.14 0.21 0.28 0.42 0.55 070
Working Dist., WD (mm): 11.0 34.0 34.0 35.0 335 20.0 13.0 6.0
Focal Length (mm): 200.0 100.0 40.0 26.67 20.0 10.0 40 20
Resolving Power (pm): 11.0 50 20 13 1.0 0.7 0.5 04
Depth of Focus (pm): 440.0 91.0 14.0 6.2 35 1.6 0.9 0.6
Field of View (mm):
25" Sensor (H x V): 8.8x6.6 44x33 1.8x1.32 1.17 x 0.88 0.88 x 0.66 0.44x0.33 0.18x0.13 0.09x 0.07
2" Sensor (H x V): 6.4x48 32x24 1.28x0.96 0.85x0.64 0.64x0.48 0.32x0.24 0.13x0.10 0.06 x 0.05
Weight (g): 300 220 230 240 240 270 290 320
Stock No. #58-235 #46-142 #46-143 #66-383 #46-144 #46-145 #46-146 #46-147
Price $2,450.00 $935.00 $705.00 $1,365.00 $885.00 $2,055.00 $2,675.00 $3,495.00
* Super-Long Working Distance for Bright Field Inspection * Increased Resolving Power and Numerical Aperture
« High Quality Apochromat Design « Ideal for Brightfield Observation
« Flat Image Surface Over Entire Field of View * Apochromat Design with Flat Image Across Entire Field of View
M Plan M Plan M Plan M Plan M Plan M Plan Apo HR M Plan Apo HR M Plan Apo HR ~ M Plan Apo HR
Apo SL 20X Apo SL 50X Apo SL 80X Apo SL 100X  Apo SL 200X Q 5X 10X 50X 100X
Numerical Aperture, NA: 0.28 0.42 05 0.55 0.62 0.21 0.42 0.75 0.90
Working Dist., WD (mm): 30.5 20.5 150 13.0 13.0 255 150 52 1.3
Focal Length (mm): 10 4 25 2 1 400 20.0 4.0 20
Resolution Power (pm): 1.0 0.7 0.6 0.5 04 13 0.6 0.3 0.3
Depth of Focus (pm): 35 1.6 1.1 0.9 0.7 6.2 1.55 0.5 0.3
Field of View: (mm):
" Sensor (H x V): 0.44x0.33 0.18x0.13 0.11x 0.08 0.09x 0.07 0.04x0.034 1.80x1.32 0.88 x 0.66 0.18x0.13 0.09x0.07
2" Sensor (H x V): 0.32x0.24 0.13x0.10 0.08 x 0.06 0.06 x 0.05 0.03x 0.025 1.28x0.96 0.64x0.48 0.13x0.10 0.06 x 0.05
Weight (g): 240 280 280 290 490 285 460 400 410
Stock Number #46-398 #46-399 #46-400 #46-401 #56-072 #34-247 #58-236 #58-237 #58-238
Price $3,095.00 $3,425.00 $4,050.00 $4,795.00 $11,175.00 $4,750.00 $8,125.00 $5,725.00 $6,175.00
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Tube Lenses

MT-4/MT-40 TUBE LENS MT-1TUBE LENS MT-2 TUBE LENS MT-L/MT-L4 TUBE LENS

* Use #56-992 or #55-743 ¢ Permits Introduction of Beamsplitter ¢ Permits Introduction of Beamsplitter * MT-L Tube Lens for
Accessory Tubes * Use #58-329 Accessory Tube with * Use #58-329 Accessory Tube with NUV and NIR Objectives

* Recommended to use MT-4 for #55-743 #55-743 * MT-L4 Tube Lens for
1-20X and MT-40 on >20X * 1X Magnification * 2X Magnification UV Objectives

¢ 1X Magnification

MITUTOYO TUBE LENSES

MT-4/MT-40 MT-1 MT-2 MT-L/MT-14
Focal Length (mm): 200 200 400 200/200
Design Wavelength (nm): 436 - 656 436 - 656 436 - 656 355-1064/266 - 620
Image Formation Mag.: X 1X 2 1X/1X
Image Cirde Covered (mm): 30 (MT-4), 24 (MT-40) 30 (@L=76.5mm) 30 (@L=76.5mm) 24/24 (@L=134mm)
Entrance Pupil Dia. (mm): 1.2 24 18 22/23
Dimensions = (Dia. x L) (mm): 34 x 27 (MT-4), 34 x 27.5 (MT-40) 40x 325 40x32.0 35x32.0/35x 30.6
Mounting: M26 x 36 TPI three 2.4mm holes three 2.4mm holes M32x0.5/M32x 0.5
Stock No./Price (MT-4) #54-428 $695.00 (MT-L) #56-073 $1,750.00
(MT40) #83.911 §1,195.00 LI Y Sl bl (MT.L4) #56.864 $3675.00
I u r‘7||erme iate 7*‘ ! r‘;em\ iote 7;‘75.," fermediate Intermediate
| :m'nge Pisi:ion 1 e :n:nge:dmn::ion }n:ugel’dusilion :mnge;i;‘l‘mn"‘iﬂir
} R ﬂaMwnl'mg Ring
! 3 Mouriing Holes 3 Mourting Holes g | 4 <
! 2.4mm Diometer S 24mm Diameter g —— 2
- 1 e L k“” z
2 i AT
e /- "
= 715 St 035

Obijective Lens

M26 x 0.706
Female Thread

‘T Objective Lens 1 Units: mm
TECHNICAL NOTE

USING TUBE LENSES WITH INFINITY CORRECTED OBJECTIVES
In order to create an image with an infinity corrected objective, a tube lens must be used to focus the image. One advantage to using an infinity corrected objective
with a tube lens is that there can be a space between the objective and tube lens. The space allows additional optical components to be inserted into the system, such
as filters or beamsplitters. The distance between the objective and the tube lens (L) can be varied, but this will affect the image field diameter (). Equations 1 and 2
are approximation formulas to determine the relation between @ and L.

95

Objective Lens Objective Lens

PD=!

PD=95
PD=95

PD=95

@, (mm) = exit pupil of the objective

. . (9,-9) xF, @, (mm) = entrance pupil of the tube lens
Equation 1: @ (mm)=2xF xNA Equation 2: L (mm) = —— F, (mm) = focal length of the objective
(2] F, (mm) = focal length of the tube lens

NA = Numerical Aperture of the objective

Example:
Using an M Plan APO 10X objective (#46-144), MT-1 tube lens (#54-774), and a %” sensor camera, what is the maximum spacing between the tube lens and
objective without vignetting? The focal length of the objective (F,) is 20mm and NA is 0.28, so the exit pupil diameter can be calculated:

@,=2x20x0.28 =11.2mm

A %3” image sensor features an 11mm diagonal, therefore & needs to be at least 11mm. The focal length of the MT-1 tube lens is 200mm and the entrance pupil
diameter is 24mm. Therefore, L = ((24 — 11.2) x 200)/11 = 232.7mm

As long as the spacing between the tube lens and objective is less than 232.7mm, there will be no vignetting.

TECHSPEC®| ACCESSORIES AND ADAPTERS FOR MITUTOYO OBJECTIVES

* Camera Extension Tube Allows Integration of C-Mount Cameras
* Adapters Ease Integration of MT-1 and MT-2 Tube Lenses
* Connect with C-Mount or RMS Threaded Components

TECHSPEC® ACCESSORIES AND ADAPTERS FOR MITUTOYO OBJECTIVES *Requires Mitutoyo C-Mount Adapter #55-743

Objective Thread Adapters Tube Length  Stock No. Price Accessory Tubes Notes Stock No. Price
Mitutoyo to C-Mount Adapter 10mm #55-743 $35.00 MT-1/MT-2 C-Mount Adapter*  Requires 190mm of Tube Length on a C-Mount Camera #58-329 $169.00
Mitutoyo to RMS Adapter 14mm #58-296 $85.00  MT-L/MT-L4 C-Mount Adapter*  Requires 150mm of Tube Length on a (-Mount Camera  #66-027 $159.00
C-Mount Camera Extension Tube 152.5mm #56-992 $139.00 Filter Holder Accepts 24.15-25.4mm Dia Filters #56-993 $75.00
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Objectives

Dimensions A B C D E F (]
PLN 4X 24 44 00 158 158 240 45
PLN 10X 343 41 16 105 160 240 45
PLN 20X 437 42 24 61 156 240 48
PLN 40X 43 42 30 75 156 40 45
PIN100X 447 42 25 66 156 240 45
Dimensions A B C D E F (]
UPLFLN 4X 279 28 00 180 180 240 45
UPLFLIN 10X 349 101 00 136 136 240 45
UPLFLN 20X 428 53 23 94 158 260 45
UPLFLN 40X 444 51 40 85 160 260 45
UPLFLN 40X0 447 40 17 94 193 300 47
UPLFLIN 60X 447 52 27 86 170 290 47
UPLFLN 100X 447 55 30 70 172 280 45
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« Ideal for Brightfield, Darkfield,
or Fluorescence Microscopy
* Excellent Price-to-Performance Ratio
* Suitable for Introductory and Advanced
Optical Microscopy Applications
Olympus Plan Achromatic Objectives are designed
for clinical laboratory or examination applications.
When using brightfield observation in a transmit-
ted illumination system, Olympus Plan Achromatic
Objectives provide excellent field flatness of up to
F.N.22.

920.32

45.06 (Parfocal Length)

WD

|

Units: mm

]
—Lp
I

——

OLYMPUS PLAN ACHROMATIC OBJECTIVES *0il Immersion

PLN 4X PLN 10X PLN 20X PLN 40X
Numerical Aperture, NA: 0.1 0.25 04 0.65
Working Distance (mm): 18.5 10.6 12 0.6
Field Number: 22 22 22 22
Dimensions (Dia x L, mm): 24 x 26.5 24x34.3 24x43.7 24x44.3
Stock No. #86-812 #86-813 #86-814 #86-815
Price $140.00 $315.00 $375.00 $575.00

« Ideal for Brightfield, Darkfield, DIC,
Fluorescence, or Polarization Microscopy
¢ Excellent Transmission in the UV
* High Numerical Apertures and Oil
Immersion Options Available
Olympus Plan Fluorite Objectives are multi-pur-
pose objectives that utilize advanced multi-coatings
to provide excellent flat field images from the UV
to NIR. Offering high signal-to-noise ratios, excel-
lent resolution, and high contrast imaging capabil-
ity, Olympus Plan Fluorite Objectives are ideal for
brightfield microscopy or Nomarski differential in-
terference contrast (DIC) observations, in addition
to darkfield or fluorescence microscopy, or specific
polarization techniques.

PLN 100X*
1.25
0.15
22

24x44.7
#86-816
$995.00

92032

45.06 (Parfocal Length)

WD

Units: mm

OLYMPUS PLAN FLUORITE OBJECTIVES *0il Immersion

UPLFLN UPLFLN
4X 10X
Numerical Aperture, NA: 0.13 0.3
Working Distance (mm): 17 10
Field Number: 26.5 26.5
Dimensions (Dia x L, mm): 241219 24x349
Stock No. #36-817 #86-818
Price $495.00 $895.00

UPLFLN UPLFLN UPLFLN UPLFLN UPLFLN
20X 40X 40X0* 60X 100X*
0.5 075 1.3 09 1.3
21 0.51 02 0.2 0.2
26.5 26.5 26.5 26.5 26.5
26x42.8  26x444  30x447  31x447  28x447
#86-819 #86-820 #86-821 #86-822 #86-823
$995.00  $1,195.00  $5295.00  $2,995.00  $2,450.00

OLYMPUS ACCESSORIES

Description

Low Auto Fluorescence Immersion Oil

Single Port Tube Lens, 180mm Focal Length

1X Camera Coupler

C-Mount Adapter

Empty Filter Cube for Olympus BX2 Microscopes
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Stock No.

#86-834
#86-835
#89-605
#89-606
#86-832

Price
$49.00
$495.00
$85.00
$175.00
$450.00



Objectives

Infinity Tube Lens Unit with Objective . E:::;l?Vl;trlﬁ(r:lgml.)lilsig:z‘:f;g’;igh NA
Nikon CF160 Infinity Corrected Brightfield Objectives * Strain Free
Image Plane Designed to meet the most advanced imaging requirements, the CFI60 ob-
i jectives represent the culmination of Nikon’s optical technology. Relying on
a 60mm parfocal distance and a much larger barrel diameter allows these
2% 1512 objectives to offer increased brightness and the highest possible combination
of working distance and numerical aperture (for light gathering ability). De-
signed to correct lateral and axial chromatic aberrations over the entire field
_,_ 05 of view, these objectives produce images that are crisp, flat and clear with
y [ high contrast and high resolution. Mounting thread: M25 x 0.75.
The accessory tube lens (#58-520) can be used to focus light from the infin-
ity corrected objective onto the image plane. For optimal performance, the
M38x05 distance between the tube lens and the objective’s shoulder should be kept
—&—— 100-200 within 100 - 200mm. This spacing allows accessories to be inserted in the
| | optical path to accommodate specific needs.
Objective’s Shoulder :
‘ T [Pian Stock No. PMAG A B C
8 #58-515 5X 29.0 36.5 20.0
#58-516 10X 290 427 18.0
‘ #58-517 20X 290 47.0 19.0
== Unifs: mm #58-518 50X 300 499 17.7
) #58-519 100X 30.0 56.5 14.0
NIKON CFI60 INFINITY CORRECTED OBJECTIVES
CFI TU Plan Epi 5X CFI TU Plan Epi 10X CFI TU Plan Epi ELWD 20X CFI TU Plan Epi ELWD 50X CFI TU Plan Epi ELWD 100X
Numerical Aperture: 0.15 0.30 0.40 0.60 0.80
Working Distance (mm): 25 173 19.0 11.0 35
Focal Length (mm): 40.0 20.0 10.0 40 20
Resolving Power (pm): 20 1.0 0.7 0.5 0.3
Depth of Focus (pm): 12.22 3.06 1.72 0.91 0.43
Field of View (mm):
Eyepiece, 25 Dia. Field: 50 25 1.25 0.5 0.25
Eyepiece, 22 Dia. Field: 44 2.2 A 0.44 0.22
3" CCD Camera (H x V): 1.76x1.32 0.88 x 0.66 0.44x0.33 0.18x0.13 0.09 x 0.07
2" CCD Camera (H x V): 1.28x0.96 0.64 x 0.48 0.32x0.24 0.13x0.10 0.06 x 0.05
Weight (g): 100 125 90 130 215
Stock No. #58-515 #58-516 #58-517 #58-518 #58-519
Price $765.00 $999.00 $1,895.00 $2,250.00 $4,800.00
Nikon 200mm Tube Lens #58-520 $265.00

* Suitable for Non-Contact Optical Profiling

* Michelson and Mirau Objectives Available

« Infinity Corrected 200mm Tube Lens Design
Interferometry objectives are used in non-contact optical profile measurement devices to obtain surface maps and
surface measurement parameters. They can be used to examine surface topography with very high precision—to within
a fraction of the wavelength of light. In these objectives, a light beam passes through a beamsplitter, which directs the
light to both the surface of the sample and a built-in reference mirror. The light reflected from these surfaces recombines
and a fringe interference pattern is formed. The Michelson objectives provide comparatively longer working distances,
wider fields of view and larger depth of focus, whereas the Mirau objectives are used in applications requiring higher
magnification and/or numerical apertures. Use of the Nikon 200mm tube lens (#58-520) allows these objectives to be
integrated to a C-Mount camera.

NIKON INTERFEROMETRY OBJECTIVES

Type:

Numerical Aperture:

Working Distance (mm):

Focal Length (mm):

Resolving Power (pm):

Depth of Focus (pm):

Field of View (mm):
Eyepiece, 25 Dia. Field:
Eyepiece, 20 Dia. Field:
2/3" Camera (H x V):
14" Camera (H x V):

Weight (g):

Stock No.

Price

Nikon 200mm Tube Lens

Michelson CF ICE;
Tl 2.5X
Michelson

0.075
10.3
80.0
37
48.6

10.0
8.0
3.52x2.64
2.56x1.92
440
#59-310
$7,400.00

Michelson CF IC
Epi Plan TI 5.0X
Michelson
0.13
9.3
50.0
1.9
12.2

pi Plan

50
40
176x132
1.28x0.96
440
#5931
$3,795.00

Mirau CF IC Epi Plan DI

10X DI 20X
Mirau Mirau
0.30 0.40
74 47
20.0 10.0
0.92 0.69
3.04 1.7
25 1.25
20 1.0
0.88 x 0.66 0.44x0.33
0.64 x 0.48 0.32x0.24
125 130
#59-312 #59-313
$2,350.00 $2,625.00
139

Mirau CF IC Epi Plan

DI 50X
Mirau
0.55
34
40
0.50
0.90

0.50
0.40
0.18x0.13
0.13x0.10
150
#59-314
$4,395.00
#58-520

WWW.EDMUNDOPTICS.COM/EO-IMAGING

Mirau CF IC Epi Plan

Mirau CF IC Epi Plan
1-DI 100X
Mirau
0.70
20
20
0.40
0.56

0.25
0.20
0.011x0.08
0.08 x 0.06
200
#62-788
$10,750.00
$265.00
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Objective Performance Testing

All objectives are tested to ensure quality and performance to the following PARFOCALITY TESTING  CENTERING TESTING

specifications. Oecive 2025mmmnox. L]

Centering: Using a customized testing microscope with a pre-calibrated 10X s o &L \/

eyepiece, the objective connects to a precisely aligned spinning mount. As objec- dmm 1§ oo tor

tive is turned, the eyepiece reticle is compared to a stage micrometer. The optical Ohet

to mechanical deviation is determined to be less than the maximum value stated. ' g i
i

Parfocality: Using the same testing microscope, a scale connected to the fine
focus knob measures distance moved. As the illustration shows, the standard
distance of 45mm for a DIN objective is used as a zero setting. The maximum OBJECTIVE PERFORMANCE SPECIFICATIONS

allowable defocus is stated in the table. Objective 'f;g“"i‘““"" ce“'ef{'}% (mm) P“'ffbf‘(']lsi'! (()"““)
10X 0.03 -0.02 ~ +0.02
. o ; 20X ] 0~ +0.03
Mechanical: All objective threads are tested to meet the RMS industry standard zg% X g ~ :ggg
with go/no-go gauges. 100X ) -0.01 ~ +0.05

Our full selection of International Standard Microscope Objectives can be used with most major brands of mi-
croscopes that utilize RMS mounting threads. Our product offering features DIN 45mm standard objectives with
achromatic and semi-plan designs. The achromatic design ensures proper color correction for broadband white
light sources, while semi-plan designs have an added feature to create the flattest image field possible. Interna-
tional Standard Microscope Objectives include AR coated optics to ensure maximum transmission and reduce
internal reflections in the optical assembly. All 20X to 100X objectives have spring-loaded (retractable) front ends
to prevent slide damage. Note: Oil immersion is recommended for all 100X objectives with an NA higher than
1.0 (part number #86-834).

‘« Ris— ~— Riis—| -~ Rs—|

Description Stock No. Price
0.5 oz. Tube of Immersion Oil #86-834 $49.00
Micro-Plan Achromatic Achromatic
4X 10X 40X 100X 4X 10X 20X 40X 60X 100X

I
88R/a 0Oa 'HH!
Cad T

o O LY |

Fe ] T e s -l Ton - =gl gl o~
Units: mm Units: mm Units: mm
Magnification Focal Length (mm) Field of View (mm)* Working Distance (mm)  Numerical Aperture (NA) Stock No. Price
X 29.27 450 26.00 0.10 #33-436 $79.00
10X 17.02 1.80 440 0.25 #33-437 $105.00
20X 8.33 0.90 0.80 0.40 #33-438 $110.00
40X 435 045 0.60 0.65 #33-439 $115.00
60X 32 0.30 0.15 0.85 #33-440 $189.00
100X 1.88 0.18 0.20 1.25 (oil immersion) #33-441 $255.00
DIN MICRO-PLAN (SEMI-PLAN) *FOV given for 18mm dia. eyepiece field sop diameter
Magnification Focal Length (mm) Field of View (mm)* Working Distance (mm)  Numerical Aperture (NA) Stock No. Price
4X 28.84 5.00 15.10 0.10 #33-469 $99.00
10X 17.19 2.00 6.40 0.25 #33-470 $115.00
40X 4.03 0.50 0.65 0.65 #33-471 $120.00
100X 177 0.20 0.22 1.25 (oil immersion) #33-472 $195.00
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Designed for a wide variety of applications,
our commercial objectives are provided in both
achromatic and plan designs. Using DIN stan-
dard, 0.7965” (20.1mm) dia. threads, 36 TPI,
55° Whitworth, these objectives will fit into
most microscope and spatial filter assemblies.
Used in conjunction with our C- and T-Mount-
ing systems they are an ideal solution for OEM
production use.

|<—U—>|

Objectives

Magnification A B C D
aX 24 37 34 19

10X 24 37 3 19
40X* 24 37 48.8 20
100X* 24 37 48.8 20

*40X and 100X versions are spring-loaded. 100X version is also oil immersion-type
Thread

0.7965-36 TPI, 55° Whitworth
0.7965-36 TP1, 55° Whitworth
0.7965-36 TPI, 55° Whitworth
0.7965-36 TPI, 55° Whitworth

*40X and 100X versions are spring-loaded. 100X version is also oil immersion-type

Magnification A B C D E Thread
4X 24 37 34 22 30 0.7965-36 TP, 55° Whitworth
10X 24 37 47.6 22 44 0.7965-36 TP1, 55° Whitworth
40X* 24 37 49 22 46 0.7965-36 TPI, 55° Whitworth
100X* 24 37 48 22 46 0.7965-36 TPI, 55° Whitworth
ACHROMATIC OBJECTIVES *40X and 100X versions are spring-loaded. 100X version is also oil immersion-type
Magnification NA Focal Length (mm) Working Dist. (mm) Stock No. 1-24 pcs. 25-49 pes. 50-74 pcs. 75-100 pcs.
4X 0.10 31.04 18.8 #43-902 $55.00 $45.00 $35.00 $32.00
10X 0.25 1713 6.14 #43-903 $69.00 $52.00 $47.00 $42.00
40Xx* 0.65 4.65 0.48 #43-904 $95.00 $75.00 $68.00 $63.00
100X* 1.25 291 0.10 #43-905 $125.00 $100.00 $90.00 $85.00
PLAN OBJECTIVES *40X and 100X versions are spring-loaded. 100X version is also oil immersion-type
Magnification NA Focal Length (mm) Working Dist. (mm) Stock No. 1-24 pcs. 25-49 pcs. 50-74 pcs. 75-100 pcs.
4X 0.10 2891 15.25 #67-706 $85.00 $69.00 $65.00 $55.00
10X 0.25 15.37 1.50 #43-907 $110.00 $89.00 $82.00 $78.00
40X* 0.65 429 0.49 #43-908 $160.00 $139.00 $129.00 $119.00
100X* 1.25 274 0.10 #43-909 $245.00 $205.00 $185.00 $165.00

These tube options allow DIN standard objectives to be used directly with either a DIN eyepiece
or a C-Mount camera. Tubes are the appropriate length for DIN standard. Any DIN objective can
be mounted to either tube. Model #54-869 allows a DIN standard eyepiece to be used with an
objective to make an ocular microscope. Model #54-868 allows the DIN objective to be mounted
to a C-Mount camera and achieve a primary magnification equal to the magnification of the
objective. The field of view of the video system is equal to the sensor size divided by the magnifi-
cation of the objective. For example, a 4X objective yields a horizontal field of view of 1.6mm on
a 2” sensor. Objectives and eyepieces are not included with tube assemblies. C-Mount cameras
are available in our Imaging section.

