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EDITOR’S NOTE

Inspection dominates 
machine vision 
applications

THERE IS no doubt that machine vision is expanding beyond its 
roots in industrial inspection. It’s a key enabler of autonomous 
driving and navigation, automated assembly, bin picking, and more.

Expansion into these newer types of applications bodes well for a ro-
bust industrial sector with plenty of opportunities for talented engineers. 
Indeed, Interact Analysis (Irthlingborough, UK), a research firm special-
izing in automation, expects machine vision revenues to grow by a CAGR 
of 6.4% between 2022 and 2028, increasing from $6.5 billion in 2022 to 
$9.3 billion in 2028.

Some of that growth will come from newer application areas; however, 
inspection will remain the prevailing source of use cases. Inspection ac-
counted for more than 40% of revenues to machine vision vendors in 2022, 
and will represent nearly 42%, or $3.9 billion, in 2028, the firm predicts.

Why? Part of the reason is that engineers are applying machine vision 
to a wider variety of inspection tasks using AI and cameras. 

We report on several inspection projects in this publication, and we 
will cover many more in future months—and years.
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Fundamentals of 
imaging lenses

LENSES
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Choosing the right lens is an important step 
in developing a machine vision system.

CHRISTOPHER RAZZE

Machine vision, or imag-
ing, is a fast-growing field. 
Engineers in numerous 

disciplines—such as factory au-
tomation, autonomous systems, 
life sciences, aerospace, and logis-
tics—are creating vision systems to 
help fulfill automation objectives. 

Choosing the correct lens is an im-
portant step in system development. 
To help navigate this process, this 
article describes how to select an 
appropriate lens.

Defining requirements for 
a machine vision system
The first step in choosing a lens for 
a machine vision system is to define 
the requirements for your applica-
tion. The two parameters that drive 
selection are the working distance 
and field of view. The specific def-
initions for these parameters are:
•	 Working distance (WD)—The dis-

tance from the front or first sur-
face of the lens to the object un-
der inspection.

•	 Field of view (FOV)— The view-
able area of the object under in-
spection. This is the portion of 
the object that fills the camera’s 
sensor. This area is commonly re-
duced to horizontal (HFOV) or ver-
tical (VFOV) dimension for ease of 
calculation.

When specifying an entire FOV 
(Horizontal by vertical dimension 
or HxV), keep in mind that the typ-
ical machine vision sensor will have 
a 4:3 aspect ratio (ratio of width to 
height). That is why you should de-
fine the critical parameter of the 
FOV (either horizontal or vertical) 
and use that for the calculations de-
scribed in this article.

After defining the WD and FOV, 
the next parameters to specify 
are the sensor size and required 
resolution.

Sensor size
The size of a camera sensor’s active 
area is typically specified as a frac-
tional inch or decimal such as 1/1.1 
in, 2/3 in or 1.2 in.

It is worth noting that this nomen-
clature is in reference to the sensor 
equivalent of an analog tube; while 
this is no longer relevant, it is still 
the given specification for the vast 
majority of sensor manufacturers. 
The important parts of a sensor’s 
active area are horizontal and verti-
cal measurements (for determining 
FOV) and diagonal dimension of the 
sensor (for determining compat-
ible lenses).

http://www.vision-systems.com
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Resolution
The resolution is the minimum fea-
ture size of the object that can be 
distinguished by the imaging sys-
tem. Resolution is more accurately 
described as spatial frequency, 
measured in line pairs per milli-
meter (LP/mm).

To determine the appropriate 
resolution, define the size of the 
minimum feature that is required 
to be resolved for the application 
and then define a pixel count for 
that feature, which will depend on 
the goal of your application. While 
there is no concrete definition for 
how to select pixels per feature and 
the only true way to know if your 
resolution is adequate would be to 
test it, you can find some general 
benchmarks below.

Pixels per Feature

3 Detection

4 Orientation

10 Recognition

16 Identification

This can then be used to deter-
mine the minimum pixel size and 
convert it to LP/mm.

LP
mm =

2 x Pixel Size
x 100001

While this information is not re-
quired to determine the size of the 
lens, you will use it to determine the 
quality of the lens necessary for a 
particular application.

Additional parameters that 
should be considered are depth 
of field (DOF) and environmental 
requirements, such as IP rating, 
vibration tolerance, or athermal-
ization. The Depth of Field is the 
maximum object depth that can be 

maintained entirely in acceptable 
focus, which is typically expressed 
as +/- X.X mm.

How lens parameters 
relate to those 
requirements
Now that you have all the required 
specifications for a lens, calculate 
the required focal length (FL). This 
can be approximated using the fol-
lowing expression:

FIGURE 1.: Typical machine vision camera sensor formats. (Courtesy of Edmund Optics)

FIGURE 2. Example MTF curve for a lens, showing the contrast levels that can be 
achieved at different spatial frequencies, or feature sizes on an object being imaged. 
(Courtesy of Edmund Optics)

http://www.vision-systems.com
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 LENSES

FL= (H x WD) / HFOV 
Where H is the horizontal measurement of the sensor, 

WD is the working distance and HFOV is the horizontal 
measurement of the field of view. If using the vertical 
dimension as the critical measurement, simply re-
place the horizontal measurements with the vertical 
measurements.

This will output the approximate FL required for your 
HFOV and WD. Keep in mind that FLs are relatively 
standardized across different manufacturers. For in-
stance, if your approximate FL is 19.7 mm, you would 
be unlikely to find a direct match, so this number will 
either need to be increased or decreased depending on 
the flexibility of the system.

As illustrated in the expression above, FL and FOV are 
inversely proportional to one another. For example, if 
you assume the HFOV used in the equation above is the 

minimum requirement for your vision system, you want 
to select a FL one step below the approximate value to 
increase your FOV—in this case moving from 19.7 mm 
to a more standard 16 mm lens.

From here, you can select a lens with the required FL 
to cover the sensor that you will use in the application. 
Be mindful of how large of a sensor the lens covers. If 
you select one too large, you may spend more money 
than necessary. But if you select one that is too small, it 
will not cover the sensor and vignette (defined below).
•	 Vignette—When light rays do not make it through 

the entire lens system to the sensor because they are 
blocked by the edges of individual lens elements or 
mechanical stops.

From here, you can analyze the specification sheet 
to determine whether the lens will handle the parame-
ters defined in the previous step. If you cannot find the 
relevant information for your WD/FOV requirements 
in the generated specification, reach out to the man-
ufacturer to get those curves, or if you have access to 
optics software, request the prescription. 

Key lens parameters
Now that you’ve selected a lens, read its performance 
curves to insure it meets the needs of the application. 

The first and most important curve is the modulation 
transfer function curve (MTF), which is defined below.

Modulation transfer function. Modulation trans-
fer function (MTF) is an information-dense metric that 
reflects how a lens reproduces contrast as a function 
of spatial frequency (resolution).

