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Industrial Optical Character Recognition (OCR) is used in a wide variety of industries
for identification and/or classification of process components. These may include labels,
integrated circuits, stamped engine blocks, or LED displays. OCR can be used as either
the primary or secondary identification method. In some cases, only man readable text is
used for identification purposes. In other cases, such as wafer processing, both man
readable text and bar codes are present for identification.

When first attempting OCR, users suffer from two basic misconceptions. Thefirst is that
if a person can read it, the machine should be able to read it as well. The second is that
OCR isinherently unreliable. While bar coding is specified as 99.5% accurate, properly
trained OCR readers can achieve read accuracies of 99.8% or higher. For high speed,
high volume applications, this can be quite significant.

As with any vision application, many factors come into play when attempting to solve an
application. Key among them are lighting and repeatable images. Without good lighting
or repeatable images, the odds for a successful solution are quite poor. Software can in
some ways compensate for less than perfect environments. In fact, this is mandatory for
the industrial market. However, do not expect software to compensate for a poorly
configured system.

In the industrial environment, it is expected that image intensity will vary from image to
image. In some cases, the lighting changes are necessarily quite large. As long as the
lighting changes in a uniform way across the image, software should be able to
automatically adjust to the changes.
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Well-lighted image

As can be seen in the above figure, there are no very bright spots or very dark spots
impinging upon the text. Across the image in either axis, the lighting is uniform
providing high contrast between the background and the text.



The following figure is an image that is chalenging in many ways. It demonstrates
uneven or “mottled” lighting. Separation of text from the surrounding background would
be very difficult with thisimage. Even if a group of settings could be determined which
would do that, it is highly unlikely that these settings would work on the next image.

Uneven lighting

The ability to process a sequence of images without modifying configuration settingsis a
measure of repeatability. Next to lighting in importance, repeatability is the largest cause
of failure in vision projects. This is true whether measuring the distance between two
points or reading a serial number on an engine block. As can be seen, the lighting
variations are significant. With such variations, repeatability is often compromised.

5 | T

Al DRI
G 7 &9 UVWXY”
1 Ui JHO 3ﬁ=‘x AL e %

Lighting variation examples

Before proceeding with any application, spend the necessary effort and resources to
ensure the best possible images. Lighting and repeatability will be two of the primary
keys to success.



Using the EReader

If possible, set the PC's display to 32 bit/True Color. At the very least, it should be set to
24 hit/True Color. Because of the way Windows degrades images when rendering to
less than True Color mode, results may not be as expected. Thisis NOT an issue when
using a frame grabber. With a frame grabber, image data is transferred directly to a
buffer that is passed to the OCR engine, thus bypassing Windows. If the results obtained
are not the same as indicated here, the video configuration may need to be changed. The
best configuration is: 32 bit True Color with 1024x768 screen size.  This usually requires
avideo card with at least 4 Mbytes of RAM.

Open EReader from the directory in which it wasinstalled. Prior to attempting any OCR
operations such as training or reading, an image must be opened and there must be a
Reader. There are two ways to open a Reader: create a new Reader or open a previously
saved Reader. To create a new Reader, either click on the Add a Reader button on the
toolbar or click on the OCR menu and select New Reader. Enter a name for the Reader
in the Reader ID dialog box. The name can be any combination of letters, numbers and
spaces and has no effect on the operation of the software. The positions of the Reader,
Summary Box and Region of Interest can be adjusted for the convenience of the user.
The use of previously saved Readers will be discussed later.

When setting up the EReader to read a character string, adjusting the initial settings is
made easier through the use of the tools that are available for seeing what the software
considers individual characters. These are the Box Characters and Show Centroids tools
on the Reader tab page. In the case of segmented or degraded characters or uneven
lighting, there may be vertical separations that are not obvious to the user but will cause
the EReader to see a single character as two or more characters. The Box Character tool
will place abounding box around each mark that is considered to be a character.

The Show Centroids tool will place a cross to indicate the center of all the pixels that
comprise what is considered the character. In the case of segmented or degraded
characters or uneven lighting, there may be elements that are included or excluded from
the character that are unnoticed by the user. This will affect the position of the centroid.
The Show Centroids tool can indicate that some characters are interpreted as multiple
characters or that multiple characters are interpreted as single characters even if the Box
Character tool is not used. Used together, the two tools can indicate the weighting of the
pixelsin the characters, which could indicate a need to adjust the lighting.



Once the Reader has been created, the rectangular Region Of Interest (ROI) is to be
positioned around the text string. Figure 2.1 is an example of ROI placement.

ROI placement on dot matrix characters

For proper setup, the following basic information should be obtained:
Dark or light characters
Number of characters to read
Fixed or variable spacing
Dot matrix or fully formed characters

This information, along with other data, will allow the EREADER to be
configured for the most accurate results.




Prior to attempting any OCR operations such as training or reading, the image data within
the ROI must be properly setup. What is meant by properly setup is this: only a single
horizontal row of characters can be in the ROI and the software must be able to separate
the characters from the background and from each other. It is recommended that the Box
Character tool be used at least for theinitial setup of the system.

Without a single bounding box around each character or object, (using the Box Character
tool) the OCR EReader cannot be properly trained and, therefore, cannot reliably read.
Obtaining the correct bounding boxes can be somewhat difficult for hard to read images.
Dot matrix characters impose additional constraints that fully formed, i.e., stroke
characters do not.

Setup Steps:

1. Setthe ROI soitis about one-half character wider and one-haf character taller
than the characters.

At this point, click the Read Image button on the toolbar. All setting changes take effect
with the click of the Read Image button. If a bounding box appears around each
character, the setup was successful. If not, the following sections will explore different
causes and solutions.

