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EDITOR’S NOTE

Deep learning 
drives industrial 
automation forward

Do you want to incorporate deep learning models into your ma-
chine vision systems?

If so, you are not alone.
Deep learning is based on multi-layered neural networks that can iden-

tify patterns by analyzing data. Integrators, machine builders, and end 
users are building deep learning algorithms into machine vision systems 
to help automate such processes as inspection, sorting, and assembly. 

For example, determining whether an apple passes inspection is chal-
lenging because there are so many naturally occuring variations size, shape, 
and surface color and texture. It would be nearly impossible to write code 
that covers all of the possiblities. However, deep learning models learn to 
predict what variations are acceptable even if they haven’t confronted the 
exact situation before.

As the application of deep learning to automation problems contiues to 
mature in the machine vision industry, Vision Systems Design will provide 
you with the latest information. The article on deep learning in this sum-
mer supplement is one example of our coverage on this important topic.
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There are numerous deep-learning methods 
available for developing machine vision systems 
or applications. Using commercial software 
tools, even non-experts can use deep learning.

ULF SCHULMEYER

In discussions of artificial in-
telligence or deep learning, 
you’ll often hear phrases such as 

neural networks, black box, label-
ing, etc. These concepts are often 
difficult for the layperson to under-
stand. People also end up believing 
that they need solid programming 
skills to truly master the technolo-
gy and use it sensibly. Unfortunately, 
this impression ignores the poten-
tial that the technology offers for 
machine vision, and thus for auto-
mating production. Deep learning 
is not reserved for computer scien-
tists or programmers.

Let’s start at the 
beginning: What is 
deep learning?
As a subset of machine learning, deep 
learning is based on multi-layered 
neural networks that are capable 
of realistically emulating complex 
structures and processes of the hu-
man brain and making independent 
decisions. During a comprehensive 
training process, deep learning mod-
els learn to identify certain patterns 
and relationships by analyzing data.

So much for the theoretical side. 
But why is the technology so success-
ful in the area of machine vision? It’s 

because machine vision produces 
an extremely large amount of im-
age data. It forms the perfect basis 
for the effective training of neural 
networks. That’s the technical side.

At the same time, users also 
benefit from the technology. The 
recognition rates that deep learn-
ing can deliver reach new levels of 
quality. This also allows entirely new 
applications to be automated based 
on machine vision. Deep learning is 
a development that gives new im-
petus to machine vision as a whole.

How to deploy deep learning 
algorithms in machine vision

FIGURE 1. Deep-learning-based object detection localizes trained object classes and 
identifies them with a surrounding rectangle (bounding box). Images courtesy of MVTec

The number of people who find 
the use of deep learning worthwhile 
is therefore growing steadily. Many 
companies, both large and small, are 
considering the idea of introducing 
artificial intelligence or deep learn-
ing. Frequently, however, they have 
certain reservations that keep them 
from taking this step. But using the 
technology is not as complicated as 
they might think. There are also 
tools that make it easier to work 
with deep learning.

The right deep 
learning method for 
each application
When it comes to implementation, 
the most important question is this: 
What exactly do you want to auto-
mate? The range of deep learning 
methods available to integrators, 

SOFTWARE/DEEP LEARNING 



Missing  
component

Misplaced  
component

"Good part"

Missing 
USB connector

Missing  
labeling

Vision Systems Design     www.vision-systems.com Summer 2025 / 5

plant operators, and machine manufacturers—in short, 
to everyone who deals with this question—is growing 
all the time.

ANOMALY DETECTION
Anomaly detection allows defects to be recognized very 
quickly and easily, which makes fault inspection in the 
quality management process even more efficient. One 
particular advantage is that the technology requires 
much less training data compared to conventional deep 
learning methods. Indeed, 20 to 100 images are all you 
need for a complete training session. What’s more, good 
images are sufficient for anomaly detection, enabling you 
to generate a training dataset much faster. An anomaly 
detection model trained on the basis of good images is 
then able to detect structural deviations from the train-
ing images, i.e., anomalies. This allows you to detect 
faults whose appearance was not previously apparent.

GLOBAL CONTEXT ANOMALY DETECTION
Global context anomaly detection goes one step further. 
It can recognize entirely new anomaly variants, such 
as missing, deformed, or incorrectly arranged compo-
nents. As a result, fault detection is no longer limited 
to structural defects but also covers logical anomalies. 
This paves the way for entirely new possibilities, such 
as the inspection of printed circuit boards in semicon-
ductor manufacturing or the verification of printing.

CLASSIFICATION
Classification uses image data to assign objects to a spe-
cific category or class, such as a good part or a bad part. 
This makes it possible to determine a class with a cer-
tain degree of probability for each individual image.

OBJECT DETECTION
Object detection, a deep-learning-based technology, 
localizes the position and class of objects. The process 
is able to recognize various object entities of different 
object classes and object instances, including their po-
sitions in the image.

SEGMENTATION
There are two types of segmentation based on deep learn-
ing: semantic segmentation and instance segmentation.

Semantic segmentation categorizes the pixel-precise 
localization of trained objects, structures, and faults. 
During this process, a certain class is assigned to each 
pixel in the image. By teaching the model based on 

training data, a specific class can be predicted with a 
high degree of probability for each pixel in a new image. 
This approach makes it possible to perform inspection 
tasks that were previously impossible or only feasible 
with considerable programming effort.

Instance segmentation combines the benefits of se-
mantic segmentation with those of object detection. This 
type of segmentation enables objects to be assigned to 
different classes in a pixel-precise manner. The tech-
nology is particularly helpful in applications where 
objects are very close together, touch each other, or over-
lap. Typical applications include gripping randomly 
arranged objects from bins (random bin picking) and 
identifying and measuring naturally grown structures.

EDGE EXTRACTION
This technology is a relatively new and unique meth-
od for robustly extracting edges with the aid of deep 
learning. It reliably extracts only the desired edge from 
a large number of edges visible in an image. It’s also able 
to robustly recognize edges in low-contrast and noisy 
situations, which permits the extraction of edges that 
cannot be identified with conventional edge recognition 
filters. The technology is generally used in combination 
with rule-based machine vision approaches.

DEEP OCR
OCR (optical character recognition) can be used to iden-
tify and classify text. When based on deep learning 
algorithms, the technology is also known as deep OCR. It 
can deliver robust results, even under challenging con-
ditions, such as when identifying slanted text, distorted 

FIGURE 2. Deep-learning-based object detection localizes 
trained object classes and identifies them with a surrounding 
rectangle (bounding box).
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letters or characters printed on or etched into reflective 
surfaces, or highly textured colored backgrounds. With 
deep OCR, characters are grouped automatically, en-
abling words to be identified. This increases recognition 
performance, for example by avoiding misinterpreta-
tions of characters with a similar appearance.

DEEP COUNTING
With deep counting, you can localize and count a large 
number of objects very quickly. The technology is not only 
guided by the shape of the parts, but it also incorporates 
other distinctive features, such as color, pattern, or tex-
ture, using the deep learning approach. One particular 
benefit is that deep counting achieves very robust re-
sults even when objects are made from highly reflective 
and amorphous material. It can also be used to reliably 
record a vast quantity of objects that touch each other or 
partially overlap. The technology is therefore an excel-
lent choice for counting a wide range of products in the 
food and beverage industry as well as for the correct and 
complete packaging of small items such as nuts or bolts.

Where does deep learning 
make the most sense?
Deep learning opens up entirely new fields of application 
and makes machine vision accessible to more people, in-
cluding those who are not very familiar with machine 
vision or who do not wish to program algorithms them-
selves. AI systems can generally be set up with their own 
image files. The advantage is that by training the neural 
networks, AI often delivers more robust results than clas-
sic algorithms. For example, traditional matching works 
very well when all objects look exactly the same. But AI 
really shines when the data has a lot of variation, as can 
happen when changes occur naturally, such as in fruit and 
vegetables. In such cases, it’s difficult to clearly define the 
classic features ahead of time: When is a surface good, and 
when is it not? Another use case applies to manufactur-
ers in production who have very high-quality standards.

Some companies have virtually no production errors 
and therefore also no error images that could be sup-
plied to a rule-based system. It’s possible for a defect to 
occur only once out of every ten thousand objects. But 
companies don’t know exactly how this will work be-
forehand. AI-based anomaly detection can help. The 
technology doesn’t have to know what a bad part looks 
like ahead of time, since it’s trained only on the basis of 
good parts. Such applications would not have been pos-
sible in the past with rule-based programming.

However, the ideal way to achieve the perfect machine 
vision application is to combine deep learning algorithms 
with rule-based machine vision techniques. One such 
application would look something like this: Companies 
use AI for pre-classification in order to identify a point 
region of interest, within which a highly precise mea-
surement can be taken using traditional methods. This 
makes the application as a whole faster and the results 
more accurate.

How to get started with using deep 
learning in machine vision
To run an application, you first need to have a classic 
machine vision setup consisting of a camera, appropri-
ate illumination, and suitable computer hardware, such 
as an industrial PC equipped with a high-performance 
CPU or (even better) a GPU. But at the heart of any ma-
chine vision setup lies powerful machine vision software 
available from a variety of companies.

Optimal image data 
preparation for training
To use deep learning applications, you first have to la-
bel the training images. The goal of labeling is to note 
the desired output of the AI model in the image. Such 

FIGURE 3. Top: An example OCR using deep learning, which is 
known as deep OCR. Bottom: Without the use of deep learning, 
the OCR application produced results that were less accurate 
than with the deep learning OCR. 
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information can be the image class or the object’s po-
sition within the image. Software that provides an 
intuitive user interface makes labeling very easy even 
for beginners and can be used without any program-
ming skills. When taking the next step (preparing the 
data), keep in mind that the image data must be avail-
able in an optimally prepared form.

A particularly practical aspect is that good images are 
all that is needed to train certain deep learning technolo-
gies, so-called “unsupervised” methods such as anomaly 
detection. These are easy to obtain. Moreover, the num-
ber of these image datasets required is from 20 to 100 
good images, depending on the condition of the object 
to be inspected. The training process itself takes place 
at the press of a button.

A glimpse into the deep 
learning black box
One criticism of deep learning is the lack of transpar-
ency in the decision-making processes. While the latest 
developments, described below, can’t completely illumi-
nate what goes on inside this black box, they do provide 
certain insights into the inner workings of the neural 
networks. There are tools that use a heat map to high-
light the image areas relevant for decision-making. This 
is a way to track or influence the behavior of the deep 
learning algorithms.

Thanks to the Out-of-Distribution Detection (OOD) 
technology you can identify unforeseen behavior caused 
by incorrect classifications during operation and take 
the appropriate measures. When using a deep learning 
classifier, the system generally assigns unknown objects 
to a learned class. This can lead to problems, for example, 

when dealing with error types or foreign bodies that have 
never been encountered before. The new deep learning 
feature alerts the user when an object is classified that 
was not included in the training data. This could be a 
bottle with a green label, for example, if the system has 
only been trained on bottles with red or yellow labels. 
In this case, the message “Out of Distribution” is dis-
played along with an OOD score indicating how much 
the object deviates from the trained classes.