This figure provides the percentage contrast vs. the 
spatial frequency at a given point on the sensor chip. 
The general rule of thumb for the minimum required 
contrast for machine vision purposes is 20%. This leads 
us to generally define lens performance as the spatial 
frequency at 20% contrast. From this graph, we can 

FIGURE 3. Depth of field curve for a lens, showing how shifting 
the working distance of the lens affects the focus of the image, 
described by the percent contrast.  (Courtesy of Edmund Optics)

f/# Diffraction  
Limited  

Resolution

Depth of 
Field

Light 
Throughput

Numerical 
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FIGURE 4. Depth of field curve for the same lens used in 
Figures 2 and 3, but running at f/8.0 instead of f/2.8. (Courtesy of 
Edmund Optics)

http://www.vision-systems.com
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extrapolate that our worst field (in this case the 8 mm 
corner of our chip) has approximately 175 lp/mm at 20% 
contrast in image space, meaning on our image sensor. 
To convert this to object space, we would simply multi-
ply this by the magnification of our lens.

Depth of field. Depending on the needs of your ap-
plication, you may also be interested in the DOF of the 
lens at your given WD and f/#. Below is an example curve 
for a lenses DOF:

Much like the MTF curve, our y axis is contrast. 
However, the x axis of a DOF curve is instead the working 
distance shift. The 0.0 point on this curve is the point 

of best focus, moving +/- along the x axis is the depth at 
which your image will remain in focus. This is defined 
at a specific resolution requirement—in this exam-
ple 20 lp/mm—and typically defined at 20% contrast.

If the given DOF is not sufficient, it can be increased 
by increasing the lens’ f/# (pronounced “F-number”). 
The definition for this parameter can be found below:
•	 f/#—Setting on a lens that controls overall light 

throughput, depth of field (DOF), and the ability to 
produce contrast at a given resolution.

The effects of altering the f/# is summarized in the ta-
ble on p. 46, where the top row shows if that parameter 

The first step in choosing a lens 
for a machine vision system is 
to define the requirements for 
your application.

FIGURE 5. MTF curve for the same lens used in Figures 2 and 3, 
but running at f/8.0 instead of f/2.8. (Courtesy of Edmund Optics)
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increases / improves (Λ) or gets worse / decreases (V) as 
f/# either increases (Λ) or decreases (V).

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. Here is an example of the same lens used 
previously running at f/8.0 instead of f/2.8:

As you can see, the simulated working distance shift 
is significantly larger when compared to the previous 
figure (2–3X more DOF). However, the resolution is 
slightly lower.

As the f/# is progressively increased, you will see the 
same thing occur. Finding the appropriate balance be-
tween resolution and DOF should be determined on an 
application-by-application basis.

Common pitfalls
One of the most common pitfalls in designing a vision 
system occurs when you do not save enough space for 
the lens and camera. Typically, most lenses have a min-
imum working distance of 100 mm for moderate focal 
lengths (8–25 mm) and up to 750–1000 mm for longer 
focal lengths. The general rule of thumb is to save a 4:1 
ratio of WD:FOV. This is not a catch-all solution but us-
ing it as a benchmark can help avoid headaches down 
the road. A good machine vision lens can be expensive 
but not as expensive as a fully custom solution.

Conclusion
Choosing a lens can be a daunting task if you do not have 
somewhere to start. This can be a nuanced decision and 
sometimes requires trial and error in a lab environment. 
If you are ever faced with trouble in making the correct 
lens solution, reach out to your imaging lens supplier 
for guidance and recommendations. 

Christopher Razze is a machine vision sales engineer at 
Edmund Optics (Barrington, NJ, USA).

Choosing a lens can be a 
daunting task if you do not 
have somewhere to start. 

https://www.euresys.com/en/Homepage
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The railroad company worked with Georgia 
Tech Research Institute to develop the 
vision system by combining AI and high-
resolution, high-speed cameras. 

LINDA WILSON

To spot defects on moving 
trains, Norfolk Southern 
Railway (Atlanta, GA, USA) 

is building train inspection portals 
on tracks in the United States.

The Georgia Tech Research 
Institute (Atlanta, GA, USA) is 

collaborating with the railroad on 
the inspection project.

The portals combine high-reso-
lution cameras, stadium lights, and 
AI algorithms to capture and then 
analyze images of trains moving at 
up to 60 mph. All components are 

Norfolk Southern’s machine 
vision system inspects 
moving rail cars

FIGURE 1. Train inspection 
portals combine high-resolution 
cameras, stadium lights and AI 
algorithms to capture and then 
analyze images of trains moving 
at up to 60 mph. (Courtesy of 
Norfolk Southern)

installed trackside inside tunnel-
type steel structures.

Two inspection portals were de-
ployed in 2023 on adjacent tracks 
in Leetonia, Ohio—not far from 
where a train derailed in February 
2023, spilling hazardous chemicals. 
Trains pass through the new inspec-
tion portals about once per hour.

Norfolk Southern plans to deploy a 
dozen automated portals by the end 
of 2024 to augment, not replace, hu-
man inspectors.

“Human inspections consist of 
experts walking the length of the 

PARTS INSPECTION
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train at various points along the rail 
network, monitoring for defects. As 
you can imagine, this process can 
be time-consuming and subject to 
uncontrollable conditions—like 
weather,” says Mabby Amouie, chief 
data scientist at Norfolk Southern.

In addition to weather resistance, 
the automated system provides the 
railway with information about 
potential problems that may be 
difficult for humans to uncover. 
“One advantage of the automated 
inspection portal is that the trains 
can be inspected in motion, under 
forces that can expose faults that 
are not obvious when the train is sit-
ting still,” says Colin Usher, senior 
research scientist, Georgia Tech 
Research Institute (GTRI).

There are a variety of defects that 
Norfolk Southern wants to detect. 
“As big as trains are, surprisingly, it 
comes down to relatively small bolts 

and cotter pins located in various lo-
cations to keep everything working 
properly. In addition, safety equip-
ment, such as ladders, is going to be 
inspected for damage. Finally, items 
such as open hatches or open doors 
are also going to be inspected,” ex-
plains Usher.

Machine vision and AI
Engineers at GTRI designed the 
hardware setup for the new inspec-
tion portals, and Norfolk Southern’s 
employees created the AI-enabled 
inspection algorithms.

The system includes 38 cameras, 
which are installed strategically at 

various angles, including some at 
track level pointing up, to capture 
specific points on each rail car.

The cameras include both area 
and line scan models, and the com-
bination produces approximately 
1,000 images per rail car, producing 
a 360° view of each rail car.

The cameras and lenses are 
installed inside protective enclo-
sures and mounted on arms that 
are attached to the sides of the tun-
nel structure.

Stadium lights are mounted in-
side the tunnel enclosure along the 
sides and top. “To capture clear im-
ages of trains traveling at up to 60 

FIGURE 2. Cameras are installed strategically at various angles, including some at track level pointing up. (Courtesy of Norfolk Southern)

Norfolk Southern plans to deploy a dozen 
automated portals by the end of 2024 so trains 
can be inspected in motion, under forces that 
can expose faults not obvious when the train is 
sitting still.
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mph requires extremely fast shutter speeds, which 
dictates that we provide lots of light to illuminate the 
trains,” Usher says.

Sensors that detect the presence of an oncoming train 
and its speed, trigger the entire process. Based on the 
speed, software developed at GTRI calculates when each 
camera should take images and lights should turn on. 
Cameras are synched to a microsecond. “Only images 
of critical components are taken and the other areas of 
the train that are inconsequential to identifying defects 
are not captured. That optimizes the image capture and 
saves space in the computer system,” Usher says.