Optional mounting ring allows mounting to a ¥4-20 screw. Mounting ring (#52-930) and V4-20
fine focus rack and pinion mount (#54-794) are recommended for mounting to boom stands and
work station bases.

SINGLE TUBE DIN MICROSCOPES

Description Stock No. Price
A) DIN Objective to Camera Tube Assembly #54-868 $135.00
B) DIN Objective to Eyepiece Tube Assembly #54-869 $135.00
() Optional %2-20 Mounting Ring #52-930 $75.00
D) 2-20 Rack and Pinion with Fine and Coarse Focus #54-194 $375.00
For Option A: For a /4" sensor, the chip size is 3.6mm Horiz.
3.6
Field of View = % = 0.9mm
Field of View = ST
= m For a /2" sensor, the chip size is 6.4mm Horiz.
6.4
Field of View = % = 1.6mm
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Image of Halftone Dots Using 4X
Achromatic Objective
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Cameras

Digital Camera Interfaces

DIGITAL SIGNAL
:I)(;E.ONS alZ )
- images not
drawn to scale
USB 3.0 USB 2.0

Data Transfer Rate: 56h/s 480 Mb/s
Max Cable Length: 3m (recommended) 5m
# Devices: up to 27 upto127
Connector: UsB UsB
Capture Board: Optional Optional
External Power: Optional Optional

Table 1: Comparison of Popular Digital Camera Interfaces.

USB (Universal Serial Bus)

USB 3.0 is a popular interface due to its ubiquity among computers.
It is high speed and convenient; maximum attainable speed depends
upon the number of USB peripheral components, as the transfer rate of
the bus is fixed at 5 Gb/s. In USB3 Vision, camera control registers are
based on the EMVA GenICam standard. The USB3 standard does not
match that of the computer standard of backwards compatibility, but
some USB 3.0 cameras are backward compatible making them run at
the slower speed of USB 2.0.

USB 2.0 features the plug-and play benefits of USB 3.0, however it
is much slower than USB 3.0 with data transmission rates of 480Mb/s.
Cables are readily available anywhere computer components are sold
for both USB 2.0 and 3.0.

GigE (GigE Vision Standard)

GigE is based on the gigabit ethernet internet protocol and uses stan-
dard Cat 5e and Cat 6 cables for a high-speed camera interface. Stan-
dard ethernet hardware such as switches, hubs, and repeaters can be
used for multiple cameras, although overall bandwidth must be taken
into consideration whenever non peer-to-peer (direct camera to card)
connections are used. In GigE Vision, camera control registers are based
on the EMVA GenICam standard. Optional on some cameras, Link Ag-
gregation (LAG) uses multiple ethernet ports in parallel to increase data
transfer rates. Also supported by some cameras, the network Precision
Time Protocol (PTP) can be used to synchronize the clocks of multiple
cameras connected on the same network, allowing for a fixed delay rela-
tionship between their associated exposures.

Camera Link®

Camera Link® is a high speed serial interface standard developed explic-
itly for machine vision applications. A Camera Link® capture card is re-
quired for usage, and power must be supplied separately to the camera.
Special cabling is required because, in addition to low-voltage differen-
tial pair (LVDP) signal lines, separate asynchronous serial communica-
tion channels are provided to retain full bandwidth for data transmission.

142 800-363-1992 - EDMUND OPTICS®
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Digital cameras are available with a variety of interface options that
are often dependent on an application’s requirements. Some formats,
such as the two USB varieties, can greatly simplify the setup process by
supplying video output and power via a single interface. Other formats
may require an additional power supply but provide advantages such as
higher data transfer rates, which affects the frames per second a camera
is capable of outputting, or support for a greater number of simultane-
ous devices. Table 1 compares the different digital camera interfaces.

For more information on cameras go to
WWW.EDMUNDOPTICS.COM/CAMERAS

L

GigE (PoE) Camera Link® FireWire 1394.b
1000 Mb/s up fo 3.6Gh/s 800 Mb/s
100m 10m 100m (with GOF cable)
unlimited 1 upto 63
RJ45 / Catbe or 6 26pin 9pin-9pin
Not Required Required Optional
Reguired (Optional with PoE) Required Optional

The single-cable base configuration allows 255 MB/s transfer dedicated
for video. Dual outputs (full configuration) allow for separate camera
parameter send/receive lines to free up more data transfer space (680
MB/s) in extreme high-speed applications.

FireWire (IEEE 1394.b/IIDC DCAM Standard)

FireWire, aka IEEE 1394.b, is an isochronous camera interface due to
the widespread availability of FireWire ports on computers. FireWire.b
allows for the connection of multiple cameras and provides power
through the FireWire cable. Hot-swap/hot-plugging is not recom-
mended, as the connector’s design may cause power pin shorting to
signal pins, potentially damaging the port or the device. FireWire.a is
an older, slower version of FireWire and is not used often anymore.

Capture Boards

Image processing typically involves the use of computers, which means a
digital interface is necessary when using analog cameras. Capture boards
allow users to output analog camera signals into a computer for analysis;
for analog signals (NTSC, YC, PAL, CCIR), the capture board contains an
analog-to-digital converter (ADC) to digitize the signal for further image
processing. Users can then capture images and save them for future ma-
nipulation and printing. Basic capturing software is included with capture
boards, allowing users to save, open, and view images.

The term capture board also refers to cards that are necessary to acquire
and interpret the data from digital camera interfaces, but are not based on
standard computer connectors.

TECHSPEC® HP Series
Fixed Focal Length
Lenses on Pages 58-63.




Powering the Camera

Many camera interfaces allow for power to be supplied to the camera re-
motely over the signal cable (such as USB). When this is not the case, power
is commonly supplied either through a Hirose connector (which also allows
for trigger wiring and 1/0), or a standard AC/DC adapter type connection.

Power over Ethernet (PoE)

Currently, power injectors are available that allow, with particular camer-
as, the ability to deliver power to the camera over the GigE cable. This can
be important when space restrictions do not allow for the camera to have
its own power supply. In this case, the injector is added somewhere along
the cable line with standard cables running to the camera and computer.
However, not all GigE cameras are PoE compatible.

Camera Software

In general, there are two choices when it comes to imaging software: cam-
era-specific Software Development Kits (SDKs) or third-party software.
SDKs include application programming interfaces with code libraries for
development of user defined programs, as well as simple image view-
ing and acquisition programs that do not require any coding and offer

Sensors

Sensor Size

The size of a camera sensor’s active area isimportant in determining the sys-
tem’s Field of View (FOV) and Primary Magnification (PMAG). Given a fixed
magnification that is determined by the imaging lens, larger sensors yield
greater FOVs. As shown in Figure 1 and in Table 2, there are several standard
area-scan sensor sizes. The nomenclature of these standards dates back
to the Vidicon vacuum tubes used for television broadcast imagers, so it
is important to note that the actual dimensions of the sensors differ. How-
ever, most of these standards maintain a 4:3 (Horizontal:Vertical) dimen-
sional aspect ratio.

One issue that often arises in imaging applications is the ability of
an imaging lens to support certain sensor sizes. If the sensor is too
large for the lens design, the resulting image may appear to fade away
and degrade towards the edges because of vignetting (extinction of
rays which pass through the outer edges of the imaging lens). This is
sometimes referred to as the tunnel effect, since the edges of the field
become dark. Smaller sensor sizes do not yield this vignetting issue.

Laptops and Cameras

Although many digital camera interfaces are accessible to laptop com-
puters, it is highly recommended to avoid standard laptops for high-per-
formance and/or high-speed imaging applications. Often, the data buses
on the laptop will not support full transfer speeds and the resources are
not available to take full advantage of high performance cameras and
software. In particular, the ethernet network speed interface cards stan-
dard in most laptops perform at a much lower level than the PCle cards
available for desktop computers.

simple functionality. With third-party software, camera standards (GenICam,
DCAM, GigE Vision) are important to ensure functionality. Third party-soft-
ware includes software such as NI LabVIEW™, MATLAB®, and OpenCV.
Often, third-party software is able to run multiple cameras and support mul-
tiple interfaces, but it is ultimately up to the user to ensure functionality.

CCD vs. CMOS Sensors

CCD (Charge Coupled Device) and CMOS (Complementary Metal Oxide
Semiconductor) are different sensor technologies for converting light into
electronic signals. In a CCD, each pixel’s charge is converted to voltage,
buffered, and transferred through a single node as an analog signal. In a
CMOS sensor, the charge-to-voltage conversion is done at the pixel level.
Historically, this conversion yielded a less uniform output.

New advances in CMOS technology over the last several years have
helped greatly reduce the non-uniformity in low light environments, and
in many applications high-end CMOS sensors can outperform the compa-
rable CCD. Additionally, CMOS has lower power consumption than CCD,
which makes them useful for any space-constrained application. Lower-
end CMOS sensors with pixels smaller than approximately 3 microns are
still outperformed by CCD in terms of image quality. Performance differ-
ences are highlighted in Table 3.

Figure 1
3
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Figure 1: Sensor Size Dimensions for Standard Camera Sensors. Not to Scale.
Pixel Size (ym) 9.9 74 5.86 5.5 4.54 3.69 3.45 2.2 1.67
Resolution (Ip/mm) 50.5 67.6 85.3 90.9 110.1 135.5 1449 271.3 299.4
Typical V2" Sensor (MP) 0.31 0.56 0.89 1.02 1.49 2.26 2.58 6.35 11.02
Typical 25" Sensor (MP) 0.59 1.06 1.69 1.92 282 427 4.88 12.00 20.83
Table 2: Camera Resolution by Pixel Size.
(0} CMoS ((0)] CMoS
Pixel Signal: Electron Packet Voltage Uniform: High Moderate
Chip Signal: Analog Digital Resolution: Low-High Low-High
Fill Factor: High Moderate Speed: Moderate-High High
Responsivity: Moderate Moderate-High Power Consumption: Moderate-High Low
Noise Level: Low Low to High Complexity: Low Moderate
Dynamic Range: High Moderate to High Cost: Moderate Low
Table 3: CCD vs. CMOS Sensors.
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Spectral Properties

Depending on an application’s requirements, a camera’s ability to repro-
duce color may or may not be beneficial. A comparison of monochrome,
single chip color, and three chip color cameras is shown in Table 4 and
more detail is provided in the following section.

Monochrome

Single Sensor Outputs Grayscale Images

10% Higher Resolution than Comparable Single-Chip Color Cameras Low Cost

Better Signal-To-Noise Ratio; Greater Contrast

Increased Low-light Sensitivity

Table 4: Monochrome vs. Color.

Monochrome Cameras

CCD and CMOS sensors, being silicon devices, are sensitive to wave-
lengths from approximately 350 - 1050nm, although the usable range
is usually given from 400 - 1000nm. This sensitivity is indicated by the
sensor’s spectral response curve (Figure 2). However, most high-quality
color, and some monochrome, cameras provide an infrared (IR) cut-off
filter for imaging specifically in the visible spectrum.

Color Cameras
The solid state sensor is based on the photoelectric effect and, as a

result, cannot distinguish between colors without additional consider-
ations. There are two types of color CCD cameras: single chip and three-
chip. Single chip color CCD cameras offer a common, low-cost imaging
solution and use a mosaic (e.g. Bayer) optical filter to make different
pixels sensitive to only certain wavelengths of light. A color image is
then reconstructed in software using a “de-bayering” algorithm which
interpolates true color information from the RGB signals. Since more
pixels are required to recognize color, single chip color cameras inher-
ently have lower resolution than their monochrome counterparts. Three-
chip color CCD (3CCD) cameras are designed to solve this resolution
problem by using a prism to direct each section of the incident spectrum
to a different chip. Although 3CCD cameras typically provide extremely
high resolutions and more accurate color reproduction, they have lower
light sensitivities and can be costly.

Frame Rate and Shutter Speeds

The frame rate refers to the number of full frames composed in a sec-
ond. In high-speed applications, it is beneficial to choose a faster frame
rate to acquire more images of the object as it moves through the FOV.

The shutter speed corresponds to the inverse of the exposure time of
the sensor. The exposure time controls the amount of incident light col-
lected by the sensor. Camera blooming (caused by over-exposure) can
be controlled by decreasing illumination, or by increasing the shutter
speed (decreasing exposure time).

The maximum frame rate for a system depends on the sensor readout
speed, the data transfer rate of the interface, and the number of pixels
(amount of data transferred per frame). Often, a camera may be run at
a higher frame rate by reducing the resolution by binning pixels together
or restricting the area of interest. For digital cameras, exposures can be
made from tens of microseconds to minutes, although the longest expo-
sures are generally only practical with CCD cameras, which have lower
dark currents and noise compared to CMOS.

Electronic Shutter: Global vs. Rolling

A global shutter is analogous to a mechanical shutter, in that all pixels are
exposed and sampled simultaneously, with the readout then occurring
sequentially; the photon acquisition starts and stops at the same time
for all pixels. On the other hand, a rolling shutter exposes, samples, and
reads out sequentially; it implies that each line of the image is sampled

144 800-363-1992 - EDMUND OPTICS®

Color (Single Chip)
Uses RGB Bayer Color Filter (Typical)

Lower Resolution (More Pixels Required To Recognize Color)

Standard Cabling; Easily Integrated info Systems
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Check out our Imaging Electronics 101 in the
tech resource section at
WWW.EDMUNDOPTICS.COM/IMAGING-101

3 Chip Color Cameras
Urilizes a Prism to Split White Light into 3 Different Sensors
More Costly
Better Color Resolution
Smaller Selection of Lenses

Mag Require Specially Designed Lenses

Figure 2 Normalized Response of a Typical Monochrome ((D
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Figure 2: Normalized Spectral Response of a Typical Monochrome CCD.

Figure 3: Comparison of Motion Blur. Stationary PCB (4) and images of
moving PCB with Continuous Global Shutter (B) and Rolling Shutter (C).

at a slightly different time. Intuitively, images of moving objects are dis-
torted by a rolling shutter; this effect can be minimized with a triggered
strobe placed at the point in time where the integration period of the
lines overlaps. Note that this is not an issue at low speeds. Implementing
global shutter for CMOS requires more complicated sensor architecture
than the standard rolling shutter model, and thus they are not available
on all CMOS sensors. A comparison of global and rolling shutters is
shown in Figure 3.

In contrast to global and rolling shutters, an asynchronous shutter re-
fers to the triggered exposure of the pixels. That is, the camera is ready
to acquire an image, but it does not enable the pixels until after receiving
an external triggering signal. This is opposed to a normal constant frame
rate, which can be thought of as internal triggering of the shutter.



Area Scan vs. Line Scan Cameras

Depending on an application’s requirements, a system implementer
must choose between an area scan or line scan camera. In area scan
cameras, an imaging lens focuses the object to be imaged onto the sen-
sor array, and the image is sampled by the pixels all at once for recon-
struction (Figure 4). This is convenient if the image is not moving quickly
or if the object is not extremely large. With line scan cameras, the pix-
els are arranged in a linear fashion, and as the object moves past the
camera, the image is taken line by line and reconstructed with software
(Figure 4). Linear arrays are capable of much higher resolutions than
area scan devices, with 2500 pixels being the highest typical horizon-
tal resolution of area scan sensors, while upwards of 12,000 pixels in a
linear device is not uncommon. However, with line scan cameras, the
object must be precisely moved relative to the camera to construct the
image, making integration much more difficult. A brief overview of area
scan and line scan cameras is provided in Table 5.

Area Scan
4:3 (H:V) Ratio (Typical)
Large Sensors (Up to 2500-6600 Pixels/Line)
High Speed Applications Up to a Few Hundred FPS
Object is Stationary or Slowly Moving
Shutter Times Slow-fo-Fast
Wider Range of Applications
© Easier to Sef-up

o Lower Cost than Line Scan

Table 5: Comparison of Digital Camera Formats: Area Scan and Line Scan.

C-Mount
Threaded Mount o Some Short FL Lenses Not Compatible
1" Diameter with 32 TPI (Threads Per Inch)
17.5mm Back Flange Distance
Most Common Inferface
F-Mount

46.5mm Back Flange Distance

Nikon-Style Bayonet Mount (Not Threaded)

Used On Large Sensor Cameras o

Table 6: Comparison of Typical Camera Mounting Options.

L]

Ideal for Medium Format Line Scan And Full Frame (35mm) Format Applications

Figure 4

Scan Line

£=
Figure 4: Illustration of Area Scanning Technique (left) and Line
Scanning Technique (right).

Scan Area

Line Scan
Sensor is Linear
Large Sensors (Up to 16,000 Pixels/Line)
High Speed Applications- Line rates Up to 100khz
Constructs Image One Line at a Time
Object Passes in Mofion Under Sensor
Ideal for Capturing Wide Objects
Special Alignment & Timing Required

Complex Integration / Simple, but Intense, lllumination

CS-Mount
Threaded Mount o Common on Short FL / Varifocal Lenses
1" Diameter with 32 TPI (Threads Per Inch)
12.5mm Back Flange Distance
Compatible with C-Mount Lenses using a 5Smm Spacer (#03-618)
Other Common Mounts
M12 x 0.5 (S-Mount)
M42x1.0
M72x1.0

L]

SO MUCH MORE ONLINE. ..

EO PoE Cameras Allied Vision Stingray Cameras

Basler Scout Cameras Point Grey Flea®3 Cameras

WWW.EDMUNDOPTICS.COM/CAMERAS
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Cameras

EO USB 3.0 CMOS MACHINE VISION CAMERAS

I

* Compact Designs for Maximum Flexibility
* USB 3.0 Interface for Maximum Data Transfer Speed

* Lightweight Housing

EO USB 3.0 CMOS Machine Vision Cameras are lightweight,
compact solutions for a range of machine vision applications.
Available in 0.4 - 18 MegaPixel options, these cameras utilize
USB 3.0 interfaces for maximum data transfer speeds of up to
5Gbits/s. EO USB 3.0 CMOS Machine Vision Cameras feature

GPIO trigger/flash and lockable micro

Type of Sensor: Progressive Scan (MOS
Dimensions (mm): 29 x 29 x 29 (LE: 47 x 46 x 28)
Weight (g): 52 (LE:41)
Video Output: USB 3.0
Synchronization: Internal or Via Software

USB 3.0 connectors to  Mount: C-Mount (LE: C/CS-Mount)

ensure durability and consistency. Note: USB 3.0 cable (sold

separately) required for operation.

EO USB 3.0 CMOS MACHINE VISION CAMERAS

Model Number: E0-0413 () £0-0513 E0-1312 E0-13122 £0-2018 £0-2223 ) E0-2323
Imaging Device: ON Semi MT9V032STM/C  ON Semi Python 500 e2v EV76(560BB/C  ON Semi PYTHON1300 e2v EV76(570A CMOSIS CMV2000 O Semi Python 2000
Camera Sensor Format: Va' Va.6" Yr.8" " e %" %"
Sensing Area, H x V (mm): 45x28 3.84x2.88 6.79x 5.43 6.1x49 7.2x54 11.3x6.0 9.22x5.76
Pixels (H x V): 752 x 480 800 x 600 1280 x 1024 1280 x 1024 1600 x 1200 2048 x 1088 1920 x 1200
Pixel Size, H x V (ym): 6.0x6.0 48x4.8 53x53 48x4.8 45x45 55x5.5 48x4.8
Pixel Depth: 10-bit 10-bit 10-bit 10-bit 10-bit 12-bit 10-bit

Frame Rate (fps): 100 571 60 169 63.4 152 180

Type of Shutter: Global Global Global or Rolling Global Global, Multi-Exposure, or Rolling Global Global

USB 3.0 Monochrome #86-752  S775.00 #34-847 S675.00 #86-754 $825.00 #33-520 $705.00  #88-151 $1,050.00 #33-522  $1,095.00 #34-849  $875.00
USB 3.0 Color #86-753  S775.00 #34-848  $675.00 #86-755 $825.00 #33-521 $705.00  #88-152 $1,050.00 #33-523  $1,095.00 #34-850 $875.00
USB 3.0 Lite Edition Monochrome ~ N/A - N/A - #89-733  $575.00 N/A - #89-735 $695.00 N/A - N/A -
USB 3.0 Lite Edition Color N/A - N/A - #89-734  $575.00  N/A - #89-736 $695.00 N/A - N/A -

EO USB 3.0 CMOS MACHINE VISION CAMERAS

Model Number: E0-23121 £0-23122 E0-4010 £0-5012 E0-18112 Q E0-5310 o £0-50231 0 £0-50232
Imaging Device: Sony IMX174 Sony IMX249 CMOSIS CMV4000 ~ ON Semi MT9P031/06 ~ ON Semi ART820HS  ON SEMI PYTHON 500 SONY IMX250 SONY IMX264
Camera Sensor Format: h.e' Y1.2" 1" iz iZ3 1" %" %"
Sensing Area, H x V (mm): 11.3x7.1 11.3x7.1 11.26x 11.26 5.0x4.2 6.1x4.6 12.44%9.83 8.45x7.07 8.45x7.07
Pixels (H x V): 1920 x 1200 1920 x 1200 2048 x 2048 2560 x 1920 4912 x 3684 2592 x 2048 2456 x 2054 2456 x 2054
Pixel Size, H x V (pm): 5.86x5.80 5.86x 5.86 55x55 22x22 1.25x1.25 48x4.8 3.45x3.45 3.45x 3.45
Pixel Depth: 12-bit 12-bit 12-bit 12-bit 10-bit 10-bit 12-bit 12-bit

Frame Rate (fps): 161 4 75 15 2 81 77 36

Type of Shutter: Glohal Global Glohal Global Start or Rolling Rolling Global Glohal Global

USB 3.0 Monochrome #33-524  $925.00 #33-526 $825.00 #88-153 $2,995.00 #86-756 $895.00  N/A - #34-851 S1,250.00 #34-853 $1,720.00 #34-855 S1,360.00
USB 3.0 Color #33-525 $925.00 #33-527 $825.00 #88-154 $2,995.00 #86-757 $895.00 #33-529 S$760.00 #34-852 $1,250.00 #34-854 $1,720.00 #34-856 $1,360.00
USB 3.0 Lite Edition Monochrome  N/A - N/A - N/A - #89-737 $595.00  N/A - N/A - N/A - N/A -
USB 3.0 Lite Edition Color N/A - N/A - N/A - #89738 $595.00  N/A - N/A - N/A - N/A -
Description Stock No. Price

USB 3.0 Locking Cable, 3m #86-770 $25.00

USB 3.0 PCle 2 Port Capture Card #86-769 $125.00
GPIO Cable for USB 3.0 EO Camera #86-758 $140.00
%2-20 Mounting Adapter for EO USB 3.0 #86-759 $45.00
Y4-20 Mounting Adapter for EQ USB 3.0 Lite Edition #89-739 $45.00

SO MUCH MORE ONLINE

e e

EO USB 2.0 Cameras EO High Dynamic Range Cameras

EO GigE Cameras EO Autofocusing Cameras

WWW.EDMUNDOPTICS.COM/CAMERAS
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Cameras

ALLIED VISION MAKO USB 3.0 CAMERAS

I

* Compact Housing with Form Factor of 49.5 x 29 x 29mm
* Powered Over USB 3.0 Interface

Video Output: USB 3.0 * High Frame Rates

Lens Mount: C-Mount Allied Vision Mako USB 3.0 Cameras offer a variety of sensor choices while maintaining
. . the same compact form factor of 49.5 x 29 x 29mm. Every model is powered over the USB

Dimensions (mm): 95x29x29 interface and has opto-isolated 1/0s. These Allied Vision Mako USB 3.0 Cameras feature

Weight (g): 60 GPIOs giving them the maximum flexibility required to adapt to specific needs. The two

non-isolated GPIO lines are TTL-based and programmable as input or output. Screw locks
ensure a safe electrical connection making these ideal for harsh industrial environments.