Check the Image Option Tab page to determine if Ereader correctly selected the object
intensity. If not, click off Auto and select the correct intensity. There are awide variety
of reasons why the EReader does not correctly bound characters or objects on the initial
try. These may include dot matrix or segmented characters, degraded characters,
touching or overlapping characters, uneven lighting, or artifacts.

Dot Matrix and Segmented Characters

Dot matrix characters can be some of the most challenging characters to setup and read.
Many OCR systems require pre-processing of these fonts to merge the individua dots so
they appear as fully formed stroke characters to the OCR software. With the EReader,
thisis not required.

Label printings, wafer ID’s, and pin stamping are examples of where dot matrix
characters are used. In some cases, high line speeds cause degradation of the characters.
In other cases, the material or process will contribute to problems. Whatever the cause,



there are avariety of options contained in the EReader to aid with extracting the character
data.

The following figure demonstrates a string of dot matrix characters that are not properly
setup. As shown, there are not individual bounding boxes around each character. The
first step in the setup is to check the Light Characters checkbox on the Image Options tab

page.

Dot matrix characters not set up
properly

As can be seen, there are anumber of bounding boxes within the ROI. However, thereis
not one bounding box for each character. In order to obtain one box for each character,
there must be some way to tell the EReader how to “collect” neighboring dots and make
them part of a single character. In the Reader tab page, make sure that the Box
Characters check box is checked. Before any character training is attempted there must
be a box around each character after each read. Experiment with the horizontal spacing
edit box to achieve this. The next section describes this process in more detail.



On the Reader tab page, the first two inspection parameters are horizontal and vertical
spacing.
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Horizontal and Vertical Values

By default, horizontal spacing has a value of one (1) and vertical spacing has a value of
zero (0). When working with any character or object that consists of more than one
piece, it may be necessary to adjust one or both of these values.

Horizontal Spacing

Horizontal Spacing defines how far apart dots or pieces of a character can be located.
Thisvalueisin pixelsand isin the horizontal direction only. If the value istoo small, not
all parts of a character or object will be included. If the value is too large, adjacent
characters or objects may be included. The spacing value must not be greater than the
smallest distance between characters. (This restriction may be ignored when using the
Max Width tool.)

Horizontal Spacing too large

Horizontal Spacing correct



The above figures demonstrate a horizontal value that is too large and, therefore includes
all of the dots within the ROI. When setting up for individual characters, there must be
one bounding box for each character as shown in the second figure. Once the correct
values are set to achieve this, characters may be trained or read.

Vertical Spacing

Vertical Spacing is the same as horizontal spacing except in the vertical direction.
Unlike horizontal spacing, the default and minimum value is zero (0). Rather than mean
no adjacent objects in the vertical direction, zero (0) means ALL objects in the vertical
direction. With proper location of the ROI and selection of thresholding type, zero (0)
will usually provide the best results. Non-zero values must be used with caution with dot
matrix characters. The underlying algorithm uses this parameter to discard extraneous
data above and below characters, which in turn, may cause the EReader to ignore valid
dot matrix objects. It is generally recommended to use Max Character Height (see Char
Constraints tab) rather than using avertical spacing value other than zero (0).

Degraded Characters

In many respects, degraded characters are treated just like dot matrix characters. Thisis
due to the way degraded character data is extracted from the background.
Fundamentally, data extraction is done by thresholding. Thresholding is a method of
interpreting pixel intensity values. For poorly formed characters or other types of
degradation, pieces of the character may appear quite similar in intensity to the
background. This results in fully formed stroke characters appearing as two or more
pieces when thresholding is applied. Aswith dot matrix characters, adjust the horizontal
and/or the vertical spacing or other character constraints until all of the characters are
contained within a single bounding box.

It must be noted that for some degraded characters, it will not be possible to
obtain bounding boxes that completely surround each character. It may be
necessary to adjust settings so that other data is not included which would
make reading and training difficult or impossible. It is okay to train partially
formed characters so long as they are unique.




Whenever possible it is highly desirable to setup lighting that will provide uniform
intensities across the region of interest (ROI). Practically, thisis not aways possible. In
addition to concerns about dot matrix and degraded characters, lighting variations must
also be addressed.

-------

Uneven Lighting

Uneven lighting either has one side brighter than the other side or the region of interest
contains bright and dark spots throughout. For thresholding software such as the type
used in EReader, it is essential that some mechanism be provided to handle these
conditions. In fact, EReader provides four different calculation methods for working
with these kinds of variations.

Reader Threshold | Filter I Fieldingl Trainingl Font | 4 I 13

—Type————— [~ Thieshold Values
 Fired s ol

' Computed I 1] I 110

Linear
" MorLinear il S |4—
— Dption
[" Integer Bange [ Expanded Range

™ Modal Spit [ BiModal Caloulation
[T Density Percent Iﬁ 4
Cloze I

Threshold Options

Thresholding is nothing more than separating pixels based upon their intensity value. For
gray scale images, the range is from 0 to 255. One manua and three automatic ROI
methods of thresholding are included with the EReader: fixed, computed, linear, and non-
linear.

Fixed

Fixed thresholding is a method of using a completely manua system of setting the
threshold. The high and low settings are entered, by the user, into the High and Low edit
boxes on the Threshold tab page. Since there are no automatic calculations with the gray
level of theimage, thisisthe fastest method of performing aread operation.