It’s also possible to influence the deep learning re-
sults with the help of the threshold value. For example, 
the threshold value can be set very high for the purpose 
of anomaly detection, in which case you get only OK 
results. If you set a lower threshold value, the system 
correspondingly delivers fewer and fewer OK results 
and thus no “false negatives.” This allows you to flex-
ibly and individually adjust how sensitively the model 
responds to irregularities.

Starting with deep learning: 
Best with machine vision
If companies want to take advantage of the many benefits 
of deep learning, they need well-thought-out strategies 
for the targeted implementation and long-term use of 
the technology. However, like all AI methodologies, the 
topic is associated with a certain degree of complexity. 
Machine vision is proving to be a key technology in this 
context, in which proven deep learning methods can be 
used efficiently and profitably. ◎◎

Ulf Schulmeyer is the product manager for MERLIC at 
MVTec Software GmbH (Munich, Germany).

Tell us what you think about this article. Send an e-mail to 
lwilson@endeavorb2b.com.

FIGURE 5. A heat map increases the transparency of deep 
learning inferences by highlighting the part of the image on 
which the decision is based. FIGURE 4. Deep counting can be used to count a large number 

of objects, like glass bottles, quickly and robustly. 
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The integrators opted for a contact image sensor 
system, providing higher resolution and fewer false 
positives than an earlier camera-based solution.

DEBORAH ABRAMS KAPLAN

TI Fluid Systems had a prob-
lem. The company produces 
automotive fluid storage, car-

rying and delivery systems. That 
includes steel coils to fabricate 
pipes for brake and fuel supply cir-
cuits. Any perforations in the steel, 
no matter how tiny, can cause safety 
issues. TI Fluid (Liège, Belgium) had 
a camera-based inspection system in 
place, 3 meters above the steel strips 
on a production line. However, this 
system required complex calibra-
tion and had frequent operational 
failures and false hole detections. 
The company needed a dependable 
and highly precise inspection and 
detection system to conform to the 
automotive industry’s stringent 
safety standards.

The steel coil producer sought 
help in developing and implement-
ing an inspection system to detect 
every potential hole at least 1 mm in 
size. It needed to do so on steel strips 

moving at 95 meters per minute, or 
1,580 mm per second.

The inspection follows a copper 
or nickel electrodepositing coat-
ing process on the original steel 
strip. “After inspection, the coil is 

How TI Fluid Systems 
improved its steel 
strip inspections

rewound before being sent to the 
pipe production line. If a defect is 
detected, the steel strip is automat-
ically marked at the right position,” 
says Arnaud Philippart, CEO of 
InDeep-solutions (Ferrières, Région 
Wallonne, Belgium), the company 
that spearheaded the development 
of the new inspection process.

The holes might have different 
origins, says Philippart. The de-
fects could be present on the coil 
when delivered to TI Fluid Systems. 
Or they could be generated during 

FACTORY AUTOMATION

FIGURE 1. The integrators chose a 
contact image sensor because it acquires 
high-resolution images at high frequency.
Images courtesy of InDeep-solutions
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the trimming process. It’s also pos-
sible a metallic foreign body, such 
as screws or iron shavings, could 
impact the production line and 
cause the holes.

Developing a new 
inspection process
InDeep-solutions specializes in 
industrial process monitoring 
and production quality inspec-
tion. The company initially tested 
a laser profiler for the role, but 
there was not sufficient frequen-
cy and resolution to identify the 
holes. InDeep brought phil-vision 
GmbH (Puccheim, Germany) in as a 
partner to select the optimal cam-
era technology to use. phil-vision 
specializes in machine and com-
puter vision, distributing image 
processing components and in-
tegrating them. The phil-vision 
experts recommended Teledyne 
DALSA’s mono compact image sen-
sor AxCIS (AX-FM-08B12H-00). 
This technology was original-
ly developed to inspect printed 

materials and batteries. The small, 
quasi-telecentric line scan cam-
eras are often used for highly 
precise measurements.

In addition to recommending 
components, the phil-vision team 

provided feasibility testing and 
software integration.

The team integrated the AxCIS 
sensor into compact housing, 
minimizing alignment complexi-
ties. They paired it with an Xtium2 
CameraLink HS frame grabber, also 
from Teledyne DALSA (Waterloo, 
ON, Canada), for a short working 
distance, which also simplified in-
stallation. The setup did not require 
complicated cabling, complex align-
ment or calibration.

Developers fixed the sensor at a 
minimum acquisition frequency of 
10kHz for a 0.15 mm resolution in 
the direction of travel, though they 
received a higher 0.022 mm resolu-
tion along the steel strip’s width. 
These resolutions were effective for 
detecting defects.

The settings allowed the sensor 
to gather and measure in 4,000 line 
batches, using a reduced CPU load 
during continuous monitoring. The 
system maintained a 0.4 second re-
sponse time. The software analyzed 

FIGURE 3. The engineers integrated a compact image sensor into housing and 
positioned it above the steel strip on the production line. They installed a ribbon light at 
the bottom of the steel strip, maximizing image contrast. 

FIGURE 2. At TI Fluid Systems, steel strips move on a production line at a rate of 95 
meters per minute, or 1,580 mm per second.
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each image immediately upon 
release, building the next image 
in parallel during processing.

“Although the AxCIS contact 
image sensor is primarily de-
signed to capture clean images in 
printing production lines, it pos-
sesses many characteristics that 
extend its functionality to in-
clude small hole detection,” says 
Philippart. That includes a “very 
high resolution and very high ac-
quisition frequency,” he adds.

“Thanks to the back light, the 
edges and holes are clearly vis-
ible,” Philippart says. Contact 
image sensors already have 
lighting built in, though it isn’t 
always useful for each application. For the TI Fluid 
Systems project, the developers used a simple LED rib-
bon for lighting, says Philippart. “The light source must 
be positioned at the bottom of the steel strip with the 
sensor situated above it. This configuration enables a 
substantial contrast. Consequently, the built-in light 
is not interesting for this particular application.”

Customized software designed to 
minimize human intervention
As part of the process, InDeep created customized 
software, which runs on a rugged PC, to provide 
high-resolution images and highlight the defects with 
a red square. It can display the last 10 detected holes 
while archiving the data for six months. This assists 
with traceability and quality audits. The testing found 
that the new system identifies 
fewer false positives, while 
not missing any holes.

Another benefit is that the 
system is already calibrated. 
“The software only needs 
to be configured during the 
commissioning,” Philippart 
says, and it is designed to be 
easy to use. Developers set sensor properties, such as 
exposure time and frequency, along with the communi-
cations and processing parameters, such as threshold 
and buffer size. Then the software is fully autonomous. 
“It starts automatically on boot, loads the configura-
tion and starts doing its job. There is also a windows 

service checking that the inspection software is run-
ning,” he adds.

After the solution powers on, it auto-launches the 
software. It then detects the hardware and begins 
acquiring data. The system begins image buffering, 
temporarily storing image data before processing it. 
The image analysis occurs next, including edge detec-
tion, width measurements and hole detection. These 
results are communicated to the programmable logic 
controller, and the image is recorded in case of a de-
tected defect.

While InDeep created the software, phil-vision sup-
ported driver development, sensor timing, programming 
and software integration, “thus contributing to the 
successful implementation of the inspection system,” 
Philippart says.

The end results and next steps
TI Fluid’s inspection system has been running online 
for months now, says Philippart. In-Deep solutions says 
it is reliable, accurate and user-friendly, meeting the 
highest industry standards. TI Fluid ordered a second 
sensor as a spare part, “proving the importance of the 
system for their production,” he says. The repurposing 
of the AxCIS sensor and this setup could be interesting 
for other companies, he adds, and he’d like to duplicate 
this system elsewhere, in the future. ◎◎

Deborah Abrams Kaplan is a freelance journalist and 
author who covers covers tech topics and manufacturing/
supply chain.

FIGURE 4. InDeep-solutions created customized software to highlight the defects, such as 
tiny holes in a steel strip, with a red square.

Another 
benefit is that 
the system 
is already 
calibrated.



Light Source

Vision Systems Design     www.vision-systems.com Summer 2025 / 11

When designing a custom microscope 
objective, it is important to consider the 
relationship among numerical aperture, 
angular field of view, and waveband.

REBECCA CHARBONEAU

In microscopy, infinite conju-
gate microscope objectives have 
become the industry standard, 

offering enhanced flexibility and 
compatibility with supporting op-
tical components such as filters, 
beamsplitters, and fluorescence 
cubes. However, while these objec-
tives enable sophisticated optical 
designs, they also introduce a layer 
of complexity—particularly when 
integrating them into custom imag-
ing systems. The reality is that there 
is no “one-size-fits-all” solution; 
system requirements vary widely 
across applications, from biomedi-
cal imaging to industrial inspection, 
each imposing unique constraints 
on angular field of view, numerical 
aperture, and chromatic correction. 
This article will discuss these spec-
ifications when designing a custom 
microscope objective and how to de-
termine what trade-offs to make.

Design considerations
NUMERICAL APERTURE
Numerical aperture (NA) is argu-
ably one of the most important 

specifications to de-
fine when designing 
a microscope objec-
tive into an imaging 
system. NA defines an ob-
jective’s ability to gather light at a 
given working distance (Figure 1). 
It describes the acceptance cone of 
an objective defined by the angle 0 
and relates to the objective’s diffrac-
tion limit or resolution.

Equation 1 below establishes the 
relationship between NA and sys-
tem resolution:

Resolution = λ /(2*NA) [1]
Where:
λ = wavelength

The relationship of resolution and 
NA can be used to understand what 
the system diffraction limit is, or 
what minimum distance at which 
two distinct point sources of light 
can be distinguished. This defines 
what the system resolution is in ob-
ject space and drives the complexity 
of a microscope objective design. As 
the NA grows, the rays (0) entering 
the objective become steeper and 

How to design custom 
microscope objectives for 
imaging applications

require more optical elements and 
advanced assembly techniques to 
keep aberrations controlled. In a 
large NA design, the objective will 
have higher resolving power and can 
be used for high-end microscopy ap-
plications in electronics inspection 
and life sciences applications.

The angular field of view (AFoV) 
of a microscope objective describes 
the maximum viewable area when 
looking through an eyepiece or with 
a camera (Figure 2). The AFoV is typ-
ically specified as the full angle (in 
degrees) associated with the hor-
izontal dimension of the imaging 
sensor the objective is being used 
with. A standard microscope ob-
jective typically has an AFoV of ~4° 
and increases with sensor coverage. 
Inversely, shorter focal length ob-
jectives will have a larger AFoV, but 

OPTICS

FIGURE 1. System throughput. All 
images/figures courtesy of Edmund Optics
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this introduces challenges with opti-
cal design to correct for aberrations 
such as spherical, which cause the 
rays to defocus causing image blur. 

WAVEBAND
Similar to a machine vision im-
aging lens, the design waveband 
is an important consideration for 
a custom microscope objective as 
it impacts the system resolution. 
These effects from polychromatic 
light induce chromatic aberrations, 
which are deviations from “perfect” 
theoretical performance. While a 
“perfect” lens does not exist, chro-
matic aberrations can be minimized 
to reduce changes to image quality. 
It is important to understand which 
wavelengths of light are required 
for the application when designing 
a custom microscope objective. For 
example, the design requirements 

for an objective to transmit com-
pared to image ultraviolet light are 

very different. Fluorescence micros-
copy is a great example application 

FIGURE 3. Microscope objective cross-sections.