ALLIED VISION MAKO USB 3.0 CAMERAS

Model Number: Mako U-029B Mako U-051B Mako U-130B Mako U-503B
Imaging Device: ON Semi PYTHON 300 ON Semi PYTHON 500 ON Semi PYTHON 1300 Aptina MT9P031
Sensing Area (H x V) (mm): 31x23 38x29 6.1x4.9 57x43

Pixels (H x V): 640 x 480 800 x 600 1280 x 1024 2592 x 1944

Pixel Size, (H x V) (pm): 48x4.8 48x4.8 48x4.8 22x2.2

Pixels Depth: 8/10 bit 8/10 bit 8/10 bit 8/12 bit

Frame Rate (fps): 550 391 168 14
Monochrome Camera #34-203 $375.00 #34-205 $425.00 #34-207 $475.00 #34-209 $450.00
Color Camera N/A - N/A - N/A = N/A =
Description Stock No. Price
=20 Mounting Plate for Allied Vision Mako USB #34-211 $40.00
8m USB 3.0 Locking Cable #34-212 $130.00
USB 3.0 PCle 2.0 x1 2 Port Card #34-213 $50.00
6-pin GPIO Hirose Cable with Leads, 2m #34-214 $§70.00
6-pin GPIO Hirose Cable with Leads, 5m #34-215 $80.00
6-pin GPIO Hirose Cable with Leads, 10m #34-216 $85.00

I

ALLIED VISION MAKO POWER OVER ETHERNET (PoE) CAMERAS

* Compact, Robust Metal Housing

Pixel Depth: 8/12 Bit * One Optocoupled Input, Three Outputs

Type of Sensor:  Progressive Scan (D or (MOS ~ * Power over Ethernet for Increased Flexibility

Synchronization: ~External or Via Software Allied Vision Mako Power over Ethernet (PoE) Cameras are ideal digital replacements
Video Output: GigE for analog cameras in a variety of applications, including robots, inspection, or logistics.

Allied Vision Mako PoE Cameras feature a precision aligned sensor to maximize image
performance, in addition to a 64MB image buffer. To increase adaptability, Allied Vision
Mako PoE Cameras also come equipped with multiple smart features, including region of

Memory (MB): 64
Power Supply: PoE

Lens Mount: (-Mount interest readout, programmable exposure and white balance, and easy bandwidth con-

Dimensions (mm):  60.5x29x 29 trol. Additionally, these PoE cameras utilize a robust metal housing along with camera Visit our website to

Weight (g): 80 temperature monitoring to ensure maximum performance in a range of environments. see all accessories
Note: GigE cable and power supply (if not using PoE) required for operation.

ALLIED VISION MAKO POWER OVER ETHERNET (PoE) CAMERAS

Model Number G-030 G-032 G-125 G-131 G-192 6-223 G-419 G-503
Imaging Device: CMOSIS CMV300 Sony 1CX424 Sony 1CX445 e2v EV76(560 e2v EV76(570 C(MOSIS CMv2000 CMOSIS CMV4000  ON Semi MT9P031/06
Camera Sensor Format: 5" Va' Va' V18" Yi.8" %" 1" Yos"
Sensing Area (H x V) (mm): 48x3.6 79x3.6 48x3.6 6.8x5.4 7.2x54 11.3x 6.0 11.3x11.3 57x43
Pixels (H x V): 644 x 484 658 x 492 1292 x 964 1280 x 1024 1600 x 1200 2048 x 1088 2048 x 2048 2592 x 1944
Pixel Size, H x V (pm): 74x74 74x74 3.75x375 53x5.3 45x45 55x55 55x55 22x22
Frame Rate (fps): 309 102 30 62 60 495 26.3 14
Monochrome Camera #33-512  $695.00 #88-465 S$575.00 #88-467 $595.00 #33-514 $550.00 #33-516 $625.00 #88-469 S1,475.00 #88-472 $2,125.00 #33-518 $495.00
Color Camera #33-513  $695.00 #88-466 S$575.00 #88-468 $595.00 #33-515 $550.00 #33-517 $625.00 #88-470 S1,475.00 #88-473 $2,125.00 #33-519 $495.00
NIR Camera N/A — N/A — N/A — N/A - N/A — #88-471 $1,550.00 #88-474 $2,225.00  N/A —

SO MUCH MORE ONLINE...

Allied Vision Manta GigE Cameras Allied Prosilica Gigk Cameras Allied Stingray FireWire.b Cameras Allied Guppy Pro FireWire.b Cameras

WWW.EDMUNDOPTICS.COM/CAMERAS
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Cameras

POINT GREY GRASSHOPPER®3 HIGH PERFORMANCE USB 3.0 CAMERAS

» Feature High Resolution, High Sensitivity CCD Sensors

* High Frame Rates Driven by USB 3.0 Interface
¢ Includes Image Capture Software and SDK

Point Grey Grasshopper®3 High Performance USB 3.0 Cameras are high speed, 14bit imaging cameras
designed for demanding machine vision applications including metrology, gauging, or inspection. Point
Grey Grasshopper®3 High Performance USB 3.0 Cameras feature a 128MB image buffer along with 2MB
of flash memory. In addition to onboard image processing that includes color interpolation, gamma, and
lookup table functionality, additional functionality is available using the included image capture software
and SDK. USB 3.0 cameras are ideal alternatives for Camera Link® systems. Note: USB 3.0 cable (sold

separately) is required

for operation.

POINT GREY GRASSHOPPER®3 HIGH PERFORMANCE USB 3.0 CAMERAS
6S3-U3-2356C/M-C  GS3-U3-2854C/M-C  GS3-U3-2855C/M-C

6S3-U3-1555¢/M-C
Progressive Scan (CD
2
Sony 1(X825
1384 x 1032
6.45x 6.45
45
#33-532  $1,595.00
#33-533  $1,595.00
N/A =

Progressive Scan (MOS
.o
Sony IMX174
1900 x 1200
5.86 x 5.86
162
#88-607  $1,350.00
#88-608  $1,350.00
N/A -

Progressive Scan (CD
Yi.8"
Sony ICX687
1928 x 1448
3.69x 3.69
26
#88-:049  $1,350.00
#88-050  $1,350.00
N/A =

Progressive Scan (CD
2
Sony 1CX674
1920 x 1440
4.54x4.54
26
#88-051  $2,350.00
#88-052  $2,350.00
N/A =

6S3-U3-3254M-C
Progressive Scan (MOS
Yi.8"
Sony IMX252
2048 x 1536
3.45x3.45
121
#33-534  $1,095.00
N/A -
N/A =

6S3-U3-4154¢/M-C
Progressive Scan (CD
Yi.8"

Sony (X808
2016x 2016
31x31
18
#33-536  S1,450.00
#33-537  $1,450.00

N/A =

6S3-U3-5055C/M-C
Progressive Scan (D
2
Sony 1(X625
2448 x 2048
3.45x 3.45
15
#89-521  $2,450.00
#89-528  $2,450.00
N/A -

6S3-U3-5155M-C
Progressive Scan (MOS
2%
Sony IMX250
2448 x 2048
345x3.45
75
#33-538  1,550.00
N/A =
N/A -

R°3 HIGH PERFORMANCE USB 3.0 CAMERAS

6S3-U3-6056M/C-C  GS3-U3-60QS6C/M-C  GS3-U3-9156M/C-C  GS3-U3-12056C/M-C

Progressive Scan ((D
I
Sony [CX694
2736 x 2192
454x4.54
13
#88-053  $3,550.00
#88-054  $3,550.00
N/A -

Progressive Scan (D
I
Sony 1(X694
2736 x 2192
4.54x4.54
25
#33-540  $3,550.00
#33-541  $3,550.00
N/A -

Progressive Scan (CD
i
Sony ICX814
3376 x 2704
3.69x3.69
9
#88-055  $3,850.00
#88-056  $3,850.00
N/A -

Progressive Scan ((D
I
Sony (X834
4240 x 2824
31x31
7
#33-542  $3,795.00
#33-543  $3,795.00
N/A -

Model Number: GS3-U3-1455C/M-C
Type of Sensor: Progressive Scan ((D
Camera Sensor Format: %"
Imaging Device: Sony 1CX285
Pixels (H x V): 1384 x 1036
Pixel Size, H x V (ym): 6.45 x 6.45
Frame Rate (fps): 30
Monochrome Camera #33-530  $1,695.00
Color Camera #33-531  $1,695.00
NIR Camera N/A -
POINT GREY GRASSHOPPE|
Model Number: GS3-U3-41C6C/M-C
Type of Sensor: Progressive Scan CMOS
Camera Sensor Format: 1"
Imaging Device: CMOSIS CMV4000
Pixels (H x V): 2048 x 2048
Pixel Size, H x V (pm): 55x5.5
Frame Rate (fps): 90
Monochrome Camera #88-513  S1,450.00
Color Camera #88-514  $1,450.00
NIR Camera #89-526  $1,450.00

Description

4 Port USB 3.0 PCIE Card 2.0 x 1

4 Port USB 3.0 Hub with Power

USB 3.0 PCle 2.0 x1 2 Port Card

USB 3.0 Locking Cable, 3m

Grasshopper Tripod Mount

USB 3.0 Locking Cable, 5m

8-pin GPIO Hirose Connector, 1m Cable
8-pin GPI0 Hirose Connector, 4.5m Cable
Flea®3 & Grasshopper®3 Power Supply

Stock No. Price

#89-539 $135.00
#89-540 $165.00
#86-769 $125.00
#86-770 $25.00
#88-057 $20.00
#88-058 $35.00
#88-059 $65.00
#88-060 $85.00
#86-784 $95.00

Pixel Depth:
Type of Shutter:
Electronic Shutter:
Transfer Speed:
Image Buffer:
Flash Memory:
Synchronization:
Video Output:
Lens Mount:
Dimensions:
Operating Temp.:
Storage Temp.:
Weight:

SO MUCH MORE ONLINE. ..

8,12, 14,16 or 24t digital dota
Global

See Website

5 Ghit/s

128 MB frame buffer

2 MB non-volatile memory
External or Via Software

USB 3.0 interface with screw locks
C-Mount

44'x 29 x 58mm

0°t0 50°C

-30° t0 60°C

90g

Point Grey Flea3 USB 3 &
Gigk Cameras

Point Grey Blackfly Gigk Cameras

Point Grey Chameleon USB 3

Point Grey Blackfly USB 3
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Cameras

DALSA GENIE™ NANO POWER OVER ETHERNET (PoE) CAMERAS

 Fast Frame Rates up to 862 fps

* Compact, Robust All Metal Body

* Global Electronic Shutter with Exposure Control

Dalsa Genie™ Nano Power over Ethernet (PoE) Cameras are available in a range of leading CMOS sen-
sors. These PoE cameras provide high speed, low noise, and global electronic shutters. The proprietary
TurboDrive™ technology allows the Genie™ Nano to deliver faster frame rates at its full image quality.
Dalsa Genie™ Nano PoE Cameras feature high speed and robust quality, making them ideal for electronics

inspection, industrial metrology, and Intelligent Traffic Systems (ITS) applications.

Video Output: Gigabit Ethernet (1000 Mbit/s) Operating Temperature:  -20° fo +60°C

Exposure Control: Programmable or via Power Requirements:  Power Over Ethernet (PoE)
external rigger or 10 to 36V

1/0 Ports: 2 opto-isolated inputs, Connector: Standard or RJ-45 screw mount
2 opto-isolated outputs Conformity: GigE Vision v1.2

Dimensions (L x H x W):  38.9 x 29 x 44mm Software Platform: Windows, Linux, or 3rd Party

Weight: 469 GenlCam compliant SDK

MIN

DALSA GENIE™ NANO POWER OVER ETHERNET (PoE) CAMERAS

Model Number: M/C 640 M/C 1280

Camera Sensor Format: Va' Va'

Sensor Type: ON Semi Python300 ON Semi Python1300
Pixels (H x V): 640 x 480 1280 x 1024

Pixel Size, H x V (um): 48x48 48x48

Frame Rate (fps): 862 N3

Lens Mount: (-Mount (-Mount
Monochrome Camera #34-950 $525.00 #34-952 $550.00
Color Camera #34-951 $525.00 #34-953 $550.00

DALSA GENIE™ NANO POWER OVER ETHERNET (PoE) CAMERAS

Model Number: M/C1930 M/C2020

Camera Sensor Format: %" 8"

Sensor Type: ON Semi Python2000 Sony IMX265

Pixels (H x V): 1920 x 1200 2048 x 1536

Pixel Size, H x V (pm): 48x4.8 345x3.45

Frame Rate (fps): 116 55

Lens Mount: (-Mount (-Mount
Monochrome Camera #34-958 $695.00 #34-960 $595.00
Color Camera #34-959 $695.00 #34-961 $595.00

M/C1920
1/1.2"
Sony IMX249
1920 x 1200
5.86x 5.86
39

(-Mount

M/C2420
2
Sony IMX264
2448 x 2048
345x3.45
35

C-Mount

M/C 1940
Vi
Sony IMX174
1920 x 1200
5.86 x 5.86
84
C-Mount
$550.00

#34-956 $950.00

$550.00 #34-957 $950.00

M/C 2590
n
ON Semi Python5000
2592 x 2048
48x438
51
(-Mount
$995.00

#34-964 $995.00

$995.00 #34-965 $995.00

ACCESSORIES

Description

%4-20 Mounting Adapter

Cable Kit (12V Power Supply, 2m GigE Cable, and 2m Breakout Cable)

149
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Stock No. Price
#34-966 $65.00
#34-967 $175.00
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Cameras

BASLER ace GIGABIT ETHERNET CAMERA

* Perfect Analog Replacement

¢ Ultra-Small Form Factor

¢ Includes Basler Pylon Driver

An ideal upgrade for analog camera users, the Basler ace is an
economical Gigabit Ethernet camera. With a small form factor
matching that of many analog cameras (29 x 29mm), the ace
can be a drop-in replacement in an existing analog system, or a

lengths, and are the optimal choice for use on a factory floor.
All cameras include the use of the industry proven Basler Py-
lon Driver. GigE cable and power supply (if not using PoE)
required for operation. Note: UC Series lens is not included.

Video Output:

Synchronization:

Exposure Control:
Power Requirements:

great choice to start a new project with. Optionally able to use :.'Iinussi,: o';l;::e (Lx W x H):
Power Over Ethernet (PoE)*, these cameras can have long cable 1/0P o?‘ - .

Software Driver
Operating System:
Housing Temperature:

Software Driver:

Gigabit Ethernet

Via external frigger, via GigE
connection, o free-run

Freely programmable

Via Power over Ethernet or via
Hirose 6-pin connector
(-Mount

54 x 29 x 29mm

1 opto-isolated input/output

Windows®, Linux (32 and 64 bit)
0° t0 50°C

GigE Vision compliant, Basler
Pylon SDK incl. filter and
performance driver

BASLER ace GIGABIT ETHERNET CAMERA

Model Number:
Imaging Device:
Sensor Type:

Pixels (H x V):

Pixel Size, H x V (pm):

Frame Rate (fps):
Monochrome Camera

Color Camera

uch640-90g ach640-120g ) ach640-300g ach645-100g acA750-30g
AA(0) A(0) V4" (MOS A (0) ()
Sony CK424 Sony ICX618 ON Semi Python300 Sony CK414 Sony ICX409
658 x 492 659 x 494 640 x 480 658 x 492 752 582
T4x74 56x5.6 48x48 99x9.9 65x6.25
%0 120 376 100 30
#7095 S75.00  #68458 65000  #33.982 49500  #87-097  S795.00  #68-460  $595.00
#5709  SG75.00 468459 65000  #33.983 49500  #87-098 79500  #68-461  $595.00

acA780-75g Q acA800-200g
2" ((D a.6" (MOS
Sony 1CX415 ON Semi Python500
728 x 582 800 x 600
83x8.3 48x48
75 240
#87-099  $825.00  #33-984  $525.00
#87-100  $825.00  #33-985  $525.00

BASLER ace GIGABIT ETHERNET CAMERA

Model Number:
Imaging Device:
Sensor Type:

Pixels (H x V):

Pixel Size, H x V (pm):
Frame Rate (fps):
Monochrome Camera
Color Camera

NIR Camera

acA1280-60g acA1300-22g acA1300-30g acA1300-60g 0 acA1300-75g
.8" (MOS 5" (D 5" (D .8" ((D 12" (MOS
e2v EV76(560 Sony 1(X445 Sony 10X445 e2v EV76(560 ON Semi Python1300
1280 x 1024 1296 x 966 1296 x 966 1280 x 1024 1280 x 1024
53x5.3 375x375 375x375 53x5.3 48x438
60 2 30 60 88
#89-974  $375.00  #88-556  S495.00  #68-462  $795.00  #88-327  S495.00  #33-986  $535.00
#89-975  $375.00  #88-557  S495.00  #68-463  S$795.00  #88-328  $495.00  #33-987  $535.00
N/A - N/A - N/A - #88-329  $775.00 N/A -

acA1600-20g acA1600-60g
.8" ((D 148" (MOS
Sony 10X274 e2v EV76(560
1628 x 1236 1600 x 1200
44x44 45x45
20 60
#68-464  S1,195.00  #88-330  $725.00
#68-465  S$1,195.00  #88-331  $725.00
N/A - N/A -

BASLER ace GIGABIT ETHERNET CAMERA

Model Number:
Imaging Device:
Sensor Type:

Pixels (H x V):

Pixel Size, H x V (pm):
Frame Rate (fps):
Monochrome Camera
Color Camera

NIR Camera

ACCESSORIES

Description

acA1920-25  ($DacA1920-40g acA1920-50g ach2000-50g ach2040-25g ach2500-14g acA3800-10g achd600-7g
' (O 1.2 (MOS V1.2 (MOS 24" (MOS 1" CMOS Ya.s" (MOS Yo.d" (MOS Yo.d" (MOS
ON Semi MT9PO31 Sony IMX249 Sony IMX174 CMOSIS CMV2000  CMOSIS CMVA000  ONSemiMT9P031  ON Semi MT9J003  ON Semi MT9J002
1920 x 1080 1920 x 1200 1920 x 1200 2048 x 1088 2048 x 2048 2592 x 1944 3856 x 2764 4608 x 3288
22x22 5,86 x 5.86 5.86 %586 55%55 55%55 22x22 1.67x1.67 14x14
2 ) 50 50 1 10 7
#8858 SI75.00 #3398 S550.00 #89-976 122500 #87-101 SI,595.00 #87-104 $2295.00 #85-165 S$695.00 #89978 $625.00  N/A -

#88-559  $375.00 #33-989 $550.00 #89-977 $1,225.00 #87-102 S$1,599.00 #87-105 $2,295.00 #85-166 $695.00 #89-979 $625.00
#87-103 $1,850.00 #87-106 $2,450.00  N/A

N/A -

%4-20 Mounting Adapter for Basler ace
Power Supply for Basler ace 12V, 6 Pin
Power over Ethernet Injector*

PLC1/0 Cable, 6-Pin, 10m

Digital 1/0 Cable, 6-Pin, 10m

Cat 6 GigE Cable, 5m

Cat 6 GigE Cable, 10m

150

N/A -

800-363-1992 - EDMUND OPTICS®

N/A -

150

N/A -

#89-980  $695.00
N/A -

*PoE Injector requires use of 2 GigE cables

Stock No. Price
#88-517 $45.00
#68-466 $75.00
#68-469* $75.00
#68-467 $170.00
#88-516 $65.00
#68-470 $55.00
#68-471 $65.00



Cameras

PixeLINK® USB 3.0 AUTOFOCUS LIQUID LENS CAMERAS Q@

Type of Sensor: (MosS
Video Output: UsB 3.0
Lens Mount: C-Mount

Input/Output Options: 1 Trigger Input, 2 GPO

#34-779: 26PO
Dimensions: 32 x 48 x T1mm

#34-786: 38.5 x 55 x 30mm
Weight: 35.8g

#34-786: 59.87g

* Seamless Integration of Liquid Lenses

* One-Push Autofocus, High Speed Focus Mov t

« Easy to Use USB 3.0 Interface

PixeLINK® USB 3.0 Autofocus Liquid Lens Cameras provide the
ability to seamlessly integrate and control liquid lenses. By en-
abling the liquid lens to be directly connected to the camera, it
allows for fast, continuous focus control. This simple autofocus
system makes these cameras ideal for high speed applications
such as bar code reading, inspection, and biomedical applications.
PixeLINK® USB 3.0 Autofocus Liquid Lens Cameras are compat-
ible with our TECHSPEC® Cx Series Fixed Focal Length Lenses,
which combine high resolution image performance with built-in
liquid lens integration. Note: Liquid lens is not included.

MIN

‘ See pages 56-57 for compatible Cx Series Lenses and visit our website for Variable Focus Liquid Lenses.