Computed

Computed thresholding simply calculates a single value that is used across the entire ROI
to extract pixels. This type of thresholding is relatively fast and works well when the
lighting is uniform across the region of interest.

Linear

Linear thresholding is used when one side is brighter than the other side and the light
intensity changes uniformly from one side to the other. Used in conjunction with the edit
box labeled Block Size, linear thresholding calculates a value on the left side of the ROI,
avalue on the right side of the ROI, and then fills in the middle values in alinear fashion
from left to right. The size of the steps from which to calculate the right and left side
valuesis based on the value in the Block Size edit box.

Non-Linear

Non-linear thresholding divides the ROI into the number of blocks entered in the Block
Size edit box, calculates a threshold value for each block, and then uses that value to
extract pixel data. The minimum number of blocks is four (4) while the maximum
number is fifty (50). As arule, this value is the number of characters or objects to read.
If there are spaces the width of a character or object are present, increase the block count
by one for each space. Non-linear thresholding is designed for applications where the
lighting is uneven across the region of interest. The following figure demonstrates the
effect of non-linear thresholding.

Computed versus Non-Linear thresholding

The image on the left was thresholded using the computed model. As can be seen, the
two digits are not separated properly. On the right is the same image using non-linear
thresholding. Two bounding boxes surround the digits, as they should.

Threshold Adjustments

There are four threshold calculation methods that can be used with automatic
thresholding to improve the performance of the EReader. These are Floating Point,
Integer Range, Modal Split, and Density Percent. Floating Point calculation is the
default method due to the mathematical precision obtained but can be overridden by the
three other methods. They are located on the Threshold tab page.
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The Integer Range calculation changes the algorithm used to determine the threshold and
to read the character. Thiswill increase the speed of the operation so that reading with a
calculated threshold is almost as fast as reading with afixed threshold. Using the Integer
Range calculation sacrifices the accuracy when processing hard to read images. The
accuracy on simpler images is not affected.

The Modal Split calculation method uses a mean value for the threshold value obtained
by using the histogram form the ROI.

A Density Percent calculation method uses the percentage value as alower limit on the
number of pixelsto examine for a character match. It is by far the slowest calculation
method and should be used sparingly.

With automatic thresholding, the threshold is calculated based on the intensities of all the
pixels within a certain area of the image. Limits are placed on the range of values of the
pixel intensities used so that large, very dark or very light areas don’t unduly weight the
calculation.

Expanded Range alters the maximum initial limits for determining the threshold.

The Bi-Modal Calculation works best if two pixel intensity levels dominate the image
and calculates both the low and high threshold values. (This only works with the I nteger
calculation method.)

Setup Summary

Using the correct threshold scheme in conjunction with the horizontal and vertical
spacing parameters will yield one bounding box for each character or object. Thisisthe
goal. Until this one for one relationship is achieved, accurate and reliable training and
reading is not possible.
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Once the characters or objects have been extracted with one bounding box for each
character, the next logical step istraining. Training the EReader is very straightforward
although enabling the training feature is a little more complex. Click on the Enable
Training check box on the Training tab page. Click on the Read Image button on the
toolbar (or select OCR Read in the OCR menu) to bring up the training dialog box and
type in one character for each object.

Using the example from above, the Train tab page would look like the following.

[STAMP

Enter the string characters or the substitution character
for any unkown or invalid objects.

[ Auto Scan [ Pattern

Cancel |

Training dialog box

Once the characters have been entered and OK button has been selected, each object will
be associated with the corresponding character.

[ | S Char Image
[T Disfosst Dirive
| Ensbis Treinng

Readar | Gamus | Outpat Timzims
m— Caade 1 PASS STAMM ma

= Summany STAMPY ok Chora I

Dot Matrix string trained

If the Save Char I mage checkbox, on the Training tab page, is enabled, the EReader will
save the images of each trained object. Thisis helpful in editing the trained characters.

Training of joined or touching characters is possible using the embedded pattern feature
of the training dialog.
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B imageno1

uard und Elisabeth Schuster
Hohe Bahn 4

97906 Faulbach

Joined Character Sets

The above example contains several joined character sets. These include Ed, rd, sa, and
bet. In earlier versions of EReader, each of these character sets would have been trained
one set at a time using a single region of interest containing just the set of joined
characters. EReader now can train individua characters and imbedded patternsin asingle
training session.

To accomplish this, marker characters are placed just before and immediately after the
embedded pattern text. The tilde character ~ is used as the marker character. For the
above example, the training sequence would be: ~Ed~ua~rd~undEli~sa~~bet~h

Notice the two tilde characters following the sa pair. The first tilde character marks the
end of the sa pair while the second tilde character marks the beginning of the bet triplet.
IMPORTANT: DO NOT CHECK THE PATTERN CHECKBOX. If checked, this will
cause the first bounding box to be treated as a pattern with the entire training string as its
name.
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The following shows the training box with the training sequence entered.

x

I”E d~ua™rd~undEli~sa™~~bet~H

Enter the zting characters or the substitution character

for ary unkown or invalid objects.

[T auto Scan [ Pattemn
e |

Training Dialog with embedded patterns

OCR Read Results: imageD01 |

Feader | Status | Clutput | Time(ms] |
= eader FASS5 Eduard und Elizabeth a6
E Surnmary Eduard und Elizabeth 5.6

Result after training embedded patterns

Trained Character Storage

It is important to understand how the EReader stores and uses trained characters. Unlike
most other OCR readers, the EReader stores data for every character trained! It is
therefore unnecessary and counter productive to train the same character from the same
image more than once. When done, the identical character data is saved adding to
storage requirements while slowing read performance.