FIGURE 2. Angular field of view (AFoV).
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where shorter wavelengths only need to be transmit-
ted to excite a specific fluorophore. This puts less of a 
constraint on the design as any chromatic aberrations 
induced by the shorter wavelengths will not be what is 
imaged on the sensor.

Figure 3 shows the cross-section for an apochromatic 
(left) and achromatic (right) objective. The apochromatic 
design has triple the number of elements compared to 
an achromatic objective. Per ISO 19012-2:2013(E), ach-
romat objectives only consider the focal shift between 
red and blue wavebands whereas apochromats con-
sider the focal shift between red, blue, and the reference 
wavelength (typically green for an objective designed for 
visible light). This difference in design requirements 
can be related to the chromatic color correction each 
objective has. Figure 4 compares the degree of color 
correction between the two designs.

Manufacturing considerations
NUMERICAL APERTURE
Large numerical apertures demand a lot from the op-
tical design to correct for off-axis aberrations like 

coma, astigmatism, and lateral color. This results in 
increased complexity for the assembly and manufac-
turing of optical and metal components. The typical 
assembly procedure for a high NA objective involves 
active alignment where the wavefront of the objective 
is measured as the optical elements are aligned in the 
optical cell. This type of assembly requires skilled op-
erators and an increased production time. 

Besides challenges with assembly, the optical de-
sign itself has the potential to require lens elements 
with sharp curvatures or very short radii. This makes 
manufacturing these elements more difficult, requir-
ing longer machining times. Aspheres are sometimes 
used in very complex designs to reduce the number of 
optical elements but also requires specific manufac-
turing techniques.

ANGULAR FIELD OF VIEW
Designing for a large angular field of view requires the 
same precision manufacturing and assembly techniques 
that a large NA objective entail. Active alignment and 
increased processing time are needed to achieve lens 
positioning with single-digit micron precision. Similar 
to large NA, the glass types used in the design of a larg-
er AFoV objective can have high indexes, making them 
more difficult to manufacture. There is also the poten-
tial for supply chain challenges when sourcing materials 
that are more exotic in the optical glass catalog.

FIGURE 4. Chromatic focal shift of an achromatic (top) and 
apochromatic (bottom) microscope objective.

FIGURE 5. Depth of field.
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  OPTICS

WAVEBAND
When the design waveband of a micro-
scope objective is very broad, this can 
exponentially increase the complexity 
of the design compared to a narrow-
band objective. For example, a design 
that is optimized to cover 400-1000nm 
(VIS-NIR) compared to a design that 
only covers 400-700nm (VIS) will like-
ly be available at very different price 
points. This is due to specialized glass 
being required to transmit different wavebands, espe-
cially in the ultraviolet and infrared bands. Chromatic 
aberrations, known as axial and lateral color, are also 
affected by the waveband and require different consid-
erations for the glass type and lens geometry.

Impact on application
NUMERICAL APERTURE
Using an objective with a smaller numerical aperture 
can be useful in applications that would benefit from 
a large depth of field. When the application involves 
inspecting an object that will have varying heights (semi-
conductor wafers, electronics pieces, biological samples, 
and microfluidic devices), having a large depth of field 
will alleviate the need for refocusing during sampling. 
Figure 5 shows a comparison of the depth of field of an 
objective with a small NA (top) versus a large NA (bot-
tom). The center of each cone is representative of an 
object that is in focus and as the cones get larger, the 
image blurs faster.

When depth of field is not as critical as light through-
put and resolution, using a large NA objective is the 
better solution. Large NA objectives will collect signif-
icantly more light and are ideal options for low-light 
applications like fluorescence microscopy. Referring 
back to equation 1, a larger NA will theoretically allow 
an imaging system to resolve smaller feature sizes on 
the object under observation. However, it is important to 
consider that the larger NA objectives come at a higher 
price point due to the design and manufacturing chal-
lenges that were previously discussed.

ANGULAR FIELD OF VIEW
If a compact system is ideal and additional optics like fil-
ters or beamsplitters are required, then using a large 
AFoV infinite conjugate objective could be a suitable op-
tion. The overall system length of a larger AFoV objective 
is shorter than that of a typical ~4° AFoV objective. As seen 

in Figure 6, the larger AFoV objective has a smaller system 
length, but at the cost of larger optics. The objective and 
tube lens will increase in size and, as a result, additional 
optics in the beam path must grow so no vignetting occurs.

WAVEBAND
Besides having an objective that is color corrected over 
the application waveband, using bandpass filters will 
improve the image quality of the system. When using 
polychromatic light, off-axis chromatic aberrations, like 
lateral color, are difficult to correct for. Figure 7 shows 
that when polychromatic light is used, lateral color causes 
different wavebands to focus at different points on the im-
age plane. This type of aberration can be detrimental for 
life science applications where color is critical to identify 
a specific cell structure. When a bandpass filter is used, 
only a small waveband of light is imaged through the ob-
jective and lateral color will be significantly reduced.

Conclusion
Designing custom microscope objectives demands con-
sideration of the tradeoffs between numerical aperture, 
waveband, and angular field of view. For example, in-
creasing NA improves resolution and light-gathering 
capability but often comes at the cost of reduced AFoV 
and more complex chromatic correction across a given 
waveband. Similarly, broadening the spectral range can 
introduce significant chromatic aberrations if not con-
trolled for in the optical lens design, while expanding 
AFoV may introduce off-axis aberrations that chal-
lenge conventional lens design strategies. Ultimately, 
optimizing a custom objective is an exercise in prioritiza-
tion—matching the optical configuration to the specific 
application requirements while acknowledging that gains 
in one parameter often require compromises in another.

Rebecca Charboneau is an optical engineer at Edmund 
Optics (Barrington, NJ, USA).
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FIGURE 7. Lateral color.
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Barcode Scanners

Cognex
SensoPart Industriesensorik GmbH
Zebra Technologies Inc

Embedded Computer Systems

Adek Industrial Computers
ADLINK Technology Inc
ASRock Industrial
AVAL Global Co Ltd
Cincoze
CoastIPC
congatec
Critical Link LLC
IBASE Technology Inc
iWave Systems Technologies Pvt Ltd
MicroSys Electronics GmbH
Nanning Xionghua Photoelectric 
Technology Co Ltd

Neousys Technology Inc
Pleora Technologies Inc
Pure AV Luxury Home Automation
Saber1 Technologies LLC
Toradex Inc
Vecow Co Ltd
XIMEA

Industrial Displays

Adek Industrial Computers
Cincoze
CoastIPC
IBASE Technology Inc

Robotic Subsystems

Blickwerk Technologies
CoastIPC
eYs3D Microelectronics Co
IT+Robotics
Kitov.ai
Photoneo
Pickit3D
Zmation Inc

Robots

Hacarus Inc
IT+Robotics
Kassow Robots
Rockwell Automation Inc
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Vedya Labs

CAMERA ACCESSORIES

Cables and Connectors

Avalanche Technologies Inc
Components Express Inc
Lfiber Optic Ltd
Newnex Technology Corp
Saber1 Technologies LLC
XIMEA

Camera and Lighting 
Enclosures and Mounts

APG Vision LLC
Components Express Inc
Photron USA Inc
PSC
Saber1 Technologies LLC
Sharpeagle Technologies
Spectrum Illumination

Camera Extenders  
and Repeaters

Newnex Technology Corp

CAMERAS

3D Cameras

Adimec
Alta Vision Systems LLC
AT - Automation Technology GmbH
Balluff
Basler AG
Blickwerk Technologies
Chromasens GmbH
Cognex
DaoAI Robotics Inc

eYs3D Microelectronics Co
FSI Advanced Research
Hermary
Hypersen Technologies Co Ltd
IDS Imaging Development  
Systems GmbH

Imalligent Technology
LUCID Vision Labs Inc
Machine Vision Store
Mech-Mind Robotics Technologies 
Ltd

Mega Phase Industrial Inspection 
Technology (Shanghai) Co Ltd

MRDVS Technology
Novitec
Percipio Technology Ltd
Photoneo
Photonfocus AG
photonicSENS
Pickit3D
Shenzhen SinceVision  
Technology Co Ltd

SICK Inc
Terabee
Tichawa Vision GmbH
Vision Components GmbH
Viztronics Technologies
Vzense Technology Co

3D Line Profilers

AT - Automation Technology GmbH
eYs3D Microelectronics Co
Hermary
LMI Technologies Inc
SensoPart Industriesensorik GmbH
Shenzhen SinceVision  
Technology Co Ltd

SICK Inc
Teledyne DALSA
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TriEye
Vision Components GmbH
Vzense Technology Co

Area-Array Cameras

Adimec
Alkeria
Alta Vision Systems LLC
CIS Corp
Cubert GmbH
FSI Advanced Research
illunis LLC

IMPERX

IO Industries Inc
JAI
Machine Vision Store
Mega Phase Industrial Inspection 
Technology (Shanghai) Co Ltd

Optronis GmbH
Percipio Technology Ltd
Photoneo
Photonfocus AG
RJ Wilson Inc
SVS-Vistek GmbH
Teledyne DALSA
Teledyne FLIR Machine Vision
Teledyne Lumenera
The Imaging Source LLC
Vieworks
Xenics | Exosens
XIMEA

Camera Link Cameras

Adimec
AVAL Global Co Ltd
Baumer Optronic GmbH
Canon Medical Components USA Inc
CMICRO Corporation
Critical Link LLC
First Light Imaging
Hitachi Kokusai Electric America Ltd
illunis LLC
IMPERX
ISVI Corp
Mitsubishi Electric
NET New Electronic Technology 
GmbH

Omron Automation Americas

Phase 1 Technology Corp
Sierra-Olympia
Sony Europe, Image Sensing 
Solutions

SVS-Vistek GmbH

Teledyne DALSA

Tichawa Vision GmbH

Cameras, Cooled

Attollo Engineering LLC
Excelitas PCO GmbH
Excelitas Technologies Corp
illunis LLC
IMPERX
Leica Camera USA
Teledyne Lumenera
Vieworks
XIMEA

CCD Cameras

Adimec
Allied Vision Technologies
Chromasens GmbH
Critical Link LLC
Edmund Optics
Hitachi Kokusai Electric America Ltd

IMPERX

Instrument Systems GmbH
Phase 1 Technology Corp

 ■ Radiant Vision Systems
 See ad on page 2

RMA Electronics Inc
Saber1 Technologies LLC
Schaefter+Kirchhoff GmbH
Sony Europe, Image Sensing 
Solutions

SYNCRON Co Ltd
Teledyne Lumenera

CMOS Cameras

Active Silicon Inc
Adimec

Allied Vision Technologies
Balluff
Basler AG
Baumer Optronic GmbH
Canon Medical Components USA Inc
CIS Corp
Critical Link LLC
D3 Embedded
e-con Systems Inc
Edmund Optics
Emergent Vision Technologies Inc
Enciris Technologies
EPIX Inc
eVision Systems GmbH
Excelitas PCO GmbH
First Light Imaging
Hitachi Kokusai Electric America Ltd
illunis LLC

IMPERX

Instrument Systems GmbH
ISVI Corp
JADAK, a Novanta Co
JAI
Mitsubishi Electric
Navitar Inc
NET New Electronic Technology 
GmbH