PixeLINK® USB 3.0 AUTOFOCUS LIQUID LENS CAMERAS

Model Number: PL-D721 PL-D722 PL-D729 PL-D732 PL-D755 PL-D7715 PL-D775
Camera Sensor Format: 1z S %" %" %" Yo2" Yos'
Resolution (MegaPixels): 13 23 9.5 2.2 5 15 5

Imaging Device: ON Semi Vita 1300 ON Semi Vita 2000 ON Semi Mano 9600 CMOSIS CMV2000 Sony IMX250 ON Semi MTFF002 ON Semi MT9P031
Pixels (H x V): 1280 x 1024 1920 x 1200 3840 x 2484 2048 x 1088 2448 x 2048 4608 x 3288 2592 x 1944
Pixel Size, H x V (pm): 48x4.8 48x4.8 24x24 55x5.5 3.45x3.45 14x14 22x22
Frame Rate (fps): 150 92 22 170 75 12 15

Shutter: Global Global Rolling Global Global Rolling Rolling

Bit Depth: 8 or 10 Bit 8 or 10 Bit 8 or 10 Bit 8 or 10 Bit 8 or 12 Bit 8 or 12 Bit 8 or 12 Bit
Monochrome Camera #34-775  $1,375.00  #34-777  S1,57500  #34-779  S1,995.00  #34-781 S1,825.00  #34-783  $1,875.00 N/A - #34-787  $1,325.00
Color Camera #34-776  $1,375.00  #34-778  $1,575.00 N/A - #34-782 5182500 #34-784 S1,875.00 #34-786 S1,125.00 #34-788  $1,325.00
Description Stock No. Price

3m USB 3.0 Locking Cable #34-947 $75.00

2m USB 3.0 Locking Cable #34-948 $65.00

¥2-20 Mounting Adapter #34-949 $55.00

I

PixeLINK® USB 3.0 MICROSCOPY CAMERAS

Type of Sensor: (MOS Sensor

Video Output: USB 3.0

Exposure Control: Freely Programmable

Power Requirement: Via USB 3.0 interface

Lens Mount: (-Mount

Operating System: Software Driver: Windows 64 hit
Operating Temperature:  0° fo +50°C

Dimensions: 38.50 x 55 x 30.6mm

» Easy-to-Setup USB 3.0 Technology (Cable Included)

* Up to 15 MegaPixel Resolution

¢ Include Extensive pScope Standard Microscopy Software
PixeLINK® USB 3.0 Microscopy Cameras are designed to capture
high resolution images at up to 15 MegaPixels and with excellent
color reproduction. These easy-to-setup cameras feature select-
able regions of interest and are powered over USB to ease system
integration. PixeLINK® USB 3.0 Microscopy Cameras are ideal for
use in brightfield or darkfield microscopy applications in fields
such as histology, pathology, or hematology. Note: uScope stan-
dard microscopy software and USB 3.0 cable are included.

PixeLINK® USB 3.0 MICROSCOPY CAMERAS

Model Number: PL-D681M/CU-KIT PL-D625CU-KIT PL-D685M/CU-KIT PL-D6215CU-KIT
Camera Sensor Format: e Vos" 1" Yo"
Resolution (Megapixels): 1.3 5 5.3 14

Imaging Device: ON Semi VITA 1300 ON Semi MT9P006 ON Semi VITA 5000 ON Semi MT9F002
Pixels (H x V): 1280 x 1024 2592 x 1944 2592 x 2048 4384 x 3288
Pixel Size, H x V (pm): 48x4.8 22x2.2 48x4.8 14x14

Frame Rate (fps): 150 15 75 14
Monochrome Camera #89-852 $2,395.00 N/A - #89-856 $2,795.00 N/A -
Color Camera #89-853 $2,395.00 #89-858 $2,495.00 #89-857 $2,795.00 #89-859 $3,195.00
Description Stock No. Price

2m USB 3.0 Cable, A to Micro-B #89-403 $35.00

3m USB 3.0 Locking Cable, A to Micro-B #89-404 $45.00

Trigger Cable w/ 8-pin Hirose, Push Button #89-405 $225.00
Trigger Cable w/ 8-pin Hirose, Bare Leads #89-406 $225.00

PL-D Straight /2-20 Mount #89-407 $45.00

PL-D Right-Angled /2-20 Mount #89-408 $45.00
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lHllumination

How Important Is lllumination?

Customers often struggle with contrast and resolution problems in an im-
aging system, while underestimating the power of proper illumination. In
fact, desired image quality can typically be met by improving a system’s
illumination rather than by investing in higher resolution detectors, imag-
ing lenses, and software.

Correct illumination is critical to an imaging system and improper il-
lumination can cause a variety of image problems. Blooming or hot spots,
for example, can hide important image information, as can shadowing. In
addition, shadowing can also cause false edge calculations when measur-
ing, resulting in inaccurate measurements. Poor illumination can also re-
sult in a low signal-to-noise ratio. Non-uniform lighting, in particular, can
harm signal-to-noise ratios and make tasks such as thresholding more

About Our Target

The various examples below illustrate the different types of illumination
that are common in machine vision applications. Because the samples
that are imaged can vary in shape, material, and reflectivity, the target
used throughout this section was developed to demonstrate the strengths

VIEW THIS
PAGE WITH

ar

difficult. These are only a few of the reasons why correct illumination for
your application is so important.

To ensure optimal illumination when integrating a system, it is important
to recognize the role that the right components play. Every component
affects the amount of light incident on the sensor and, therefore, the sys-
tem’s image quality. The imaging lens’ aperture (f/#) impacts the amount
of light incident on the camera. Illumination should be increased as the
lens aperture is closed (i.e., higher f/#). High power lenses usually require
more illumination, as smaller areas viewed reflect less light back into the
lens. The camera’s minimum sensitivity is also important in determining
the minimum amount of light required in the system. In addition, camera
settings such as gain, shutter speed, etc., affect the sensor’s sensitivity.

and weaknesses of these various lighting schemes for a variety of object
features. The grooves, colors, surface deformations, and specular areas
on the target represent some of the common trouble areas that may de-
mand special attention in actual applications.

Common lllumination Types for Opaque Objects (like our Target)

Application Requirement

Object Under Inspection

Suggested Type of lllumination

Reduction of Specularity Shiny Object Diffuse Front, Diffuse Axial, Polarizing
Even Illumination of Object Any Type of Object Diffuse Front, Diffuse Axial, Ring Light
Highlight Surface Defects or Topology Nearly Flat (2-D) Object Single Directional, Structured Light
Highlight Texture of Object With Shadows Any Type of Object Directional, Structured Light
Reduce Shadows Object With Protrusions, 3-D Object Diffuse Front, Diffuse Axial, Ring Light
Highlight Defects Within Object Transparent Object Darkfield
Silhouetting Object Any Type of Object Backlighting
3-D Shape Profiling of Object Object With Protrusions, 3-D Object Structured Light

PROS CONS

* Bright « Shadowing
» Flexible * Glare

«» Adaptable

* Uniform

DIRECTIONAL L LUMINATION

Point source illumination from single or multiple sources. Lenses can be used to focus or spread out
illumination. Left image also uses a polarizing filter to reduce glare.

PRODUCTS USED

« Fiber Optic Light Guides
« Focusing Assemblies

» LED Spot Lights

APPLICATION
Inspection and measure-
ment of matte and flat
objects.

GLANCING [LLUMINATION

Point source illumination similar to directional illumination, except at a sharp angle of incidence.

PROS CONS PRODUCTS USED APPLICATION
+ Show Surface * Hot Spots « Fiber Optic Light Guides  Identifying defects in an
Structure * Extreme « Focusing Assemblies object with depth and ex-
« Enhances Object Shadowing + LED Spot Lights amining finish of opaque
Topography objects.
DIFFUSE L L UMINATION
Diffuse even light from an extended source.
PROS CONS PRODUCTS USED APPLICATION
* Reduces Glare  « Large « Diffuselite LED Illuminator ~ Best for imaging large,
* Provides Even < Difficult to Fitin =« LED Linear Lights shiny objects with large
[umination Confined Spaces working distances.
« Surface Features
Less Distinct
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lllumination types (continued)

RING LIGHT

Directional illumination in-line with the optics. Lens looks through circular aperture in center of
illuminator or light guide.

=
PROS CONS PRODUCTS USED APPLICATION 4
* Reduces Shadows ¢ Circular Glare Pattern  « Fiber Optic Ring Light ~ Wide variety of | Il
« Relatively Even from Highly Guides inspection and mea- /|
Ilumination Reflective Surface « LED Ring Lights surement systems with =1
« Difficult to Mount matte objects. 4.7

DIFFUSE AXIAL

Diffuse light in-line with the optics. Lens looks through a beamsplitter that is reflecting light onto the
object. Illumination is coaxial to imaging system.
i

PROS CONS PRODUCTS USED APPLICATION —
« Shadow-Free + Lower Intensity « LED Axial Illuminators  Highly reflective

« Even [llumination Through the Internal  « Fiber Optic Diffuse objects

« Little Glare Beamsplitter Axial Adapters

STRUCTURED LIGHT

Patterns that are projected onto the object. Typically, laser projected lines, spots grids or circles.

PROS CONS PRODUCTS USED APPLICATION
* Brings Out « Extremely Intense -+ Line Generating Laser  Inspection of three-
Surface Features Source Diodes dimensional objects for
« Absorbed by Some  « Fiber Optic Line Light = missing features. Topog-
Colors Guides raphy measurements.

* LED Projectors

POLARIZED | IGHT

A type of directional illumination that makes use of polarized light to remove specularities and

hot spots. Q
PROS CONS PRODUCTS USED APPLICATION \
« Even Illumination  + Lower Intensity « Attachable Polarization ~Measurements and
« Minimal Glare Through the Polarizer Filters inspection of shiny
« Polarizer/Analyzers objects.

These types of illumination will work with opaque objects,
but what about translucent?

DARKFIELD

Light enters a transparent or translucent object through the edge perpendicular to the lens.

PROS CONS PRODUCTS USED APPLICATION

« High Contrast of Inter- + Poor Edge Contrast < Fiber Optic Darkfield Glass and plastic
nal & Surface Details * Not Useful for Attachment inspection.

« Enhances Scratches, Opaque Objects * Line Light Guides } }
Cracks and Bubbles « Laser Line Generators — I

 LED Darkfield Ring Lights

BACKLIGHT

Object is lit from behind. Used to silhouette opaque objects or for imaging through transparent objects

PROS CONS PRODUCTS USED APPLICATION
« High Contrast for  « Eliminates Surface < Fiber Optic Backlights Targets and test patterns, ‘ }
Edge Detection Detail + LED Backlights edge detection, measure-
ment of opaque objects [

and sorting of translu- ‘ ‘
cent colored objects.
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lHllumination

In-line Illlumination

In-line illumination is a unique style of lighting that incorporates the illumi-
nation into the optical train of the machine vision lens, usually by means of
a fiber optic light guide or LED light source and a beam splitting optic. Al-
though in-line illumination is not as bulky as diffuse axial illumination, and
may be easier to integrate into a system that has tight space constraints,
there are important optical differences a system designer must consider.
In-line illumination is much more directional when compared to diffuse ax-
ial lighting, which, due to the chief rays being nearly parallel to the optical
axis in object space, is one of the reasons that in-line illumination is widely
incorporated with telecentric lenses (Figure 1). In comparison, diffuse axial
lighting will project the illumination at a multitude of different angles, dis-
playing different properties on the object and image planes.

Vastly different results will also come from comparing in-line illumina-
tion to brightfield illumination. Figure 2 shows a chrome on glass, posi-
tive USAF 1951 contrast target illuminated both with brightfield illumi-
nation and with in-line illumination.

The most immediate difference between the two types of illumination
is the complete contrast reversal between the two images. Additionally,
the defects in the target are more readily apparent in the brightfield im-
age, which, depending upon the application, can be either a positive or
a negative effect. Interestingly, the highly reflective nature of the target
yields about 10% better contrast for the in-line image when compared to
the brightfield image — the reason for this is explained below.

Figure 1

lllumination Source

Object

Sensor

/

~~

lllumination Path Beamsplitter

Figure 2a Figure 2b

2 2 3
= e :
3 — || S

= Fes ".'.i

T
=

Figure 1: Diagram of in-line illumination within a telecentric lens.

When to Use In-Line lllumination

When considering using in-line illumination, it is important to under-
stand exactly where it is applicable and where it is not. In-line illumina-
tion is ideal for the inspection of specular or semi-specular objects, such
as semiconductor wafers or CCDs, due to the nature of the rays on the
illumination path. Using two different telecentric lenses, one with in-line
illumination and one without, images of the same CCD demonstrate the
differences between brightfield illumination (using a ring light) and in-
line illumination. The images are shown in Figure 3.

In-line illumination would be a better choice to inspect the wires
along the edge of the CCD due to the higher, more even contrast be-
tween the wires and the rest of the CCD. As shown in Figure 4, the reason
that the wires in Figure 3 appear bright using brightfield illumination and
dark using in-line illumination is due to the ray paths of the lighting. With
brightfield illumination, the rays are scattered into the lens, and with in-
line illumination, the rays are scattered away from the lens.

With brightfield illumination, the rays originating from the ring light
are reflected by the object into the lens. The reflections will vary based
on the angle of the individual sources in the ring light as well as the angle
of the wires themselves with respect to the CCD surface and the solder
material at the tips, which is why the reflections have non-uniform pixel
values along the length of the wire. Using in-line illumination, all of the
rays are reflected by the object and scattered away from the lens such
that none of the light that hits the wires is reflected back into the lens
and onto the sensor. The more even contrast of the background, along
with the stronger contrast of the wires, makes in-line illumination a better
choice for the inspection of the wires than brightfield illumination.

154 800-363-1992 - EDMUND OPTICS®
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Figure 2: Chrome on glass USAF 1951 resolution target with brightfield
illumination (Figure 2a), and in-line illumination (Figure 2b).

Figure 3

Figure 3: Comparison of brightfield illumination (left) with in-line
illumination (right).

Brightfield lllumination In-line Illumination

Low Contrast Wires High Contrast Wires
Bright Chip on Faceplate Dark Chip on Faceplate
High Contrast Image Even lllumination with Consistent Contrast between Features (red square)

Table 1: Comparison of Brightfield and In-Line Illumination.



(Continued from page 154)

If the CCD cover glass were to be inspected for digs or chips, in-line
illumination would also be the more advantageous choice since the over-
all image has a much more even contrast. The dark chips shown us-
ing in-line illumination (a result of the light being scattered as shown in
Figure 4) would appear at a much higher contrast to the busy CCD back-
ground than the chips shown in the high contrast image formed using a
brightfield system, as demonstrated in Figure 3.

Go to WWW.EDMUNDOPTICS.COM/IMAGING-LAB
to learn more about lllumination.

When Not to Use In-Line lllumination

Due to its multiple advantages, it is often believed that in-line illumina-
tion is always the superior choice for space-constrained systems. Unfor-
tunately, it is not the best solution for objects that are optically diffuse or
for objects requiring a large field of view. When used with diffuse objects,
in-line illumination produces a hotspot on the image caused by the Lam-
bertian (a nearly constant bidirectional reflectance distribution function)
tendencies of the object, which is detrimental to any inspection system.
Figure 5 shows an image of a diffuse object of wooden material both with
(right image) and without (left image) in-line illumination.

When the primarily Lambertian object is in-line illuminated, the image
has a well-defined hotspot in the center of the field of view. This hotspot
effectively washes out the desired contrast, yielding a contrast of about
70% for the brightfield image, and about 8% for the in-line illuminated im-
age, with both contrast values taken at the center of the image.

There are, of course, other situations where in-line illumination is not
the ideal option. When a large field of view is required, the étendue of
the illumination system becomes a problem, in that spreading out the
flux of the light over a large field inherently leads to a much less dense
bundle of photons, and therefore has a negative impact on the throughput
of the system as a whole. Imperfect light sources also significantly and

Figure 4

Objective Lens Objective Lens

Ring Light I

Y

Brightfield lllumination Inline lllumination

Figure 4: Comparison of ray paths using brightfield illumination (left)
and in-line illumination (right).

negatively impact the performance of in-line illumination systems with
large fields of view, as the small imperfections are bolstered over the large
projection in the object plane.

Figure 5

Figure 5: Comparison of wooden object with brightfield illumination
(left) and in-line illumination (right).

Using Structured Illlumination

[llumination is a critical component of any machine vision system, and
can often be the difference between a good imaging system and a great
one. Not only does the illumination position and wavelength need to be
uniquely considered for each application, but certain systems require
structured illumination to maximize system performance.

Structured illumination utilizes specific patterns of light to determine
the geometric shape and depth of objects. An effective 3D system can be
constructed by illuminating objects with different patterns, such as grids,
dots, or lines, while minimizing cost, components, and complexity.

Since a well-calibrated system increases measurement accuracy, it is
important to understand that structured illumination is not universal, and
certain structures should be used to obtain certain measurements. For
example, a dot grid pattern may suffice to inspect a few points on an ob-
ject, but a line or multiple line pattern is required to measure an object’s
three dimensional profile.

Table 2 demonstrates common structured illumination patterns and
their ideal applications.

Structured lllumination D Melh?d °.' Purpose
etermination
Determining the
dimensions of most

Triangulation Based obiec's whilethe

object is scanned

Determining the

Shadow and dimensions of refractive

Triangulation Based objects while the object
is scanned

Determining the depth

information at multiple
discrete points in a
single exposure

Distortion Based

Table 2: Common Structured Illumination Patterns.
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Telecentric lllumination

Conventional diffuse backlights are often used in manufacturing envi-
ronments, where applications demand that objects be inspected and
measured. Often, the profile of an opaque object can be checked for
size, irregularities, or defects simply by passing it in front of a backlight
and processing the image with a vision system. However, as the required
measurement accuracies become more demanding, care must be taken
in selecting the appropriate illumination.

Standard backlights have several limitations: They must be larger than
the object under inspection to cover the entire object’s surface and create a
profile. They must also be diffuse so as to avoid hot spots, intensity roll-off
off near the edges, and other illumination errors. These properties force
the backlight to emit light at angles from 0 to nearly 180 degrees. When
the very high angle rays are emitted from the outer edges of the backlight,

light glances off the edge of the object under inspection and reflects into
the camera lens. This causes the object to be illuminated, rather than sil-
houetted, which reduces contrast in the image (Figure 1).

A Telecentric backlight directs light emitted from a source onto the
object with very small deviations in ray angles. Since there is no angle
between these rays, light enters the camera lens directly, rather than by
stray reflections, creating high contrast images (Figure 2). What’s more,
the volume of light available with a telecentric backlighting configura-
tion increases dramatically. A conventional backlight is diffuse and much
of the light never reaches the object. The telecentric backlight is direc-
tional, ensuring much more light reaches its target. Typical applications
will see a 3 - 5 times decrease in shutter speed at the same aperture with
this backlight over a standard diffuse backlight.

Figure 1 Standard Diffuse Backlight

Figure 2 Telecentric Backlight

TELECENTRIC BACKLIGHT ILLUMINATOR

* Adjustable Aperture Allows Variable Output Without Varying Color Temperature

¢ Accepts ¥4” Fiber Optic or LED Input

¢ Increases Contrast on Product Edges for Inspection Systems

The Telecentric Backlight Illuminator uses optics to direct light from a fiber optic light guide or LED onto an
object, producing high contrast silhouette. The illuminator increases edge contrast and measurement accuracy
in gauging applications by decreasing diffuse reflections that increase edge softening. The telecentric backlight
illuminators, based on design principles from our telecentric measuring lenses, substantially increase illumination,
compared to a standard backlight, at nominal working distances. Compatible with ¥4” fiber optic light guides or
0.312” LEDs. Note: Power Supply required for LED operation.

Standard Backlight
w0 i [ TG Y
1

Gray Vaue

Distamce (inches)

Telecenric Backlight
e I I o S

Gray Value

Distamce (nches)

Mounting Post using TECHSPEC® 1X SilverTL™
Telecentric Lens and Standard Diffuse Backlight.

Mounting Post using TECHSPEC® 1X SilverTL™
Telecentric Lens and Telecentric Backlight llluminator.

Telecentric vs. Standard Diffuse Illumination:
Line Profile of Mounting Post Threads.

Description Stock No. Price

Telecentric Backlight llluminator #62-760 $750.00
0.312" LED Spotlight - White #87-541 $195.00
0.312" LED Spotlight - Blue #87-542 $195.00
0.312" LED Spotlight - Green #87-543 $195.00
0.312" LED Spotlight - Red #87-544 $195.00
24V Power Supply #66-855 $95.00
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LED Projectors

ADVANCED ILLUMINATION LED PATTERN PROJECTORS

¢ Equip C-Mount Imaging Lenses to Control Illumination Geometry

¢ Ideal for 3D Reconstruction and Mapping

Advanced Illumination LED Pattern Projectors are compact illuminators designed for applications requiring
structured illumination. Advanced Illumination LED Pattern Projectors can be used with any C-mount compat-
ible imaging lens and negatively patterned 21mm reticle to achieve specific structured illumination geometries.
When used without a reticle, Advanced Illumination LED Pattern Projectors can be adjustable spot lights.
Note: Required power supply and C-mount imaging lens are sold separately.

¢ Multiple Wavelength Options Available r (]

LED Life: 50,000 hours Reficle Edge Sharpness:  <lym
Reticle Substrate: Float Glass Reticles: 20.8mm Dia.
Reticle Coating: Chrome Reticle Accuracy: 2pm
ADVANCED ILLUMINATION LED PATTERN PROJECTORS
Description Stock No. Price
Blue 455nm #87-447 $695.00
Red 625nm #87-449 $695.00
White #87-451 $695.00
Description Stock No. Price
24V Power Supply #66-855 $95.00
Manual Intensity Adjustment #86-887 $40.00
Industrial DIN Mountable Intensity Adjustment #89-555 $125.00
Single Line Reticle #88-518 $150.00
Crosshair Reicle #88-519 $150.00
8 Line Reicle #88-520 $150.00
7 x 7 Grid Reficle #88-521 $150.00
Edge Reicle #88-522 $150.00
16mm Fixed Focal Length Lens #59-870 $295.00
25mm Fixed Focal Length Lens #59-871 $295.00
35mm Fixed Focal Length Lens #59-872 $295.00
50mm Fixed Focal Length Lens #59-873 $395.00
Single Line Reficle (#88-518) Crosshair Reficle (#88-519) 8 Line Reticle (#88-520) 7 x7 Grid Reticle (#88-521) Edge Reticle (#88-522)

RETICLE SPANNER

WRENCH HOLES /

0318

217

Units: mm
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Laser Diode Modules

COHERENT® HIGH PERFORMANCE STINGRAY™ LASER DIODE MODULES

« External Focus with up to 90mW Output Power
* Auto Scaling Input Power 5 - 24V DC with
Reverse Polarity Protection

¢ Built-In Microcontroller for Fault Monitor

Coherent® High Performance StingRay™ Laser Diode
Modules are ideal for a variety of alignment or ma-
chine vision applications. Coherent® High Performance
StingRay™ Laser Diode Modules are available in a
range of wavelengths from the visible to NIR. Due to
the human eye being highly sensitivity to green light,
the green laser diode module provides sharp contrast,
especially on red objects. Note: For CDRH certified
systems, class IIIb lasers require #86-878. Power sup-
ply is available with #86-878 or sold separately.

