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Multi-Camera Vision Appliances Are Embedded Solutions Designed Primarily To Satisfy Inspection Needs, And In Today’s Market They Have 
Become Rather Sophisticated. They Generally Provide Ease- Of-Use, Performance, And Flexibility Required To Meet The Diverse Requirements 
Of Industrial Applications, While Accommodating The Needs And Limited Experience Of End Users. 
Michael Babb, Control Engineering Europe - 10/01/2009 

Multi-camera vision appliances are embedded solutions designed primarily to satisfy inspection needs, and in today’s market they have be-
come rather sophisticated. They generally provide ease-of-use, performance, and flexibility required to meet the diverse requirements of 
industrial applications, while accommodating the needs and limited experience of end users.
 
Teledyne DALSA (formerly DALSA) has been supplying machine vision for 25 years, and claims to be the only company to own all of the tech-
nology ingredients—including cameras, frame grabbers, software, vision appliances, and even the semiconductor fabrication of the CCD vision 
sensor chips. While the company has built its reputation on multi-camera solutions, its new BOA product follows the latest trends in electronic 
control devices: packing everything into a single, simple box. Steve Geraghty, director of Teledyne DALSA’s Industrial Products group, walked 

us through the technology.
 

Geraghty is not unaware that several competitors have supplied 
diminutive machine vision packages for at least the past 10 years. 
But, he claims, his company has done its homework and come up 
with a substantially different product. Everything this new camera 
has to offer is inside the 44 mm metal cube: the CCD sensor, light 
control, all the processing (with three different processing chips), 
I/O and Ethernet connections, and developer and operator ap-

plication interfaces. All of this is packaged inside an IP67- compliant box that is so small, a golf ball would barely squeeze inside. The IP67-
rated housing means that the camera can be deployed directly in harsh, washdown environments without the need for a separate protective 
enclosure.
 
”There are manufacturers today who have a variety of options available that offer a range of machine vision capability at various price 

Single Point Machine Vision
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points,” says Geraghty. ”Each of them, in my opinion, provide only a part of the solution; [for example,] most still have to connect to a PC 
where the software is running.” 

The BOA stands by itself, Geraghty says, and all the software is embedded inside the box. It can do everything a machine vision inspection 
system is required to do: capture an image, process it, analyze it, and communicate immediately with an automation system if the part needs 
to be rejected. No external controller, PC, or server is required. 

Technology Inside 
Geraghty adds another interesting claim to the one of supreme integration. He says Teledyne DALSA is the first to implement multiple process-
ing engines. There are, in fact, three processing chips inside each BOA: a DSP, CPU, and an FPGA.
 
The DSP is for algorithm development and optimization; the CPU is for interfacing with operators to configure or monitor the inspection and for 
communicating the results with the factory environment. The FPGA is used to get the image into the camera and manipulate its quality. 
The back side of the camera is the business end as far as external connections are concerned. Despite there being three M12 connectors, only 
one of them need be used for many typical applications: the 100 MB Ethernet connection. A second connector gives access to BOA inputs and 
output. It can be used, for example, to trigger the camera, or send output pulses to control the direction of automation equipment. At the top 
is a dedicated connector for power and strobe control of an external lamp. The remaining space on the back is filled with a set of LEDs for 
status indication. 

Teledyne DALSA engineers have come up with a clever way to power their little box, too. In the M12 cordset to the Ethernet port, there are 
eight conductors: four for Ethernet signals, and four unused. Two of the four unused wires can be accessed for power supply. The camera works 
on 12 to 30 volts dc. Geraghty hastens to add that this is not Power over Ethernet (PoE), but simply a matter of taking advantage of the un-
used cable capacity. And, for many customers, it’s a big advantage because it means they have to run only one cable to the camera. 
Why 100 MB Ethernet, and not Gigabit Ethernet? Or Firewire? Or USB? In its multi-camera vision appliances, Teledyne DALSA supports all the 
standard communications options, right up through the multi-gigabit CameraLink, but the company sees 100 MB Ethernet as the emerging fac-
tory automation standard throughout the world. So it figures this is the bandwagon to jump on. 
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But why not GigE, gigabit Ethernet? Why not go for high speed? This is machine vision, after all. ”We’re not providing images real-time as we 
connect,” says Geraghty. ”We’re just providing the results of the inspection, and 100 MB is fine for that purpose.
 