New Imaging Technologies (NIT)
Omron Automation Americas
Opto Engineering
Optronis GmbH
oToBrite Electronics Inc
Phase 1 Technology Corp
Photoneo
Photron USA Inc
Pixelink
Rhonda Software
RMA Electronics Inc
Seiwa Optical America Inc
SensoPart Industriesensorik GmbH
Sony Europe, Image Sensing 
Solutions

SVS-Vistek GmbH
SYNCRON Co Ltd

Teledyne DALSA

Teledyne FLIR Machine Vision
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Teledyne Lumenera
The Imaging Source LLC
TriEye
Videology Industrial-Grade Cameras
Vieworks
Vision Components GmbH
Vision Research
XIMEA

CoaXPress Cameras

CIS Corp
CMICRO Corporation
First Light Imaging

IMPERX

ISVI Corp
Mitsubishi Electric
NET New Electronic Technology 
GmbH

Omron Automation Americas
Optronis GmbH
SVS-Vistek GmbH
Tichawa Vision GmbH
Vieworks
Vision Research

Gigabit Ethernet, less than 
10GigE, and 10GigE and up

A&B Software
Allied Vision Technologies
AT - Automation Technology GmbH
AVAL Global Co Ltd
Balluff
Baumer Optronic GmbH
Edmund Optics
Emergent Vision Technologies Inc
Fiber Optic Center Inc
Hitachi Kokusai Electric America Ltd
IDS Imaging Development Systems 
GmbH

IMPERX

JADAK, a Novanta Co
LUCID Vision Labs Inc
Mitsubishi Electric

Navitar Inc
NET New Electronic Technology 
GmbH

NET USA Inc

NorPix Inc

Omron Automation Americas
Photron USA Inc
Pixelink
Schaefter+Kirchhoff GmbH
SICK Inc
Sierra-Olympia
Sony Europe, Image Sensing 
Solutions

SVS-Vistek GmbH

Teledyne DALSA

Teledyne FLIR Machine Vision
Vieworks
Vision Research

High-Speed Video Cameras

Alkeria
Axis Communications
Canon Medical Components USA Inc
EPIX Inc
Excelitas PCO GmbH

IMPERX

IO Industries Inc
ISVI Corp
Mega Speed Corp

NorPix Inc

Optronis GmbH
Photron USA Inc
Prophesee
RDI Technologies/Fastec Imaging 
Corp

Shenzhen SinceVision Technology  
Co Ltd

The Imaging Source LLC
Vedya Labs
Vision Research
Wireless CCTV LLC
XIMEA

Line Scan Cameras

Alkeria
Alta Vision Systems LLC
AVAL Global Co Ltd
Chromasens GmbH
CMICRO Corporation
EVK DI Kerschhaggl GmbH
HySpex
JADAK, a Novanta Co
JAI
KEYENCE Corp of America
Mitsubishi Electric
NET New Electronic Technology 
GmbH

Phase 1 Technology Corp
Princeton Infrared Technologies Inc 
(PIRT)

Raytheon (Sensors Unlimited Inc)
Schaefter+Kirchhoff GmbH

Teledyne DALSA

Tichawa Vision GmbH
Vieworks
Xenics | Exosens

Low-Light Cameras

Canon Medical Components USA Inc
e-con Systems Inc
Excelitas PCO GmbH
Excelitas Technologies Corp
First Light Imaging
IMPERX
Instrument Systems GmbH
Photron USA Inc
Princeton Infrared Technologies Inc 
(PIRT)

Raytheon (Sensors Unlimited Inc)
Teledyne FLIR Machine Vision
Visionary.ai
XIMEA
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Multispectral/Hyperspectral 
Cameras

Attollo Engineering LLC
AVAL Global Co Ltd
Bodkin Design & Engineering LLC
Chromasens GmbH
Cubert GmbH
Emergent Vision Technologies Inc
EVK DI Kerschhaggl GmbH
Headwall Photonics Inc
HinaLea Imaging
HySpex
Inno-Spec GmbH
JAI
Mega Phase Industrial Inspection 
Technology (Shanghai) Co Ltd

Nireos srl
Photonfocus AG
Raytheon (Sensors Unlimited Inc)
SPECIM Spectral Imaging Ltd

Teledyne DALSA

Tichawa Vision GmbH
Unispectral
XIMEA

NIR Cameras

Allied Vision Technologies
CMICRO Corporation
Cubert GmbH
Inno-Spec GmbH
Instrument Systems GmbH
Percipio Technology Ltd
Vieworks
Wavelength Opto-Electronic (S) Pte 
Ltd

XIMEA

Polarization Cameras

Alkeria
IDS Imaging Development Systems 
GmbH

IMPERX
Instrument Systems GmbH
LUCID Vision Labs Inc
Photron USA Inc
Pixelink
Teledyne FLIR Machine Vision

Smart Cameras

ADLINK Technology Inc
AT - Automation Technology GmbH
Balluff
Baumer Optronic GmbH
CIS Corp
Cognex
D3 Embedded
DeepView Corp
EVK DI Kerschhaggl GmbH
IDS Imaging Development Systems 
GmbH

IMAGO Technologies GmbH
JADAK, a Novanta Co
Machine Vision Store
NET USA Inc
New Imaging Technologies (NIT)
Omron Automation Americas
oToBrite Electronics Inc
Percipio Technology Ltd
Photonfocus AG
Prophesee
Scorpion Vision Ltd
SensoPart Industriesensorik GmbH
SICK Inc
Teledyne DALSA
Videology Industrial-Grade Cameras
Vision Components GmbH
Wireless CCTV LLC
Zebra Technologies Inc

SWIR Cameras

Allied Vision Technologies
Attollo Engineering LLC
AVAL Global Co Ltd
Balluff
CIS Corp
CMICRO Corporation
Emberion Oy
Emitted Energy
EPIGAP OSA Photonics GmbH
First Light Imaging

IMPERX

Inno-Spec GmbH
Instrument Systems GmbH
LUCID Vision Labs Inc
New Imaging Technologies (NIT)
Photonfocus AG

Princeton Infrared Technologies Inc 
(PIRT)

Raptor Photonics Ltd
Sierra-Olympia
SWIR Vision Systems
Teledyne DALSA
TriEye
Vieworks
Xenics | Exosens
XIMEA

Thermal/LWIR Cameras

AT - Automation Technology GmbH
Attollo Engineering LLC
AVAL Global Co Ltd
Bodkin Design & Engineering LLC
e-con Systems Inc
Emitted Energy
Hitachi Kokusai Electric America Ltd
HySpex
Princeton Infrared Technologies Inc 
(PIRT)

Raytheon (Sensors Unlimited Inc)
Sierra-Olympia
SISCO Thermal Imaging Cameras
Teledyne DALSA
Teledyne FLIR
Vision Components GmbH
Xenics | Exosens

Time Delay and Integration 
(TDI) Cameras

IMPERX

Teledyne DALSA

Vieworks

Time-of-Flight Cameras

Acuity Laser, a div of Schmitt 
Industries Inc

BECOM Electronics GmbH
Chronoptics Ltd
LUCID Vision Labs Inc
Terabee
Vzense Technology Co
XIMEA
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USB Cameras

A&B Software
AIVION (eVision Systems GmbH)
Alkeria
Attollo Engineering LLC
Baumer Optronic GmbH
Canon Medical Components USA Inc
e-con Systems Inc
Edmund Optics
eVision Systems GmbH
Excelitas PCO GmbH
IDS Imaging Development Systems 
GmbH

illunis LLC

IMPERX

JADAK, a Novanta Co
Navitar Inc
NET USA Inc
photonicSENS
Photron USA Inc
Pixelink
Prophesee
Schaefter+Kirchhoff GmbH
Sony Europe, Image Sensing 
Solutions

The Imaging Source LLC
Videology Industrial-Grade Cameras
XIMEA

UV Cameras

Emergent Vision Technologies Inc
Excelitas Technologies Corp
Inno-Spec GmbH
JAI
Photonfocus AG
XIMEA

X-Ray Cameras

MS Spectral Defense Industry Inc
XIMEA

EMBEDDED VISION

Embedded Vision Processors

Blaize
CEVA

DaoAI Robotics Inc
LMI Technologies Inc
Mythic
Sensor to Image GmbH

Fanless Industrial PCs

Active Silicon Inc
ASRock Industrial
IBASE Technology Inc
Neousys Technology Inc
Teguar Corp
Vecow Co Ltd

IoT Embedded Vision

ADLINK Technology Inc
ARBOR Technology Corp
Basler AG
CEVA
CoastIPC
DarwinAI
IBASE Technology Inc
Irida Labs
Landing AI
Neurocle
Percipio Technology Ltd
Rhonda Software
Sama
The Imaging Source LLC
TriEye
Vedya Labs

IMAGE SENSORS

Area CMOS Sensors

Gpixel Microelectronics Inc
Headwall Photonics Inc
Instrument Systems GmbH
New Imaging Technologies (NIT)
Prophesee
Sony Semiconductor Solutions
SYNCRON Co Ltd
Teledyne DALSA
Teledyne e2v

Area/Line Scan CCD Sensors

Gpixel Microelectronics Inc
Headwall Photonics Inc
Instrument Systems GmbH
LMI Technologies Inc
SYNCRON Co Ltd

Teledyne DALSA
Teledyne e2v

Detectors, Infrared

Attollo Engineering LLC
Headwall Photonics Inc
Instrument Systems GmbH
MRDVS Technology
OSI Optoelectronics (OSIO)
Princeton Infrared Technologies Inc 
(PIRT)

Raytheon (Sensors Unlimited Inc)
Sierra-Olympia
Teledyne DALSA
Teledyne FLIR
TriEye
Vedya Labs
Xenics | Exosens

Line Scan CMOS Sensors

Excelitas Technologies Corp
Gpixel Microelectronics Inc
Teledyne DALSA
Teledyne e2v

IMAGE STORAGE DEVICES

IO Industries Inc
New Imaging Technologies (NIT)

NorPix Inc

LENSES

Enlarging Lenses

Avantier Inc

Edmund Optics
Lumispot
Optotune Switzerland AG
Theia Technologies
Universe Kogaku America Inc
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High-Resolution Lenses

Avantier Inc

Basler AG
Changchun Yutai Optics Co Ltd
Computar Optics Group
Edmund Optics
Excelitas Technologies Corp
Fiber Optic Center Inc
FSI Advanced Research
FUJIFILM North America Corp, 
Optical Devices Div

Goyo Optical Japan Inc
HanKwang Opto Corp
Immervision
Instrument Systems GmbH
Machine Vision Store
Navitar Inc
Optiger Optoelectronics Technology 
(Tianjin) Co Ltd

Opto Engineering
Opto GmbH
Optotune Switzerland AG

 ■ Radiant Vision Systems
 See ad on page 2

RJ Wilson Inc
Sill Optics GmbH & Co KG
Tamron USA Inc
Theia Technologies
Universe Kogaku America Inc
Vieworks
VS Technology Corp
VST America Inc
Wavelength Opto-Electronic (S) Pte 
Ltd

Westech Optical Corporation

Infrared Lenses

Alien Photonics

Avantier Inc

Changchun Yutai Optics Co Ltd
Chroma Technology Corp
Computar Optics Group
Edmund Optics
Goyo Optical Japan Inc
Shanghai Optics Inc
Smart Vision Lights
Tamron USA Inc
Theia Technologies
Universe Kogaku America Inc
VS Technology Corp
VST America Inc
Wavelength Opto-Electronic (S) Pte 
Ltd

