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"Why should you buy this eBook?"

 


 


If you want to design a Linear LED Strobe
Light for Machine Vision Illumination or something similar
products, then you will be able to do it yourself with the help of
this eBook. This is a practical self-help design eBook having
complete design details with electronic circuits and PCB Designs
including Manufacturing Files.

 


This is a unique completely
hardware controlled design without using any
micro-processor. The design will ensure stable and
repeatable illumination for Machine Vision Lighting and Image
Recognition Systems.

 


The design includes power regulation, dimming
control by PWM, Remote signal of 0-5V D.C. or Continuous ON in both
manual and automatic mode. The design also includes safe
overdriving techniques without causing any damage to the LED Chips
and PCB.

 


The author has 4 decades of Industrial
Experience in India &
USA, boosted by a degree in electronics and electrical
communication engineering from the premier institute -
Indian Institute of Technology, Kharagpur,
India.

 


This eBook is a practical design guide and
the author has carefully bypassed college level theories.

 


This eBook is written in free flowing
text with easy to understand Block Diagrams,
Electronic Circuit Diagram, PCB Designs, Engineering Drawings,
Illustrations, and Graphics. This is a well-configured Engineering
eBook and useful guide for the beginners as well as the
professionals. You'll re-discover yourself
within the pages of this eBook. One of the greatest
things in your life will begin unfolding and you’ll be ready to
take the Electronics World by storm.

 


This eBook is written for professionals,
industrial engineers, students and hobbyists who are connected to
the emerging technology of LED Pulse Light Controller

 


The information, techniques, tips, data,
illustrations and technological inputs in this eBook are accurate
and proven engineering knowledge that the author has carefully
edited to make it one of the most useful and well documented eBook
on this subject.

 


Reasonable efforts are made to provide
current and accurate information to the readers. The author is not
legally responsible for any unintentional errors or omissions that
may have been included. All texts and
illustrated images in this eBook are original and written, created
and edited by the author only.

 


Should you require any help from the author
including your requirement for Gerber Files, please send your
requests through email noted at the end of this eBook. The author
will be glad to help all genuine purchaser of this eBook.

 


 


 



CHAPTER-1

Technology overview of Machine Vision Systems
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“the fundamentals”

 


 


1.0: Synopsis of Chapter-1


Let’s look at the title of this
eBook:

 


“Linear
LED Strobe Light for Machine Vision
Illumination”.

 


The title indicates that the focus
of this eBook should be linear led strobe light. We will explain
the technology of linear led strobe light with PWM Control for
applications in industrial machine vision systems in coming
chapters. To begin with, let’s learn the basics of machine vision
systems in this chapter.

 


This eBook will teach you
how to design a linear led strobe light with controller in
practice. The coming chapters will have complete design details, practical circuits with PCB designs
of led strobe light for industrial applications. It’s really good news that you’ll get the
Gerber Files also to get
the PCB’s manufactured for your immediate use.

 


Before we enter into the above,
let’s understand the technology and some basic details about
Industrial Machine Vision Systems so that we can grasp the design
aspects better in coming chapters.

 


1.1: Basics of Machine Vision
Systems


According to the Automated
Imaging Association (AIA), machine vision encompasses all
industrial and non-industrial applications in which a combination
of hardware and software provide operational guidance to devices in
the execution of their functions based on the capture and processing of images.

 


Machine Vision
System is the
technology and technique
to provide imaging-based automatic inspection and analyzed data for
dedicated industrial automation applications like, automatic
inspection, process control, and robotic guidance. The system will
ensure that all products are manufactured as per pre-set standards
of quality assurance program.

 


The Systems
that depend on visual stock control and
management, such as barcode reading, counting, and store interfaces
mostly use machine vision
systems. Machine Vision Systems are also
being employed to control quality in large-scale industrial product
manufacturing to evaluate the products at various stages in the
process and also to synchronize automated robotic
arms.

 


We’ll explain the
technology of machine vision system
through a line diagram in Fig_C1-1 and explicate the details
in Chapter-2.
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Fig_C1-1: Basics of Machine Vision System

 


 


 


 1.2: Technology of Machine Vision Systems

 


Refer to Fig_C1-1.
above:

 


Automatic sorting process in a
manufacturing industry production line is a complex process and
detail engineering is not within the scope of this eBook. However,
we will try to explain the relevant basic technology in this
chapter.

 


The above
Fig_C1-1 is a line
diagram showing conveyor belt used in a continuous industrial
production line. The Product moves through the conveyor belt
in-motion.

 


We may also call it
an “intelligent conveyor belt”
which has the ability to sort products of
different sizes. Any product which will be found to have a size
beyond the pre-set quality assurance program will be sorted out by
the Vision Appliance Processor by analyzing the captured image and
pushed out of production line through a pneumatic actuator which
functions as a “Reject Pusher”.
The defective product will be diverted to the
defective conveyor line and only the acceptable product will
be “Passed OK” and flow through the main line for further
processing.

 


The system uses Image
Acquisition technology comprising of a High Speed Inspection Camera
and LED Bar Lights. The image acquisition set-up captures data from
the products in-motion on the conveyor. The image data is processed
in the Image Processor and a contour of
the product is extracted and normalized by equal part area method to identify the
shape. The result is analyzed to find out
the shape of the product as per pre-set
shape and contour data in memory. If the
shape matches with the data stored in memory, it is passed as a
good product or if the shape fails to match the data, the
“Reject Pusher” is
automatically energized to divert the defective product to the
defective product conveyor for rejection.