To further save space, 
image data is compressed.

AI-enabled algorithms 
analyze image data on-site 
to determine if defects are 
present. Within minutes, 
results are then transmit-
ted to Norfolk Southern’s 
network operations cen-
ter, where subject-matter 
experts review the data. 

Critical defects are flagged by the AI software for an 
immediate response, such as scheduling the train for 
service at the next train yard or stopping immediately 
if the problem is severe.

Norfolk Southern’s inspection algorithms “have very 
high detection rates, while also having very low false 
alarms,” adds Amouie.

Machine vision design challenges
Usher says the team overcame numerous obstacles in 
the design of the system.

“We encountered challenges with data throughput, 
processing times, and storage. Each train results in an 
average of 300 gigabytes of data and this is after signif-
icant image compression,” Usher says.

To solve the problem, Usher continues, “we use enter-
prise systems similar to those in data centers to manage 
the data and processing requirements.” Multiple en-
terprise-level computers are located inside the power 
supply cabinet at each inspection portal.

Another challenge was protecting the components—
such as cameras, lenses, and lights—from outdoor 
weather as well as vibration caused by the passing trains.

For example, the enclosures are made of steel, 
which not only protects the components from inclem-
ent weather but also blocks direct sunlight from the 

imaging sensors “so as not to cause bloom on the im-
ages,” Usher says.

Similarly, stadium-type lighting is designed to with-
stand outdoor environments.

When asked what is unique about the train inspec-
tion system, compared with others in use in the railroad 
industry, Usher says, “This system adds numerous ad-
ditional camera angles and views of the train cars and 
components that we are unaware of in other systems. 
We also use higher resolution and high-speed cameras 
and a combination of area and line scan cameras to gen-
erate comprehensive views of components for looking at 
specific types of defects.” 

FIGURE 3. The cameras and lenses are installed inside 
protective enclosures and mounted on swing arms. (Courtesy of 
Norfolk Southern)

AI-enabled 
algorithms 
analyze image 
data on-site 
to determine 
if defects are 
present. 
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An AI-assisted vision system detects 
defects in bags of cement mix.

JIM TATUM

Titan Cement (Athens, Greece), 
a global company that pro-
duces cement and building 

materials for the construction in-
dustry, has deployed an automated 
inspection system at its Patras, 
Greece, cement manufacturing plant.

Traditionally, at the Patras facil-
ity, inspections of these cement sacks 
were performed by human inspec-
tors working eight hour shifts, 24 
hours a day, in harsh conditions, do-
ing manual, in-person inspections. If 
inspectors found a defect, they had to 
manually shut down the production 
line to remove the defective sack(s).

This is an expensive way to solve 
the problem. An interruption on a ce-
ment production line causes delays 
and reduces efficiency; a few defec-
tive cement sacks can spoil entire 
product pallets, leading to signifi-
cant extra costs in time and money.

There also were other issues 
with the manual process. Humans 
become fatigued or may need to pe-
riodically leave the line during the 
production process. While they are 
experienced and competent at their 
jobs, human inspectors have their 
limits; often, they just cannot see 
minute/obscure defects on the bags. 
And, because the process is labor 

intensive and generally performed 
in challenging conditions, inspec-
tions performed by humans are 
error prone, which makes it diffi-
cult to capture meaningful QA data.

In late 2021, Titan partnered with 
Irida Labs (Patras, Greece) to de-
velop and implement an automated 
inspection system that can inspect 
cement sacks on a production line. 
Titan executives wanted a system 

Titan Cement adds 
inspection system to 
production facility

that identifies defects such as 
cracks, spills, dents, cuts, damaged 
edges, and printing errors, as well as 
sends alerts and takes corrective ac-
tions—and do it all 24 hours a day, 
seven days a week, 365 days a year, 
under such challenging conditions 
as variable ambient light, excessive 
dust, moisture, and vibration.

“The vision system should provide 
always-on defect detection on contin-
uously running conveyor belts while 
providing real-time alerts when a 
defective product is detected,” says 
Irida Labs’ Thomas Charisis, Product 
Growth Director, PERCV.ai.

FACTORY AUTOMATION

FIGURE 1. Three cameras are mounted above the production line to inspect the 
cement sacks. Two color cameras scan for defects such as splits, holes, cracks, and 
spills. A third monochrome camera (above) scans for printing errors. A DC LED light is 
also placed above the line to overcome ambient light issues. 
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Building a solution: 
The vision system
The inspection system utilizes three 
Basler (Ahrensburg, Germany) cam-
eras equipped with Basler premium 
lenses. Housed in IP67-rated custom 
built housings to protect them from 
the harsh conditions at the plant, the 
cameras are mounted on brackets 
over the production line and syn-
chronized with photocell triggering 
to perform defect detection on the 
cement sacks as they come down the 
line. Two Basler ace 2 USB 3.0 col-
or cameras are deployed for the sole 
purpose of inspecting the sacks for 
any physical defects. The third cam-
era, a Basler ace 2 GigE monochrome 
camera, inspects the sacks for print-
ing failures. More specifically, says 
Charisis, the monochrome camera 
uses optical character recognition 
to verify that the data label is posi-
tioned correctly within the frame 
in which it should be printed and 
to verify that the date on the label 
is correct.

DC LED lighting is installed on the 
line near the cameras to overcome 
challenges presented by the chang-
ing ambient light, Charisis says.

Adding AI to the solution
The cameras are hardwired to 
an ADLink (San Jose, CA, USA) 
DLAP-211-JNX edge computer, 
which is deployed along the line in 
close proximity to the cameras. The 
computer analyzes the image data 
in real time using Vision AI quali-
ty inspection modules developed by 
Irida Labs. These modules are built 
on Irida Labs’ platform PerCV.ai, 
which is used to develop specific AI 
algorithms and manage the deploy-
ment of them.

“Image processing is performed 
at the edge; each camera sensor is 
paired with an on-site processing 

device that operates as near as possi-
ble to the sensor, making the system 
an edge AI vision solution,” Charisis 
says. “The impact of edge process-
ing is instrumental in achieving low 
latency, real-time defect detection, 
and alert triggering, as well as be-
ing  privacy-preserving.”

If the system detects a defect, 
there are several response options, 
he says. “Initially, there was an 
alarm going off and the conveyor 
belt would automatically stop, while 
a worker would take the defective 
cement bag off the belt and then re-
start the process,” Charisis says.

FIGURE 2. Two color cameras mounted above the production line inspect cement 
sacks for defects such as splits, cracks, and spills.

FIGURE 3. Image data from the cameras 
are transmitted to this edge computer, 
also mounted near the line, which 
identifies, analyzes, and takes necessary 
corrective action to remove defective 
bags from the line.
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Later, the team provided the 
real-time events via MQTT API, a 
messaging protocol often used in 
industrial settings for machine-
to-machine communication, to 
a programmable logic controller 
that triggers a deviation system, 
which automatically removes the 
defective sack without stopping the 
production line, Charisis says.