”We can send pictures over the Ethernet wire and the performance is, actually, not too bad. We can send 10 to 15 images per second, but this 
is usually done during the set up period. During normal production runs, this is not normally done.”
 
Rather than looking at thousands of photos, users can take another approach. ”The camera has pretty good memory on board that allows cus-
tomers to store results and failures, and look at them at any time. They can dial into the camera at any point and monitor what is happening.” 

Teledyne DALSA supports all standard communications options, but sees 100 MB Ethernet as the emerging factory automation standard 
throughout the world. 

Where’s The Light Source? 
Critics may be forgiven for noting, almost immediately, that unlike many other small machine vision appliances, BOA has no lighting system. 
There’s no bank of LEDs circling the lens or sticking out of the camera. ”We elected not to do that for two reasons,” Geraghty says. ”First, we 
wanted to keep the size of the camera small. And, secondly, our research has shown that in most applications, you can’t used the integrated 
lamp and you have to purchase and use an external lamp [anyway]. So, we’ve found that the integrated lamp, in many applications, is wast-
ed.”
 
Another key technological point for the BOA is having the application software embedded in the camera, which means it doesn’t depend on 
an external computer for support. If the operator wants to interface with the internal workings — for example, to configure the software for 
an inspection application — he or she only needs to connect via a Web browser. ”This eliminates all problems of [software] revision control,” 
says Geraghty.
 
The embedded software application is iNspect, which Teledyne DALSA also sells as a PC-based package for its multi-camera systems. Devel-
oped for both first-time users and machine vision experts, it accounts for about half the company’s software revenues. The other half comes 
from a more advanced software package called Sherlock, which is now offered on our Pro version, says Geraghty. 
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iNspect software is for end user manufacturers in any industry who either use or want to use vi-
sion to improve quality inspection or increase productivity, but who don’t want to become deeply 
involved in programming languages. 

”A lot of times with automation applications, we find that customers don’t think about machine 
vision upfront,” says Geraghty. ”They end up wanting to shoe horn it in after the line is up and 
running, because they’ve discovered they have support for combining proprietary algorithms with 
iNspect and running both on the BOA platform. Alternatively, customers may only want to pur-
chase the hardware platform and BOA-specific software libraries to create their own exclusive 
package.
 
Another feature worthy of note is a PC-based software emulator that works exactly the same 
way as the embedded iNspect software. This is a tool primarily intended for vision system install-
ers: They can run the camera at a new installation, capture some images on a Flash memory drive, 
then transfer them to the PC to develop the application with the emulator. Once finished, the ap-
plication can be sent back to the camera.
 
Teledyne DALSA’s initial offering was a 640 x 480 pixel monochrome BOA camera for US$1,995, which includes the full complement of tools. 
Color and high resolution models are also available. Although Teledyne DALSA makes its own machine vision sensor chips at semiconductor 
fabrication facilities in Canada and The Netherlands, these are mostly large format, high-end products: sensors with at least 1000 x 1000 
pixels. To keep the price of the camera under US$2,000, the company is bringing in its 640 x 480 CCD sensor chips from an outside source. 

For more information on BOA, download the brochure at www.teledynedalsa.com/mar/boa/eguide/ce2012

Teledyne DALSA supports all standard com-
munications options, but sees 100 MB Ethernet 
as the emerging factory automation standard 
throughout the world.
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Cost-effective, high-performance machine vision tools help machine builders increase accuracy and throughput on a new machine design using 
four cameras, one controller, and high-speed communications.

If you haven’t integrated machine vision on an automation line or machines recently, you could be missing some powerful and cost-effective 
solutions. Andy Wright, manager of automation engineering at Istech (Dover, Penn.), helps the company provide turnkey custom automation 
solutions for a variety of industries using advanced computer and automation technologies.

“We’ve been integrating vision for more than 15 years at Istech,” Wright said, and he’s been open about considering lower cost, higher per-
formance systems recommended by distributor Faber Industrial Technologies.
 
Aligning features
Istech’s first project using a new vision platform vision consisted of designing and building a custom assembly machine for Conductive Technolo-
gies, a long-time customer in the medical device industry. The machine applies lids—clear plastic strips that come on a roll and peel off like 
labels—to sheets of plastic substrates. Each sheet has six silk-screened substrates, or coupons, on it. To apply the lids reliably and accurately 
to meet production goals, a series of features on each lid must be aligned with each corresponding coupon.