’ StingRay™ Developers Kit available online ‘

Beam Quality (M?): <15
Spatial Mode: TEMy
Pointing Stability (prad/°C): <10
Max. Analog Modulation (kHz): 500
Input Voltage (VDC): 5VDC- 24VDC
Electrical Connection: Hirose HR-10P-125
Operating Temperature (°C): -10t0 50
Storage Temperature (°C): -20 to 60
Dimensions (Dia. x L, mm):
Standard: 19.1x95.1
Line Generator: 19.1x97.8

3 LASER RADIATION
'AVOID DIRECT EXPOSURE

COHERENT® STINGRAY™ LASER DIODE MODULES COHERENT® STINGRAY™ PRE-MOUNTED LINE GENERATOR MODULES

SmW 10mW 35mW

Wavelength Fan Angl Wavelength Output P C(DRH Stock .
o) CORH Stock Pie ORH Stock p.  CORH Stock . Mede M Tolerance O (S o Price
Class  No. Class  No. Class  No. (nm)
514s5  Ilb #86-848 74500 [lb #87-522$84500 —  NA - 30 514 +5 5 I #86-851 $970.00
640+4 /-9 b #86-849 $335.00 b #87-523 $475.00 Illb  #87-524 $625.00 gg Z;; 4*59 355 ”|I|b igggg; Ssllsgod((])o
+4/- - !
6555  Illb #86:8505335.00 b #87-525547500 -  NA - @ A0 4 . " P $655.00
50mW 90mW 30 655 +5 5 Il #36-863 $580.00
78510 - N — b #87-527 $625.00 Illb #87-528 $735.00 30 660 +6 50 Iiib #36-869 $740.00
45 640 +2 35 Illa #36-861 $655.00
COHERENT® STINGRAY™ PROJECTION HEADS 45 660 6 50 lllb #86-870 $740.00
Fan \ober 640nm /  640nm /  6550m / 60 640 +4/9 5 I #86-859 $580.00
Angle o,"u“es 514nm  Max Max Max 785nm  Price 60 660 +7/-10 35 Illa #86-868 $655.00
() SsmW 35mwW SmW 60 660 +6 50 Iitb #36-871 $740.00
30 1 #9574 #9575 #89-576  #89-577  #89-578  $160.00
R U XS VSR E R VAP ACCESSORIES
30 3 #8958  #89583  N/A  #89584 #8955 35500  Description Stock No. Price
1 Laser Controller With CDRH Key Lock and Power Supply #86-878 $280.00
30 Extended #89-586  #89-567 N/A - #89-588  #89-589 S160.00 5V Power Supply #59-099 $65.00
Focus Mounting Bracket #86-879 $110.00

VLM™ HIGH QUALITY LASER DIODE MODULES

« Standard and Micro Models Available

* Fixed Focus, 635nm or 670nm

* Circular, Elliptical or Linear Beams

* 0.3mW to 4.2mW Outputs

Applications include measurement, positioning, robot
vision, bar code scanning, alignment, guidelines, point-
ing, switching, timing, and leveling. Useful in a variety
of medical, industrial, and scientific instrumentation,
as well as general R&D work.

vim™

’ See website for complete specifications. ‘

Wavelength

Beam Diameter:
Circular:
Elliptical:

Beam Divergence:
Circular:
Elliptical:

Pointing Accuracy:

Electrical Leads:

Power Requirement:

30mm 3§ LASER RADIATION
4,0 X ] ,[)mm "AVOID DIRECT EXPOSURE
0.35mrad

0.3 x 1.2mrad

15 aremin

36" long, red (+),
black (-), case (+)
5-10vDC,

3-6V DC (Micro Series)

VLM™ SERIES MICRO VLM™ SERIES

Circular
CDRH Class: Il Illa CDRH Class: I
Maximum Output: 0.6mW 2.3mW Maximum Output: 0.95mW
Wavelength: 635nm 670nm V{nvele.nglh: T
Dimensions (D x L): 0.581"x 1.776" 0.581"x 1.776" Dimcnsias Dl
) . : ‘ : - Weight (0z.): 0.17
L i) 072 072 Stock No. #52:263
Stock No./Price #54-032 §24000  #53761 $295.00 Price $155.00
Mount for VLM™ Modules #53-263 $75.00 Mount for Micro VLM™ Modules
158 800-363-1992 - EDMUND OPTICS® 158

Elliptical 30° Line  60° Line  85° Line

llla llla 1 |l Il
2.5mW 4.2mW 1.6mW 2.5mW 4.0mW
670nm 670nm 670nm 670nm 670nm

0.375"x 0.73" 0.375"x 0.89"

0.17 0.17 0.23 0.23 0.23
#52-204  #52-265  #52-268  #52-267  #52-266
$165.00  S$175.00  $199.00  S$199.00  $199.00

#53-261 $75.00



METAPHASE TECHNOLOGIES LED BACKLIGHTS

« 2X Brighter than Cold Cathode Fluorescent Backlights

* No Warm-Up Time

¢ Flicker-Free LED Illumination

LED backlights are perfect for machine vision and applications with limited workspace. LED illuminators feature a long
lifespan and provide flicker and shadow-free diffuse illumination absent of hotspots (5% uniformity). With low power
consumption and no warm-up time, LED illuminators are ideal for a wide variety of applications. With twice the bright-
ness, Metaphase Technologies LED Backlights (Patent Pending) offer a great alternative to Cold Cathode Fluorescent
illumination. Note: A power supply is required for operation.

METAPHASE TECHNOLOGIES LED BACKLIGHTS

q - Stock No. . Power Supply
Active Area Dimensions (W x L x H) White Red 630nm Price Stock No. Price
3.5"x 6" 5'x 8.5"x0.75" #83-873 #85-257 $295.00 #87-354 $35.00
5.75"x 10" 7.5"x12"x0.75" #83-874 #85-258 $550.00 #87-355 $70.00
9"x 16" 13.5"x19.5"x 0.75" #83-875 #85-259 $725.00 #87-355 $70.00
21" x 21" 26"x26.38"x 0.75" #85-255 - $1,595.00 #87-356 $80.00
21" x 44" 26" x 50" x 0.75" #85-256 - $2,295.00 #87-357 $80.00

METAPHASE TECHNOLOGIES WIDE BEAM LED SPOT LIGHT

¢ 6X Brighter than a 60W Incandescent Floodlight

* Low Power Consumption

* Washdown - IP65 Rating

LED illuminators feature a long lifespan and provide flicker and shadow free diffuse illumination absent of hotspots. With
low power consumption and no warm-up time, LED illuminators are ideal for a wide variety of applications. Metaphase
Technologies Wide Beam LED Spot Light is an ideal replacement for a 60W incandescent floodlight. The included mounting
bracket increases versatility and allows for precise positioning. The spot light features a full heat sink to ensure long life and
output stability. A mounting bracket is included with each spot light. Note: Power supply #87-355 is required for operation.

METAPHASE TECHNOLOGIES WIDE BEAM LED SPOT LIGHT

Wavelength Dimensions (0 x L) Stock No. Price
White 315" x3.1" #83-876 $295.00
315" x3.1" #86-426 $295.00
Red 315" x3.1" #86-427 $295.00
IR 315" x3.1" #86-428 $295.00

METAPHASE TECHNOLOGIES LED RGB BACKLIGHTS

¢ Individually Controlled Red, Green, and Blue Color Channels

* High Intensity and Uniformity

* Allows Color Mixing to Tune Your Lighting Profile

Metaphase Technologies LED RGB Backlights are ideal for machine vision applications where high uniformity is required,
such as factory automation or inspection. These LED backlights feature red, green, and blue color channels that can be
individually controlled using a manual dimmer to match the application’s light intensity and color content requirements.
Metaphase Technologies LED RGB Backlights are available in multiple sizes to ease system integration. Note: A power
supply (sold separately) is required for operation.

METAPHASE TECHNOLOGIES LED RGB BACKLIGHTS

Active Area Size  Overall Dimensions Intensity Uniformity (%) Stock Pri Power Pri
(mm) WxL xD (mm) (mW /cm?) nitormily (= No. flce Supply rice
50 x 50 76x95x 20 1.0 50 #89-962 $895.00 #87-354 $35.00
100 x 100 156 x 176 x 21 1.0 5.0 #89-963 $1,295.00 #87-354 $35.00
150 x 150 188x 219 x 36 1.0 50 #89-964 $1,495.00 #87-355 $70.00

METAPHASE TECHNOLOGIES LED LINEAR LIGHTS

* Perfect Replacement for Linear Fluorescent Lamps

« Very Diffuse, Isotropic Output

¢ 3X the Brightness of Typical Fluorescent Illumination

LED linear lights are the ideal high performance replacement for fluorescent tube lighting. LED illuminators feature a long
lifespan and provide flicker and shadow free diffuse illumination absent of hotspots. With low power consumption and no
warm-up time, LED illuminators are ideal for a wide variety of applications. Equipped with an adjustable bracket, Metaphase
Technologies LED Linear Lights (Patent Pending) are capable of 0 - 180° positioning. Models are available with or without
an in-line dimmer for intensity control that is easily adjusted by a tunable dial. A tilt bracket is included with each linear
light. Note: 8” and 14” illuminators require power supply #87-354. 23” and 48” illuminators require power supply #87-355.

METAPHASE TECHNOLOGIES LED LINEAR LIGHTS

Wavelenath Intensity 8" Length 14" Length 23" Length 48" Length
9 Control  Stock No. Price Stock No. Price Stock No. Price Stock No. Price
White No #33-857 $475.00 #83-858 $575.00 #83-859 $775.00 #33-860 $1,575.00
Red 630nm No #33-861 $475.00 #83-862 $575.00 #83-863 $775.00 #33-864 $1,575.00
White Yes #83-865 $550.00 #83-866 $650.00 #33-867 $850.00 #33-868 $1,650.00
Red 630nm Yes #33-869 $550.00 #83-870 $650.00 #33-871 $850.00 #33-872 $1,650.00
Power Supply - #37-354 $35.00 #87-354 $35.00 #87-355 $70.00 #87-355 $70.00
159
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LED Lights

ADVANCED ILLUMINATION HIGH INTENSITY LED RING LIGHTS Q@

Ai

« Slim Profile to Ease System Integration

* High Brightness LEDs

* Multiple Size, Wavelength, and Working Distance Options

Advanced Illumination High Intensity LED Ring Lights utilize an arrangement of high brightness LEDs to precisely illuminate
a wide variety of imaging applications. Advanced Illumination High Intensity LED Ring Lights feature a slim profile to ease
system integration, and are available in a variety of sizes, wavelengths, and working distance options. A manual intensity
adjustment option is also available for added flexibility. 4.6” and 6” models are IP67 complaint. An adapter is also available
for mounting the 2.95” ring light to M25 x 0.5 lenses. Note: 24V power supply (sold separately) is required for operation.

2.95" 4.6" 6" 6" Ultrabright
Dimensions (mm): 74.9 Dia. x 14.2L 116.8 Diax 19.11 152.4 Diax 26.7 L 1524 Diax 26.7 L
Working Distance: 75-150mm 100 - 300mm 225 - 600mm 225 - 600mm
Mounting Threads: M35.5x 0.5 M67 x 0.75 None, ID 66mm None, ID 66mm
Number of Channels: 1 1 1 1
Weight: 164g 304g 681g 681g
Operating Temperature: 010 60°C 010 60°C 010 60°C 010 60°C
Lifetime: 50,000 hrs 50,000 hrs 50,000 hrs 50,000 hrs
ADVANCED ILLUMINATION HIGH INTENSITY LED RING LIGHTS
Wavelength 2.95" 4.6" 6" 6" Ultrabright
Stock No. Price Stock No. Price Stock No. Price Stock No. Price
White #88-484 $425.00 #38-487 $795.00 #88-490 $1,225.00 #88-493 $1,455.00
#88-485 $425.00 #88-488 $795.00 #88-491 $1,275.00 N/A -
Red 625nm #88-486 $425.00 #88-489 $795.00 #88-492 $1,225.00 N/A -
24V Power Suppl! #66-855 $95.00
Manual Intensity Adjustment #86-887 $40.00
Industrial Intensity Ldiuslmem, DIN Rail Mount #89-555 $125.00
M35.5 x 0.5 to M25.5 x 0.5 Adapter #88-494 $95.00

ADVANCED ILLUMINATION SIDE-FIRED LED BACKLIGHTS

Ai

* 30% Brighter than Comparable Surface Mount Light

¢ Uniform, Low Heat Illumination

* Optional Manual Intensity Adjustment Available

Advanced [llumination Side-Fired LED Backlights are high performance alternatives to surface mount lights. Advanved II-
lumination Side-Fired LED Backlights provide uniform, low heat illumination that is 30% brighter than surface mount lights
of equal size. To simplify system integration, these backlights include mounting brackets and mounting channels for M6 nuts.
A manual intensity adjustment option is also available for added flexibility. Note: 24V power supply is required for operation.

Active Area: 2"x2" 4" x4 8"x8"
Dimensions (mm): 151 Lx 1151 Wx 201 T 165.9Lx 165.9Wx 20.1 T 267.5Lx267.5Wx 267.5T
Number of Channels: 1 1 2

Operating Temperature: 010 60°C 010 60°C 010 60°C
Lifetime: 50,000 hrs 50,000 hrs 50,000 hrs

ADVANCED ILLUMINATION LED SIDE-FIRED LED BACKLIGHTS

Size 2"x 2" 4" x4 8"x 8"
Wavelength Stock No. Price Stock No. Price Stock No. Price
White #88-500 $550.00 #88-504 $650.00 #88-508 $995.00
#88-501 $550.00 #88-505 $650.00 #38-509 $995.00
#88-502 $550.00 #88-506 $650.00 #88-510 $995.00
Red 625nm #88-503 $550.00 #88-507 $650.00 #88-511 $995.00
24V Power Suppl #66-855 $95.00
Manual Intensity Xd’uslmenl #86-887 540.00
Industrial Intensity Adiuslmeni, DIN Rail Mount #89-555 $125.00
ADVANCED ILLUMINATION DIFFUSE AXIAL LED ILLUMINATORS @
* Bright, Uniform Illumination over Field of View
 Built-In Dust Cover Protects Internal Beamsplitter
« Ideal for Inspecting Highly Reflective Objects
Aperture Size: 1"x1" 2"x2" 4" x 4"
Dimensions (mm): 94Lx33Wx33T MN7Lx58Wx54T 178 Lx TTOWX 111 T
Number of LEDs: 1HB 4HB 144
Number of Channels: 1 1 2
Diffuse Field Coverage (mm): 20x 20 32x32 100 x 100
Projected Light Distribution: +10% +10% +10%
Mounting Holes: Mo Mé Mo
ADVANCED ILLUMINATION HIGH INTENSITY LED RING LIGHTS *LEDs in 4" Version are 880nm
Wavelenath 1" Diffuse Axial 2" Diffuse Axial 4" Diffuse Axial*
9 Stock No. Price Stock No. Price Stock No. Price
White #66-798 $725.00 #66-800 $950.00 #66-803 $1,895.00
Red 625nm #66-799 $725.00 #66-801 $950.00 #66-804 $1,595.00
IR 850nm* #88-495 $775.00 #66-802 $995.00 #66-805 $1,595.00
24V Power Suyplx #66-855 $95.00
Manual Intensity Adjustment #86-887 540.00
Industrial Intensity Ldiuslmeni, DIN Rail Mount #89-555 $125.00
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LED Lights

ADVANCED ILLUMINATION LED SPOT LIGHTS @
¢ Ideal for Machine Vision Illumination 0
* Provides 43mm Coverage at 100mm " '
¢ 50,000 Hour Product Lifetime
Model: 0.9" High Bright 1.25" Ultra Bright 1.5" 21"
Dimensions (mm): 22.9 Dio. x 54.0 L 31.8 Dio. x 46.7 L 38 Dia. x 54.0L 54 Dio. x 38.0 L
Number of LEDs: 1HB 1UB 20 36
Number of Channels: 1 1 1 1
ADVANCED ILLUMINATION LED SPOT LIGHTS *LED in 0.9” Version is 530nm and 850nm
0.9" High Bright* 1.25" Ultra Bright 1.5" 2.1"
Wavelength
Stock No. Price Stock No. Price Stock No. Price Stock No. Price
White #66-856 $375.00 #88-512 $475.00 #66-815 $450.00 #66-820 $750.00
Blue 470nm #66-857 $375.00 N/A - #66-816 $450.00 #66-821 $750.00
|Green520nm* | #6858 SIS0 WA - #6817 5000 #6822 $750.00
Red 625nm #66-859 $375.00 N/A - #66-818 $375.00 #66-823 $650.00
IR 880nm* #66-860 $375.00 N/A - #66-819 $375.00 #66-824 $650.00
24V Power Supply #66-855 $95.00
Manual Intensity Adjustment #86-887 $40.00
Industrial Intensity Adjustment, DIN Rail Mount #89-555 $125.00
ADVANCED ILLUMINATION HIGH INTENSITY COAXIAL LED SPOT LIGHT ILLUMINATORS @
* Compatible with 8mm In-Line Illumination Ports (]
* Multiple Versions Offered " '
* Fixed Intensity and Strobed Options

Designed to fit into the common 8mm port found on many in-line illumination lenses, Advanced Illumination High Inten-
sity Coaxial LED Spot Light Illuminators are a simple, compact lighting solution. Featuring state-of-the-art high intensity
LEDs, these illuminators are ideal for even the most demanding illumination requirements. Note: Required 24V power
supply #66-855 and optional Manual Intensity Adjustment #86-887 are sold separately.

Light Distribution: +10% Lifetime: 50,000 hrs Number of LEDs: 1HB
Operating Temp.: 010 60°C Weight: 42.5g (1.50z) Cable Length: 1.5m

ADVANCED ILLUMINATION HIGH INTENSITY COAXIAL LED SPOT LIGHT ILLUMINATORS

Wavelength Stock No. Price
White #66-861 $495.00
Blue 470nm #66-862 $495.00
Green 330am e s49500
Amber 590nm #66-864 $495.00
Red 625nm #66-865 $495.00
24V Power Supply #66-855 $95.00
Manvual Intensity Adjustment #86-887 $40.00
Industrial Intensity Adjustment, DIN Rail Mount #89-555 $125.00 See Website for Strobed Versions

SO MUCH MORE ONLINE. ...

Advanced III.IEull)nisnuliorf High Intensity Advanced lllumination LED Backlights Advanved Illumimfiion Diffuselite Advanced lllumination LED Line Lights
pot Lights LED llluminators

WWW.EDMUNDOPTICS.COM/ILLUMINATION
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LED Lights

ADVANCED ILLUMINATION EUROBRITE™ LIGHTS

¢ Available in White, Red, and Blue

¢ Variety of Geometry Options Available

* Heat Sink Not Required

Advanced Ilumination EuroBrite™ Lights feature on-board smart drivers functional during strobe and con-
tinuous operation modes making them ideal for the most demanding performance constraints. Adaptive
OverDrive™ allows for power optimization while in strobing mode, and Adaptive Thermal Feedback™
gives operational current control to the user, preventing overheating and eliminating the need for a heat
sink. Advanced Illumination EuroBrite™ Ring Lights feature a ruggedized, sealed enclosure, and are avail-
able in white, red, or blue versions. Advanced Illumination EuroBrite™ Bar Lights, 100 x 150mm Spot
Lights, and 100 x 150mm Back Lights have the ability to operate with four units connected to one another.
An analog dimming control operable in both strobe and continuous modes add to illuminator’s customiz-
ability. Note: A 24V power supply is required.