In memory, alist of al trained character data is maintained in the order in which it was
trained. When the EReader attempts to read an object, every trained character is
compared against the unknown object. Therefore, the longer the list of trained characters,
the longer the time to return the result. While there is a small penalty in time for this
approach, a wide variety of the same character can be taught yielding very high read
accuracies. If an object is not to be trained, type in the substitution character to skip that

14



position. (The question mark —“? —is the default substitution character.) Also, if only
positions two and three in a triplet, for example, need training, enter the substitution
character for the first position, the characters in the second and third position, and then
click on the OK button. If fewer characters than the whole string need training, then fill
in the positions up to and including those objects and no more.

Aspect Ratio Independence

Aspect ratio independence means that objects can be taught at one size and height/width
ratio and be read at a different size and/or height/width ratio. Internaly, the software
limits the amount of changeto 400%. As a practical matter, it should be kept to about
50%. Not only does this provide greater flexibility when training, but aso in many
applications the size of the text or objects can vary due to avariety of process causes.

While this feature is beneficial in many applications, there are fonts or characters that can
pose specia problems when viewed in the light of aspect ratio independence. For
example, what is the difference between a square period and a straight line ‘I'? What is
the difference between the letter ‘O’ and number zero ‘0’ in an aspect ratio independent
manner? The answer to both questions is that there is no difference. The solutions are
threefold:
- Select a font where the characters are different in more ways than height and
width.
Usefielding to restrict the list of trained characters to avoid confusing characters.
Enable the Enforce Sze feature

Character Size

The ideal range in height is from 25 pixels to 40 pixels. Smaller characters require more
training due to the limited amount of data. This causes small object changes to have a
large impact on the stored data, thus making them harder to interpret. Characters taller
than 40 pixels do not add any additional data that would be beneficial in matching
objects. Larger objects aso have the side effect of being slower to read due only to their
size.

Character Spacing

Aslong as characters are at least one (1) pixel apart in the horizontal direction, spacing is
generally not a factor. Only if the spacing is quite large does it start to impact the
performance. Remember, the EReader must check every pixel after the last object in
order to find the next object. The larger the spacing and/or the taler the ROI, the greater
the number of pixelsto be checked. The greater the number of pixelsto be checked, the
more time that is required to process.

15



Character size, font list length, character spacing, and number of objects al contribute to
the total processing time. Proper training is a key component in ensuring the minimum
number of trained charactersin thelist.

Font Editing

If amistake is made during the training process, the font list can be edited to either delete
or rename any stored object. Open the font editor by clicking on the Edit button on the
Font File tab page.

Font List E ditor |
Height: 14 1 Delete Char |
Wwidth: 9
Name:i,&,_ Mest Char | Rename Char I

E xit |
1 0f 178

Font Edit Dialog Box

To rename or delete an object, click on the First Char button to start the font list. If the
Save Char Image checkbox, on the Training tab page, is enabled, the image of the
trained object will appear. Save Char stores each object as a bitmapped file. Click the
Next Char button to scroll through the list to find the object. Then click the Delete
button to remove the object from the list. To rename the object, change the name in the
Name edit box and click the Rename button.

This window can also be used to obtain the height and width of each object in the font
list.

Font Storage and Retrieval

Once a set of objects has been trained, the list can be stored for later recall. On the Font
File tab page are the tools to store and retrieve trained font lists.

16



Stored Fonts Group Box

To save afont, click on the Browse button to find alocation to save the font file. Usethe
dialog box to name the font file. Optionally, a description in the Font Description box
may be entered and saved with the font list. The description may be up to 255 characters
in length. After clicking on the Save button, an inquiry box will appear asking whether
or not to delete the font file in memory. Clicking on Yes will erase the trained font from
the volatile memory of the computer allowing the user to train a different font file
without changing the settings on the Reader. This could be used if the image contained
the entire list of characters for a particular font. The entire list could be trained and
saved, then perhaps just the numbers could be trained for applications where only
numbers are to be read and speed is essential.

Loading a saved font list is similar to saving it. Click on the Browse button. A file
browse dialog box will appear to aid in locating the correct font file. Once located, click
on the Read button to load the font file. If another font was being used with the presently
open Reader, it may be desirable to delete the font file in memory so that it has no effect
on the accuracy or speed. Clicking the Yes button in the inquiry box when it appears
does this.

Font Training Summary

Training is a very straightforward operation within the EReader. However, be sure to
configure the image properly before training. Improperly trained objects will result in
very poor read accuracy rates. Improperly sized characters will result in poor
performance times and/or increased training.
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Once an object has been trained, it doesn’t matter if it is dark on light or

light on dark. The EREADER stores data describing the object, not the
ohiert itealf

Do not attempt to read until a complete set of characters has been
trained. Remember, the purpose of OCR software is to return
something. Make sure that the software has a sufficient set of
characters to compare against. Otherwise, misreads are not only
possible, but likely.

$

Once the image is properly setup and a font set is trained, the EReader can now be
configured to yield the best results. Read accuracy, read rate, and process time must be
balanced when configuring the reader. As discussed earlier in the Font section, size,
location, and number of objects are a key component in determining both time and
accuracy. The EReader aso contains a number of other options that can be edited to
boost either or both of these.