Liquid Lenses

RJ Wilson Inc

SWIR/LWIR/NIR

Alien Photonics

Avantier Inc

Changchun Yutai Optics Co Ltd
Chroma Technology Corp
Coligh Optics Technology Co Ltd
Commonlands LLC
Computar Optics Group
Excelitas Technologies Corp
Inno-Spec GmbH
MS Spectral Defense Industry Inc
Navitar Inc
Seiwa Optical America Inc
SWIR Vision Systems
Tamron USA Inc
Theia Technologies
VS Technology Corp

Telecentric Lenses

Avantier Inc

Computar Optics Group
Edmund Optics
Goyo Optical Japan Inc
Optiger Optoelectronics Technology 
(Tianjin) Co Ltd

Opto Engineering
Opto GmbH
Optotune Switzerland AG
RJ Wilson Inc
Sill Optics GmbH & Co KG
VS Technology Corp
VST America Inc

UV Lenses

Alien Photonics

Avantier Inc

Changchun Yutai Optics Co Ltd
Chroma Technology Corp
Edmund Optics
Goyo Optical Japan Inc
Shanghai Optics Inc
Sill Optics GmbH & Co KG
Smart Vision Lights
Universe Kogaku America Inc
VS Technology Corp
VST America Inc
Wavelength Opto-Electronic (S) Pte 
Ltd

Westech Optical Corporation

Video Lenses

Avantier Inc
Computar Optics Group
Edmund Optics
FUJIFILM North America Corp, 
Optical Devices Div

Goyo Optical Japan Inc
Navitar Inc
RMA Electronics Inc
Tamron USA Inc
Theia Technologies
Universe Kogaku America Inc

Westech Optical Corporation
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LIGHTING/ILLUMINATION 
SYSTEMS

Backlighting Devices

Cavitar Ltd
DCM Sistemes
Edmund Optics
LUMIMAX | iiM measurement + 
engineering

Metaphase Lighting Technologies
RODER Srl
Spectrum Illumination
TPL Vision

Fluorescent Illumination 
Systems

EFFILUX
VS Technology Corp

Infrared Lighting

DCM Sistemes
EFFILUX
Emitted Energy
Image Engineering USA Inc
Lumispot
Metaphase Lighting Technologies
REVOX Inc
RODER Srl
Seiwa Optical America Inc
TPL Vision
VS Technology Corp

Lasers/Structured Lighting

Advanced Illumination
Avantier Inc
Cavitar Ltd
CCS Inc
EFFILUX
Lfiber Optic Ltd
Lumispot
Osela Inc
Schaefter+Kirchhoff GmbH
Smart Vision Lights
VS Technology Corp
Wavelength Electronics Inc
XCEL Laser

LED Lighting

Advanced Illumination
Alfa Chemistry

Avantier Inc
CCS Inc
Chromasens GmbH
DCM Sistemes
Edmund Optics
EFFILUX
EPIGAP OSA Photonics GmbH
Image Engineering USA Inc
IMPERX
KEYENCE Corp of America
LUMIMAX | iiM measurement + 
engineering

Machine Vision Store
Metaphase Lighting Technologies
Navitar Inc
Optiger Optoelectronics Technology 
(Tianjin) Co Ltd

Opto Engineering
OSI Optoelectronics (OSIO)
REVOX Inc
RJ Wilson Inc
RODER Srl
Sharpeagle Technologies
Sill Optics GmbH & Co KG
Smart Vision Lights
Spectrum Illumination
Sutter Instrument
TPL Vision
VS Technology Corp

Lighting Controllers

Advanced Illumination
CCS Inc
LUMIMAX | iiM measurement + 
engineering

Navitar Inc
Pure AV Luxury Home Automation
REVOX Inc
RODER Srl
Sutter Instrument
VS Technology Corp

Strobe Illumination

Advanced Illumination
CCS Inc
DCM Sistemes
LUMIMAX | iiM measurement + 
engineering

Metaphase Lighting Technologies
REVOX Inc
RODER Srl
Spectrum Illumination
TPL Vision
VS Technology Corp

UV Illumination Systems

CCS Inc
DCM Sistemes
EFFILUX
LUMIMAX | iiM measurement + 
engineering

Metaphase Lighting Technologies
REVOX Inc
TPL Vision

Xenon Illumination Systems

Sutter Instrument

OPTICS

Adhesives

Alfa Chemistry
Arkema Inc

Avantier Inc

Bakelite Synthetics
BOC Sciences
Fiber Optic Center Inc
Hexion Inc

Master Bond

Nanning Xionghua Photoelectric 
Technology Co Ltd

Autofocus Optics

Avantier Inc
Edmund Optics
Lfiber Optic Ltd
Optotune Switzerland AG
Seiwa Optical America Inc
VS Technology Corp

Filters

Alien Photonics
Avantier Inc
Changchun Yutai Optics Co Ltd
Chroma Technology Corp
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Coligh Optics Technology Co Ltd
Edmund Optics
Guernsey Coating Laboratories Inc
HinaLea Imaging
PSC
RMA Electronics Inc
Shanghai Optics Inc
Sutter Instrument
Universe Kogaku America Inc
VS Technology Corp
Wavelength Opto-Electronic (S) Pte 
Ltd

Polarizers

Alien Photonics

Avantier Inc

BOC Sciences
Chroma Technology Corp
Edmund Optics
Fiber Optic Center Inc
Guernsey Coating Laboratories Inc
Lfiber Optic Ltd
Spectrum Illumination
VS Technology Corp

Shutters

Sutter Instrument

SOFTWARE

AI

Alta Vision Systems LLC
Averna Technologies
Hacarus Inc
HodooAI
IDS Imaging Development Systems 
GmbH

ISVI Corp
Musashi AI
Ombrulla
oToBrite Electronics Inc
Sama
Scytek Laboratories Inc
Teledyne DALSA
Teledyne Digital Imaging US Inc

Teledyne Lumenera
Vedya Labs

Application Development 
Software

A&B Software

Avantier Inc

CEVA
 ■ EURESYS
 See ad on page 12

HinaLea Imaging
HodooAI
IMPERX
Irida Labs
MRDVS Technology

NorPix Inc

Pleora Technologies Inc
Teledyne DALSA
Teledyne Digital Imaging US Inc
Zebra Technologies Inc

Color Analysis Software

Avantier Inc
HinaLea Imaging
Image Engineering USA Inc
Instrument Systems GmbH

 ■ Radiant Vision Systems
 See ad on page 2

Teledyne DALSA
Teledyne Digital Imaging US Inc
Zebra Technologies Inc

Data Acquisition Software

Avantier Inc
EVK DI Kerschhaggl GmbH
HySpex
IO Industries Inc
Kitov.ai
Nanning Xionghua Photoelectric 
Technology Co Ltd

NorPix Inc

Rockwell Automation Inc

Deep Learning Software

CEVA
Cognex

 ■ EURESYS
 See ad on page 12

FSI Advanced Research
Hacarus Inc
HodooAI
Imalligent Technology
Inspekto
Irida Labs
Kitov.ai
Landing AI
Neurala Inc
Neurocle
Ombrulla
senswork GmbH

Teledyne DALSA

Zebra Technologies Inc

Development Tools

ADLINK Technology Inc
Avantier Inc

 ■ EURESYS
 See ad on page 12

eYs3D Microelectronics Co
HodooAI
intoPIX SA
Landing AI
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Teledyne DALSA

Theia Technologies
Zebra Technologies Inc

Digital Signal Processing 
Software

Avantier Inc
CEVA
Critical Link LLC
Irida Labs
Teledyne DALSA

Embedded FPGA Software

Avantier Inc
Blickwerk Technologies
Efinix Inc

 ■ EURESYS
 See ad on page 12

Sensor to Image GmbH
Teledyne DALSA
Zebra Technologies Inc

Image Compression Software

Avantier Inc

NorPix Inc

Ombrulla
Zebra Technologies Inc

Machine Vision/Imaging 
Software

A&B Software
Alta Vision Systems LLC
Artemis Vision
Avantier Inc
Averna Technologies
Basler AG
BitFlow Inc
Cognex
DaoAI Robotics Inc
Emitted Energy
EPIX Inc

 ■ EURESYS
 See ad on page 12

eYs3D Microelectronics Co
FSI Advanced Research
Headwall Photonics Inc
HodooAI
HySpex
i4 Solutions LLC
Innoviz Technologies Ltd
Inspekto
Instrument Systems GmbH
IO Industries Inc
Irida Labs
KEYENCE Corp of America
Kitov.ai
LMI Technologies Inc
Mega Speed Corp
Navitar Inc
Neurocle

NorPix Inc

Ombrulla
Opto Engineering
Photoneo
Photron USA Inc
Pixelink
Prophesee

 ■ Radiant Vision Systems
 See ad on page 2

Rhonda Software
Sama
Smart Vision Lights
SmartMore Corp Ltd

Teledyne DALSA

Teledyne Digital Imaging US Inc
VISION fOr VISION Sprl
Zebra Technologies Inc

Measurement and Automation 
Software

Averna Technologies
Blickwerk Technologies

Emitted Energy
Fiber Optic Center Inc
Instrument Systems GmbH
Kitov.ai
LMI Technologies Inc
Neurocle
Photron USA Inc
Teledyne DALSA
Teledyne Digital Imaging US Inc
Zebra Technologies Inc
Zmation Inc

OCR/OCV Software

 ■ EURESYS
 See ad on page 12

Neurocle
Teledyne Digital Imaging US Inc
Zebra Technologies Inc

SYSTEM BOARDS

AI Accelerators

Rhonda Software
Videology Industrial-Grade Cameras

Camera Link Boards

Active Silicon Inc
AVAL Global Co Ltd
BitFlow Inc
D3 Embedded
Enciris Technologies
EPIX Inc

 ■ EURESYS
 See ad on page 12

Gpixel Microelectronics Inc
IMPERX
Sensor to Image GmbH
Teledyne DALSA
Zebra Technologies Inc
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CoaXPress Boards

Active Silicon Inc
AVAL Global Co Ltd
BitFlow Inc

 ■ EURESYS
 See ad on page 12

Sensor to Image GmbH
Teledyne DALSA
Zebra Technologies Inc

Digital I/O Boards

Sensor to Image GmbH
Zebra Technologies Inc

Digital Signal Processors 
(DSPs)

AVAL Global Co Ltd
IMAGO Technologies GmbH
Videology Industrial-Grade Cameras

Frame Grabbers

Active Silicon Inc
ADLINK Technology Inc
AVAL Global Co Ltd
BitFlow Inc
Enciris Technologies
EPIX Inc

 ■ EURESYS
 See ad on page 12

IMPERX

Neousys Technology Inc
Phase 1 Technology Corp
Pleora Technologies Inc
RMA Electronics Inc

Teledyne DALSA

Vecow Co Ltd
XIMEA
Zebra Technologies Inc

GigE Boards

CoastIPC
Emergent Vision Technologies Inc
IMAGO Technologies GmbH

IMPERX

Neousys Technology Inc
Pleora Technologies Inc
Zebra Technologies Inc

Image Compression/
Decompression Boards

Enciris Technologies

NorPix Inc

Image Processing Boards

AIVION (eVision Systems GmbH)
ASRock Industrial
D3 Embedded
Enciris Technologies

 ■ EURESYS
 See ad on page 12

eVision Systems GmbH
EVK DI Kerschhaggl GmbH
IMAGO Technologies GmbH
Rhonda Software
Sama
Teledyne DALSA
Zebra Technologies Inc

