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5 Critical Factors for Choosing
Digital Image Capture
Technology

Demands for increased speed and
resolution are driving the move to
digital image capture technology.
Learn about 5 critical factors you'll
need to consider when making the
move from analog to digital cameras.

The resolution of the image required for an inspection is determined
by two factors: the field of view required and the minimal dimension
that must be resolved by the imaging system. Of course, lenses,
lighting, mechanical placement and other factors come into play,
but, if we confine our discussion to pixels, we can avoid having to
entertain these topics and focus on the camera characteristics.

Using a basic example, if a beverage packaging system must verify
that a case is full prior to sealing, it is necessary for the camera to
image the contents from above and verify that 24 bottle caps are
present. It is understood that since the bottles and caps fit within the
case, the caps are then the smallest feature within the scene that
must be resolved.

Once the application parameters and smallest features have been
determined, the required camera resolution can be roughly defined.
It is anticipated that, when the case is imaged, the bottle caps will
stand out as light objects within a dark background. With the bottle
caps being round, the image will appear as circles bounded by two
edges with a span between the edges. The edges are defined as
points where the image makes a transition from dark to light or light
to dark. The span is the diametrical distance between the edges.

At this point, it is necessary to define the number of pixels that
will represent each of these points. In this application, it would be
sufficient to allow three pixels to define each of the two edges and
four pixels to define the span. Therefore, a minimum of ten pixels
should be used to define the 25mm bottle cap in the image. From
this, we can determine that one pixel will represent 2.5mm of the
object itself.

Now we can determine the overall camera resolution. Choosing
400mm of the object to represent the horizontal resolution of the
camera, the camera then needs a minimum of 400/2.5 = 160 pixels
of horizontal resolution. Vertically, the camera then needs 250/2.5

= 100 pixels vertical resolution. Adding a further 10% to each
resolution to account for variations in the object location within the
field of view will result in the absolute minimum camera resolution of
approximately 176 (H) x 110 (V).

If a camera with this resolution were available, the images acquired
would appear as seen in the illustration below. Notice that a cluster of
relatively lighter pixels compared to the dark background represents
each bottle cap. In this image, it is possible to discern that there are
24 bottle caps contained within the case, but little else.

Figure 1: Minimum Resolution Imaging

Choosing a camera with a higher resolution, such as 640 x 480,
which is commonly available, will yield a much-improved image that
could be used to acquire more detail within the image (such as print),
as shown in the following illustration.

Figure 2: Higher Camera Resolutions

1. Pros and cons of increasing resolution

While a higher resolution camera will help increase accuracy by
yielding a clearer, more precise image for analysis, the downside
is slower speed. Digital cameras transmit image data as a series
of digital numbers that represent pixel values. A camera with a
resolution of 200 x 100 pixels will have a total of 20,000 pixels, and,
therefore, 20,000 digital values must be sent to the acquisition
system. If the camera is operating at a data rate of 25MHz, it takes
40 nanoseconds to send each value. This results in a total time of
approximately .0008 seconds, which equates to 1,250 frames per
second.

Increasing the camera resolution to 640 x 480 results in a total of
307,200 pixels, which is approximately 15 times greater. Using the
same data rate of 25MHz, a total time of 0.012288 seconds, or 81.4
frames per second, is achieved. These values are approximations
and actual camera frame rates will be somewhat slower because

we have to add exposure and setup times, but it is apparent that an
increase in camera resolution will result in a proportional decrease in
camera frame rate. While a variety of camera output configurations
will enable increased camera resolution without a sacrifice in frame
rate, these are accompanied by additional complexity and associated
higher costs.

2. Speed and Exposure

When selecting a digital camera, the speed of the object being
imaged must be considered as well. In the previous example, it

was assumed that the object was not moving during exposure;
therefore, a relatively simple and inexpensive camera could be
used. This scenario is not always, or even usually, the case. Objects
move continuously in many applications and, in others, they may be
stationary only for very short periods of time.
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Stationary or slow-moving objects: Area array cameras are well suited
to imaging objects that are stationary or slow moving. Because the
entire area array must be exposed at once, any movement during the
exposure time will result in a blurring of the image. Motion blurring
can, however, be controlled by reducing exposure times or using
strobe lights.

Fast-moving objects: When using an area array camera for objects
in motion, some consideration must be taken for the amount of
movement with respect to the exposure time of the camera and
object resolution where it is defined as the smallest feature of the
object represented by one pixel. A rule of thumb when acquiring
images of a moving object is that the exposure must occur in less
time than it takes for the object to move beyond one pixel.