Plant floor personnel had been performing this process by hand; however, this method lacked consistency, was time consuming, and did not 
provide the required throughput and accuracy. As a result, Istech engineers designed a machine vision system into the assembly machine.

Four high-resolution, Gig E cameras are connected to an industrial controller, which provides expandable Gigabit Ethernet camera interfaces 
that significantly decrease system costs for multicamera applications like this one. Two of the cameras are positioned on opposite sides of the 
sheet, while the other two are located at each end of the lid.
 
After a sheet is loaded onto a moving vacuum table, the sheet cameras identify and locate the six coupons. The lid cameras identify and lo-
cate the corresponding features on each lid. Vision system software performs calculations and provides X, Y, and rotational correction values. 
These values are transferred to an Epson robot, which positions the lid on each coupon accordingly. Heat sealers then attach each lid. Once all 
six coupons are complete, the sheet is offloaded to a stack for further processing.

Build better machines with machine vision

www.controleng.com


Return to Title/Contents Page

7

High-speed synchronization
The machine vision system’s ability to process information asynchronously was essential to the success of this application. To achieve the re-
quired cycle rates, Istech programmed the robot to work ahead, so that while one sheet is being taken off the vacuum table, a new lid is 
ready to go as the next sheet is loaded.
 
Normally, the vision values are completed first for a given coupon; however, during the sheet exchange sequence, the lid data is calculated 
first. As a result, information from the cameras must be transmitted asynchronously.
 

Using the machine vision software, the system handles asynchronous communications 
quite well, Wright said. “The algorithms in this application were straightforward,” and 
data handling is what made the machine vision system so successful in this case.

Faster than 30 sec
When the machine was first installed, Istech’s customer, Conductive Technologies, strin-
gently evaluated the product that came off the acceptance run. Both accuracy and 
throughput were deemed excellent.

Before the system was installed, human assemblers at Conductive Technologies re-
quired several minutes to align and apply lids to each sheet.
 
“Our spec was to run one sheet in 30 seconds, and we were able to beat that rate,” 
Wright said. And, since the machine has been installed, Conductive Technologies re-
ports that lid placement accuracy far exceeds the project’s initial goals.

“I am particularly impressed” with the machine vision software since it provides an “ex-
tremely powerful set of programming tools in a cost-effective product,” Wright said, 
adding that he’s looking forward to integrating it in future projects.

Istech provides turnkey custom automation solutions for a 
variety of industries using advanced computer and auto-
mation technologies.
Courtesy: Teledyne DALSA
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After each plastic substrate sheet is loaded onto a moving vacuum table, two 
GigE cameras identify and locate the six coupons. Courtesy: Teledyne DALSA
Two additional GigE cameras identify and locate the corresponding features 
on each lid. Sherlock vision software performs calculations and provides X, Y, 
and rotational correction values, which an Epson robot uses to position the lid
on each coupon accordingly.
Courtesy: Teledyne DALSA

- Fernando Serra is Eastern Region Sales Manager for Teledyne DALSA.

ONLINE
www.conductivetech.com
www.istech.us.com
www.robots.epson.com
www.teledynedalsa.com
www.youtube.com/user/ISTECHInc
http://controleng.com/machinevision After each plastic substrate sheet is loaded onto a moving vacu-

um table, two GigE cameras identify and locate the six coupons. 
Courtesy: Teledyne DALSA
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Machine Vision ROI at Polaris Industries
Vision system reduces scrap in high-mix welding environment and paid for itself in 2 weeks, according to return on investment calculations. See 
images, table.
Steve Geraghty, Teledyne DALSA

While the many logistical aspects of product assembly make the welding stage of manufacturing inher-
ently challenging, assembling products in high-mix environments is particularly demanding, since several 
different product models are processed every day. Many part numbers and part scenarios increase 
complexity and opportunities for mistakes. Polaris Industries found machine vision to be a simple, low-
cost solution for mistake proofing.

In this assembly situation, all specified parts must be placed correctly in each product variation. Any 
errors will reduce product quality or increase costs when faulty assemblies have to be repaired or 
scrapped. Reducing the number of errors—and incurring some cost to prevent them from occurring—
contributes directly to a company’s bottom line. In building a case that justifies spending money to save 
money, experience has shown that reducing scrap rapidly surpasses all other cost benefits in any process 
that produces more than a trivial amount of scrap. In addition, any throughput gains will increase the 
company’s overall revenue.