Challenges, solutions, 
future plans
The team overcame challenges 
during implementation. In fact, 
one primary technical challenge 
turned out to be acquiring sufficient 
training data for the AI modules to 
recognize all the possible types of 
defects that could occur with the 
cement sacks.

“It would have taken an imprac-
tical amount of time to physically 

encounter and capture all potential 
defect cases in an operational pro-
duction line,” Charisis says.

To overcome this challenge, the 
team came up with a solution that 
leveraged AI-generated synthetic 

data through the AI platform, which 
expedited the data acquisition pro-
cess, Charisis says.

The inspection system, which has 
now been in operation at the plant 
for more than two years, has been 
successful, says Maravas Grigorios, 
supervisor of grinding, mixing, port 
& raw materials at Titan’s Patras fa-
cility. The system has significantly 

reduced the number of defec-
tive sacks that end up on pallets, 
Grigorios says.

“As a consequence, customer com-
plaints about defective sacks have 
significantly decreased,” he notes. 

And, since human inspectors are 
no longer needed, the system has 
provided significant savings in 
labor costs.

The company plans to deploy the 
system in more plants in the sec-
ond half of 2024, however, the exact 
dates and locations have not yet 
been finalized, according to Titan 
and Irida Labs officials. 

The impact of edge processing is instrumental 
in achieving low latency, real-time defect 
detection, and alert triggering, as well as being 
privacy-preserving.

https://www.messe-stuttgart.de/vision/en


Autonomous 
excavator 
builds 
retaining wall
Designed by researchers at ETH 
Zurich, the excavator is equipped 
with a LiDAR scanner, LiDAR 
sensors, and RGB camera.

LINDA WILSON

A park in Switzerland includes an unusual 
element: a stone retaining wall built by an au-
tonomous excavator.

The robotic excavator used in the project is the HEAP 
(Hydraulic Excavator for an Autonomous Purpose), a 
customized Menzi Muck (Ruthi, Switzerland) M545 12t 
walking excavator. HEAP was developed by the Robotic 
Systems Lab, Eidgenössische Technische Hochschule 
Zürich, or ETH Zurich, (Zurich, 
Switzerland), a polytechnic uni-
versity. The team worked with the 
chair of the landscape architecture 
department at ETH Zurich.

“As the building industry is a ma-
jor contributor to global greenhouse 
emissions, it is critical to leverage 
new technologies toward more 
sustainable building practices. 
One such avenue is to rethink and 
reshape the embodied energy of 
material systems that are used in 
construction. In particular, devel-
opments in on-site robotic building 
methods offer the opportunity to 
leverage context-specific, locally 
sourced or upcycled materials that 
are inexpensive, abundant, and 

low in embodied energy,” the researchers from ETH 
Zurich explain.

For example, autonomous construction systems can 
use boulders found on-site as well as concrete remnants 
from other projects to build retaining walls.

As an initial demonstration project, the researchers 
from ETH Zurich built a 10 × 1.7 × 4 m-long freestanding 
stone wall out of 109 boulders and concrete pieces. The 
structure was built over a two-week period at a rate of 
17.4 minutes per stone, which is nearly as fast as would 
be possible with human operators.

Using the hands-on experience gained building the 
first wall, the researchers then built a permanent re-
taining wall with dimensions of 65.5 × 1.8 × 4 m out of 
938 elements, which they integrated into a four-level 
terraced landscape with two pedestrian access ramps at 
Circularity Park in Oberglatt, Switzerland. The wall-and-
terrace structure allows people to traverse differences 
in the park’s natural elevation. The structure also helps 
control water runoff and soil erosion.

Because the freestanding wall was built on a concrete 
slab inside a facility, it was constructed without a hu-
man inside the cab of the excavator.

On the other hand, the permanent retaining wall was 
built on-site in the park, so a person, sitting in the cabin, 
managed unexpected situations such as a falling stone or 
one that didn’t settle into place as expected. And, while 
the excavator picked, placed, and scanned stones auton-
omously, the human drove the excavator.

FIGURE 1.The Menzi Muck picked up and scanned each boulder as it built the wall. 
(Circularity Park in Oberglatt, Eberhard AG, 2021-2022 © Gramazio Kohler Research, ETH Zurich, 
Eberhard AG. Photo: Marc Schneider)

EMBEDDED VISION
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Autonomous process to build the wall
Reporting on their work in Science Robotics (bit.
ly/3Jv0Hhb) the researchers write, “Our comprehensive 
pipeline allows for the construction of arbitrarily curved 
and explicitly defined wall shapes from highly heteroge-
neous stones, using light detection and ranging (LiDAR) 
mapping, learned image segmentation, grasp heuristics, 
and classification to isolate, digitize, and manipulate 
stone instances in unstructured environments.”

The wall-building process began by creating a point-
cloud representation of available boulders and concrete 
pieces. To accomplish this, the excavator picked up indi-
vidual stones in its gripper, scanned them using LiDAR 
sensors mounted on its cabin and boom, and then re-
turned them to the ground.

This allowed the researchers to develop a limited in-
ventory of stones represented by the point cloud, which 
geometric planning software used to develop an initial 
plan for the wall.

The excavator then picked up each stone again to 
place it in the wall, reorienting it as necessary. After 
HEAP placed the stone, the vision system scanned 
the stone again and then updated the geometric plan-
ning software.

These steps happened dynamically as the excavator 
completed its work.

In a separate but related project, HEAP also worked on 
terraced landscaping. Specifically, the autonomous ex-
cavator dug up the soil at the site and dumped it nearby, 
so the soil could be reused to form the terraces.

Components of the machine 
vision system
The AI-enabled machine-vision building system was 
comprised of numerous components.

Specifically, a Velodyne (San Jose, CA, USA) Puck 
VLP-16 LiDAR scanner and a Livox (Shenzhen, China) 
MID-70 LiDAR sensor were mounted at the front edge 
of the cabin’s roof. A second Livox Mid-70, mounted on 
the excavator’s arm, provided an overhead view. A RGB 
Blackfly from Teledyne FLIR (Wilsonville, OR, USA) was 
mounted at the base of the cabin and a second RGB cam-
era was mounted on the roof.

A machine controller solution—iCON iXE3 3D from 
Leica Geosystems (St. Gallen, Switzerland)—automated 
the functioning of the boom and bucket on the exca-
vator. It created a 3D map during the swing motion of 
the boom. As the boom swung to the side, the map was 
updated with information from the LiDAR sensors.

Draw wire encoders were used to measure the position 
and velocity of the hydraulic arm and grapple cylinders.

All software is written in C++, and the robot oper-
ating system (ROS) is used to transfer data over the 
network between the different software nodes, which 
were distributed on several computers. The ROS mas-
ter, managing the connection between processes, is 
located on the on-board computer of HEAP.

“The process provides a fully reversible alternative to 
concrete that can be applied, for example, to the con-
struction of retaining walls, load-bearing structures, 
and revetments for civil infrastructure and landscap-
ing,” the researchers conclude on a website (https://
gramaziokohler.arch.ethz.ch/web/d/forschung/382.
html) created for the project. 