Motion Control Boards/
Systems

D3 Embedded
Theia Technologies

USB Boards

AIVION (eVision Systems GmbH)
Pleora Technologies Inc
Theia Technologies

TEST AND MEASUREMENT 
EQUIPMENT

Camera Test Equipment

Averna Technologies
Image Engineering USA Inc
Inspekto
Instrument Systems GmbH
Mega Speed Corp
ORIENTek
RDI Technologies/Fastec  
Imaging Corp

Seiwa Optical America Inc

Display Test Equipment

Averna Technologies
HinaLea Imaging
Inspekto
Instrument Systems GmbH

 ■ Radiant Vision Systems
 See ad on page 2

Lens Test Equipment

Avantier Inc

CRAIC Technologies
Image Engineering USA Inc

Pattern/Video Generators

BitFlow Inc
Osela Inc



Vision Systems Design     www.vision-systems.com 

Canada
Mega Speed Corp

Pixelink

Teledyne FLIR Machine Vision

Germany
AT - Automation Technology 

GmbH

NET New Electronic Technology 
GmbH

SVS-Vistek GmbH

XIMEA

Greece
Irida Labs

Italy
Opto Engineering

United Kingdom
Scorpion Vision Ltd

United States

CA

RDI Technologies/Fastec Imaging 
Corp 

Seiwa Optical America Inc

CT

A&B Software

PA

Allied Vision

MA

Bodkin Design & Engineering LLC

CoastIPC

Fiber Optic Center Inc

RJ Wilson Inc

RMA Electronics Inc

Saber1 Technologies LLC

Videology Industrial-Grade 
Cameras

MI

Emitted Energy

MN

Machine Vision Store 

NY

Critical Link LLC

Phase 1 Technology Corp

NJ

Edmund Optics

OR

Sierra-Olympia

Canada
Averna Technologies

NorPix Inc

Novacam Technologies Inc

Pixelink

Germany
Opto GmbH

Greece
Irida Labs

United States

CA

CRAIC Technologies 

CO

Artemis Vision

CT

A&B Software

Alta Vision Systems LLC

MA

Bodkin Design & Engineering LLC

CoastIPC

RJ Wilson Inc

RMA Electronics Inc

Saber1 Technologies LLC

Videology Industrial-Grade 
Cameras

MI

Emitted Energy

MN

i4 Solutions LLC

illunis LLC

NY

Critical Link LLC

D3 Embedded

OR

Teledyne FLIR

Zmation Inc
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A&B Software
New London, CT, United States
http://www.ab-soft.com

Active Silicon Inc
Severna Park, MD, United States
https://www.activesilicon.com

Acuity Laser, a div of Schmitt 
Industries Inc
Portland, OR, United States
https://www.acuitylaser.com

Adek Industrial Computers
Raymond, NH, United States
http://www.adek.com

Adimec
Woburn, MA, United States
http://www.adimec.com

ADLINK Technology Inc
San Jose, CA, United States
https://www.adlinktech.com

Advanced Illumination
Rochester, VT, United States
http://www.advancedillumination.com

AIVION (eVision Systems GmbH)
Forstinning, Germany
http://www.aivion.de

Alfa Chemistry
Holbrook, NY, United States
https://optix.alfa-chemistry.com

Alien Photonics
Vilnius, Lithuania
https://www.alienphotonics.com

Alkeria
Pisa, (PI), Italy
http://www.alkeria.com

Allied Vision Technologies
Exton, PA, United States
http://www.alliedvision.com

Alta Vision Systems LLC
Westbrook, CT, United States
http://www.altavisionsystems.com

Ambarella
Santa Clara, CA, United States
https://www.ambarella.com

APG Vision LLC
Allison Park, PA, United States
http://www.apgvision.com

ARBOR Technology Corp
New Taipei City, Taiwan
https://arbor-technology.com

Arkema Inc
King of Prussia, PA, United States
http://www.arkema-americas.com

Artemis Vision
Denver, CO, United States
https://www.artemisvision.com

ASRock Industrial
Taipei City, Taiwan
https://www.asrockind.com

AT - Automation Technology GmbH
Bad Oldesloe, Germany
http://www.automationtechnology.de

Attollo Engineering LLC
Camarillo, CA, United States
https://attolloengineering.com

AVAL Global Co Ltd
Yongin-si, Gyeonggi-do, The Republic 
of Korea
http://www.aval-global.com

Avalanche Technologies Inc
Selden, NY, United States
http://www.avalanche-tech.com

Avantier Inc
1100 US Hwy 22, North Plainfield, NJ, 
07060, United States
TEL: 732-321-6915
sales@avantierinc.com
https://www.avantierinc.com
Avantier Inc. is an unparalleled leader 
in providing imaging systems solutions 
and optical solutions. We offer advance 
precision custom optical design, optical 
engineering, optical lens assembly, rapid 
optical proto-typing, image processing, 
precision inspection and manufacturing 
services. Avantier is both ISO 9001:2015 
and ISO 13485:2016 certified.

Averna Technologies
Montreal, QC, Canada
https://www.averna.com

Axis Communications
Lund, Sweden
https://www.axis.com/en-us

Bakelite Synthetics
Atlanta, GA, United States
http://www.bakelite.com

Balluff
Neuhausen a.d.F., Germany
http://www.matrix-vision.com

Basler AG
Ahrensburg, Germany
http://www.baslerweb.com

Baumer Optronic GmbH
Radeberg, Germany
http://www.baumer.com/vision

BECOM Electronics GmbH
Hochstraß, Austria
https://www.becom-group.com

BitFlow Inc
Woburn, MA, United States
https://www.bitflow.com

Blaize
El Dorado Hills, CA, United States
https://www.blaize.com

Blickwerk Technologies
Leinfelden-Echterdingen, Germany
https://blickwerk.tech

BOC Sciences
Shirley, NY, United States
https://electrochem.bocsci.com

Bodkin Design & Engineering LLC
Newton, MA, United States
http://www.bodkindesign.com

Canon Medical Components USA 
Inc
Irvine, CA, United States
https://mcu.canon/vsd

Cavitar Ltd
Tampere, Finland
http://www.cavitar.com

CCS Inc
Kyoto, Japan
https://www.ccs-grp.com

CEVA
Rockville, MD, United States
https://www.ceva-dsp.com

Changchun Yutai Optics Co Ltd
Changchun, Jilin , China
http://www.ytoptics.com

Chroma Technology Corp
10 Imtec Ln, Bellows Falls, VT, 05101, 
United States
TEL: 802-428-2500
sales@chroma.com
https://www.chroma.com
Chroma Technology produces 
high-quality optical interference filters 
and optics for photonics applications. 
As a leader in imaging technologies, 
we design and manufacture a variety 
of catalog and custom filters for many 
varied applications including machine 
vision, remote sensing, Raman, 
environmental monitoring, astronomy, 
colorimetry, and many more. Chroma is 
100% employee-owned.

Chromasens GmbH
Konstanz, Baden Wurttemberg, 
Germany
https://www.chromasens.de

COMPANY DIRECTORY
2025 BUYERS GUIDE
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Chronoptics Ltd
Hamilton, New Zealand
https://www.chronoptics.com

Cincoze
New Taipei City, Taiwan
http://www.cincoze.com

CIS Corp
Tokyo, Japan
https://www.ciscorp.co.jp/index_en.php

CMICRO Corporation
Kagawa, Japan
https://www.cmicro.co.jp/en

CoastIPC
Hingham, MA, United States
http://www.coastipc.com

Cognex
Natick, MA, United States
http://www.cognex.com

Coligh Optics Technology Co Ltd
Chongqing, China
http://www.colighfilter.com

Commonlands LLC
San Diego, CA, United States
https://commonlands.com

Components Express Inc
Woodridge, IL, United States
https://www.componentsexpress.com

Computar Optics Group
Mebane, NC, United States
https://www.computar.com

congatec
San Diego, CA, United States
https://www.congatec.com

CRAIC Technologies
San Dimas, CA, United States
http://www.microspectra.com

Critical Link LLC
Syracuse, NY, United States
http://www.criticallink.com

Cubert GmbH
Ulm, Germany
https://www.cubert-hyperspectral.com

D3 Embedded
West Henrietta, NY, United States
https://www.d3engineering.com

DaoAI Robotics Inc
Vancouver, BC, Canada
https://www.daoai.com

DarwinAI
Waterloo, ON, Canada
https://darwinai.com

DCM Sistemes
Ribarroja del Turia, Valencia, Spain
http://www.dcmsistemes.com

DeepView Corp
Mt Clemens, MI, United States
https://www.deepviewai.com

e-con Systems Inc
Riverside, CA, United States
http://www.e-consystems.com

Edmund Optics
Barrington, NJ, United States
http://www.edmundoptics.com/ 
eo-imaging

EFFILUX
Les Ulis, France
https://www.effilux.com

Efinix Inc
Cupertino, CA, United States
https://www.efinixinc.com

Emberion Oy
Espoo, Lapland, Finland
https://www.emberion.com

Emergent Vision Technologies Inc
Port Coquitlam, BC, Canada
https://emergentvisiontec.com

Emitted Energy
Sterling Heights, MI, United States
http://emittedenergy.com

Enciris Technologies
Gaillac, France
http://www.enciris.com

EPIGAP OSA Photonics GmbH
Berlin, Germany
https://www.epigap-osa.com

EPIX Inc
Buffalo Grove, IL, United States
http://www.epixinc.com

 ■ EURESYS
Liège Science Pk, Rue du Bois 
Saint-Jean, 20, Seraing, 4102, Belgium
TEL: 32-4-367-72-88
sales@euresys.com
http://www.euresys.com

 See ad on page 12
Euresys is a leading and innovative 
high-tech company, designer and 
provider of image and video acquisition 
components, frame grabbers, image 
processing software and FPGA IP cores, 
the latter through its subsidiary Sensor 
to Image. Euresys proposes to the 
computer vision, machine vision, factory 
automation and medical imaging more 
than 30 years of imaging know-how 
covering GigE Vision, USB3 Vision, 
CoaXPress, Camera Link and GenICam.

eVision Systems GmbH
Forstinning, Germany
http://www.evision-systems-video.com

EVK DI Kerschhaggl GmbH
Raaba, Austria
http://www.evk.biz

Excelitas PCO GmbH
Kelheim, Germany
http://www.pco.de

Excelitas Technologies Corp
Waltham, MA, United States
https://www.excelitas.com

eYs3D Microelectronics Co
Taipei, Taiwan
https://www.eys3d.com

Fiber Optic Center Inc
New Bedford, MA, United States
https://focenter.com

First Light Imaging
Meyreuil, France
http://www.first-light-imaging.com

FSI Advanced Research
Greenville, SC, United States
http://www.fsiar.com

FUJIFILM North America Corp, 
Optical Devices Div
Wayne, NJ, United States
http://www.fujinon.com