Polaris Industries, a manufacturer of snowmobiles, all-terrain, and other recreational vehicles, can attest 
to the benefits of investing a relatively small amount of money in automation to reduce a lot of costly 
scrap. For many years, the company had relied on touch and proximity sensors to verify which parts 
needed welding, because they feared that a machine vision system would not be able to perform reli-
ably in such a harsh environment.

With touch sensing, a robot uses the end or side of a weld wire or in some cases the nozzle to physically 
touch off on parts; this occurs after a weld cycle has been initiated. Proximity sensors are used on weld tooling to prevent a weld cycle from 
initiating, or to prevent other operations from occurring unless the sequence is done in a specific order, or a part has been missed.
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The time and costs required to sustain this sensor-based inspection system finally drove Polaris to install a machine vision inspection system using 
cameras supplied by Teledyne DALSA’s Industrial Products group. Polaris Welding Engineer Jeff Steiner worked with Tom Wright of Hartfiel 
Automation to design the system. Performing flawlessly, the new solution has significantly reduced both manufacturing cycle time and product scrap.

Sensing shortcomings
At the Polaris facility in Spirit Lake, Iowa, an operator loads frames into a fixture at the first of several stations on welding manufacturing line. 
These frames contain the necessary parts for a particular model of the product being manufactured. As a first station or loaded fixture is pre-
sented to arc welding robots with Ferris wheel-type and turntable-type positioners, a second station is then presented to the robot operator 
who unloads the previously welded part and loads new parts while the robots are working.

The frame design for a particular product family allows parts to be 
loaded only in the correct orientation; however, corresponding parts for 
different models in the same product family often look very much alike. 
For example, two parts might be slightly different sizes, a discrepancy 
small enough that a human operator may not notice. An operator also 
may inadvertently neglect to load one of the parts, or may load it out
of position (Figure 1). Therefore, verification that each part is present 
and correct is critical before the robot welds it to the frame.

In the original process, the robots performed the verification using touch 
and proximity sensors. This approach created a bottleneck, taking as 
much as 30 seconds of cycle time per part. If the robot detected a 
wrong or missing part, the operator had to retract the robot arm, cor-
rect the problem, reposition the arm, and run the touch inspection again 
before allowing assembly to resume. This lengthy process resulted in 
considerable additional lost production time. And, even with the checks 
in place, the scrap rate could be as high as 5% per day at any given 
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area. Since the frames cannot be repaired once they emerge from the weld cell, a 5% loss in materials is incurred as well as time wasted to 
generate scrap.

Reliability, speed
The production environment in any high output welding department does not offer the best platform for incorporating machine vision inspec-
tion. Impediments such as poor lighting and smoke from the welding equipment can obscure images being acquired, making a vision-based 
approach more complicated and less reliable. Initial assessment of the technique also suggested that programming a camera and keeping it 
clean would add considerably to cycle time and overall manufacturing costs. Nevertheless, the existing arrangement of utilizing touch-sensing 
technology and proximity sensor systems encouraged Polaris to look into vision as a viable alternative solution.

The solution includes one vision controller and two cameras, installed behind the operator, away from the more adverse conditions closer to 
the welding robot (Figure 2). The 60 frame-per-second, 640 x 480 pixel cameras verify that the frames are loaded correctly and are ready 
to proceed to welding, reducing inspection time to less than 200 milliseconds per part. A display shows the inspection results, coloring correct 
parts green and incorrect ones red. An operator can make any necessary corrections before the frame ever reaches the welding robots so 
that the product flow is not interrupted—another significant time-saver.

Programming touch sense routines for the robot requires downtime from several minutes to hours. More considerable time is needed when a 
toolmaker is required to machine tooling details to house proximity sensors; depending on the amount of proximity sensors required for a 
given part, this time can turn into days until completion. By contrast, Polaris engineers programmed the 22 parts in the first frame type to be 
used in the vision-based process in less than 15 minutes. Programming another 19 scenarios off-line took less than an hour. Updating a vision 
program to incorporate part or tooling changes can be accomplished in only a few minutes.