FIGURE 2. Aerial view of the retaining wall at Circularity Park. 
(© Gramazio Kohler Research, ETH Zurich, Eberhard AG. Photo: Marc 
Schneider)

FIGURE 3. Computational planning and stone placement using 
the autonomous HEAP. (© Gramazio Kohler Research, ETH Zurich, 
Eberhard AG. Photo: Ryan Luke Johns)
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Cameras: CoaXPress Cameras

Mega Phase Industrial Inspection 
Technology (Shanghai) Co Ltd
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Percipio Technology Ltd
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RJ Wilson Inc
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Cameras: Gigabit Ethernet, less than 10GigE, and 10GigE and up
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Embedded Vision: Embedded Vision Processors
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Embedded Vision: Fanless Industrial PC

Fanless Industrial PCs
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IoT Embedded Vision

ADLINK Technology Inc
ARBOR Technology Corp
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IBASE Technology Inc
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Rhonda Software
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TriEye
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Edmund Optics
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Theia Technologies
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Theia Technologies
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Lighting/Illumination Systems: UV Illumination Systems﻿﻿

SWIR Vision Systems
Seiwa Optical America Inc
Tamron USA Inc
Theia Technologies
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Avantier Inc
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Edmund Optics
Goyo Optical Japan Inc
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Goyo Optical Japan Inc
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Video Lenses

Avantier Inc
Computar Optics Group
Edmund Optics
FUJIFILM North America Corp, Optical 
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Goyo Optical Japan Inc
Navitar Inc
RMA Electronics Inc
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Theia Technologies
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LIGHTING/ILLUMINATION SYSTEMS

Backlighting Devices

Advanced illumination
Cavitar Ltd
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Edmund Optics
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Metaphase Lighting Technologies
RODER Srl
Spectrum Illumination
TPL Vision

Fluorescent Illumination Systems

EFFILUX
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Infrared Lighting
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Metaphase Lighting Technologies
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Seiwa Optical America Inc
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Lasers/Structured Lighting

Advanced illumination
Avantier Inc
CCS Inc
Cavitar Ltd
EFFILUX
Lfiber Optic Ltd
Lumispot
Osela Inc
Schaefter+Kirchhoff GmbH
Smart Vision Lights

 ■ VS Technology Corp
 See ad on page 7

Wavelength Electronics Inc

LED Lighting

Advanced illumination
Alfa Chemistry
Avantier Inc
CCS Inc
Chromasens GmbH
DCM Sistemes
EFFILUX

Edmund Optics
IMPERX
Image Engineering USA Inc
KEYENCE Corp of America
LUMIMAX | iiM measurement + 
engineering

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

Opto Engineering
REVOX Inc
RODER Srl
Sharpeagle Technologies
Sill Optics GmbH & Co KG
Smart Vision Lights
Spectrum Illumination
Sutter Instrument
TPL Vision

 ■ VS Technology Corp
 See ad on page 7

Lighting Controllers

Advanced illumination
CCS Inc
LUMIMAX | iiM measurement + 
engineering

Navitar Inc
REVOX Inc
RODER Srl
Sutter Instrument

 ■ VS Technology Corp
 See ad on page 7

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
 See ad on page 7

UV Illumination Systems

CCS Inc
DCM Sistemes
EFFILUX
LUMIMAX | iiM measurement + 
engineering

Metaphase Lighting Technologies
REVOX Inc
TPL Vision
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Lighting/Illumination Systems: Xenon Illumination Systems

Xenon Illumination Systems

Sutter Instrument

OPTICS

Adhesives

Alfa Chemistry
Arkema Inc
Bakelite Synthetics
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
 See ad on page 7

Filters

Avantier Inc

Chroma Technology Corp
Coligh Optics Technology Co Ltd
Edmund Optics
Guernsey Coating Laboratories Inc
HinaLea Imaging

 ■ PSC
 See ad on page 15

RMA Electronics Inc
Sutter Instrument
Universe Kogaku America Inc

 ■ VS Technology Corp
 See ad on page 7

Polarizers

Avantier Inc

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

 ■ VS Technology Corp
 See ad on page 7

Shutters

Sutter Instrument

SOFTWARE

AI

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

ISVI Corp
Ombrulla
SICK Inc
Scytek Laboratories Inc
Teledyne DALSA
Teledyne Digital Imaging US Inc

Teledyne Lumenera

Application Development Software

A&B Software

Avantier Inc

CEVA

 ■ EURESYS
 See ad on page 6

Emergent Vision Technologies Inc
HinaLea Imaging
HodooAI
IMPERX
Irida Labs

NorPix Inc

Pixelink
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
 See ad on page 5

 ■ Radiant Vision Systems
 See ad on page 13

Teledyne DALSA
Teledyne Digital Imaging US Inc
Zebra Technologies Inc

Data Acquisition Software

Avantier Inc
Emergent Vision Technologies Inc
HySpex
IO Industries Inc
Kitov.ai
Nanning Xionghua Photoelectric 
Technology Co Ltd

NorPix Inc

Rockwell Automation Inc

Deep Learning Software

CEVA
Cognex
Deci

 ■ EURESYS
 See ad on page 6

FSI Advanced Research
Hacarus Inc
HodooAI

 ■ Imalligent Technology
 See ad on inside front cover

Inspekto
Irida Labs
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Software: OCR/OCV Software﻿﻿ 

Kitov.ai
Landing AI
Neurala Inc
Neurocle
Ombrulla
SICK Inc

Teledyne DALSA

Zebra Technologies Inc
senswork GmbH

Development Tools

ADLINK Technology Inc
Avantier Inc

 ■ EURESYS
 See ad on page 6

HodooAI
Landing AI

Teledyne DALSA

Theia Technologies
Zebra Technologies Inc
eYs3D Microelectronics Co
intoPIX SA

Digital Signal Processing Software

Avantier Inc
CEVA
Critical Link LLC
Irida Labs
Teledyne DALSA

Embedded FPGA Software

Avantier Inc

 ■ EURESYS
 See ad on page 6

Efinix Inc

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
EPIX Inc

 ■ EURESYS
 See ad on page 6

Emergent Vision Technologies Inc
Emitted Energy
FSI Advanced Research
Headwall Photonics Inc
HodooAI
HySpex
IO Industries Inc
Innoviz Technologies Ltd
Inspekto

 ■ Instrument Systems GmbH
 See ad on page 5

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 13

Rhonda Software
SICK Inc
Smart Vision Lights
SmartMore Corp Ltd

Teledyne DALSA

Teledyne Digital Imaging US Inc
VISION fOr VISION Sprl
Zebra Technologies Inc
eYs3D Microelectronics Co
i4 Solutions LLC

Measurement and 
Automation Software

Averna Technologies
Emitted Energy
Fiber Optic Center Inc

 ■ Instrument Systems GmbH
 See ad on page 5

Kitov.ai
LMI Technologies Inc
Neurocle
Photron USA Inc
Pixelink
SICK Inc
Teledyne DALSA
Teledyne Digital Imaging US Inc
Zebra Technologies Inc
Zmation Inc

OCR/OCV Software

 ■ EURESYS
 See ad on page 6

Neurocle
Teledyne Digital Imaging US Inc
Zebra Technologies Inc
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System Boards: AI Accelerators