Goyo Optical Japan Inc
Saitama, Japan
http://www.goyooptical.com

Gpixel Microelectronics Inc
Changchun, Jilin, China
http://www.gpixel.com

Guernsey Coating Laboratories Inc
Ventura, CA, United States
http://www.guernseycoating.com

Hacarus Inc
Kyoto, Japan
https://check.hacarus.com

HanKwang Opto Corp
Seo-gu, Incheon, The Republic of Korea
http://www.hkopto.com

Headwall Photonics Inc
Bolton, MA, United States
http://www.headwallphotonics.com

Hermary
Coquitlam, BC, Canada
http://www.hermary.com

Hexion Inc
Columbus, OH, United States
http://www.hexion.com

HinaLea Imaging
Emeryville, CA, United States
http://www.hinaleaimaging.com
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Hitachi Kokusai Electric  
America Ltd
Southwick, MA, United States
http://www.hitachikokusai.us

HodooAI
Seoul, The Republic of Korea
http://hodooai.com

Hypersen Technologies Co Ltd
Shenzhen, Guangdong, China
https://en.hypersen.com

HySpex
Oslo, Norway
http://www.hyspex.no

i4 Solutions LLC
Mendota Heights, MN, United States
http://www.i4.solutions

IBASE Technology Inc
Taipei, Taiwan
http://www.ibase.com.tw

IDS Imaging Development 
Systems GmbH
Obersulm, Germany
http://www.ids-imaging.com

illunis LLC
Minnetonka, MN, United States
https://www.illunis.com

Image Engineering USA Inc
South Lake Tahoe, CA, United States
https://image-engineering.de

IMAGO Technologies GmbH
Friedberg, Germany
http://www.imago-technologies.com

Imalligent Technology
Shanghai, China
https://www.imalligent.com

Immervision
Montreal, QC, Canada
https://www.immervision.com

IMPERX
6413 Congress Ave, Suite 150,  
Boca Raton, FL, 33487, United States
TEL: 561-989-0006
sales@imperx.com
https://www.imperx.com
Imperx provides high reliability, 
ruggedized and customized imaging 
solutions worldwide for aerospace, 
machine vision, transportation, 
engineered systems, automation and 
more. Designed to perform at the 
highest standards in harsh environments 
including MIL STD 810G with extended 
operating temperature from -40°C to 
+85°C with a MTBF > 660,000 hours @ 
40°C.

Inno-Spec GmbH
Nuremberg, Bavaria, Germany
http://www.inno-spec.de

Innoviz Technologies Ltd
Rosh Ha’Ayin, Israel
https://innoviz.tech

Inspekto
Ramat Gan, Israel
http://www.inspekto.com

Instrument Systems GmbH
Munich, Germany
https://www.instrumentsystems.com

intoPIX SA
Mont-Saint-Guibert, Belgium
https://www.intopix.com

IO Industries Inc
London, ON, Canada
http://www.ioindustries.com

Irida Labs
Rio, Patras, Greece
http://percv.ai

ISVI Corp
Gunpo-si, Gyeonggi-do, The Republic 
of Korea
http://www.isvi-corp.com

IT+Robotics
Padova, (PD), Italy
http://www.it-robotics.it

iWave Systems Technologies Pvt 
Ltd
Bangalore, India
https://www.iwavesystems.com

JADAK, a Novanta Co
North Syracuse, NY, United States
http://www.jadaktech.com

JAI
San Jose, CA, United States
https://www.jai.com

Kassow Robots
Kastrup, Denmark
https://www.kassowrobots.com

KEYENCE Corp of America
Itasca, IL, United States
http://www.keyence.com/usa

Kitov.ai
Petach Tikva, Israel
http://www.kitov.ai

Komshine
Jiangning District, Nanjing, CN
https://www.komshine.com

Landing AI
Palo Alto, CA, United States
https://landing.ai

Leica Camera USA
Teaneck, NJ, United States
https://leicacamerausa.com

Lfiber Optic Ltd
Shenzhen, Guangdong, China
https://www.lfiber.com

LMI Technologies Inc
Burnaby, BC, Canada
http://www.lmi3d.com

LUCID Vision Labs Inc
Richmond, BC, Canada
http://www.thinklucid.com

LUMIMAX | iiM measurement + 
engineering
Suhl, Germany
https://www.iim-ag.com/en/lumimax

Lumispot
Wuxi, Jiangsu, China
http://www.lumispot-tech.com

Machine Vision Store
St Paul, MN, United States
https://machinevisionstore.com

Master Bond
154 Hobart St, Hackensack, NJ, 
07601, United States
TEL: 201-343-8983
https://www.masterbond.com
Master Bond epoxies, silicones, UV 
curable and LED curable systems 
feature outstanding performance 
properties. Each compound is 
formulated to meet specific application 
needs and requirements. Compounds 
may be used as conformal coatings, 
die attach adhesives, optical grade 
encapsulants, lens bonding and 
sealing systems, and thermal interface 
materials.

Mech-Mind Robotics  
Technologies Ltd
Beijing, China
https://www.mech-mind.com

Mega Phase Industrial Inspection 
Technology (Shanghai) Co Ltd
Shanghai, China
http://www.megaphase3d.com

Mega Speed Corp
Minnedosa, MB, Canada
http://www.megaspeedusa.com

Metaphase Lighting Technologies
Bristol, PA, United States
http://www.metaphase-tech.com
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MicroSys Electronics GmbH
Sauerlach, Germany
https://www.microsys.de

Mitsubishi Electric
Cypress, CA, United States
http://www.mitsubishielectric.com

MRDVS Technology
Zhejiang Province, China
https://mrdvs.com

MS Spectral Defense Industry Inc
Ankara, Turkey
http://www.msspektral.com

Musashi AI
Waterloo, ON, Canada
https://musashiai.com

Mythic
Redwood City, CA, United States
https://mythic.ai

Nanning Xionghua Photoelectric 
Technology Co Ltd
Nanning City, Guangxi, China
https://www.xhphotoelectric.com

Navitar Inc
Rochester, NY, United States
https://www.navitar.com/specialoptics

Neousys Technology Inc
Wheeling, IL, United States
https://www.neousys-tech.com

NET New Electronic Technology 
GmbH
Finning, Germany
http://www.net-gmbh.com

NET USA Inc
Highland, IN, United States
http://www.net-gmbh.com

Neurala Inc
Boston, MA, United States
https://www.neurala.com

Neurocle
Seoul, The Republic of Korea
https://www.neuro-cle.com

New Imaging Technologies (NIT)
Verri√®res le Buisson, France
https://new-imaging-technologies.com

Newnex Technology Corp
Santa Clara, CA, United States
https://newnex.com

Nireos srl
Milano, (MI), Italy
https://www.nireos.com

NorPix Inc
1751 Richardson St, Suite 2203 
Montreal, QC, H3K 1G6, Canada
TEL: 514-824-2517
sales@norpix.com
http://www.norpix.com
NorPix is the leading developer of digital 
video recording software and solutions 
for high-speed video recording using 
either single or multiple cameras. User 
applications of NorPix software and 
solutions include motion analysis and 
tracking, medical imaging and research, 
life science research, industrial trouble 
shooting and military applications.

Novacam Technologies Inc
Pointe-Claire, QC, Canada
http://www.novacam.com

Novitec
Seoul, The Republic of Korea
https://www.novitec.co.kr

Ombrulla
Bangalore, Karnataka, India
https://www.ombrulla.com

Omron Automation Americas
Hoffman Estates, IL, United States
https://automation.omron.com

Optiger Optoelectronics 
Technology (Tianjin) Co Ltd
Tianjin, China
http://www.optiger.com.cn/en

Opto Engineering
Mantova, (MN), Italy
http://www.opto-e.com

Opto GmbH
Gräfelfing, Bavaria, Germany
http://www.opto.de

Optotune Switzerland AG
Dietikon, Switzerland
http://www.optotune.com

Optronis GmbH
Kehl, Germany
http://www.optronis.com

ORIENTek
Nanjing, Jiangsu, China
https://www.orientekot.com

Osela Inc
Lachine, QC, Canada
https://www.osela.com

OSI Optoelectronics (OSIO)
Hawthorne, CA, United States
http://www.osioptoelectronics.com

oToBrite Electronics Inc
Hsinchu, Taiwan
https://www.otobrite.com/en

Percipio Technology Ltd
Shanghai, China
http://www.percipio.xyz

Phase 1 Technology Corp
Deer Park, NY, United States
http://www.phase1vision.com

Photoneo
Bratislava, Slovakia
http://www.photoneo.com

Photonfocus AG
Lachen, Switzerland
http://www.photonfocus.com

photonicSENS
Paterna, Valencia, Spain
http://www.photonicsens.com

Photron USA Inc
San Diego, CA, United States
http://www.photron.com

Pickit3D
Leuven, Belgium
https://www.pickit3d.com

Pixelink
Ottawa, ON, Canada
http://www.pixelink.com

Pleora Technologies Inc
Kanata, ON, Canada
http://www.pleora.com

Princeton Infrared Technologies 
Inc (PIRT)
Monmouth Junction, NJ, United States
http://www.princetonirtech.com

Prophesee
Paris, France
https://www.prophesee.ai

PSC
Br√∏nderslev, DK
https://plasticservicecompany.com

Pure AV Luxury Home Automation
Akron, OH, United States
https://pureavcorp.com

 ■ Radiant Vision Systems
18640 NE 67th Ct, Redmond, WA, 
98052, United States
TEL: 425-844-0152
info@radiantvs.com
http://www.radiantvisionsystems.com

 See ad on page 2 
Radiant Vision Systems is a leading 
manufacturer of imaging systems 
for light and color measurement and 
advanced visual inspection. Applications 
include evaluation of displays and 
light sources, assemblies, and 
cosmetic surfaces in industries from 
consumer electronics to automotive 
manufacturing. Radiant is a Konica 
Minolta company.