OCR Parameters

The Reader tab page contains most of the editable options for the EReader. While
explaining the basic setup procedure earlier, two parameters from this tab page were
used. They are horizontal spacing and vertical spacing. In addition to these two, there
are several other options that can be modified or set to help control how the EReader
interprets any object.
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Reader Tab Page

Relaxed Rules

The relaxed mode checkbox enables or disables one of the checks made when evaluating
objects against trained characters. Internaly, the EReader makes three different
algorithmic comparisons of the undefined object and each trained object in the font list.
By disabling the most stringent of the three, performance is boosted by about 20%, but
may result in additional training due to misreads. In most cases, relaxed mode can be
used successfully. The relaxed mode should be used unless the font or image quality
requiresthat it not be used. The default is Relaxed Rules off.

Resolution

Three resolutions modes are available: normal, medium, and high. Interna to the reader,
al trained characters are stored in high-resolution mode. Normal resolution uses one-
eighth of the stored data. Medium resolution uses one-half of the stored data. High
resolution uses all of the stored data. Since al modes use the same data set, no additional
training is required to switch from one resolution to another. High isthe default.

There is a very deterministic change in reader time when switching from one mode to

another. M edium resolution is about 20% faster than High resolution. Normal resolution
is about 25% faster than M edium resolution.
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Minimum Gap Between Characters

This defines the minimum horizontal spacing between adjacent characters. When set, the
EReader “skips’ over this number of pixels before starting its search for the next
character. The default value is one (1). Setting the minimum gap can improve
performance times especially when the spacing between objectsis very large.

Acceptance

When comparing an object against objects in the font list, the acceptance value is used as
alow-end “cut off” parameter by the internal agorithms. The range for the majority of
applications is between 60 and 75 when using the relaxed mode. The values may be a
little lower when not using the relaxed mode.

For applications concerned with both reading and quality of marking, the acceptance
should be set between 75 and 85. In addition, only high quality objects should be trained
since the acceptance is against trained characters. High resolution made may require
necessarily lower acceptance values. Empirical testing will yield the optimal settings,
with 60 being the default.

Substitute Character

When the EReader cannot match an object with a trained object, the EReader returns the
character defined in the Substitute Character (Sub-Char) edit box found in the Reader
tab page. By default it is a question mark, however, it can be any character that is not
normally read.

The character in this edit box is aso used during training to skip over objects that are not

to betrained. Sincetraining is by object position, some kind of placeholder must be used
when an object isto be left asis. The substitute character is used for this purpose.

Insert Spaces

Occasionally it is desirable to display the spaces between groups of text. When enabled,
EReader will calculate the average space between characters and insert a space between
any two charactersthat have spacing at least 125% wider than average.
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Multiple Lines

One of the unique features of EReader isits ability to read multiple lines of text contained
in a single region of interest (ROI). To implement this feature, row scanning, from the
Save Options tab page, MUST be enabled. If this feature is enabled without row
scanning enabled, an error dialog box will be displayed and multiple line reading is
disabled.

Reading multiple lines is straightforward. First, train all characters one row at a time.
Next, setup and enable row scanning. Finally, enable multiple line reading by checking
this feature on the Reader Tab page.

NOTE: Training can be accomplished during multiple line reading. However, the
problem line is NOT displayed unless it is the very first line. Thus, it is confusing to
figure out which character needs training. Thus, it is recommended that training should
be done oneline at atime. Each subsequent training line gets added to the trained objects
in memory and gets stored with a Save option in the Font File tab.
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When selected from the Reader tab page, a modal character constraints dialog box is
displayed. Moda means that this dialog box must be removed by clicking the Okay or
Cancel button before any other dialog boxes or tabs can be accessed.

Character Size Constraints

Eleven (11) parameters controlling size and use of characters are located on the dialog
box. In most cases, none or just a few of these are actually required for successful
reading. When speed is important, setting character size can be improve performance.

Percent Aspect Change

Internally, the reader is totally size and aspect ratio independent. This means, that
changes in height and/or width, regardless of amount, have little or no impact on the
ability to classify characters. As a practical matter, however, it is desirable and sometimes
necessary to limit the amount of variation allowed. By default, this is set to 400%. This
means a newly found objects must have a height or a width within a range of one-quarter
(1/4) to four (4) times the size of the stored trained character it is being compared against.
If the newly found object is outside of these limits, no comparison to that trained
character is done.

Two primary benefits occur when setting this value. First, reader accuracy is improved
because only objects of similar height and width are used for classification. Secondly,
speed isimproved because potentially fewer trained characters are used for classification.

Minimum Character Width

Setting the minimum character width enables the reader to discard any found object
which has awidth less than this value. Thisis true regardless of any other settings.
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Maximum Character Width

Maximum character width defines the maximum bounding box width. If the Variable
Split checkbox is unchecked, thisis a “hard” number. That is, al objects that potentially
could be wider are set to this width. If the Variable Split checkbox is checked, then the
maximum width can vary slightly when the reader selects the “optimal” split column.

If the Discard Over size Objects checkbox is checked, any object wider than thisvalueis
discarded and not used for classification.

Minimum Character Height

As it implies, this sets the minimum height that any character can be. Unlike Minimum
Character Width, character heights are adjusted upward if the newly found object is too
short. Adjustments are automatic.

Maximum Character Height
Objects that are too tall can be automatically resized by setting this value.

If the Discard Oversize Objects checkbox is checked, any object taller than thisvaueis
discarded and not used for classification.

Minimum Pixels in an Object

This defines the minimum number of pixels within the threshold range that an object
must contain. If the object has fewer pixels than this value, it is discarded and not used
for classification.

Maximum Pixels in an Object

This defines the maximum number of pixels within the threshold range that an object
must contain. If the object has a greater number of pixels than this value, it is discarded
and not used for classification.