SYSTEM BOARDS

AI Accelerators

Rhonda Software

Camera Link Boards

AVAL Global Co Ltd
Active Silicon Inc
BitFlow Inc
D3
EPIX Inc

 ■ EURESYS
 See ad on page 6

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

CoaXPress Boards

AVAL Global Co Ltd
Active Silicon Inc
BitFlow Inc

 ■ EURESYS
 See ad on page 6

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

Frame Grabbers

ADLINK Technology Inc
AVAL Global Co Ltd
Active Silicon Inc

BitFlow Inc
EPIX Inc

 ■ EURESYS
 See ad on page 6

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

Teledyne DALSA

Vecow Co Ltd
 ■ XIMEA
 See ad on page 9

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
ASRock Industrial
D3

 ■ EURESYS
 See ad on page 6

Enciris Technologies
IMAGO Technologies GmbH
Rhonda Software
Teledyne DALSA
Zebra Technologies Inc
eVision Systems GmbH

Motion Control Boards/Systems

D3

USB Boards

AIVION
Pleora Technologies Inc
Theia Technologies

TEST AND MEASUREMENT EQUIPMENT

Camera Test Equipment

Averna Technologies
Image Engineering USA Inc
Inspekto

 ■ Instrument Systems GmbH
 See ad on page 5

Mega Speed Corp
RDI Technologies/Fastec Imaging Corp
Seiwa Optical America Inc

Display Test Equipment

Averna Technologies
HinaLea Imaging
Inspekto

 ■ Instrument Systems GmbH
 See ad on page 5

 ■ Radiant Vision Systems
 See ad on page 13

Lens Test Equipment

Avantier Inc

Image Engineering USA Inc

Pattern/Video Generators

BitFlow Inc
Osela Inc
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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

Greece
Irida Labs

United States

CT

A&B Software

Alta Vision Systems LLC

CO

Artemis Vision

MA

Bodkin Design & Engineering LLC

CoastIPC

RJ Wilson Inc

MA

RMA Electronics Inc

Saber1 Technologies LLC

Videology Industrial-Grade Cameras

MI

Emitted Energy

MN

i4 Solutions LLC

illunis LLC

NY

Critical Link LLC

D3

OR

Teledyne FLIR

Zmation Inc

SYSTEM INTEGRATORS BY LOCATION

DISTRIBUTORS BY LOCATION

https://www.vision-systems.com/newsletters


A&B Software
New London, CT, USA, 
www.ab-soft.com

Active Silicon Inc
Severna Park, MD, USA,  
www.activesilicon.com

Acuity Laser, a div of Schmitt 
Industries Inc
Portland, OR, USA, 
www.acuitylaser.com

Adek Industrial Computers
Raymond, NH, USA, www.adek.com

Adimec
Woburn, MA, USA, www.adimec.com

ADLINK Technology Inc
San Jose, CA, USA, 
www.adlinktech.com

Advanced illumination
Rochester, VT, USA,  
www.advancedillumination.com

AIVION
Forstinning, Germany, www.aivion.de

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

Alkeria
Pisa, (PI), Italy, www.alkeria.com

Allied Vision
Exton, PA, USA, www.alliedvision.com

Alta Vision Systems LLC
Westbrook, CT, USA,  
www.altavisionsystems.com

Ambarella
Santa Clara, CA, USA, 
www.ambarella.com

APG Vision LLC
Allison Park, PA, USA, 
www.apgvision.com

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

Arkema Inc
King of Prussia, PA, USA,  
www.arkema-americas.com

Artemis Vision
Denver, CO, USA, 
www.artemisvision.com

ASRock Industrial
Taipei City, Taiwan, www.asrockind.com

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

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

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

Avalanche Technologies Inc
Selden, NY, USA, 
www.avalanche-tech.com

Avantier Inc
1100 US Hwy 22, North Plainfield, NJ, 
07060, USA, TEL: 732-321-6915,
sales@avantierinc.com,  
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, www.averna.com

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

Bakelite Synthetics
Atlanta, GA, USA, www.bakelite.com

Basler AG
Ahrensburg, Germany, 
www.baslerweb.com

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

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

BitFlow Inc
Woburn, MA, USA, www.bitflow.com

Blaize
El Dorado Hills, CA, USA, 
www.blaize.com

Bodkin Design & Engineering LLC
Newton, MA, USA, 
www.bodkindesign.com

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

Cavitar Ltd
Tampere, Finland, www.cavitar.com

CCS Inc
Kyoto, JP, www.ccs-grp.com

CEVA
Rockville, MD, USA, www.ceva-dsp.com

Chroma Technology Corp
10 Imtec Ln, Bellows Falls, VT, 05101, 
USA, TEL: 802-428-2500, 
sales@chroma.com, 
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, www.chromasens.de

Chronoptics Ltd
Hamilton, New Zealand,  
www.chronoptics.com

Cincoze
New Taipei City, Taiwan, 
www.cincoze.com

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

CMICRO Corp
Kagawa, Japan, www.cmicro.co.jp/en

CoastIPC
Hingham, MA, USA, www.coastipc.com

Cognex
Natick, MA, USA, www.cognex.com

COMPANY DIRECTORY
2024 BUYERS GUIDE
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COMPANY DIRECTORY
IMAGO Technologies GmbH

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

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

Components Express Inc
Woodridge, IL, USA,  
www.componentsexpress.com

Computar Optics Group
Mebane, NC, USA, www.computar.com

congatec
San Diego, CA, USA, 
www.congatec.com

Critical Link LLC
Syracuse, NY, USA, www.criticallink.com

Cubert GmbH
Ulm, Germany, www.
cubert-hyperspectral.com

D3
West Henrietta, NY, USA,  
www.d3engineering.com

DaoAi Robotics Inc
Vancouver, BC, Canada, 
www.daoai.com

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

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

Deci
Giv’atayim, Israel, https://deci.ai

DeepView Corp
Mt Clemens, MI, USA, 
www.deepviewai.com

e-con Systems Inc
Riverside, CA, USA, 
www.e-consystems.com

Edmund Optics
Barrington, NJ, USA,  
www.edmundoptics.com/eo-imaging

EFFILUX
Les Ulis, France, www.effilux.com

Efinix Inc
Cupertino, CA, USA, www.efinixinc.com

Emberion Oy
Espoo, Lapland, Finland,  
www.emberion.com

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

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

Enciris Technologies
Gaillac, France, www.enciris.com

EPIX Inc
Buffalo Grove, IL, USA, 
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, 
www.euresys.com

 See ad on page 6
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,  
www.evision-systems-video.com

Excelitas PCO GmbH
Kelheim, Germany, www.pco.de

Excelitas Technologies Corp
Waltham, MA, USA, www.excelitas.com

eYs3D Microelectronics Co
Taipei, Taiwan, www.eys3d.com

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

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

FSI Advanced Research
Greenville, SC, USA, www.fsiar.com

FUJIFILM North America Corp, 
Optical Devices Div
Wayne, NJ, USA, www.fujinon.com