Bottom-line benefits
Looking at the benefits that pay back the cost of the machine vision system requires considering only the cost differences between the new 
process and the older one. Any costs that remain the same are irrelevant for this purpose.

The investment for cameras, controllers, and other components—including engineering time and installation labor—totaled $9,500. The new 
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process saved Polaris approximately 4.5 minutes per hour at this robotic workcell. With the current hours of runtime per shift at one shift per 
day, that savings translated to an additional 1.6 extra frames per hour, or 9.8 frames per day. The increased efficiency allowed Polaris to 
reduce overall labor for the weldments, or welded joints, produced at this workcell by 5.5%.

In addition, the number of frames that had to be scrapped dropped by 23%, or eight per day. The cost of scrapping an assembly exactly 
equals the manufacturing cost of replacing it. With a manufacturing cost of $50 per frame, the vision system increased revenue by $490 per 
day and reduced scrap costs by $400 per day. That $890 daily benefit means that the vision system paid for itself in only 10.7 workdays, or 
just over two five-day weeks. Other benefits aside, payback from the scrap alone would be 23.8 days, or a little over a month (Figure 3).

Polaris improvements
The Polaris company creed, etched in steel at the entrance to each of its locations, is “Understand the riding experience, Live the riding experi-
ence, Work to make it better.” Since working to make the manufacturing process of its vehicles better in Spirit Lake, Polaris has installed similar 
vision solutions at several other robot systems and has benefited from similar cost savings at each of them.

Table: Cost/benefits of machine vision used at Polaris Industries
Return on investment (ROI) summary follows for installation of machine vision at Polaris Industries.

Initial system cost including labor and installation $9,500
Frame manufacturing cost $50
Time savings 4.5 min/hour
Extra frames produced 1.6 frames/hour
9.8 frames/day
Added revenue from extra frames $490/day
Reduction in scrap 8 frames/day
Scrap savings $400/day
Additional revenue + scrap savings $890/day
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--------------------------------

Payback 10.7 days

Payback (scrap alone) 23.8 days

Above, ROI Polaris - Return on Investment for machine vision system

Steve Geraghty is vice president U.S. operations and director of Teledyne DALSA’s Industrial Products.

More about the author
Steve Geraghty is vice president U.S. operations and director of Teledyne DALSA’s Industrial Products. In this role, he is responsible for the 
strategic and tactical activities related to the development of DALSA’s end-user products. He holds a degree in electrical engineering from 
Boston University (Boston, Mass.) and has 20 years of experience designing and deploying machine vision solutions.

www.teledynedalsa.com
www.polarisindustries.com
www.controleng.com/machinevision

www.controleng.com


Return to Title/Contents Page

14

Inspection software added to smart camera
Sherlock inspection software was added to the BOA Pro smart camera, allowing for an industrial vision solution with diverse applicability in 
manufacturing.
Teledyne DALSA launched its BOA Pro smart camera, which has the company’s Sherlock inspection software, resulting in a compact industrial 
vision solution with diverse applicability across all manufacturing industries.

BOA Pro applications are configured through a web browser via a standard Ethernet interface. During development, images from the cam-
era are fed directly to the Sherlock GUI and commands from the program are executed directly on the camera. This methodology optimizes 
the user design experience while providing an accurate representation of runtime performance. A secondary interface is available through a 
standard web browser for device setup, runtime monitoring, and firmware updating. At runtime, BOA Pro runs autonomously and can be dis-
connected from the PC.

Features and benefits include: 
    • Advanced interface offers maximum design flexibility
    • Field-proven tool set suits most applications
    • JavaScript based scripting tool
    • Flexible industrial communications
    • Support for custom operator interfaces
    • Full-featured off-line emulator
    • Tiny form factor ideal for tight-fit applications
    • IP67 Enclosure withstands harsh environments

Software advantage
Teledyne DALSA’s Sherlock inspection software pro-
vides a comprehensive set of vision tools and capa-
bilities that can be applied to applications across all 
industries. Sherlock’s extensive library of instructions, 
preprocessors and advanced algorithms can be com-
bined in a variety of ways to solve simple or very 
demanding tasks. Design flexibility is provided to 
allow users to customize algorithms, construct scripts 
and develop operator interfaces.

www.teledynedalsa.com 
 Teledyne DALSA Inc.
 www. controleng.com/machinevision
 www. controleng.com/sensors
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