Variable Split

When checked, this enables an “intelligent” algorithm to look back a few pixels to
identify the optimal split point between characters.

Note: Thisis not recommended for widely spaced, cleanly printed dot matrix characters.

Discard Oversize Objects

When thisflag is set, objects that exceed the maximum pixel settings for either width or
height are not considered for a match.

Discard Undersize Objects

When thisflag is set, objects that are less than the minimal pixel settings for either width
or height are not considered for a match.
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Trim ROI Edges

If checked, EReader will remove al pixels that are within the threshold range that touch
the region of interest (ROI). In addition, all neighbor pixels that are within the threshold
range are also removed. This feature should not be used for high-speed applications since
considerable time s required to implement this feature.

Filters

There are seven filter options on the Filter tab page. The filters, when selected, help to
reduce small pieces of “noise” whilefilling in the characters. This should only be used
when necessary due to the time required to perform the filter.

Filter Tab Paae

It is always a good idea to start with the tightest parameters when first
setting up. As more images are processed, gradually “loosen” the
settings to improve throughput.

Speed up the training process by training only one instance of each
character or object. Attempt to read the characters on several sample
images. Train only those characters that cannot be read. This method
will yield the smallest, most reliable font list for this set of images.
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Many circumstances can exist that make it impossible or unadvisable to use a single
reader to perform the OCR function for an application. The EReader is designed to read
characters on a single line, so multiple lines of text cannot be read with a single reader.
An image with multiple, yet similar, fonts can cause unreliable results. There may be
applications where some characters are light on dark backgrounds while other characters
are dark on light backgrounds in the same image. Characters that are of different widths
and overlap cannot be read with a single reader because no single maximum width can be
used. The letter “I” would have a different width than the letter “W”. Although it is
strongly recommended that such fonts not be used in an OCR application, they are
sometimes used. For these types of situations, multiple readers can be used.

Each additional reader is created just as the original; either click on the Add a Reader
button on the toolbar or click on the OCR menu and select New Reader. A new ROI is
created and a new line in the Summary box is added. Each ROI is a different color and
that color corresponds with the color of the line in the Summary box. Each reader is
completely independent of all other readers. For convenience, the settings of a reader can
be copied from a previous reader by clicking on the Copy Reader Settings button on the
toolbar or selecting Copy Reader Settings from the OCR menu. The checkboxes on the
Save Options tab page determine which settings are copied.

The use of multiple readers has very little affect on the speed and no affect on the
accuracy of the EReader.

Linking Readers

Readers can be linked using the Link tool on the Reader tab page. Linking readersis an
act that only affects the ROI of each linked reader. It does not affect the independence of
the readers. It also does not affect any readers that are not linked to that reader. Changes
to the size, shape and position of a reader’s ROI will be reflected in every ROI that is
linked to it. This is advantageous when the settings are used on a new image where the
position of the character string is different and the ROI’s must be relocated. The linking
tool is useful with the searching feature to be discussed | ater.

Character Scoring

When any object is read, a “score’ is calculated based upon how well that object
conforms to the object it was matched against. A perfect score, and therefore a perfect
match, is 1000. The minimum score can be less than zero in some circumstances. An
object’s score is listed on the Reader tab page. Typical values range between 500 and
1000. For OCR purposes, the score is not generally used. For setup purposes, the score
is used to give the user an indication of how the EReader is comparing the sample image
to the trained font.
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Searching

On the Search Options tab page are the Search options. Selection within each check box
will determine what kind of searching occurs.

Search Options Tab Page

Enable Searching

When this is not selected, no searching of any kind is done. The EReader works in its
norma mode of segmenting pixel data bottom to top, left to right within the region of
interest.

First Character

This mode will start a search at the lower left corner of the ROI, scanning bottom to top
as it moves right. When an object is found, a temporary ROI is created and located three
(3) pixels above and three (3) pixels below the found object, extending to the far right
edge of the ROI. Once this temporary region of interest is created, a non-searching read
is done using this new ROI.

Some caution must be exercised when using this scanning method with images that may

rotate. Depending upon the degree of rotation, characters on the far right of the ROl may
be significantly “clipped” by this method. The total number of objects to find should be
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set on the Fielding tab page. By setting the length, any artifact located to right of the last
character will be ignored.

All Characters

Selection of this scanning option will cause the EReader to search for all matching
objects from bottom to top, left to right until either the right edge of the ROI is reached or
the number of objects found match the number of objects set on the Fielding tab page.

How Searching Works

Before starting a search, the EReader scans the list of trained objects to determine the
maximum and minimum height and widths. From this, it creates a search window that is
moved inside of the region of interest. When a “potential” edge of data is found, the
EReader moves through the font list, one object at atime, placing a“window” the size of
that trained object at the location of the “potential” edge. The edge is assumed to be the
lower left hand corner of the window. The entire list is placed in this fashion. As each
window is placed, a read is made attempting to match whatever is in the window with
any trained object. If more than one object matches, the object with the highest score is
returned. If no object matches, the search window continues from where it was last,
progressing bottom to top, left to right.

Searching has significant advantages and some significant disadvantages. The major
advantage is the ability to find multiple targets from multiple trained objects. The maor
disadvantage is speed. Careful consideration must be given when evaluating the benefits
of using the OCR search versus other search and translation options.

When searching for text, the acceptance level is generally set higher than normal. This
will result in additional training. When searching for patterns, the acceptance level is
generally set lower than normal. This will allow for a wider variability. In either case,
relaxed reader mode should not be on unless thoroughly tested.

Since the search algorithm creates a box the exact size of the trained
objects, searching will not find objects larger than what was trained. It can
find objects that are smaller, however.