[ AccEssoRES . [EEee 201 Nominal . 22/ mox, 28

Operating Temperature: 0 - 60°C

m’;’il’ﬁ‘ml T S;‘;;k“l:;. S:IS‘JO Maximum Input Current:  0.42 - 0.49A Envi : -
‘emale to Male, Spin, 0.2m - . . A nvironment:
M12 Female to Bare Leads, 5 pin, 2m  #33-463 $40.00 A'jnhg Intensity Control: 10% @ 0.7V, 100% @ 10¢ Typical Lifetime: 50,000 hrs
24V Power Supply #606-855 $95.00 Trigger to Pulse Latency: 10ps
SPOT LIGHTS SPECIFICATIONS ADVYANCED ILLUMINATION EUROBRITE™ SPOT LIGHTS
Typical Infensity Active Area: 50 x 75mm 100 x 150mm
Weight: 97y 253y
Working Distance: 100mm 300mm 600mm Dimensions: 75 L x 89 W x 30mm H 150 Lx 139 W x 30mm H
Price Price
llluminated Area: 79 x 51mm #104mm #196mm Wavelength Stock No. Stock No.
1-10 11-25 1-10 11-25 W15
Typ. Irradiance (W/M2):  420.0 128.0 384 White #33-450  $425.00  $382.50 #33-453  $825.00  $742.50
Blue 470nm #33-452  $425.00  $382.50 #3345 $825.00  $74250 [
P g e Red 625nm #3451 4500 $38250 #3450 SBS00  $74250
BACKLIGHTS SPECIFICATIONS ADVYANCED ILLUMINATION EUROBRITE™ BACKLIGHTS
Typical Intensity Active Area: 50 x 75mm 100 x 150mm
Weight: 93y 253g
Active Area: 50 x 75mm 100 x 150mm
Dimensions: 75Lx 89 Wx 30mm H 150 Lx 139 W x 30mm H
Working Distance: At Surface At Surface Price Price
Wavelength Stock No. Stock No.
llluminated Area: 61 x 43mm 135 x 94mm 1-10 LA 26+ 1-10 1125 RIE
White #33-456  $425.00  $382.50 #33-459  $825.00  $742.50
Typ. Irradiance (W/M?): 285 184 - P
Blue 470nm #33-458  $425.00  $382.50 AN #33-461 $825.00  $74250 QM
Typ. Mluminance (kLux): 101 655 Red 625nm #33457  $42500  S382.50 #33460  $82500  $742.50
BAR LIGHTS SPECIFICATIONS ADVANCED ILLUMINATION EUROBRITE™ BAR LIGHTS
Typical Intensity Weight: Hly
Dimensions: 300Lx 64 W x 30mm H
Working Distance: 200mm 300mm 600mm 5
Price
Wavelength Stock No.
llluminated Area: 292x 67mm 290 x 102mm 318 x 191mm 1-10 11-25 26+
Whit #33-444 695.00 625.50
Typ. Irradiance (W/M?): 142 93.2 43 e s S
Blue 470nm #33-446 $695.00 $625.50 g
Typ. lluminance (klux): 45 30 1 Red 625nm #3445 $695.00 $625.50
RING LIGHTS SPECIFICATIONS ADVYANCED ILLUMINATION EUROBRITE™ RING LIGHTS
Typical Intensity oldht: 173
Dimensions: 120 L x 120 W x 30mm H
Working Distance: 200mm 300mm 600mm Inner Diameter: 52mm
Price
llluminated Area: #137mm #147mm #213mm Wavelength Stock No.
1-10 11-25 26+
Typ. Irradiance (W/M?): 104 75.6 310 White #33-447 $395.00 $355.50
Blue 470nm #33-449 $395.00 $355.50 g
Typ. llluminance (kLux): 333 245 10.0 Red 625nm #33-448 $395.00 $355.50
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LED Lights

ADJUSTABLE LED RING LIGHTS

» Easy to Access Lens Array for Quick, Manual Adjustment of Illumination Emission Angles
¢ Included Interchangeable Windows Allows for Easy Adjustment of Light Diffusion
« Integrate Polarizer Accessory for Glare Elimination
Adjustable LED Ring Lights provide high intensity and uniform LED illumination, while also providing the flex-
ibility to customize the angle at which the light is emitted. The easy to access lens array allows for quick, manual z
adjustment of the illumination emission angles. Simply remove the LED window that’s held in place by screws m
and rotate the lens array to one of the three indicated positions for the various emission angles. Adjustable LED i
Ring Lights include three interchangeable windows (transparent, semi-diffuse, and opaline) and an optional polar-
izer accessory is available to be placed beneath the transparent window for glare elimination. The modification
flexibility allows these ring lights to be used in a variety applications. Note: 24V power supply and M12 female
to male cable are required.
Dimensions: 151 Lx 117 W x 40mm H Connectors: MI2. 5 pins Lens Rotation Position: Emission Angle
Inner Diameter: 58mm . 12 P Without Lens: 90°
A, Input Voltage: 24V DC P T o
Weight: 400g Operating Temperature: -10°Cto 50°C S L8 -
Mounting Holes: M4 (x4) and 3.5mm Thru (x4) Elrvironmgenl Rtl:ﬁn o P65 Position 2: 25°
lllumination Mode: Continuous or Strobe 9 Position 3:° 10°
ADJUSTABLE LED RING LIGHTS
Wavelength White Red 625nm White, UV, IR
Stock No. / Price #34-861 $725.00 #34-862 $725.00 #34-863 $795.00 #34-864 $895.00 #34-865 $1,295.00
ACCESSORIES
Description Stock No. Price
Polarizer Accessory #34-866 $90.00
Mounting Bracket, Vertical #34-867 $185.00
Mounting Bracket, Right Angle #34-868 $185.00
M12 Female to Male, 5 pin, 2m #34-869 $60.00
M12 Female to Bare Leads, 5 pin, 2m #34-870 $35.00
24V Power Supply, 1 Channel #34-871 $450.00
ADJUSTABLE LED BAR LIGHTS
* Direct Access to Optics for Quick, Manual Adjustment of Illumination Cone Angles
¢ Included Interchangeable Windows Allows for Easy Adjustment of Light Diffusion
« Easy to Integrate Linescan Accessory for Linear or Darkfield Lighting
Adjustable LED Bar Lights provide versatility by allowing the emission angle of the light to be modified by the
user. Various illumination emission angles can be modified by simply removing the LED window that’s held in z
place by screws to access the lens array and adjust the lens array height to one of the three indicated positions.
Adjustable LED Bar Lights include three interchangeable windows: transparent, semi-diffuse, and opaline. By m
placing the optional polarizer or linescan accessories beneath the transparent window, glare can be eliminated or i
linear lighting created. The flexibility and ease of user modifications for these bar lights make them ideal for use
in many application types. Note: 24V power supply and M12 female to male cable are required.
Number of LEDs: 1 LED Bar Light 5 LED Bar Light 10 LED Bar Light 15 LED Bar Light
Dimensions: 55Lx 51 Wx 49mm H 135Lx 51 Wx49mmH  235Lx51Wx49mmH  335Lx 51 Wx 49mm H
Number of Connectors: 1 1 1 1
Mounting Holes: 2 Rails (1 for M6 T-Nuts) 2 Rails (1 for M6 T-Nuts) 2 Rails (1 for M6 T-Nuts) 2 Rails (1 for M6 T-Nuts) Lens Height: Illmination Emission Angle
lllumination Mode: Continuous or Strobe Continuous or Strobe Continuous or Strobe Continuous o Strobe Without Lens: 90°
Connectors: M12, 5 pins MI2, 5 pins M12, 5 pins M12, 5 pins Height 1: 45°
Input Voltage: 24V DC 24V DC 24V DC 24V DC Height 2: 925°
Operating Temperature:  -10°Cto 50°C -10°Cto 50°C -10°Cto 50°C -10°Cto 50°C Height 3: 10°
Environment Rating: 1P40 1P40 1P40 1P40
ADJUSTABLE LED BAR LIGHTS
Number of LEDs 1 LED Bar Light 5 LED Bar Light 10 LED Bar Light 15 LED Bar Light
Wavelength Stock No. Price Stock No. Price Stock No. Price Stock No. Price
White #34-873 $350.00 #34-875 $650.00 #34-877 $795.00 #34-879 $950.00
Red 625nm #34-874 $350.00 #34-876 $650.00 #34-878 $795.00 #34-880 $950.00
Polarizer Accessory #34-881 $25.00 #34-882 $60.00 #34-884 $70.00 #34-886 $85.00
Linescan Accessory N/A = #34-883 $145.00 #34-885 $170.00 #34-887 $195.00
ACCESSORIES
Description Stock No. Price
Mé6 T-Nut (includes M6x14 screw) #34-888 $15.00
Swivel Mounting Accessory #34-889 $60.00
M12 Female to Male, 5 pin, 2m #34-869 $60.00
M12 Female to Bare Leads, 5 pin, 2m #34-870 $35.00
Power Supply, 1 Channel #34-871 $450.00
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Testing and Targets

Test targets are designed to help evaluate or calibrate the per-
formance (imaging quality) of an imaging system. This could
include troubleshooting a system; benchmarking, certifying, or
evaluating measurements; or establishing a foundation to en-
sure multiple systems work well with one another. Because im-
age quality can be defined by different components, particularly
resolution, contrast, Modulation Transfer Function (MTF), Depth
of Field (DOF), or distortion, different systems may require dif-
ferent targets, and some systems may require more than one.
Itisimportant tokeepin mind that the results of using atest target

Pros

Simultaneously test the vertical and horizontal resolutions

Potentially most powerful for festing resolufion and contrast

Target Applications
Test resolution in vision systems, opfical fest equipment,
USAF 1951  microscopes, high magnification video lenses, fluorescence and o discrete snatial frequendies
confocal microscopy, photolithography, and nanotechnology p q
Testing resolution and contrast
Ronchi Ruling

Diffraction tesfing
Comparing highly resolved or magnified imaging systems

Star System alignment

Assembly assistance

Table 1: Applications, Pros, and Cons of Resolution Targets.

The USAF 1951 Target

One of the most commonly used test targets is the USAF 1951
target, which is comprised of sets of horizontal and vertical
lines, called elements, of varying sizes (Figure 1). The horizon-
tal and vertical elements are used by a system to simultane-
ously test the vertical and horizontal resolutions at discrete
spatial frequencies (line pairs per millimeter, or lp/mm) in the
object plane. Each element has a unique set of widths and
spacings and is identified with a number from 1 to 6. Together,
six sequentially numbered elements are considered a group,
and each group has an identifying number that can be positive,
negative, or zero. Typically, this number ranges from -2 to 7.
The group number and element number are then used together
to determine spatial frequency. The resolution is based on bar
width and space, where the length of the bars is equal to five
times the width of a bar (Figure 2). One line pair (Ip) is equiva-
lent to one black bar and one white bar. Vertical bars are used
to calculate horizontal resolution, and horizontal bars are used
to calculate vertical resolution.

Figure 1 2 3 Il
— =
8 — I =p= Illllugf I
b= "I Illlllggz
5=l o
s=m ="

Figure 1: Example of a USAF 1951 Target.
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Can evaluate continuous change in resolufion across multiple
orientations without repositioning target

Eases the comparison of different imaging systems
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are subjective if only viewed visually; using visual observa-
tion is dependent on who is looking at the target. For instance,
someone with 20/20 vision is typically capable of discerning
higher resolution or more detail than someone with 20/25 or
20/30 vision. Additionally, individuals that regularly look at
these targets can have their brains trained to see detail that may
not actually exist due to viewing the target’s repetitive frequen-
cies or patterns. While visual inspection can help compare two
different systems, it does not always validate results. If possible,
it is important to use software to truly validate measurements.

Cons
Must reposition target to fully evaluate a system’s performance
Can be difficult to determine when the entire FOV is in best focus

Different target required for each frequency that needs to he evaluated

Can simultaneously determine system’s best focus across entire FOV

Non-symmetrical resolution reductions cannot be analyzed

Difficult to determine exact resolution that the test system is achieving
at each element

Requires advanced image analysis software

Figure 2

B
I
L

Figure 2: USAF 1951 Target Specifications.

Qualitatively, the resolution of an imaging system is defined
as the group and element combination that is located directly
before the black and white bars begin to blur together. Quan-
titatively, resolution (in terms of lp/mm) can be calculated by
Equation 1.

(GroupNumb -y ElementNumber- 1)
2 6

Resolution =

A chart showing how groups and elements match to their asso-
ciated Ip/mm frequencies can be found on page 168.

USAF 1951 targets are designed so that the elements increase
in frequency along a spiral towards the target’s center; higher-
resolution elements are placed in the middle of the target. This
arrangement is beneficial when testing zoom lenses because it
avoids the need to reposition the target by allowing the higher
resolution elements to remain in the FOV as the lens magnifica-
tion causes the FOV to decrease.



Limitations of USAF 1951 Targets

USAF 1951 targets do have some drawbacks by having the higher-
resolution elements placed in the center. For instance, lenses produce
different levels of resolution from the center as they do the corners
of the FOV. In most cases, moving away from the center of the field
causes the resolution to drop, making it important to check resolution
and contrast levels at a variety of positions. This requires reposition-
ing the target around the field of view and taking additional images
to fully evaluate a system’s performance, increasing testing time.
This also can cause issues depending on whether the system is only
focused in the center of the FOV or across the entire FOV; because of
the resolution varying based on location, it can be difficult to de-
termine when the entire FOV is in best focus. Some lenses obtain
very high resolution in the center of the FOV, but very low resolu-
tion in the corners when the lens and camera system is focused on
the center of the image. A slight defocusing of the lens can balance
the resolution across the field, although usually to the detriment of
the center resolution. This loss of center resolution is not neces-
sarily bad, however, because the lens could very well still meet
the demands of the application even when achieving balanced
focus (Figure 3).

Figure 3a: USAF 1951 Example: The center and corner of an image that has
been repositioned so that the best focus is only in the middle of the target.

Figure 3b: The center and corner of an image that features balanced focus
across the entire field.

Ronchi Rulings

Some of the issues associated with the USAF 1951 target can be
overcome using a different target known as the Ronchi ruling. This
target consists of repeating lines at one spatial frequency, running
in one orientation that covers the target’s entire surface (Figure 5).
Because there is detail across the entire target, the system’s best
focus across the entire field can be determined simultaneously. For
applications that need only one frequency to be analyzed, this can
be an easy to use, straightforward tool. (Continued on page 166)

The potential for variability in resolution across the field of view
reinforces the need to analyze all field positions before drawing
conclusions on a system’s performance. The lens that performs
optimally with the target at the center may not perform the best
overall. However, it is critical to perform all of the analysis at a
single focus setting. Although it may seem intuitive to determine
the system’s best performance through the middle of the lens
and then refocus to see the best performance in the corner, this
will not show how the system will perform once deployed since
refocusing during operation is often not possible.

There are variations of this target that allow for analysis across
the entire FOV by repeating the patterns in numerous locations
on the target (Figure 4).

Figure 4a

B0 ms*

Figure 4a: USAF 1951 Pattern Wheel Target.

Figure 4b VARIABLE CONTRAST USAF FIELD TARGET

Figure 4b: USAF 1951 Variable Contrast and Field Target.

Figure 5: Ronchi Ruling.
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Testing and Targets ......im.

Limitations of Ronchi Rulings

There are two drawbacks to using the Ronchi ruling. First, since a
given target provides only one frequency, a different target is re-
quired for each frequency that needs to be evaluated. Second, non-
symmetrical resolution reductions across the field that are the result
of factors such as astigmatism cannot be analyzed because the lines

The Star Target

The multi-element start target, possibly the most powerful
for testing the resolution and contrast of a system, combines
many of the strengths of both the USAF and Ronchi targets.
Each element of the star target consists of a circle formed
of alternating positive and negative pie-shaped wedges that
are tapered towards the center at a known angle (Figure 6).
The element’s tapered wedges provide a continuous change
in resolution that can be evaluated in both vertical and hori-
zontal directions, along with a variety of other orientations,
without repositioning the target.
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only propagate in one direction. To overcome this, the target needs
to be rotated by 90° and a second image must be used to analyze
the resolution. Additionally, while a lens’ focus can be balanced for
best focus, even for cases of astigmatism, it can be difficult to find
this balance when flipping a target back and forth.

Having many stars across the field of view eases the comparison
of different imaging solutions by providing the ability to deter-
mine the best focus across the FOV while simultaneously ana-
lyzing horizontal and vertical information at a variety of resolu-
tions. Figure 7 shows the complete star target; the highlighted
areas located in the center, bottom middle, and the corner of
the target are compared between two different lenses in the ad-
ditional example images. For these examples, a Sony ICX625
monochrome sensor with 3.45um pixels and a total resolution
of 5 megapixels and a white light back light illuminator are used.

Figure 6 Figure 7
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Lens A (left)

A

Lens B (right)
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Figure 6: Star Target.
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Figure 7: A star target is imaged with two lenses (A and B) with the same focal length, f#, field of
view, and sensor. The superiority of lens A becomes apparent along the edge and in the corner of

the image.

Limitations of a Star Target

As with other targets, the star target has its drawbacks. Because
the wedges provide continuous changes in resolution, it is more
difficult to determine the exact resolution that the test system is
achieving at each element. While this can be done mathemati-
cally, it is not easily done visually. Additionally, the combination
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of the star elements’ circular nature with the potential for non-
symmetrical blurring make it more difficult to use simple soft-
ware tools, such as line profilers, to extract information from the
image. More advanced image analysis software is required in
order to make full use of the star target.



Depth of Field (DOF) Targets

DOF targets enable the visualization and quantification of how
well focus is maintained as details move away from the plane that
the lens is focused in. DOF targets are fairly straightforward: lines
of known frequencies (resolutions) are tipped at a known angle,
and are used to determine how well focus is maintained. As the
lines proceed closer to and farther away from the lens, the blurrier
they become until they are no longer able to be distinguished from
one another. Contrast measurement can be made at different dis-
tances in order to determine when the desired level of resolution
is lost; this determines the DOF limit for a lens at a particular set-
ting. Figures 8 and 9 demonstrate how to use a depth of field target.
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Lens Mounted
Lens Mounted Vertically

at 45° Angle
L

N

Figure 8: A depth of field target
should be at 45° from the lens.

Figure 9: Sample configurations
using a depth of field target.

Example: Using a DOF Target

50mm Double Gauss lens

Figure 10 Shows a vertically mounted camera looking down
at a DOF target that has been set at a 45° angle to the im-
aging path. Since the lens is focused at the middle of the
target vertically, the image goes out of focus at the top and
bottom of the target. The images show three different f/#
settings and how adjustments to the iris change the ability
to obtain depth of field. Note: Ronchi rulings can also be
used to perform this type of testing, as they have fixed fre-
quencies and can be tilted to create this effect; the greater
the tip, the more of the DOF that can be measured.

Go to WWW.EDMUNDOPTICS.COM/IMAGING-LAB
to view EO Imaging Lab Module 1.8 on Depth of Field

50mm Double Gauss lens

Iris Setting
i/4

Iris Setting

i/8

Iris Setfing
fm

Figure 10: Images of a depth of field target taken with a 50mm

lens at f/4, f/8, and f/11.

Distortion Targets

Distortion targets are used to calibrate systems in order to cor-
rectly measure the optical misplacement of imaging informa-
tion. These targets generally consist of dot, grid, or square
patterns, are compatible with the calibration routines of most
imaging software, and can either remap or adjust measurements

across the FOV Figure 11. Figure 12 shows the types of distortion

that can be adjusted.

Once the pattern is imaged, the known size and spacing of the
pattern allow adjustments to be made (Figure 13).

( Barrel | Pincushion
negative

(positive)

Predicted Distance
Actual Distance

Non-Distorted Image

Figure 12: Types of Distortion.
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Figure 11: A dot grid distortion
target.

Figure 13: Positional difference
can be measured and corrected
with software.

WWW.EDMUNDOPTICS.COM/EO-IMAGING 167



Using 1951 USAF Resolution Targets

1951 USAF Resolution Targets are a well-established standard for
testing the resolution of an imaging system. They consist of horizontal
and vertical bars organized in groups and elements. Each group is com-
posed of six elements, and each element is composed of three horizon-
tal and three vertical bars equally spaced with one another. There can be
a total of twelve groups, with larger numbers used for higher resolution.
Vertical bars are used to calculate horizontal resolution and horizontal
bars are used to calculate vertical resolution.

Qualitatively, the resolution of an imaging system is defined as the group
and element combination directly before the black and white bars begin
to blur together. Quantitatively, resolution (in terms of line pairs per mil-
limeter, or Ip/mm) can be calculated by:

2 (GroupNumber + Elememl;umher—l)

Resolution =

Resolution for each group and element pair is calculated in the table below.

NUMBER OF LINE PAIRS / mm IN USAF RESOLVING POWER TEST TARGET 1951

Group Number
Element -2 -1 0 1 2 3 4 5
1 0.250 0.500 1.00 2.00 4.00 8.00 16.00 32.0
2 0.280  0.561 112 2.4 449 8.98 17.95 36.0
3 0315 0.630 1.26 252 5.04 1010 2016 403
4 0353 0707 1.4 283 5.66 1130 2262 453
5 0397 0793 1.59 317 6.35 1270 25.39 508
6 0.445 0.891 1.78 3.56 7.13 14.30 28.50 51.0

ForHigh Res Only o i Group or Element#
6 7 8 9 ENM u p
640 1280 2560 5120 sE i Group No.
718 1440 2870 5750 4= Element No.
80.6 161.0 3230 645.0 2 Ellllll Example:
90.5 181.0 362.0 - - Group 0
1020 2030  406.0 - Group 1
1140 228.0 456.0 -

Resolution Targets

Negative Target

UV FUSED SILICA & FLUORESCENT USAF 1951 RESOLUTION TARGETS

¢ Negative & Positive Patterns on Glass

» Each is Boxed and Includes Resolution Value Chart

* High Resolution Targets Available (up to 645 Ip/mm)

Resolution test slides with the USAF 1951 test pattern are available in either positive (chrome pattern, clear background) or
negative (clear pattern, chrome background) patterns. The positive pattern is recommended for quality control of vision sys-
tems and testing equipment. The negative pattern is most often backlit and is ideal for use with microscopes and high mag-
nification video lenses. Each is boxed and includes resolution value chart. Targets conform to MIL-S-150A specifications.

Substrate: 1.5mm (0.06") float glass 1951 USAF RESOLUTION TARGETS
with beveled edges Standard Resolution High Resolution
Flatness: 0.0001" or better . IJS;\F :urgels S;ggkzlg;). Srﬁriﬁlﬂ S}ggk]l;g. SZZriSt?)O
itye L " x 2" Positive - | - .
Posiive Targt z"""f“’,o""""" \2,0 10 doositod drch 2 x 2" Negative  #38-256  SI6500  #55622  $625.00
oating: acvum-deposited curable 3"x 3"Positive  #36-275 $200.00 #64-862  $1,450.00
chromium, density 3.0 or greater 3"x 3" Negative  #36-408  $200.00  #4-863  S1450.00

* Designed for Calibration of UV or Fluorescence Microscopes

* Fluorescent Targets have 365nm Excitation Wavelength, 550nm Emission Wavelength

* Negative, Positive, & High Resolution Targets Available

Made with UV Fused Silica, these targets are ideal for calibration of imaging systems using UV illumination. The Fused
Silica Positive Target (chrome pattern, clear background) has the chrome pattern deposited on the top surface of the
target, as does the Fused Silica Negative Target (clear pattern, chrome background). The Fluorescent Fused Silica Tar-
gets are ideal for applications involving fluorescence and confocal microscopy, nanotechnology, photolithography, and
other UV-based imaging systems. The Fluorescent Fused Silica Positive Target (chrome pattern, clear background) has a
fluorescent material on the top surface of the target. The Fluorescent Fused Silica Negative Target (clear pattern, chrome
background) has a fluorescent material on the bottom surface. Note: Chrome coated top surface will reflect UV radiation.