Goyo Optical Japan Inc
Saitama, Japan, www.goyooptical.com

Gpixel Microelectronics Inc
Changchun, Jilin, China, 
www.gpixel.com

Guernsey Coating Laboratories Inc
Ventura, CA, USA,  
www.guernseycoating.com

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

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

Headwall Photonics Inc
Bolton, MA, USA,  
www.headwallphotonics.com

Hermary
Coquitlam, BC, Canada, 
www.hermary.com

Hexion Inc
Columbus, OH, USA, www.hexion.com

HinaLea Imaging
Emeryville, CA, USA,  
www.hinaleaimaging.com

Hitachi Kokusai Electric America 
Ltd
Southwick, MA, USA,  
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, www.hyspex.no

i4 Solutions LLC
Mendota Heights, MN, USA, 
www.i4.solutions

IBASE Technology Inc
Taipei, Taiwan, www.ibase.com.tw

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

illunis LLC
Minnetonka, MN, USA, www.illunis.com

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

IMAGO Technologies GmbH
Friedberg, Germany,  
www.imago-technologies.com
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Imalligent Technology

 ■ Imalligent Technology
Bldg 3, Zone A, Lane 99, Jiajie Rd, 
Zhaoxiang Town, Qingpu Dist, 
Shanghai, 201700, China, TEL: 
400-182-8892, info@imalligent.com, 
www.imalligent.com

 See ad on inside front cover
Manufactures machine vision products. 
The company is committed to the 
development and sales of standardized 
3D industrial vision solutions. Deeply 
cultivates the practical problems 
encountered by users at the application 
level, combined with the innovative 
technology of 3D machine vision, to 
provide users with the most landing 
visual solutions.

Immervision
Montreal, QC, Canada,  
www.immervision.com

IMPERX
Boca Raton, FL, USA, www.imperx.com

Inno-Spec GmbH
Nuremberg, Bavaria, DE,  
www.inno-spec.de

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

Inspekto
Ramat Gan, Israel, www.inspekto.com

 ■ Instrument Systems GmbH
Kastenbauerstr 2, Munich, 81677, 
Germany, TEL: 49-89-454943-58, 
info@instrumentsystems.com, 
www.instrumentsystems.com

 See ad on page 5
Instrument Systems develops high-end 
light measurement technology that is 
indispensable for the manufacturers 
of consumer electronics, (AR/VR) 
displays, μLED wafers, VCSEL/laser 
systems, automotive lighting and 
LED/SSL modules. All solutions benefit 
from our CAS series of high-precision 
spectroradiometers for highly accurate 
measurements from UV to IR, traceable 
to PTB or NIST.

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

IO Industries Inc
London, ON, Canada, 
www.ioindustries.com

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

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

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

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

JADAK, a Novanta Co
North Syracuse, NY, USA,  
www.jadaktech.com

JAI
San Jose, CA, USA, www.jai.com

Kassow Robots
Kastrup, Denmark, 
www.kassowrobots.com

KEYENCE Corp of America
Itasca, IL, USA, www.keyence.com/usa

Kitov.ai
Petach Tikva, Israel, www.kitov.ai

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

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

Lfiber Optic Ltd
Shenzhen, Guangdong, China,  
www.lfiber.com

LMI Technologies Inc
Burnaby, BC, Canada, www.lmi3d.com

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

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

Lumispot
Wuxi, Jiangsu, China,  
www.lumispot-tech.com

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

Master Bond
154 Hobart St, Hackensack, NJ, 
07601, USA, TEL: 201-343-8983, 
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.

MATRIX VISION GmbH
Oppenweiler, Germany,  
www.matrix-vision.com

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

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

Mega Speed Corp
Minnedosa, MB, Canada,  
www.megaspeedusa.com

Metaphase Lighting Technologies
Bristol, PA, USA, 
www.metaphase-tech.com

MicroSys Electronics GmbH
Sauerlach, Germany, www.microsys.de

Mitsubishi Electric
Cypress, CA, USA,  
www.mitsubishielectric.com

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

Mythic
Redwood City, CA, USA, 
https://mythic.ai

Nanning Xionghua Photoelectric 
Technology Co Ltd
Nanning City, Guangxi, China,  
www.xhphotoelectric.com
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Raytheon (Sensors Unlimited Inc)

Navitar Inc
200 Commerce DrRochester, NY, 
14623, USA, TEL: 585-359-4000, 
info.navitar@ametek.com, 
www.navitar.com
We produce optics, cameras, lighting, 
imaging software and complete systems. 
We provide stock components, custom 
designed components, prototyping and 
fabrication. Use our Optical Wizard to 
design a complete system.

Neousys Technology Inc
Wheeling, IL, USA, 
www.neousys-tech.com

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

NET USA Inc
Highland, IN, USA, www.net-gmbh.com

Neurala Inc
Boston, MA, USA, www.neurala.com

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

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

Newnex
Santa Clara, CA, US, www.newnex.com

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

NorPix Inc
1751 Richardson St, Suite 2203, 
Montreal, QC, H3K 1G6, Canada,  
TEL: 514-824-2517, sales@norpix.com, 
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,  
www.novacam.com

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

Ombrulla
Bangalore, Karnataka, IN,  
www.ombrulla.com

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

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

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

Optotune Switzerland AG
Dietikon, Switzerland, 
www.optotune.com

Optronis GmbH
Kehl, Germany, www.optronis.com

Osela Inc
Lachine, QC, Canada, www.osela.com

Percipio Technology Ltd
Shanghai, China, www.percipio.xyz

Phase 1 Technology Corp
Deer Park, NY, USA, 
www.phase1vision.com

Photoneo
Bratislava, Slovakia, www.photoneo.com

Photonfocus AG
Lachen, Switzerland, 
www.photonfocus.com

photonicSENS
Paterna, Valencia, Spain,  
www.photonicsens.com

Photron USA Inc
San Diego, CA, USA, www.photron.com

Pickit3D
Leuven, Belgium, www.pickit3d.com

Pixelink
1000 Innovation Dr, Suite 1000, 
Ottawa, ON, K2K 3E7, Canada,  
TEL: 613-247-1211, 
sales.pixelink@ametek.com, 
www.pixelink.com
Pixelink, a Navitar Company, designs 
and manufactures off-the-shelf, OEM 
and custom industrial and life science 
camera solutions for machine vision, 
medical imaging, and microscopy 
applications.

Pleora Technologies Inc
Kanata, ON, Canada, www.pleora.com

Princeton Infrared Technologies 
Inc (PIRT)
Monmouth Junction, NJ, USA,  
www.princetonirtech.com

Prophesee
Paris, France, www.prophesee.ai

 ■ PSC
Industrivej 13, Brønderslev, 9700, 
Denmark, TEL: 45-9882-2999, 
contact@psc.dk, 
https://plasticservicecompany.com

 See ad on page 15
We are manufacturers of displays 
windows and optical filters for 
demanding applications. Our mission is 
to make good displays and sensors even 
better with customized filter solutions.