Always set the number of objects on the Fielding tab page when using
searching. When searching for only one object, use the All Characters
scan option, it is sightly faster and will not attempt a “norma” read if it
fails.

When training patterns, place the ROI astight to the pattern as possible
before training.
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Fielding

Fielding is a means to restrict the trained font list by object position. Fielding can be
used to improve accuracy and speed. For example, if it is known that object position one
can only contain a number, fielding can be used to tell the reader to use only numbers
when attempting to match an object. This is especially important when using non-OCR
font styles or reading degraded characters. Fielding can aso serve to stop the reader
when the Maximum Number of Characters is reached. In situations where the region of
interest may include “noise” or artifacts to the right of the objects, this will reduce or
eliminate the number of failed reads due to the inclusion of that artifact. The line number
fielding parameter restricts the search to a particular line number in a multiple read
situation.

Fielding Tab Page

As the above figure shows, any position can be restricted to any one of ten options. Most
are self-explanatory. The Space option forces a space in the specified character position.
This would be used to ignore a character. The Force Character option works similarly to
the Space option in that it ignores the character in a specified position, but instead of a
space, it puts a user specified character in that position. The option entitled User can be
very useful in some situations. For example, if the ROI contains a numeric day of the
month, the first position can be restricted to just 0,1,2, or 3. Position two will be
restricted to the Numeric setting. By setting the field restrictions in this fashion, position
one objects will only be compared to trained characters with the identifiers of 0,1,2, or 3,
while skipping any others.
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Image Option

The Image Option tab page alows the operator to set a number of parameters with
respect to the image involved in the search.

Image Option Tab Page

Auto Light/Dark

This option will automatically determine if the objects are light on dark background or
dark on light background. If checked, this option will be invoked on every read.

Light Characters

In the manual mode the option will set light characters. In the automatic mode it will be
used as feedback.

Gray Scale Image

Selects what kind of image data, gray scale or color, isto be used. If color data, one of
eleven (11) color planes may be chosen

Fill Characters
Fill out the character bounded on three or four sides with valid pixels.

Clear Orphans
Deletes valid standal one pixels that are bounded on one side or on no sides.

Flip Image
A top to bottom flip of theimage. (Thisoperation is doneinternally and is not visible.)

Reverse Image
A left toright flip of theimage. (This operation isdoneinternally and is not visible.)
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Color Plane
Used to select appropriate color for reading.

Edge Width
Number of consecutive pixels within the threshold range that define avalid edge.

Threshold Cutoff Values
Minimum and maximum values for the valid threshold range.

Tilt Angle

Tilt of the object. This can vary from —45 degrees to +45 degrees. An example would be
italicized text.

Rotate
Ordinal position of the abject, 0, 90, 180 or 270 degrees.

Row Scanning

An dternative to finding the character string by searching for a single character or group
of charactersisto use the Row Scan Options. Row scanning is a very fast way to find the
character string that works by scanning the region of interest for groups of pixels that
might be characters. The program can find up to 32 groups and puts them in order by
intensity from the greatest to the least. In many cases, this tool can find a character string
when other tools cannot be used effectively. The unique aspect of this tool is that it
searches for objects that can be considered character strings and not just individual
characters.

Row Scan Tab Page
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Min and Max Lines

When EReader is scanning the ROI for groups of pixels, it is necessary to place limits
and conditions on the size. The program needs to be able to discriminate between the
desired characters and the undesired background characteristics.

The Min Lines and Max Lines edit boxes alow the user to place minimum and maximum
limits on the height of the object that can be considered a character string. There are
several ways of determining the height of the charactersto be read. If the user has trained
the font, the best way is to use the Edit feature on the Font File tab. Clicking on the First
Char button of the pop-up form, after clicking the Edit button, will list the height and
width of the trained character, as the program interprets it. Another method is to use an
image program, such as Microsoft Paint, to display the image. Placing the cursor at the
top then the bottom of the character and finding the difference in the Y -coordinates can
measure the character height. The height measurement can then be used as the nominad
value around which the Min and Max may be set.

Min Pixels/Line

The Min PixelgLine feature addresses the width of the characters. A minimum width is
assigned to the character string so that the program can easily and quickly eliminate the
narrow groups of pixels that might be caused by spotting or shading in the background.
The program will scan the ROI in horizontal linesin search of pixel groups. Once it finds
an edge, it continues scanning that line searching for the end of that group of pixels. If
the group ends before the set minimum pixel count, the program will skip over that group
of dense pixels and continue scanning rather than trying to read it. This can prevent false
readings and reduce processing time.

Min Chars

The Minimum Characters feature functions similarly to Minimum Pixels per Line except
it counts the number of objects that are to be considered characters instead of just the
number of pixels. The maximum number of characters can be set using Fielding. When
used together, the Row Scanning capability can be made more reliable.

Vertical Spacing & Space Between Rows

As with the same parameter on the Reader Tab, vertical spacing defines how far apart
vertical rows can be spaced. In other words, if this value is one (1), then adjacent rows
must meet the minimum pixel requirement. If this value is two (2), then rows meeting the
minimum pixel requirement can have gaps of one row. That is, as a minimum every other
row must contain the minimum number of pixels.
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Vertical Spacing defines how far apart the row groups are spaced as a minimum. When
one group is found, the search starts at the last location plus this value.

Scan from Bottom Up

When checked, row scanning starts from the bottom of the region of interest (ROI),
otherwise it starts from the top.