1.0+0.1*
20-10

Thickness (mm):
Surface Quality:

Substrate: UV Fused Silica

Surface Accoracy: 21 Chromium, 0D>3.0

Pattern Coating:

* Fluorescent coating adds 0.1 to 0.2mm to the thickness

2" x 2" Std. Resolution

3" x 3" Std. Resolution 2" x 2" High Resolution 2" x 2" Fluorescent Std. Resolution 3" x 3" Fluorescent Std. Resolution

Pattern Size (mm): 15.0x 14.0 60.7 x 56.6 15.0x 14.0 15.0x 14.0 62.0x 58.0

Min Frequency: Group 0, Element 1 Group -2, Element 1 Group 0, Element 1 Group 0, Element 1 Group -2, Element 1

Max Frequency: Group 7, Element 6 Group 7, Element 6 Group 9, Element 3 Group 7, Element 6 Group 7, Element 6

Transmissive Coating: /A N/A N/A 365nm Excitation, 550nm Emission™ 365nm Excitation, 550nm Emission*

Positive #57-896 $230.00 #57-898 $365.00 #59-152 $1,010.00 #57-855 $285.00 #57-894 $400.00

Negative #57-895 $230.00 #571-897 $365.00 #59-153 $1,010.00 #51-192 $285.00 #57-893 $400.00
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Resolution Targets

USAF PATTERN WHEEL TARGET

* Tests Resolutions from 4 - 228 Ip/mm
* Reduces Testing Time
» Tests Multiple Field Points
The USAF pattern wheel is an ideal target to measure resolution at different field points within an imaging system’s 2=2IIII D'3"
field of view. The pattern is available on three different substrate sizes: 1” square, 1.5” diameter, or a 1” x 3” slide. SB ‘
Each size includes 8 USAF patterns in a circular pattern plus one pattern in the center. Each size is offered as positive 2 2 g== B 5 2 3
(opaque pattern on clear background) or negative (clear pattern on opaque background). jE:‘IH'D;i cEm s cEWOER
W) ¥eu
No. of USAF Patterns: 9 o
Line Width Tolerance:  +0.0005mm Surh!:e iy — 20"0, .
Substrate: Float Glass 1.5mm thick Maximum Resolution:  Group: 7 Element: 6 (228 Ip/mm) 3 P P
Flatness: inch : Parallelism: <0.0005"/inch islﬁl Ot jE}IIII [mi iEIIIIII O
Minimum Resolution:  Group: 2 Element: 1 (4 Ip/mm) Cooting: FirstSurfuce Reflecive Chromium il EEZ 2m HEZ - HEQ
cam (IE° cmm (ST cam (ST
USAF PATTERN WHEEL TARGET 2 3 2 3
2 13 2 [1]
USAF Wheel Target Negative, 1" x 3" #59-204 $285.00 3 E:‘."'i 3Enllllg'i
USAF Wheel Target Positive, 1" x 3" #59-203 §285.00 1 gt R s
USAF Wheel Target Negative, 1" x 1" #59-206 $285.00 2
USAF Wheel Target Positive, 1" x 1" #59-205 $285.00 Ew M
USAF Wheel Target Negative, 1.5" Diameter #59-207 $285.00
USAF Wheel Target Positive, 1.5" Diameter #59-208 $285.00

CLEAR OPTICAL PATH USAF TARGET

* Determine Resolution for X-Ray, UV, Thermal, and Far-IR Imaging Systems

* Easy Mounting

« Ideal for Transmittance Applications

Our Clear Optical Path USAF targets are manufactured from an extremely thin electroformed nickel substrate. Since
thereisnoglassinthe patternarea, light travels only through air, eliminating chromatic and absorptionissues. The target
pattern covers from Group 0, Element 1 to Group 3, Element 6. Our UV Fused Silica & Fluorescent USAF targets (at left)
are available for most NUV applications, but the Clear Optical Path Target can be used for very deep UV and
far-IR applications.

Minimum Resolution:  Group 0, Element 1 (1 Ip/mm)
Maximum Resolution: Group 3, Element 6 (14.30 Ip/mm)
Mount Thickness: 0.0405"

Clear Optical Path USAF Target - 38mm Dia.
Metric Optical Mount for 38.1mm Dia. Optics

1951 USAF FIELD

Mount Material:

Anodized Aluminum

Electroform Thickness: 0.0005" Nominal

#58-402 $790.00
#64-565 $42.50

1951 USAF CONTRAST

RESOLVING POWER
REFERENCE CHART

RESOLUTION TARGET

VARIABLE CONTRAST USAF FIELD TARGET

* Arranged on a 4:3 Aspect Ratio to Measure
Resolution as a Function of Field

 Each Section Contains Four USAF Targets of
Varying Density Levels

RESOLUTION TARGET

VARIABLE CONTRAST USAF TARGET

* 15 USAF Targets Which Vary in Density
* Allows Resolution Measurements at Different
Contrast Levels

1951 USAF PHOTOGRAPHIC TARGET 1951 USAF CONTRAST TARGET

Substrate: 8.5" x 11" Photo Paper

Thickness: 0.2mm

Density Values: 0.07,0.55,1.03,1.5

Min. Resolution: Group 0 Element 1

Max. Resolution: Group 4 Element 3

Stock No. /Price #53-115 $120.00

Substrate: 8.5"x 11" Photo Paper

Thickness: 0.2mm

Density Values: Varies linearly 1.5 - 0.09

Min. Resolution: Group 0 Element 1

Max. Resolution: Group 4 Element 3

Stock No. /Price #53-714 $120.00

1951 USAF COLOR TARGET

Substrate: White Poster Paper
Size: 36"Lx24"W

Min. Resolution: Group -2 Element 1
Max. Est. Resolution: Group 2 Element 1

Stock No. /Price #83-001 $40.00

B0 Edmund

For complete specifications on our
Pocket USAF Target, see our website.

#38-710 $6.00

€0 Magnter Ouainy Resonion Chart -
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Resolution Targets

STAR TARGETS

« Ideal for Detection of Focus Errors and Astigmatism

* 0.6 to 14 Ip/mm Wedge Spacing

* Available on White Photographic Paper or Chrome on Glass

Star targets are ideal for identifying focus errors, astigmatism, and other aberrations existing in an imaging
system. We have several targets to choose from. Our 60mm diameter (#58-832 and #58-833) targets fea-
ture an unresolved core of 100um, and are ideal for high-resolution or high magnification imaging systems.
Both targets are chrome on glass. Our 4" x 4" targets, available as chrome on glass (#46-247) or photo
paper (#46-246), feature an unresolved core of 2.7mm, and are designed for mid- to low-range spatial
frequencies common in macro imaging systems.

STAR TARGETS
Itunern .'I'nrge.l Thickness
Diameter Dimensions
50mm 60mm Dia. 1.5mm
50mm 60mm Dia. 1.5mm
62.5mm x4 1.5mm
62.5mm x4 0.2mm

STAR TARGET ARRAYS

Wedge
Angle*
10°
50
60
3

Number of

Sectors™
36
72
60
120

*Sector = 1 transparent/1 opaque pair
Unresolved Target Edge Target Center
trat
Core Substrate Frequency  Line Width ~ Frequency  Line Width
0.1mm Float Glass 0229 [p/mm 2.2mm 1145lp/mm  0.009mm #58-832 $310.00
0.1mm Float Glass 0459 lp/mm 1.1mm 229 lp/mm 0.009mm #58-833 $340.00
2.7mm Float Glass ~ 0.31 [p/mm 1.6mm 7.14 Ip/mm 0.070mm #46-247 $290.00

2.5mm Photo Paper ~ 0.6112lp/mm  0.818Imm  15.28lp/mm  0.0327mm #46-246 $110.00

Stock No. Price

* Detect Aberrations at Various Field Points

Our star target arrays are designed to identify focus errors and astigmatism along field points in the image
of a vision system. With star targets located at the center, corner, and along the diagonals of the sensor,
determining precision location and amplitude of the problem areas couldn’t be easier. The small array
features unresolved centers of 0.1mm, whereas the large array features unresolved centers of 0.15mm.

STAR TARGET ARRAYS *Sector = 1 transparent/1 opaque pair
Description .Targe.I Pattern Number of Stars |l|¢||\!ldll(l| Star L : d Frequency Stock No. Price
Dimensions Area Diameter Sectors Range
Small Star Target Array 50 x 50 x 1.5mm 29.2x 21mm 33 2.0mm 36 2.86 - 57.5 Ip/mm #58-834 $245.00
Large Star Target Array 101 x 101 x 2.0mm 90 x 90mm 59 4.5mm 36 1.27 - 38.5 Ip/mm #58-835 $470.00

HIGH PRECISION RONCHI RULINGS

Substrate:

Thickness:

Coating:

Surface Flatness:

Surface Quality:

Parallelism of Pattern to Substrate:
Line to Line Parallelism:
Dimensional Tolerance:

Float Glass

1.5mm nominal
Vacuum Deposited Chrome 0D > 3.0

Tn per inch
60-40

+1°

+2 arcsec
£0.02"

HIGH PRECISION RONCHI RULINGS - ENGLISH

Ip/inch
25

50
100
150
200
250
300
500
750

1000
2000
2500
3000

#58-529
#56-592
#56-593
#56-594
#56-595
#56-596
#56-597
#56-598
#56-599
#56-600
#56-601
#56-602
#56-603

1" x 1" Target

$55.00
$60.00
$75.00
$90.00
$95.00
$105.00
S115.00
$130.00
$150.00
$190.00
$215.00
$225.00
$285.00

¢ Chrome on Glass * High Tolerance
¢ Superior to Etched and Filled Rulings ¢ Lines Parallel to Edge
* English & Metric Versions

HIGH PRECISION RONCHI RULINGS - METRIC

Ip/mm 0.5" x 0.5" Target 1" x 1" Target 2" x 2" Target
5 * - #58-175 $100.00 #58-782 $160.00
10 * - #58-776 $120.00 #58-783 $175.00
20 * - #58-777 $150.00 #58-784 $225.00
30 * - #66-347 $165.00 #66-352 $315.00
40 * - #58-778 $175.00 #58-785 $400.00
50 * #58-779 $225.00 #58-786 $425.00
60 * - #66-348 $235.00 #66-353 $475.00
72 #66-339 $145.00 #66-349 $250.00 #66-354 $495.00
80 #66-340 $155.00 #62-199 $255.00 #62-200 $545.00
100 #66-341 $170.00 #58-780 $285.00 #58-787 $630.00
120 #66-342 $200.00 #62-201 $315.00 #62-202 $655.00
145 #66-343 $225.00 #66-350 $340.00 #66-355 $675.00
165 #66-344 $240.00 #66-351 $375.00 #66-356 $710.00
200 #66-345 $260.00 #58-781 $450.00 #58-788 $740.00
240 #66-346 $285.00 #62-203 $495.00 #62-204 $895.00

2" x 2" Target 4" x 4" Target

#58-530 $105.00 #58-531 $260.00

#56-605 $120.00 #56-618 $280.00

#56-606 $135.00 #56-619 $300.00

#56-607 $150.00 #56-620 $340.00

#56-608 $155.00 #56-621 $400.00

#56-609 $165.00 #56-622 $440.00

#56-610 $175.00 #56-623 $520.00

#56-611 $225.00 #56-624 $675.00

#56-612 $285.00 #58-459 $770.00

#56-613 $400.00 #58-460 $875.00

#56-614 $515.00 #58-461 $1,010.00

#56-615 $565.00 #58-462 $1,075.00

#56-616 $630.00 #58-463 $1,125.00

#56-617 $790.00 #58-464 $1,350.00

5000

#56-604

$355.00
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* Test Depth of Field in Imaging Systems

¢ Eliminates Need for Calculations

This target measures an area of optical tolerancing
often determined theoretically. Depth of field cal-
culations are often misleading, a problem this target
solves by accurately determining the amount of
object shift possible before affecting image quality.
The degree of image quality needed is determined by

user and application.

The DOF 5-15 consists of two sets of scales. Each,
when viewed at 45°, consists of horizontal and verti- !
cal lines at a frequency of 5 and 15 line pairs per mm.

Instructions included.

Target: Black on white-backed film
Substrate: Aluminum

Maximum Depth: 50mm

Dimensions: 57 Hx 34 Wx 57mm D
Scale: 5and 15 Ip/mm

(both horizontal and vertical)

Depth of Field Target

« Critical Tool for Any Vision System Making Size or Distance Measurements

Speciality Targets

DOF at
| 15 Ip/mm

[TT]

&

Uil

Line spread functions of ruling. Taken with VZM™ 200 af 1X PMAG.
Left: Iris Open. Right: Iris Half Open.

Lens Mounted
at 45° Angle

#54-440 $650.00

Lens Mounted
Vertically

« Calibrates Any Type of Lens
» Covers Large Range of Magnifications

Telecentricity is an extremely useful metric for measuring the amount of perspective error inherent in an imaging
system. Determining the degree of telecentricity allows the user to calculate an imaging system’s maximum measure-
ment accuracy. The target can be used to calibrate the degree of telecentricity in both telecentric and non-telecentric
lenses. Keystoning becomes visual with the target and can be measured with software.

Dimensions:
Pattern Size:

Pattern:

Low Mag Pattern:
2 alternating frequencies:

EOQ Telecentricity Target

TT0Wx 110 H x 110mm L . .

110 Hx 156mm V Mid Mag Pattern:

Black Print on White Mylar® with q |

Profective Lamination b s

1) 3 lines, 2mm thick on 3mm centers Base:

2) 4 lines, 0.1mm thick on 2mm centers Magnification Range:
#58-404

Torone: 34mm \<—ﬂ
o . BOFSTS

20 lines, 0.1mm thick on
0.5mm centers

40 lines, 0.1mm thick on

o ——

0.25mm centers = ‘
Aluminum T‘
0.08X fo 5X

EE
$955.00 i

TECHNICAL NOTE

Our telecentric target allows keystoning in an image to be visualized and accurately measured. The amount of keystoning is related
to the telecentricity of the lens that is imaging the target. The target is placed at a 45° angle to the optical axis so that the bottom of
the target is further away from the lens than the top of the target. When imaging the target through a non-telecentric lens, the distance VIEW THIS

between the vertical lines will appear to decrease at the bottom of the image; this effect is known as keystoning. A perfectly telecentric

lens will have no keystoning and the telecentricity will be 0°.

PAGE WITH

%% This image (taken with an 8mm focal length lens)
demonstrates keystoning. Clearly, the lines converge
at the hottom of the image. The center location of a
line at the bottom of the image does not have the
same center location at the top of the image.

. (Y, %)

It is apparent that the blur in this image (taken with  telecentric lens) is
symmefric. If you take a horizontal line profile across the image and find
the horizontal component of the center of each black line, the location will
be equal in the blurred part of the image and the focused part of the image.

This difference in position can be converted to a degree of telecentricity with the following steps:

1) Find the distance between your top line profile and your botiom line profile, Y, & Y, “ Y= (Y, - Y,)
2) Find the horizontal displacement (" X) of a target line: * X = X - X,|

3) Calclate the telecentric angle: & = Tan'(" X/ Y)
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Distortion Targets

Edmund Opt

ABC

Multi-Frequency Target

Substrate:
Overall Dimensions (L x W x T) (mm):

Tolerances: Placement of Squares (A, B ,C, D, E) (mm):

Dot Diameter (mm):
Dot Center to Center Spacing (mm):

Grid Corner to Corner Accuracy (mm):

Surface Flatness:
Surface Quality:
Coating:

Square:

Square Size (center to center of dots) (mm):

Dot Diameter (mm):
Dot Center Spacing (mm):
Chrome on Float Glass Stock No. / Price

Chrome on Opal Glass Stock No. / Price

B0 ceona optics:

Fixed Frequency Target

« For Calibration of Imaging Systems

¢ Fixed and Multi Frequency Targets Available

* N.I.S.T. Certificate of Accuracy Included

Although distortion can often be troublesome in measure-
ment applications, it is important to note that no informa-
tion about the object is actually lost, but merely misplaced
in the image. Using these targets, one can easily determine
the precise amount of distortion present and back it out of
measurements. The dot center can be located using blob
(or centroid) analysis in measurement software. To accom-
modate the expanding variety of image analysis software
and applications, we offer fixed frequency and variable fre-

3 Freq. Glass Target
Float Glass or White Opal Glass
76.2x76.2x1.5*
+0.004
+0.0025
+0.0025
+0.004
4-6m/25.4mm area
40-10 (within 51mm sq. area)
Vacuum Deposited Chromium Oxide

quency targets. The fixed frequency targets are available in
a variety of dot size/spacing combinations to complement
our full line of imaging lenses. Select a target to cover your
entire field of view while maintaining an adequate number
of dots across the field, and an adequate number of pixels
per dot. The 3 or 5 grids on the multi frequency target scale
down so that one target can be used for a variety of lenses
and fields of view. Both types of targets are available in a
chrome on glass or chrome on opal target to accommodate
transmission or reflection based on applications respective-
ly. Included in the packaging is a serialized N.I.ST. Traceable
Certificate of Accuracy per MIL-STD-45662A.

MULTI-FREQUENCY GRID DISTORTION TARGETS *Opal Glass is 3.2mm Thick

5 Freq. Glass Target
Float Glass or White Opal Glass
76.2x76.2x1.5*

+0.004
+0.0025
+0.0025
+0.004
11/25.4mm area
20-10 (within 51mm sg. area)
Vacuum Derosned Chromium Oxide

(specular reflectivity <5% @ 550nm) (spetulur re ecnvny <5% @ 550nm)
A B C A D E
50.00 25.00 12.50 50.00 34 00 20 00 10.00 5.00
1.00 0.50 0.25 1.00 0.50 0.25 0.125 0.0625
2.00 1.00 0.50 2.00 1.00 0.50 0.25 0.125
#46-250 $520.00 #64-864 $630.00
#58-774 $630.00 #64-865 $675.00

Chrome on Glass Target

Substrate: Clear Float Glass
Substrate Thickness: 1.5mm
Tolerances:

Dot Diameter: +0.002mm
Dot Center to Center Accuracy: +0.00Tmm
Surface Flatness: 4-6m/25.4mm area

Surface Quality: 40-20

Coating: R,,.= 50% 5% @ 550nm

Reflective First Surface Chromium 0D > 3.0,

Chrome on OTuI Target
White Opal Glass
3.2mm

+0.002mm
+0.00Tmm
4-6m/25.4mm area
40-20

Reflective First Surface Chromium 0D > 3.0,
R, = 50% £5% @ 550nm

FIXED FREQUENCY GRID DISTORTION TARGETS

Target Pattern Size
Dimensions (mm)
2"x 2" 25x25
2"x2" 25x25
2"x 2" 25x25
2"x2" 25x25
3"x3" 50x 50
3"x3" 50x 50
3"x3" 50x 50
3"x3" 50 x 50
" x 5" 100 x 100
5"x 5" 100 x 100
5"x 5" 100 x 100
5"x 5" 100 x 100
"x 71" 150 x 150
7"x7" 150 x 150
e'.‘Edmund Optics

Dot Dia.

(mm)
0.0625
0.125
0.250
0.250
0.125
0.250
0.250
0.500
0.250
0.250
0.500
1.000
0.500
1.000
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Dot Spacing Chrome on Glass Chrome on Opal

(mm) Overall Accuracy (mm) Stock No. Price Overall Accuracy (mm) Stock No. Price
0.125 +0.001 #58-509 $540.00 +0.001 #59-209 $635.00
0.250 +0.001 #58-527 $480.00 +0.001 #63-983 $565.00
0.500 +0.001 #57-981 $440.00 +0.001 #59-210 $525.00
1.000 +0.001 #62-209 $400.00 +0.001 #63-984 $495.00
0.250 £0.001 #59-213 $565.00 £0.001 #63-985 $750.00
0.500 +0.001 #58-536 $520.00 +0.001 #63-986 $675.00
1.000 +0.001 #62-211 $505.00 £0.001 #63-987 $655.00
1.000 +0.001 #57-983 $450.00 +0.001 #59-211 $635.00
0.500 £0.0015 #59-215 $1,010.00 £0.0015 #63-988 $1,350.00
1.000 +0.0015 #62-213 $975.00 +0.0015 #63-989 $1,325.00
1.000 +0.0015 #59-217 $985.00 £0.0015 #63-990 $1,295.00
2.000 +0.002 #57-985 $955.00 +0.002 #59-212 $1,295.00
1.000 +0.002 #62-207 $1,550.00 +0.002 #63-991 $2,125.00
2.000 £0.002 #58-507 $1,550.00 £0.002 #63-992 $2,125.00

« For Calibration of Measurement Software

* N.LST. Traceable Certificate of Accuracy Included  pjmensjons: 76.2x76.2x 1.5mm (3.2mm Thick for Opal)

*1-50mm Squares

These targets provide an accurate means of calibrating
measurement software for image processing. The squares
vary in dimensions to accommodate different fields of
view. Included in the packaging is a serialized N.I.ST.
Traceable Certificate of Accuracy per MIL-STD-45662A.

Concentric Square Target #46-248  $450.00
Concentric Square Target on Opal Glass ~ #58-773  $565.00
172

Square Sizes: 1,2,3,4,510,15,20, 30, 40, 50mm
Line Width Tolerance: +0.0025mm
Diagonally Opposite Corner Spacing (50mm square):

70.7107mm +0.004mm
Centering Tolerance:  +0.004mm
Surface Flatness: 410 6m/25.4mm area
Surface Quality: 40-10 (within 50mm sg. area)
Coating: Vacuum-deposited chromium oxide

(specular reflectivity < 5% @ 550nm)



¢ Test True Color Balance

¢ Include Natural, Chromatic, Primary, and Grayscale Colors

* 24, 30, 50, or 140 Scientifically Designed Patches

The X-Rite ColorChecker® is a unique test pattern scientifically de-
signed to help determine the true color balance or optical density of
any color rendition system. It is an industry standard that provides
a non-subjective comparison with a “test pattern” of 24 scientifically
prepared colored squares. Each color square represents a natural ob-
ject—human skin, foliage, blue sky, etc, providing a qualitative refer-
ence to quantifiable values. Each color will reflect light in the same
way in all parts of the visible spectrum, thus maintaining color con-
sistency over different illumination options. Some applications include
spectroscopy, machine vision, photography, graphic arts, electronic
publishing, and television.

Micro

Color Targets

Pico

RezChecker

Passport

X-RITE COLORCHECKER®

Color Patch Total #
Size of Patches

ColorChecker® SG Chart %" 140
Large Macheth® ColorChecker® 19" 24
ColorGauge Micro Vi 30
ColorGauge Nano %" 30
ColorGauge Pico 16" 30
RezChecker Va" 30
Macheth® White Balance Checker® — 1

ColorChecker® Passport Varies 50

Overall Size
(Lx W)

8"x11.5"
8"x11.5"
1%"x1%"
16" X 346"
¥8" X 16"
19" x17%"
8"x11.5"
4.92"x 3.54"

Notes

All Patches Semi-Gloss
All 18 Color Patches Matte
All 18 Color Patches Matte
All 18 Color Patches Matte

All 18 Color Paiches Matte

Includes Standard, Grayscale,
and Balance Targets

Gloss
#58-288
N/A
#68-767
#68-768
#87-413
#87-422
N/A
N/A

Stock No.
Matte
N/A

#31-156
#87-420
#87-421
#87-414
#87-423
#58-604
#33-270

Price

$410.00
$200.00
$235.00
$235.00
$235.00
$235.00
$95.00
$195.00

SO MUCH MORE ONLINE...

EIA Grayscale Pattern Slides

Multi-Function High Magnification Targets

Multi-Function Calibration Targets

WWW.EDMUNDOPTICS.COM/TARGETS
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Glossary

Aberrations

Deviation from perfection in an optical system
that result as a product of imperfect ray bending
to form an image. Aberrations are inherent in all
optical systems. Chromatic aberration, spherical
aberration, coma, astigmatism, field curvature,
and distortion are the most commonly referred
to aberrations.

Achromatic

Correction for primary chromatic aberration at
two wavelengths. The simplest form is an achro-
mafic doublet, consisting of two optical elements,
a positive crown glass element and a negative
flint glass element, cemented together.

Airy Disk

The resultant diffraction pattern created after a
point source of light is imaged perfecily through
an aperture, consisting of a bright central core
surrounded by diffraction rings.