 


The “Inspection Sensor” senses the arrival of the
product to the camera and energizes strobe pulses for the LED Bar
Light and the Camera. The “Decision
Sensor” receives a signal from the image processor for
the defective product and helps to energize the “Reject Pusher” through a PLC (Programmable
Logic Controller).

 


The above basic process is further
explained in detail in Chapter-2
below.

 


 


 CHAPTER-2

Image Acquisition System
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Chapter - 2

 


 


 


 2.0: Introduction to Image
acquisition system:

 


The image acquisition system in
Fig_C2-2 below is a part of the
Assembly line automation and acquires image data from the moving
products in the production process. Captured data of the product
image go through image processing techniques like background
subtraction, binarization (A binary
image is a
digital image that has
only two possible values for each pixel. Typically, the two colors
used for a binary image are black and
white. Binary images often arise in digital image
processing as masks or as the result of
certain operations such as segmentation, thresholding, and
dithering), scaling, and noise and holes removal to
transform the data suitable for further processing. Then a
contour of the product are extracted
and normalized by equal part area
method to determine the shape.

 


The generated shape in the image processor
compares with the ideal shape kept in memory to find out the
defects in the products shape. If the measured shape data is beyond
the allowed tolerance, a signal is generated through the PLC to
initiate segregation of the product by the Pick and place
Robot.

 


 2.1: High Speed
Imaging relies on motion freezing:

 


High speed imaging without motion freezing of
the object produces blurred images which give incorrect shape, size
and erroneous relevant data of the object.

 


Check Fig_C2-1 below.
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Fig_C2-1: Clear Vs Blurred Image

 


 


In Fig_C2-1
above, the top picture of half filled glass is taken with
motion freezing and it shows a clear
image. The bottom picture of the same half filled
glass is taken without motion freezing and it shows a
blurred image.

 


Machine vision is used in industries for imaging
based automatic inspection. The accuracy requirements in quality
control, code reading in factory automation demands ultimate
sharpness of the acquired images.

 


Automatic Online High-Speed Imaging is
able to provide accurate data about moving products in an
industrial manufacturing process when the image is freeze. The captured data is in a
timescale much faster than humans are capable of
visualizing.

 


High-speed imaging is the capability to
capture an optical image of a moving object in a short period of
time. Shorter periods of time demand the ability to
'freeze' fast moving
events.

 


This power to capture short pulses in
time provides the functional diagnostic information used in the
image processing systems. A typical idea to capture an image in a
short period of time is to simply decrease the exposure time of the
camera. Typical image sensors used within high speed vision cameras
have minimum exposure times in the range 5-15 microseconds, whilst dedicated high-speed
imaging systems can operate with exposure time even lower
than 200 ns.

 


If the moving object is fast, an
insufficiently short exposure time will result in a blurred image.
For example a typical 10 microsecond exposure time can be used to
image an online product at 360 km/h resulting in a relative motion
blur of 1 mm or so.

 


Motion blur is not only a matter of image
appearance. For very short exposure times, this requirement becomes
increasingly difficult to achieve. Large pixels with high optical
sensitivity can be designed, but this can add cost and size to the
overall camera system. Faster optics can help up to certain
physical limits, but at the expense of increased system cost, size,
and weight. With this high numerical aperture imaging optics, a
further trade-off is in the resultant depth-of-field of the imaging
system.

 


Now we know that the product is moving and so it has
a motion at a speed (v) and the challenge is to capture an image of
the Product with the required sharpness at the speed (v).

 


We will now refer to the Fig_C2-2 below.
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Fig_C2-2: Online Industrial Image Processor

 


 


 


The strobe duration of the light pulse generated
by the Bar Lights is important. The High Speed Inspection
Camera aperture is automatically controlled in the system. This
aperture opening time of the high speed camera has to match with
the exposure time. The motion freezing of the product or object is
possible by reducing the exposure time either by the camera’s
shutter, the strobe duration of the LED Bar Flash or both.

 


Let’s find out the equation by which we will be able
to calculate the exposure time as given below in
Fig_C2-3.
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Fig_C2-3: Exposure time Calculation

 


 


A pixel blur less than or equal to one pixel is the
correct engineering solution to freezing the motion.

 


We will calculate the Exposure Time (Strobe Pulse
Duration) with the following example:

 


Let’s fill some actual figures in the above
Equation-1 for calculation purpose:

 


Field of View (FOV - See Fig_C2-2) =
14mm (for a Product of 12.8mm)

 


v = 3 meters per second (which is the speed
of the conveyor belt)

 


NP (Number of Pulses) = 1280 (based on a 1280
by 1024 pixel resolution of the image sensor)

 


So, as per Equation - 1,

 


Value of Exposure time = 3.6
micro-second.

 


Now, we will design a LED Strobe Light (LED Bar)
which will be able to provide exposure time equal or less than 3.6
micro-second.

 


The LED Pulse Light Controller will have the
facility to control the light strobe pulse as per requirement.

 


The LED Pulse Light has to be driven by a
programmable closed-loop controlled constant current. There will be
other related features like High Frame Rates, a Wide Input





CHAPTER-3

tmp_38aef054e163b4a53e95fffd7a6176a4_le3A7b_html_m4f8d08f9.jpg
Equation - 1

(Refer to Fig_C1-3)

FOV

=T

t = Exposure time
(Strobe Pulse Duration)

FOV. = Field of View

vV = Velocity (Speed of Motion)

NP = Number of Pulses
(for a single line)
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