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

 See ad on page 13
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, UK,  
www.raptorphotonics.com

Raytheon (Sensors Unlimited Inc)
Princeton, NJ, USA, 
www.sensorsinc.com
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RDI Technologies/Fastec Imaging Corp

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

REVOX Inc
Yokohama, Kanagawa, Japan,  
www.revox.jp

Rhonda Software
Chicago, IL, USA, 
www.rhondasoftware.com

RJ Wilson Inc
Chelmsford, MA, USA, 
www.rjwilson.com

RMA Electronics Inc
Hingham, MA, USA,  
www.rmaelectronics.com

Rockwell Automation Inc
Milwaukee, WI, USA,  
www.rockwellautomation.com

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

Saber1 Technologies LLC
Lowell, MA, USA, www.saber1.com

Schaefter+Kirchhoff GmbH
Hamburg, Germany, 
www.sukhamburg.com

Scorpion Vision Ltd
Lymington, Hampshire, UK,  
www.scorpionvision.co.uk

Scytek Laboratories Inc
Logan, UT, USA, www.scytek.com

Seiwa Optical America Inc
Santa Clara, CA, USA,  
www.seiwaamerica.com

SensoPart Industriesensorik 
GmbH
Bingham Farms, MI, USA,  
www.sensopart.com

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

senswork GmbH
Burghausen, Bayern, Germany,  
www.senswork.com

Sharpeagle Technologies
London, UK, www.sharpeagle.uk

SICK Inc
Minneapolis, MN, USA,  
www.sick.com/us/en

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

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

Smart Vision Lights
Norton Shores, MI, USA,  
www.smartvisionlights.com

SmartMore Corp Ltd
Hong Kong, Hong Kong,  
www.smartmore.com

Sony Europe, Image Sensing 
Solutions
Weybridge, Surrey, UK,  
www.image-sensing-solutions.eu

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

SPECIM Spectral Imaging Ltd
Oulu, Finland, www.specim.com

Spectrum Illumination
Montague, MI, USA,  
www.spectrumillumination.com

Sutter Instrument
Novato, CA, USA, www.sutter.com

SVS-Vistek GmbH
Ferdinand-Porsche-Str 3, Gilching, 
82205, Germany, TEL: 49-8105-398760, 
info@svs-vistek.com
www.svs-vistek.com
SVS-Vistek GmbH - member of the 
TKH Group - pushes the boundaries 
of industrial image processing with its 
innovative industrial camera technology. 
We offer standard and customized 
cameras with the latest interfaces and 
a strong focus on outstanding image 
quality up to highest resolutions.

SWIR Vision Systems
Research Triangle Park, NC, USA,  
www.swirvisionsystems.com

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

Tamron USA Inc
Commack, NY, USA, 
www.tamron-usa.com

Teguar Corp
Charlotte, NC, USA, https://teguar.com

Teledyne DALSA
605 McMurray Rd, Waterloo, ON,  
N2V 2E9, Canada, TEL: 519-886-6000
tdi_sales.americas@teledyne.com, 
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, USA, 
www.teledynedalsa.com

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

Teledyne FLIR
Wilsonville, OR, USA, www.flir.com

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

Teledyne Lumenera
7 Capella Ct, Ottawa, ON, K2E 8A7, 
Canada, TEL: 613-736-4077, 
info@lumenera.com, 
www.lumenera.com
Teledyne Lumenera is part of Teledyne’s 
Vision Solutions Group, and is a 
leading developer and manufacturer of 
high-performance digital cameras and 
custom and OEM imaging solutions used 
worldwide for industrial and scientific 
applications.

Terabee
St-Genis-Pouilly, France, 
www.terabee.com
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Zmation Inc

The Imaging Source LLC
Charlotte, NC, USA,  
www.theimagingsource.com

Theia Technologies
29765 SW Town Center Loop W,  
Suite 4, Wilsonville, OR, 97070, USA,  
TEL: 503-570-3296, 
info@theiatech.com, 
www.theiatech.com
High performance 4K, megapixel & 
motorized lenses for machine vision, 
robotics, ITS and other demanding 
applications. Patented Linear Optical 
Technology® corrects barrel distortion 
optically without software, improving 
edge resolution. Designed in the USA 
and manufactured to ISO standards. 
Design and supply custom optics 
and have numerous patents for lens 
technologies.

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

Toradex Inc
Seattle, WA, USA, www.toradex.com

TPL Vision
Perth, Scotland, UK, www.tpl-vision.com

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

Unispectral
Tel Aviv, Israel, www.unispectral.com

Universe Kogaku America Inc
116 Audrey Ave, Oyster Bay, NY, 
11771, USA, TEL: 516-624-2444, 
info@universeoptics.com, 
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, 
www.vecow.com

Videology Industrial-Grade 
Cameras
Mansfield, MA, USA, 
www.videologyinc.com

 ■ Vieworks
41-3, Burim-ro 170, beon-gil, 
Dongan-gu, Anyang-si, Gyeonggi-do, 
14055, The Republic of Korea,  
TEL: 82-70-7011-6161, 
sales@vieworks.com, 
https://vision.vieworks.com

 See ad on page 11
Develops medical, industrial, and 
scientific digital cameras and 
systems; precision optics; and 
optomechanical designs. Industrial 
cameras feature Camera Link, GigE 
Vision, CoaXPress, and USB digital 
output. Products have high reliability 
with excellent image quality.

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

VISION fOr VISION Sprl
Seraing, Belgium, 
www.visionforvision.eu

Vision Research
Wayne, NJ, USA,  
www.phantomhighspeed.com

Visionary.ai
Jerusalem, Israel, www.visionary.ai

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

 ■ VS Technology Corp
1-9-19 Azabudai Minato-ku, Tokyo, 
106-0041, Japan,  
TEL: 81-3-3560-6673, 
https://vst.co.jp/en

 See ad on page 7
We develop and manufacture lenses and 
lighting for machine vision applications, 
high-resolution telecentric lenses with 
wide magnification range, macro lenses 
with low distortion, fixed focal length 
lenses, line scan lenses, zoom lenses, 
filters, prisms, LED illumination, and 
surveillance zoom lenses. Also offer 
customized lenses and optical units for 
specialized machine vision applications.

VST America Inc
Arlington Heights, IL, USA,  
www.vstamerica.com

Vzense Technology Co
Newark, CA, USA, www.vzense.com

Wavelength Electronics Inc
Bozeman, MT, USA,  
www.teamwavelength.com

Westech Optical Corp
Fairport, NY, USA, 
www.westechoptical.com

Wireless CCTV LLC
Richardson, TX, USA, www.wcctv.com

Xenics
Leuven, Vlaams-Brabant, Belgium,  
www.xenics.com

 ■ XIMEA
Am Mittelhafen 16, Münster, NRW, 
D-48155, Germany,  
TEL: 49-251-202-408-0, 
info@ximea.com, www.ximea.com

 See ad on page 
XIMEA develops and distributes 
industrial and scientific cameras. 
These high-quality cameras utilize 
CMOS and sCMOS sensors, combining 
them with high-bandwidth USB3 and 
PCIe interfaces. A 50/50 mix of OEM 
and series production guarantees 
innovative and technology-driven 
developments as well as reliable supply 
and support. Smallest form factors for 
any given sensor size, robust housings, 
high-speed interfaces with low latency, 
low power consumption, and versatile 
implementation options are considered 
XIMEA’s core competencies.

Zebra Technologies Inc
Lincolnshire, IL, USA, www.zebra.com

Zmation Inc
Portland, OR, USA, www.zmation.com
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