Analog-to-Digital Conversion
(AID)

The process of discretizing an analog signal for
processing, interpretation or fransmission via a
digital interface or computer.

Analyzer

Polarizing filter placed over the objective lens
in an imaging system, used in conjunction with
polarized illumination, allowing only light of a
particular polarization fo be imaged.

Angular Field of View (AFOV)
The angle of a lens’s view cone, typically speci-
fied as the full angle (in degrees) with respect to
the horizontal sensor dimension. Used fo deter-
mine FOV at a given working distance.

Anti-Reflection Coating (AR)

A type of coating applied to optics designed to
minimize reflections within an optical system and
maximize throughput.

Aperture Stop

The limiting aperture that defines how much light
is allowed through an optical system. It can be an
optical lens surface or an iris, but it is always a
physical surface.

Apochromatic
Correction for primary chromatic aberration at
three wavelengths.

Automatic Gain Control

Used in cameras to maintain a constant average
greyscale value despite changes in light levels by
automatically adjusting the signal gain value.

Axial lllumination

Refers 1o light that strikes an object along the
optical axis, typically introduced by a beamsplit-
ter in front of the lens.

Back Focal Length
A mechanical measurement given as the distance from
the last optical surface of a lens fo ifs image plane.
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Bayer Filter

Color filter array on an imaging sensor that al-
lows for production of color images when deci-
phered by an algorithm.

BBAR Coating

Broad Band Anti-Reflection coating. Optical coat-
ing that reduces reflections over a wide range of
wavelengths.

Binning

The physical summing of signals from adjacent pixels
on an image sensor info one larger effective pixel,
resulfing in increased sensitivity but lower resolufion.

Blocking Range

Also referred to as stopband, a wavelength iner-
val used to denote a speciral region of energy
that is not transmitted by a filter.

Blooming

Spill-over of charge from an over-saturated pixel
to adjacent pixel sites in a (D, causing large
bright spots and/or streaks to be visible in the
image. Reducing exposure time and/or illumina-
tion levels prevents blooming.

Board Level Camera

A type of camera consisting of a sensor mounted
on a PC board, not connected fo parficular ter-
minations. Intended for integration by the user.

Borescope

A optical device, typically a long, narrow tube,
allowing for the internal inspection of voids or
hard-to-reach mechanical parts.

Brightfield Illumination

An illumination technique which has most of the
light bouncing off the object and collected by
the lens. Surface defects then appear as high-
contrast dark spofs.

CCD (Charge Coupled Device)
Silicon chip containing an array of photosensitive
sites. The imaging area consists of rows and col-
umns of photosensitive pixels that accumulate and
store elediric charge. The ferm (CD refers to the
way the photoelectron packets are moved around
on the chip, the shift registers. Each column s sep-
arated by a shift register, to which pixel charge is
transferred. Charge is read out from each pixel of
the device through the shift register sequentially fo
an amplifier. The raw analog signal is either used
directly, or quantized by an A/D converter.

Chief Ray

In geometric optics, the chief ray defines the size
of the paraxial object, location of pupils, and size
of the paraxial image. It begins at the edge of
the object and goes through the center of the
entrance pupil, exit pupil, and the aperture stop.

Chromatic Focal Shift

A measure of axial chromafic aberration, quanti-
fying the change in position along the optical axis
where different wavelengths will focus.

Clear Aperture (CA)
The unobscured portion of an optic or mechanical

component which has a limited area through which
light can pass. CA takes into account mounting
rings, efc. on optics which reduce the usable area.

CMOS Sensor

Complementary metal-oxide semiconductor sensor.
A type of imaging sensor in which the charge-fo-
voltage conversion is done at each individual pixel
and the signal is read out by a multiplexing fo an
A/D converter. Can yield a less uniform output and
very low power dissipation compared fo (CD, but at
much higher speeds due to lack of shift registers.

C-Mount
A camera and lens stondard with a 17.526mm
flange distance and mounting threads of 1" x 32 TP.

Cold Mirror
A mirror-like filter which transmits infrared light
while reflecting visible light. See also Hot Mirror.

Collimated Light
A ray bundle, or beam of light, in which every
ray is parallel fo every other ray of light, which
effectively originates from an infinitely small
point source located at infinity. Note that light is
never perfectly collimated.

Color Sensor

A camera sensor that uses a mosaic filter fo sepa-
rate incoming light info a series of colors. Each
color is then by a different set of pixels. In the
filtering process some spatial resolution is lost
because the sensor is not using every pixel for
every color. See also Bayer Filter.

Color Temperature

Colorimetric parameter associated with light sourc-
es (compared with blackbodies) that relates fo
apparent visual color. Expressed in degrees Kelvin.

Coma

An optical aberration that yields a variation in
magnification (and therefore image size) across
the FOV, causing an asymmetric blur for features
in the image.

Confocal Microscopy

Microscopy technique using spatial filtering fo
eliminate out-of-focus light in specimens that
are thicker than the plane of focus. Allows for
controllable depth of field and built-up 3D repre-
sentations by z-secfioning of an object.

Conjugate Distance

The distance along the optical axis of a lens from
the principle plane of that lens to either the im-
age plane (for an image conjugate) or the object
plane (for an object conjugate).

Contrast, Optical

The quantified difference between adjacent fea-
tures of a specific size for an object, as imaged
through a lens.

CS-Mount

A camera and lens stondord with a 12.526mm
flange distance and mounting threads of 1" x 32 TPI.
(S-mount lenses will not work with C-mount cameras.
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Darkfield lllumination

In microscopy, refers fo light that enters a trans-
lucent object through an edge perpendicular fo
the lens. In machine vision, an illumination ge-
ometry which has most of the light bounce off of
the object; light from edges and surface defecis is
scattered to the detector yielding a high contrast
bright spot.

Depth of Field (DOF)

The distance through which an object being imaged
may move in or out of the plane of best focus while
maintaining an acceptable level of contrast af a
particular spatial frequency or resolufion.

Depth of Focus

The image-space equivalent of depth of field.
For a fixed object distance, the maximum dis-
placement from the plane of best focus through
which the image maintains a particular conrast
at a specific spafial frequency.

Dichroic Coating

Afilter or mirror coating that transmits or reflects
light depending on wavelength. The color varies
with angle of incidence and thickness of deposi-
tion material.

Diffraction

The change in intensity distribution of waves
caused by constructive and destructive inferference
as they contact an obstruction, yielding a distribu-
tion that differs from the incident wavefront's.

Diffraction Limit

A theoretical limiting factor governing the
maximum obtainable resolution of an optical or
imaging system, defined by the inverse of the
wavelength of light being used mulfiplied by the
f/# of the lens.

Diffuse
Light coming from (or reflected in) all directions,
not collimated or structured in anyway.

Diffuse lllumination
Diffuse, spatially uniform light from an extended
source. Used for even illumination of an object.

DIN (Deutsche Industrie Norm)
An industry standard for the design of micro-
scope objectives and eyepieces. DIN standard
microscopes have a 160mm tube length.

Directional lllumination
Point source illumination from single or muliiple
sources.

Distortion

A geometrical aberration in which magnification
changes with field height. If imaging a square
grid, positive distorfion gives a pincushion effect
while negafive distorfion yields a barrel effect.

Distortion, Non-Monotonic
Distortion which changes sign, as well as mag-
nitude, across the image. Also called wave or
mustache distortion.

Divergence, Beam
The increase in cross-sectional area of a propagat-
ing beam of light that is not perfectly collimated.



Double Gauss (Design Form)
An optical lens design consisfing of two Gauss lenses
(assinglet followed by a cemented doublet) arranged
symmetrically about the system’s aperture stop.

Dynamic Range

The difference between the lowest defectable
light level and the highest detectable light level.
Physically, this is determined by the saturation
capacity of each pixel, the dark current or dark
noise, the ADC circuits, and gain setfings.

Electronic Shutter

Conirols the amount of fime a camera collects
light or charge during each frame, also known
as the exposure fime.

Entrance Pupil
The image of the aperture stop through the lens
elements preceding it info object space.

Exit Pupil
The image of the aperture stop through the lens
elements following it into image space.

Extinction Ratio
The relationship between the infensity of incident
light to intensity of transmitted light passing
through an optic. It is used to categorize a polar-
izer or laser’s ability fo pass a given polarization
state relative fo another.

f/#

Also denoted by f-number or f-stop, refers to the
ratio of the focal length to diameter of the en-
trance pupil. A low f/# (fast lens) has high light
collecting ability while a high f/# (slow lens) has
low light collecting ability.

Fan Angle

The divergence angle of a laser of LED line gen-
erator. Used fo calculate the length of the illu-
mination line as a function of working distance.

Field Curvature

An optical aberration where focal position chang-
es with field height in a spherical fashion, result-
ing in flat objecis being imaged onto a curved
surfaces, as the product of imaging through
spherical lens elements. Results in increasing
defocus when moving away from imaging axis.

Field Height
Half the image circle.

Field of View (FOV)

The imaged area of an object under inspection.
This is the portion of the object that fills the cam-
era’s sensor.

Filter

An optical component that allows certain wave-
lengths or frequencies of light to pass through
while reflecting or absorbing all others. Types of
filters include bandpass, longpass, shortpass, in-
terference notch and rugate notch, color, dichroi,
and neutral density.

Filter, Colored Glass
An absorptive filter created by doping glass ma-

terials with elements that selectively change their
absorption and transmission spectra.

Filter, Interference

A type of filter made up of several metallic or
dielectric layers of material, typically composing
a three-cavity design. The correct combination
yields high speciral transmittance over very
narrow wavelength ranges due to interference
effects between layers.

Filter, Longpass

A type of filter in which the transmission band is
a higher wavelength region as compared to the
region blocked.

Filter, Neutral Density (ND)

A type of filter that yields a constant attenuation,
or optical density, value over a range of wave-
lengths (e.q. spectrally flat). It is useful for attenu-
ating, or reducing, the amount of light in a system.

Filter, Notch

A type of filter designed fo block a pre-selected
bandwidth while transmitting all other wave-
lengths within the design range of the filter.
Manufactured using the dielectric stack method
which involves using a series of thin layers of di-
electric materials, of alternating refractive index.

Filter, Shortpass

A type of filter where the transmission band is a
low wavelength range, typically lower than the
region blocked.

Finite Conjugate
A conjugate distance relationship in which light is fo-
cused from a source located a finite distance away.

First Surface Mirror

A type of mirror featuring a high refleciivity coat-
ing, deposited on the front surface of the glass sub-
sirate. Light does not pass through any glass be-
fore it is reflected, but the coating is not protected
and is more prone to scratching and oxidization.

Fixed Focal Length Lens
Alens with a fixed Angular Field of View (AFOV),
also known as a conventional or entocentric lens.

Fixed Focus Lens

A lens which is used at a single, specific working
distance and cannot be refocused for different
distances.

Flange Distance, Back
The distance from the front of a camera’s lens mount-
ing flange to the sensor plane (image distance).

Fluorescence Microscopy

An optical microscopy technique that utilizes fluo-
rescence, which is induced using fluorophores, as
opposed to absorption, scatter, or refraction.

F-Mount

Also known as a Nikon-style F-mount bayonet,
it is a camera and lens standard with a 46.5mm
flange distance.

Focal Length Extender
A negative group of lenses that effectively
changes the focal length (and therefore the
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field of view) of the lens being used, at a loss of
brightness and image quality.

Focal Length, Effective (EFL)

An optical measurement given as the distance
from the rear principle plane of an optical system
to its imaging plane, with an object located af in-
finity. Determines angular field of view of a lens.

Frame
Assingle full image in a sequence of video.

Frame Rate

The number of full frames (which may consist of
two fields) composed in a second. In high-speed
applications, it may be beneficial fo choose a
faster frame rate to acquire more “images” of
the object as it moves.

Gain

The amount a signal increases while going
through an amplifier. Most cameras have option-
al automatic gain (autogain or AGC). When pos-
sible, increased exposure or light levels should
be used in lieu of gain, as gain reduces image
quality by amplifying noise as well as signal.

Gamma

The exponent of the function relating output signal
to input signal in video cameras and monitors.
Industrial cameras naturally have a gamma of 1,
that is, they are linear in response. Displays, how-
ever, can have a nonlinear response corresponding
to gamma values between 2 and 3. When used
together the camera may incorporate gamma cor-
rection to linearize the resulting system.

Ghost Image

In optics, a faint second image caused by reflections
within an optical component. In paranormal inves-
tigation, a picture of a ghost, spectre, or phantom.

Glancing lllumination
Point source illumination similar to directional il-
lumination, except at a sharp angle of incidence.

Hot Mirror
A mirror-like filter which reflects infrared light
while transmitiing visible light. See also Cold Mirror.

Hyperfocal Distance

The (usually long) working distance beyond
which all objects are at an acceptable focus. See
also Depth of Field.

Image Capture Board

(Frame Grabber)

A computer card that samples and digitizes ana-
log video signals so that the information may be
processed, stored, or operated on by the comput-
er. Ideal for analog cameras because they have
no computational software or digital cameras fo
maximize bandwith by transmitting data from
large sensors at high frame rates.

Image Circle
The diameter of the maximum usable image
produced by an imaging lens.
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Infinite Conjugate
A conjugate distance relationship in which light is
focused from a source located optically at infinity.

Integration Time
In an imaging device, the length of fime during
which the sensing elements are collecting charge
between transfers fo the transport registers. Also
known as exposure fime.

Interlaced Scan

Interlaced imaging devices produce images by
scanning and reading out odd-numbered lines in
the first pass, then even-numbered lines in the
second pass, and so on. Two fields are assembled
into one full frame.

Interline Transfer

Also referred to as 2:1 interlaced video, it combines
two fields to make up each video. If each field is
scanned at 60Hz, the frame rate is necessarily 30Hz.

Iris Diaphragm

A mechanical aperture designed fo smoothly
change the aperfure size. It can be used to
control the amount of light entering an optical
system if used as the aperture stop.

Irradiance

Denoted by E, it is the incident power per unit
area, measured in W/mZ Also known as radiant
flux density.

Lambertian
A perfectly diffuse reflecting surface, where light is
scattered equally in all directions. See also Specular.

Lateral Color
The difference in image height as a funciion of
wavelength.

Line Pair (Ip)
A pair of alternating black and white bars at a
specific frequency.

Linear Polarizer

A type of filter used to limit the polarization of
light to a specific plane by absorhing components
oscillating in planes other than the specified po-
larization fransmission axis.

Lux
Unit of measure of luminous flux incident per unit
area. One lux (Ix) equals one lumen per square mefer.

Magnification
See Primary Magnification.

Marginal Ray

In geomeiric optics, the marginal ray of an optical sys-
tem defermines the paraxial image location, and hits
the edge of all pupils in the optical system. Along with
the chief ray, it destribes the entire paraxial image.

MgF, Coating

BBAR coating with reflection minimized at one
specified wavelength, typically 550nm. Retains
good transmission throughout visible into the NIR.
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Minimum Sensitivity

The minimum level of illumination required to
produce a full video signal from a camera, ex-
pressed as luminous flux per unit area (lux or
footcandles) through a specified imaging lens.

Modulation Transfer Functio (MTF)
A measure of contrast as a function of spatial
frequency. Defined as 100% at zero-frequency,
MTF continuously declines with increasing spatial
frequency to zero contrast ot a theorefical maxi-
mum resolution frequency defined by the diffrac-
tion limit of the optical system.

Monochromatic
Refers o one specific wavelength or color.

Monochrome Sensor

A camera sensor that outputs greyscale images.
It is ideal for machine vision applications due to
the absence of Bayer pattern color filters which
reduce sensitivity and spatial resolution.

NIR (Near Infrared)
The portion of the electromagnetic specirum from
700 to 1100nm. Definition may differ by application.

Numerical Aperture (NA)

The sine of the vertex angle of the largest cone
of marginal rays that can enfer or exit an optical
system. In other words, it governs the amount of
light entering or exiting a system. It is inversely
related to the f/#.

Nyquist Limit

The theorefical limit of a camera’s resolution or
sampling ability, defined as the inverse of twice
the pixel size.

Optical Density (OD)

Describes the amount of energy that can pass
through an optical material. It is direcily related
to the transmittance of the material, which is the
ability of light to propagate through a given me-
dium. A large 0D means more blocking.

Parallax

Perspective distortion caused by the change in
magnification of an object with distance from a
lens, making objects farther away seem smaller
than those close up.

Paraxial

In geometric optics, the design paradigm in
which small-angle approximations (e.g. Sine =¢)
remain accurate.

Pixel

Photosite, or potential wells, on a camera sensor. In
a (D, each pixel's charge is converted to voltage,
buffered, and transferred through a single node as
an analog signal. In a CMOS sensor, the charge-to-
voltage conversion is done at the pixel level.

Pixel Clock

In a (CD camera sensor, it describes the speed of
the complementary signals which are used to move
the charge packets through the shift registers
towards the read out amplifiers. This defermines
how long it takes to read out the entire sensor, but
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it is also limited by noise and spillover issues which
occur when the packets are transferred too quickly.

Plate Beamsplitter

A type of beamsplitter fabricated from glass
plates with a partially reflective metallic or di-
chroic coating. The thin glass substrate means
small beam deviation and a very low absorption.

Polarization

A property arising from the wave nature of light.
Polarized light consists of waves which oscillate in
a defined and predictable manner. The direction in
which the electric field vector points as it propa-
gates through space defines the polarization state.
If it oscillates in a single plane, the polarization
state is linear. If it rotates about the axis of propa-
gation, the polarization state is elliptical or circular.

Polarization Efficiency

A common measure of the polarizing charac-
teristics of a polarizer. 100% efficiency is ideal
though not feasible due to manufacturing limita-
tions. 95 - 99% polarizing efficiency is typical.

Polarizer

Polarizing filter placed over the light source in an
imaging system to polarize light, used in conjunc-
tion with an analyzing filter.

Polychromatic
Refers to multiple wavelengths as opposed to mono-
chromatic which refers to only one specific wavelength.

Primary Magnification (PMAG)
Ratio of the sensor size on the camera being used
to the field of view that the system produces.

Progressive Scan

A scanning method in which the sensor scans each
lines of the field sequentially (rows 1, 2, 3, 4...,
etc.). All image data is recorded in a single expo-
sure making this ideal for high speed applications.

Refraction

The term given for the bending of light rays that
occurs at the interface between two materials with
different indices of refraction. A higher index of
refraction results in a lower refracted angle.

Relative Illumination (RI)

A measure of a lens's uniformity of sensor illu-
mination across the lens's full image circle for a
uniform object illumination, defined radially.

Resolution

The ability to distinguish object detail. It s often
expressed in terms of line pairs per millimeter
(Ip/mm), or microns (pm).

Sagittal Plane

The radial component of the spot (or ray bundle)
in the z-plane (perpendicular fo image axis) af a
given image height.

Scheimpflug Condition

Condition wherein both image and object planes
are tilted with respect to the optical axis, in order
to focus over a depth despite the camera being
oblique fo the object.

Sensor Active Area

The size of a camera sensor’s active area, speci-
fied as the horizontal dimension by the verfical
dimension (H x V). It is important in determining
the proper lens magnificafion required to obtain
a desired field of view.

Sensor Format

Refers to the historical nominal inch-based di-
mension naming scheme for image sensors, not
the physical sensor dimensions above 44",

Signal Format

The standardization of transmission and recep-
tion of analog signals, typically determined by
geographical region. Signal parameters include
synchronization, number of scanlines, band-
width, black and blanking levels, frame rate,
aspect ratio, efc. Video components of one signal
format are not compatible with those of another.

S-Mount
A mounting thread denoted by M12 x 0.5, with
no specified flange distance.

Snell's Law

Physical law governing the refraction (bending)
of light rays at an inferface between two regions
of different index of refraction.

Spatial Frequency

Method of quantifying object size by a density (e.g.
linepairs per millimeter) rather than a size. Allows
for more precise way of describing resolution as it
considers the necessary space between defects that
allows for their detection, as well as describing lens
performance by way of a transfer function.

Spectral Response

Measure of a detectors signal during exposure to
radiation of a constant power level and varying
wavelength.

Specular

A reflection which comes from a surface at an
angle equal to the angle of incidence. An ex-
ample is a high quality mirror.

Spherical Aberration

A type of opfical aberration in which light rays
from the outer portion of a lens focus either in
front of (undercorrected) or behind (overcorrect-
ed) the focus point of the rays from the center
portion of the lens. Unlike most other monochro-
matic aberrations, spherical aberration appears
on-axis as well as off-axis.

Stray Light

Energy outside of the field of view of an opfical
system that scatters off of the edges of an optical
or mechanical component and reaches the sensor
in the form of background noise. This can decrease
an image’s contrast by lightening the background.

SWIR (Short Wave Infrared)
The portion of the eleciromagnetic specirum from
900 to 1800nm. Definition may differ by application.

Tangential Plane
The component of the spot (or ray bundle) that
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lies parallel to the tangent line of a circle in the
z-plane with diameter of the image height at that
field point. See also Sagittal Plane.

Telecentricity

The ability of a lens to maintain a constant mag-
nification under changes in working distance.
Quantified by the maximum angular deviation
of a chief ray from parallel to the optical axis.

Throughput

Determines the light collecting efficiency of a
lens or optical system. High throughput means
high transmitted intensity while low throughput
means low fransmitted intensity.

Tube Lens

A lens used to focus an infinity corrected objec-
tive to a senor. Typically this is an achromatic lens
with a 200mm focal length.

Varifocal
Low magnification lens which has a variable focal
length, but which requires refocus with adjustment.

Vignetting

A fall-off in illumination of the image. This can occur
when the sensor is larger than the specified maximum
sensor size of the lens is used or can naturally occur
due to limitations of the geometry of the system.

VIS Coating

BBAR coating optimized for use in the visible
spectrum between 425nm and 675nm. Does not
transmit NIR efficiently.

VIS/NIR Coating
BBAR coating optimized for use from 425nm to
900nm with good transmission out fo 1000nm.

Visible Spectrum
The part of the eleciromagnetic spectrum from
approximately 400 to 700nm.

Wavelength (n)

The peak fo peak distance covered by one cycle
of an electromagnetic wave. It is inversely re-
lated to frequency. The longer the wavelength,
the lower the frequency; conversely, the shorter
the wavelength, the higher the frequency.

Working Distance (WD)
The distance from the front end of a lens system
to the object under inspection.

Working f/#

The effective f/# of a lens, taking into consid-
eration the magnification af finite working
distances. Calculated by (1+|m|)*Infinite f/#,
where m is lens magnification.

Zoom

Ability to change the magnification of a lens at a
specific working distance, with no refocus in the
case of parfocal.

Z-Sectioning
Building up a 3D representation of an object by
taking multiple images with incremental change
in working distance.
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