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With many machine vision applications, being able to correctly and consistently
reproduce the required image for the inspection is essential. If this is not done in a
repeatable fashion, the potential for false positives or negatives becomes greater,
which impacts the reliability of the inspection.
While many different components play a large role during image acquisition, lighting is arguably the most important
of them all. Without light, there is no image. However, incorrectly controlling an LED light source can affect the lifetime
and intensity, making consistently reproducing the required image unnecessarily difficult. As an example, red LEDs are
historically sensitive to heat and can radiate 1% less light for every 1°C rise in temperature, though the normal radiant
quantity can partially be restored when the LEDs cool down again.
A significant number of machine vision applications is still being done by simply turning the light source on and leaving
it at the maximum intensity. Though this might offer adequate results in the beginning operation hours of a machine,
a quick drop of intensity and lifetime by doing so will result in an unreliable machine vision system. This effect can be
negated with the proper control of the illumination. With many different ways of controlling an LED light source being
available for the user, it can become overwhelming which type of control is best at first. With that in mind, we will go
into the different types of control available for LED lighting in the machine vision market.

Intensity control
Intensity control can be done in two separate ways,
analog and digital. With analog intensity control, the
user adjusts a constant voltage signal to control the
intensity. The relation between the applied voltage
and number of steps is linear, but the relationship
between steps and intensity is not. Though this gives
you fine control over the intensity, the light stays on
continuously, heating up the light source, and the
correct voltage range must be applied to finetune the
intensity setting.
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Figure 2: Because the pulse width of the PWM signal changes, the intensity of a light
source increases
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Figure 1: The relationship between applied voltage and intensity level is linear

With digital intensity control, the intensity of a light source
is controlled via Pulse Width Modulation, or PWM, where
a controller pulses a signal many times per second. To
the human eye however, it looks as if the light is on
continuously. The period and the amplitude of the PWM
signal remain constant, but when adjusting the intensity,
the width of the pulsed signal is adjusted. As a result, the
average voltage over ∆t will determine your intensity i.e.
the longer the pulse, the higher the intensity. The benefit
of using PWM is that the light source is being strobed,
allowing for more time to dissipate heat. There is a linear
relationship between the intensity and number of intensity
steps, which makes setting the intensity easier. However,
due to the pulsed signal, there might be synchronization
issues when working with very short exposure times.

The CCS Group offers a wide range of light sources with
integrated intensity controllers. Among these is the IU Series,
which offers intensity control (PWM) and on/off control,
without the need for an external controller. The controller is
integrated in the cable and with the M12 connector the user
can easily connect it to a smart camera and other devices
directly to supply power and control the light source.
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Though there are numerous benefits to PWM, this form
of intensity control is not recommended in line scan
applications. In general, line scan cameras have a shorter
exposure time than an area scan camera. If the fixed
frequency of PWM controllers and the short exposure time
are not completely in sync, this could result in dark parts
in your acquired images because it missed a single pulse
of the PWM and as a result losing 25% of the brightness.
Though this effect can be minimized by moving to a higher
frequency PWM controller (for instance at 500kHz), analog
controllers are recommended nonetheless.

Exposure time for a line sensor camera
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Figure 3: Because the line scan camera misses the fourth pulse in PWM timing 2,
timing 1 is 25% brighter than timing 2 in comparison

Strobe control and overdriving
When strobing an LED light source, the user sets up a
controller to initiate a light pulse as soon as it receives an
external trigger signal. This signal can come from a variety
of components, such as from the machine vision camera,
an object sensor, and many more. After receiving the
trigger, the controller turns on the LED light source for a
short, pre-defined period of time. When a light source is
turned on for the duration the controller receives a signal
and turned off when there is no signal, this is commonly
referred to as ON/OFF as this is similar to the function of
an ON and OFF switch. Though there might be a worry
of potential delays in components when strobing a light
source, there is no need to worry about the reaction time
of an LED light source itself. These turn on almost instantly,
or at least turn on at around 10 nanoseconds.

Figure 4: Graphical representation of strobing a light source

Figure 5: When overdriving a light source, a current or voltage higher than nominal is applied
for a very short duration of time to a light source

With overdriving, the user is pulsing an LED light source
for a very short duration, much like strobing, though
at a higher-than-maximum-rated current or voltage.
By doing so, the user is able to reach higher intensities
than compared to 100% relative intensity. Applying
more than the maximum rated current or voltage while
in continuous mode is not recommended, as this will
break the LED light source very quickly.

However, doing this for several microseconds can be
done, as long as the LED light source is allowed to cool
down. This is commonly referred to as the duty cycle,
which is the percentage of on-time of the light source in
the total period. This percentage will depend on how high
you will be overdriving the LED light source and on the
specifications of the light source itself. However, a max ontime of approximately ≈ 1ms or a duty cycle of maximum
10% is recommended to allow the LED light source to
properly cool down.