Raptor Photonics Ltd
Larne, Co Antrim, United Kingdom
http://www.raptorphotonics.com
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Raytheon (Sensors Unlimited Inc)
Princeton, NJ, United States
http://www.sensorsinc.com

RDI Technologies/Fastec Imaging 
Corp
San Diego, CA, United States
https://rditechnologies.com

REVOX Inc
Yokohama, Kanagawa, Japan
https://www.revox.jp

Rhonda Software
Chicago, IL, United States
https://www.rhondasoftware.com

RJ Wilson Inc
Chelmsford, MA, United States
http://www.rjwilson.com

RMA Electronics Inc
Hingham, MA, United States
http://www.rmaelectronics.com

Rockwell Automation Inc
Milwaukee, WI, United States
http://www.rockwellautomation.com

RODER Srl
Oglianico, (TO), Italy
https://www.rodervision.com

Saber1 Technologies LLC
Lowell, MA, United States
http://www.saber1.com

Sama
San Francisco, CA, United States
https://www.sama.com

Schaefter+Kirchhoff GmbH
Hamburg, Germany
http://www.sukhamburg.com

Scorpion Vision Ltd
Lymington, Hampshire, United Kingdom
https://www.scorpionvision.co.uk

Scytek Laboratories Inc
Logan, UT, United States
https://www.scytek.com

Seiwa Optical America Inc
Santa Clara, CA, United States
http://www.seiwaamerica.com

SensoPart Industriesensorik 
GmbH
Bingham Farms, MI, United States
http://www.sensopart.com

Sensor to Image GmbH
Schongau, Bavaria, Germany
https://www.euresys.com/en/about-us/ 
about-sensor-to-image

senswork GmbH
Burghausen, Bayern, Germany
https://www.senswork.com

Shanghai Optics Inc
Clark, NJ, United States
https://www.shanghai-optics.com

Sharpeagle Technologies
London, United Kingdom
https://www.sharpeagle.uk

Shenzhen SinceVision Technology 
Co Ltd
Shenzhen, Guangdong, China
https://www.sincevision.com

SICK Inc
Minneapolis, MN, United States
https://www.sick.com/us/en

Sierra-Olympia
Hood River, OR, United States
https://sierraolympia.com

Sill Optics GmbH & Co KG
Wendelstein, Germany
http://www.silloptics.de

SISCO Thermal Imaging Cameras
Lake Buena Vista, FL, United States
https://www.sisco.com/ 
thermal-imaging-cameras

Smart Vision Lights
Norton Shores, MI, United States
http://www.smartvisionlights.com

SmartMore Corp Ltd
Hong Kong, 
http://www.smartmore.com

Sony Europe, Image Sensing 
Solutions
Weybridge, Surrey, United Kingdom
http://www.image-sensing-solutions.eu

Sony Semiconductor Solutions
Atsugi-Shi, Kanagawa, Japan
https://www.sony-semicon.com/ en/
index.html

SPECIM Spectral Imaging Ltd
Oulu, Finland
http://www.specim.com

Spectrum Illumination
Montague, MI, United States
https://www.spectrumillumination.com

Sunday Optics
Changchun, China
https://www.sunday-optics.com

Sutter Instrument
Novato, CA, United States
http://www.sutter.com

SVS-Vistek GmbH
Gilching, Germany
https://www.svs-vistek.com

SWIR Vision Systems
Research Triangle Park, NC,  
United States
https://www.swirvisionsystems.com

SYNCRON Co Ltd
Seoul, The Republic of Korea
http://www.syncron.co.kr

Tamron USA Inc
Commack, NY, United States
http://www.tamron-usa.com

Teguar Corp
Charlotte, NC, United States
https://teguar.com

Teledyne DALSA
605 McMurray Rd, Waterloo, ON,  
N2V 2E9, Canada
TEL: 519-886-6000
tdi_sales.americas@teledyne.com
https://www.teledynedalsa.com
Teledyne DALSA is a part of Teledyne’s 
Vision Solutions group and a leader 
in the design, manufacture, and 
deployment of digital imaging 
components for machine vision. 
Teledyne DALSA image sensors, 
cameras, smart cameras, frame 
grabbers, software, and vision solutions 
are at the heart of thousands of 
inspection systems around the world 
and across multiple industries.

Teledyne Digital Imaging US Inc
Billerica, MA, United States
http://www.teledynedalsa.com

Teledyne e2v
Chestnut Ridge, NY, United States
https://imaging.teledyne-e2v.com

Teledyne FLIR
Wilsonville, OR, United States
https://www.flir.com

Teledyne FLIR Machine Vision
Richmond, BC, Canada
http://www.flir.com/machine-vision

Teledyne Lumenera
Ottawa, ON, Canada
https://www.lumenera.com

Terabee
St-Genis-Pouilly, France
https://www.terabee.com

The Imaging Source LLC
Charlotte, NC, United States
http://www.theimagingsource.com
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Theia Technologies
29765 SW Town Center Loop W,  
Suite 4 Wilsonville, OR, 97070,  
United States
TEL: 503-570-3296
info@theiatech.com
http://www.theiatech.com
Theia delivers high-performance 
4K, megapixel & motorized lenses 
for robotics, ITS and other industrial 
applications. Patented Linear Optical 
Technology® corrects barrel distortion 
optically without software. IQ Lens 
System™ brings together motorized lens, 
motor control board, calibration data 
and software with GUI to form modular & 
configurable intelligent lens system.

Tichawa Vision GmbH
Friedberg, Germany
http://www.tichawa-vision.com

Toradex Inc
Seattle, WA, United States
https://www.toradex.com

TPL Vision
Perth, Scotland, United Kingdom
http://www.tpl-vision.com

TriEye
Tel-Aviv, Israel
https://trieye.tech

Unispectral
Tel Aviv, Israel
https://www.unispectral.com

Universe Kogaku America Inc
116 Audrey Ave, Oyster Bay, NY, 
11771, United States
TEL: 516-624-2444
info@universeoptics.com
https://www.universeoptics.com
Universe Kogaku designs and 
manufactures precision assembled 
optics including UV quartz lenses, CCD 
and CMOS lenses, CCTV and diode laser 
lenses, and hi-res lenses. Applications 
include automotive, electronics, machine 
vision, image/barcode, medical imaging, 
microscopic, and photographic lenses.

Vecow Co Ltd
New Taipei City, Taiwan
http://www.vecow.com

Vedya Labs
Cupertino, CA , United States
https://vedya.ai

Videology Industrial-Grade 
Cameras
35 Hampden Rd, Mansfield, MA, 
02048, United States
TEL: 401-949-5332
info@videologyinc.com
https://www.videologyinc.com
Videology is a global leader in 
developing and manufacturing custom 
embedded cameras and imaging 
solutions. Designed and assembled 
in the USA and EU, Videology 
NDAA-compliant cameras have met 
OEM requirements since 1995.

Vieworks
41-3, Burim-ro 170beon-gil, 
Dongan-gu, Anyang-si, Gyeonggi-do, 
14055, The Republic of Korea
TEL: 82-70-7011-6161
sales@vieworks.com
https://vision.vieworks.com
Develops industrial cameras and 
systems; precision optics; and 
optomechanical designs. Industrial 
cameras feature CoaXPress, 
CoaXPress-over-Fiber, Camera Link, 
and GigE Vision digital output. Products 
have high reliability with excellent image 
quality.

Vision Components GmbH
Ettlingen, Germany
http://www.vision-components.com

VISION fOr VISION Sprl
Seraing, Belgium
https://www.visionforvision.eu

Vision Research
Wayne, NJ, United States
http://www.phantomhighspeed.com

Visionary.ai
Jerusalem, Israel
https://www.visionary.ai

Viztronics Technologies
Leixlip, Kildare, Ireland
https://viztronics.com

VS Technology Corp
Tokyo, Japan
https://vst.co.jp/en

VST America Inc
Arlington Heights, IL, United States
http://www.vstamerica.com

Vzense Technology Co
Newark, CA, United States
https://www.vzense.com

W3+ Fair/FLEET Events GmbH
Jena, Germany
https://w3-fair.com/en

Wavelength Electronics Inc
Bozeman, MT, United States
http://www.teamwavelength.com

Wavelength Opto-Electronic (S) 
Pte Ltd
Singapore
https://wavelength-oe.com

Westech Optical Corporation
1387 Fairport Rd, Bldg 900H, Fairport, 
NY, 14450, United States
TEL: 585-377-2490
jcarlino@westechoptical.com
https://westechoptical.com
With decades of collective experience 
in lens manufacturing, lens design, and 
opto-mechanical engineering, Westech 
offers a diverse range of precision 
optics and matching Q.C. solutions 
to help solve your imaging needs. 
Rapid prototyping to pre-production 
to high-volume production – Don’t pay 
catalog prices for OEM optics.

Wireless CCTV LLC
Richardson, TX, United States
https://www.wcctv.com

XCEL Laser
Aurora, IL, United States
https://xcellaser.com

Xenics | Exosens
Leuven, Belgium
https://www.xenics.com

XIMEA
M√ºnster, NRW, Germany
https://www.ximea.com

Zebra Technologies Inc
Lincolnshire, IL, United States
https://www.zebra.com

Zmation Inc
Portland, OR, United States
http://www.zmation.com
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#

3D Cameras ................................................ 15

3D Line Profilers .......................................... 15

A

Adhesives ................................................... 21

AI ...............................................................  

22

AI Accelerators ........................................... 23

Application Development Software ............ 22

Area-Array Cameras ................................... 16

Area CMOS Sensors .................................... 19

Area/Line Scan CCD Sensors ....................... 19

Autofocus Optics ........................................ 21

B

Backlighting Devices ................................... 21

Barcode Scanners ....................................... 15

C

Cables and Connectors ............................... 15

Camera and Lighting Enclosures and Mounts 

15

Camera Extenders and Repeaters ................ 15

Camera Link Boards .................................... 23

Camera Link Cameras ................................. 16

Cameras, Cooled ........................................ 16

Camera Test Equipment .............................. 24

CCD Cameras ............................................. 16

CMOS Cameras .......................................... 16

CoaXPress Boards ....................................... 24

CoaXPress Cameras .................................... 17

Color Analysis Software .............................. 22

D

Data Acquisition Software .......................... 22

Deep Learning Software ............................. 22

Detectors, Infrared ...................................... 19

Development Tools ..................................... 22

Digital I/O Boards ........................................ 24

Digital Signal Processing Software .............. 23

Digital Signal Processors (DSPs) ................... 24

Display Test Equipment ............................... 24

E

Embedded Computer Systems .................... 15

Embedded FPGA Software.......................... 23

Embedded Vision Processors ....................... 19

Enlarging Lenses ......................................... 19

F

Fanless Industrial PCs .................................. 19

Filters .......................................................... 21

Fluorescent Illumination Systems ................. 21

Frame Grabbers .......................................... 24

G

Gigabit Ethernet, less than 10GigE, and  

10GigE and up ......................................... 17

GigE Boards ................................................ 24

H

High-Resolution Lenses ............................... 20

High-Speed Video Cameras ........................ 17

I

Image Compression/Decompression Boards 24

Image Compression Software ..................... 23

Image Processing Boards............................. 24

Industrial Displays ....................................... 15

Infrared Lenses ........................................... 20

Infrared Lighting ......................................... 21

IoT Embedded Vision .................................. 19

L

Lasers/Structured Lighting .......................... 21

LED Lighting ............................................... 21

Lens Test Equipment ................................... 24

Lighting Controllers .................................... 21

Line Scan Cameras ...................................... 17

Line Scan CMOS Sensors ............................ 19

Liquid Lenses .............................................. 20

Low-Light Cameras ..................................... 17

M

Machine Vision/Imaging Software .............. 23

Measurement and Automation Software .... 23

Motion Control Boards/Systems .................. 24

Multispectral/Hyperspectral Cameras .......... 18

N

NIR Cameras ............................................... 18

O

OCR/OCV Software .................................... 23

P

Pattern/Video Generators ........................... 24

Polarization Cameras .................................. 18

Polarizers .................................................... 22

R

Robotic Subsystems .................................... 15

Robots ........................................................ 15

S

Shutters ...................................................... 22

Smart Cameras ........................................... 18

Strobe Illumination...................................... 21

SWIR Cameras ............................................ 18

SWIR/LWIR/NIR .......................................... 20

T

Telecentric Lenses ....................................... 20

Thermal/LWIR Cameras ............................... 18

Time Delay and Integration (TDI) Cameras .. 18

Time-of-Flight Cameras .............................. 18

U

USB Boards ................................................. 24

USB Cameras .............................................. 19

UV Cameras................................................ 19

UV Illumination Systems .............................. 21

UV Lenses ................................................... 20

V

Video Lenses............................................... 20

X

Xenon Illumination Systems ........................ 21

X-Ray Cameras ........................................... 19