If you are grabbing images of an object that is moving steadily at
1cm/second and the object resolution is already set at 1 pixel/mm,
then the absolute maximum exposure time required is 1/10 per
second. There will be some amount of blur when using the maximum
amount of exposure time since the object will have moved by an
amount equal to 1 pixel on the camera sensor. In this case, it is
preferable to set the exposure time to something faster than the
maximum, possibly 1/20 per second, to keep the object within half
a pixel. If the same object moving at 1cm/second has an object
resolution of 1 pixel/micrometer, then a maximum exposure of
1/10,000 of a second would be required. How fast the exposure
can be set will be dependant on what is available in the camera and
whether you can get enough light on the object to obtain a good
image.

Additional tricks of the trade can be employed when attempting to
obtain short exposure times of moving objects. In cases where a very
short exposure time is required from a camera that does not have
this capability, an application may make use of shutters or strobed
illumination. Cameras that employ multiple outputs can also be
considered if an application requires speeds beyond the capabilities
of a single output camera.

3. Frame Rate

The frame rate of a camera is the number of complete frames that

a camera can send to an acquisition system within a predefined
time period, which is usually stated as a specific number of frames
per second. As an example, a camera with a sensor resolution of
640 x 480 is specified with a maximum frame rate of 50 frames per
second. Therefore, the camera needs 20 milliseconds to send one
frame following an exposure. Some cameras are unable to take a
subsequent exposure while the current exposure is being read, so
they will require a fixed amount of time between exposures when no
imaging takes place. Other types of cameras, however, are capable
of reading one image while concurrently taking the next exposure.
Therefore, the readout time and method of the camera must be
considered when imaging moving objects. Further consideration
must be given to the amount of time between frames when exposure
may not be possible.

4. Spectral Response and Responsiveness

All digital cameras that employ electronic sensors are sensitive to
light energy. The wavelength of the light energy that cameras are
sensitive to typically ranges from approximately 400 nanometers

to a little beyond 1000 nanometers. In addition, some variants are
sensitive below 400 nanometers and go into the ultraviolet spectrum,
while others are sensitive above 1000 nanometers and go into the
infrared. There may be instances in imaging when it is desirable to
isolate certain wavelengths of light that emanate from an object, and
where characteristics of a camera at the desired wavelength may
need to be defined. Filters may be incorporated into the application
to tune out the unwanted wavelengths, but it will still be necessary to
know how well the camera will respond to the desired wavelength.

The responsiveness of a camera defines how sensitive the camera

is to a fixed amount of exposure. The responsiveness of a camera
can be defined in LUX or DN/(nJ/cm~™2). “LUX” is a common term
among imaging engineers that is used to define the sensitivity in
photometric units over the range of visible light, where DN/(nJ/
cm”™2) is a radiometric expression that does not limit the response to
visible light. In general, both terms state how the camera will respond
to light. The radiometric expression of x DN/(nJ/cm”™2)indicates that,
for a known exposure of 1 nJ/cm”™2, the camera will output pixel
data of x DN (digital numbers, also known as grayscale).

Gain is another feature available within some cameras that can
provide various levels of responsiveness. The responsiveness of

a camera should be stated at a defined gain setting. Be aware,
however, that a camera may be said to have high responsiveness

at a high gain setting, but increased noise level can lead to reduced
dynamic range.

5. Bit Depth

Digital cameras produce digital data, or pixel values. Being digital,
this data has a specific number of bits per pixel, known as the

pixel bit depth. This bit depth typically ranges from 8 to 16-bits. In
monochrome cameras, the bit depth defines the quantity of gray
levels from dark to light, where a pixel value of 0 is %100 dark and
255 (for 8-bit cameras) is %100 white. Values between 0 and 255 will
be shades of gray, where near 0 values are dark gray and near 255
values are almost white. 10-bit data will produce 1024 distinct levels
of gray, while 12-bit data will produce 4096 levels.

Each application should be considered carefully to determine
whether fine or coarse steps in grayscale are necessary. Machine
vision systems commonly use 8-bit pixels, and going to 10 or 12
bits instantly doubles data quantity, as another byte is required

to transmit the data. This also results in decreased system speed
because two bytes per pixel are used, but not all of the bits are
significant. Higher bit depths can also increase the complexity of
system integration since higher bit depths necessitate larger cable
sizes, especially if a camera has multiple outputs.

The second part of this article, examines specific types of digital
cameras available and ancillary equipment that should be considered
to maximize the digital camera’s performance in your machine vision
application.

Worldwide Sales 605 McMurray Rd., Waterloo, Ontario, Canada N2V 2E9 | Tel: +1 519-886-6000 | sales.americas@dalsa.com
European Sales Breslauer Str. 34, D-82194 Grébenzell (Munich), Germany | Tel: +49 8142-46770 | sales.europe@dalsa.com
Asia Pacific Sales lkebukuro East 13F, 3-4-3 Higashi-lkebukuro, Toshimo-ku, Tokyo, 170-0013, Japan | Tel: +81 3-5960-6353 | sales.asia@dalsa.com

Property of DALSA. Not for publication or reproduction without permission.

Copyright © 2007 DALSA Corporation. Al Rights Reserved.