Figure 6: When overdriving an LED light source, you can increase the intensity for a very
short amount of time. This allows the user to go from a dark image during inspection, to
a properly lit image during inspection.
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Though overdriving might sound like a daunting task
in the beginning, Gardasoft overdrive controllers such
as the RC, PP, and RT Series, allow for the precise
control of pulse width, frequency, and intensity of LED
Light sources. Properly setting up your application
parameters becomes easy with the built-in browser
interface, and technology such as Safe-Sensetm, which
senses the maximum rating of the illumination, allows
for easy and safe overdrive control for the user.
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Benefits in overdriving
Overdriving an LED light source can be beneficial in variety of applications. With the ever-increasing line speeds,
being able to produce more light for a very short time allows users to use short exposure times while still acquiring
the image they need. This also allows for shorter exposure times on the camera side, which can reduce motion blur
introduced during image acquisition.
In recent years, the need for Short-Wave InfraRed
(SWIR) lighting has become greater, with camera
sensors being sensitive in this spectral range now being
readily available. To address the illumination needs,
CCS Inc. has recently introduced a complete lineup of
SWIR lighting, available in form factors such as back
light, spot light, line light, and many more. These light
sources are all available with peak wavelengths of
1050, 1200, 1300, 1450, 1550, and 1650nm. The shape
and size of these light sources can be customized
accordingly to the specification of the applications.

Figure 7 : SWIR Lighting from CCS Inc. is available in many different peak wavelengths,
ranging from 1050nm up to 1650nm

LED light sources in the SWIR spectrum historically have a low spectral power output, especially when compared to
LEDs in the visible range. This combined with the lower sensitivity of a camera sensor in this spectral range, might lead
to difficulties in getting the proper exposure in fast-moving applications. Overdriving is able to offer a solution here, as
it allows for a great increase in intensity, making this a beneficial technique to use in such situations and many more.

The CCS Group also offers light sources with
integrated controllers that offer overdrive
capabilities. One of such examples is the ELB
Series, which is a high-power flood type bar light
designed around flexibility to answer the needs of
many machine vision applications. This product
series has an integrated controller with the autostrobe feature, which allows for a 300% increase
intensity while being strobed when compared to
continuous mode.
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The LDLB Series is a flood-type bar light series
that offers a built-in controller. The controller can
simply adjust the intensity of this product while
in continuous mode, but it also offers overdrive
control which allows for a maximum increase in
brightness of 300% in strobe mode. Both sinking
(NPN) or sourcing (PNP) input can be used with
this bar light series to match your machine vision
environment.
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Maximizing

Approx.1mm

Figure 9: Captured image of a chip component with a total length of approximately 1 mm.

When inspecting this electoral component, the required
strobe time for getting an appropriate exposed image
sits around 56μs when using conventional LED lighting.
In the comparison2 on the right, we can see that the
strobe time of the light source can be reduced to 4μs
when using an LED light source from the PF Series. The
benefit of the increased brightness is not only getting
a good image at such short strobe widths, but it also
allows the line speed of this machine vision application
to be increased of by a factor of 14, greatly increasing
inspection rates and productivity.

Figure 8: The PF Series offers a wide range of different form factors and dedicated controllers
to maximize intensity and to address your lighting and application needs.

The high power emission of the PF Series enables
instantaneous imaging, allowing the user to use short
exposure times to reduce blur and freeze images. As a
benefit, the high brightness will also allow for smaller
apertures to be used, which increases the depth of field.
Images taken with this setup are thus unaffected by
unwanted vibrations that may occur in machine vision
applications.
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Comparison between the LDR-PF-36SW and LDR2-32SW2 Light Units (conventional products).
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Maximum strobe width of the PF Series light sources is 500μs at a duty cycle of 1%
Comparison between the LDR-PF36W and LDR2-32SW2 light units (conventional products)
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Conclusion
Making sure your lighting is properly controlled is critical for a reliable machine vision application. There are many
different ways of controlling light sources, such as intensity control, strobing, or overdriving. Which of these is best
for your application will vary based on line rate, acquisition time, needed intensity, and much more. This variety of
techniques do not have to be complicated. With the proper equipment and preparation time, controlling your light
source does not have to be difficult. When in doubt, always check with your machine vision specialist for assistance.

About CCS Inc.
CCS Inc. is the global leader in LED lighting for machine vision applications, pioneering advances in Illumination and
Photonics products and technologies. The company is a technology-driven and sets great store by research and
development - filing over 270 lighting related patents worldwide, and constantly striving for the best technological
solutions. Headquartered in Kyoto, Japan, CCS has over 25 years of experience in illumination and 15 locations
worldwide.
Among the leading technologies of CCS, are their own unique Natural White LEDs, which offer a homogeneous
spectrum over the complete visible range from 400nm to 700nm, with recent developments allowing the spectrum
to be extended well into near infrared up to 900nm. CCS recently also introduced its new Short-Wavelength InfraRed
(SWIR) lighting to the Machine Vision market, which allows users to detect defects, contamination, foreign material, and
much more previously not detectable with visible wavelengths.
CCS manufactures at the highest quality standard for all its products and offers the most comprehensive range of
Machine Vision Lighting Solutions: high-precision area and line scan illumination with special functions and intelligent
lighting, as well as plug & play lighting solutions. Its global network allows CCS to provide complete support to each
and every customer, so that they get the lighting solution that performs exactly as needed.
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Ever-increasing inspection speeds in the Machine Vision
Industry require brighter light sources to properly illuminate
rapidly moving products. With this in mind, CCS developed the
PF Series, extremely powerful strobe lighting that allows for
increased inspection speeds through extremely high outputs
at very short pulse widths. The PF Series was developed
to optimize light output from the LEDs at 48VDC and were
designed together with dedicated high power overdrive
controllers. With a minimum strobe width of 1μs1, these
controllers are able to get the maximum intensity out of the
LED light sources of the PF Series.