Discard Oversize Regions

If a region is found that is larger than the maximum number of lines and Discard
Oversize Regions is not checked, then the region is split into more than one region
stopping where the maximum number of rows was found. The search for the next region
starts at the end of the last region plus the Space Between Rows value.

If this checkbox is checked, then any oversize regions are discarded.

Continue on Fail

If unchecked, the reader returns anytime a failed read occurs. This can be either too few
characters, as defined in the Min Char box, or a misread.

If checked, then the reader continues reading until all regions have been read.

Enable Row Scanning

When checked, row scanning is enabled. (This must be enabled for multiple line
reading.)

Profiles

The row scanning function may also be accomplished in an automatic mode called
Profile. In manual mode, the user enters the parameters that describe how the search for
rows will take place. In Profile mode the values are computed as if they came from a
histogram of the potential rows. Four computational techniques are used. They are
Average, Mean Deviation, Threshold and Power. Each style yields a somewhat different
result depending on the configuration of the rows. Profiling will automatically set the
row scan parametersin the vertical direction if the check boxes are set. The user should
experiment with the various methods in order to get the best fit for any given application.
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Saving and Restoring Reader Settings

The entire setup, including the position, shape and size of the ROI can be saved for later
use. Thisis useful for sharing the information or simply performing a read operation on
an image at a later time. To save an image, click on the Save Readers button on the
toolbar, or select Save Reader Data from the OCR menu. Enter afile name in the dialog
box and click Save. The parameters that are saved are identified by the checkboxes on
the Save Options tab page.

Saved settings can easily be restored. Once the EReader is started and an image is
opened, it is not necessary to create a reader if saved settings are to be restored. Click on
the Restore Readers button on the toolbar or select Restore Reader Data from the OCR
menu to restore the saved reader(s). It must be remembered that the font file will be
saved in the location indicated on the Font File tab page. If the information is shared
with another computer, the file must be in that location for the EReader to find thefile.

Saved readers can be restored at any time. They will replace any reader or readers that
may be in use at the time of restoration. If a reader is restored and the settings are
changed, it is easy to return to the original saved settings. Simply restore the saved
reader.

Changing Images

When using the EReader, there are three (3) ways to change the images:. close the image,
replace the image or run a sequence of images. In order for the EReader to operate, it is
necessary to have an open image. Closing the active image closes al readers and all the
unsaved setting information is lost. If the active image is the only open image, the
EReader isreturned to its origina state.

To use the reader or readers on a new image, the original image must be replaced. Select
Replace Image from the File menu. Thiswill alow the user to import a new image to be
used with the same reader. All aspects of the reader, including the ROI, will remain
unchanged. If a series of images are to be used, replacing the image will set the new
image in place of the previous image. If the characters in the new image appear within
the ROI, the user needs only click the Read Image button to read the characters.

To read a series of images, it is possible to use the Sequence feature. Select Sequence
from the OCR menu. Click the Add to List button on the Sequencer box to add a string
of images. In the Open dialog box, the images can be selected. All the images must be
located in the samefile folder. By holding the CTRL button down, all the images may be
selected. Clicking on the Run button will start the sequencer. The delay between images
can be set with the Delay Time edit box.
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The sequencer is a good feature for observing the EReader in full operation. Used with
the search feature, each character string can be located and read demonstrating all the
features of the EReader.

Edge Finders

The first, and most important part of any OCR effort is finding the characters to be read.
In industrial applications, it is normal that the marking will be done in a specific location
on a surface. There will no doubt be variation in the location of the marking, but the
marking will not be in a random location. This means other things, such as marking or
label edges, can be used to quickly find the characters of interest. It is not necessary that
the edge be continuous or in any specific area with respect to the characters of interest. It
is also possible for the characters themselves to be used by the Edge Finder to find the
marking to be read.

A linking feature has been included so that the relative position of the found edge and the
ROIs of additional readers can be maintained. In some cases, multiple Edge Finders are
set up and linked so that the first will find an edge and reposition the next to find another
edge. The Edge Finders can be linked in series or parallel or a combination of both to get
the best positioning of the character reading ROI.

Finding the Edge

The first step in finding the edge is determining which edge is to be used. Selecting the
Side radio button will determine how the search for the edge will be conducted. For
example, choosing the Right side will cause the program to start from the right hand side
of the ROI and search to the left for an edge. The Transition control alows the choice of
atransition from light to dark, dark to light or any edge transition. The Edge number lets
the user choose which edgeto find. Zero means the program will find the best edge. The
Sensitivity control allows adjustments based on the contrast. This improves the chances
of finding an edge if the contrast is not strong enough to reliably do so.

Output Information

The Edge Finder gives information to the user that can help with setting up an OCR
application that might use this tool. The Center Edge gives the center location of the
found edge, as the name would indicate. The Theta reading is the angle of the edge and
the Time is the reading time of the Edge Finder. Adding the times of the Edge finders
and the total time listed in the Summary Box of the character readers gives the total time
of the OCR effort. This does not account for image acquisition, data I/O or periphera
component operating times.
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Auto Configuration is a method of obtaining a starting point for setting the parameters for
the size and spacing of objects that will be searched for in the character recognition
process. For any given ROI, Auto Configuration will determine the number of characters
in the string, the horizontal spacing and the inter-character gap. It will also compute the
minimum and maximum character widths and heights. These values are all reported in
the Auto Configuration tab page when an ROI box has been placed tightly around an
object string and the Configure button has been pushed. In most cases Auto
Configuration works well for setting object parameters, however in some cases it may
return erroneous data. These cases will be documented later by examples.

Auto Configuration will affect Reader tab page options and Row Scan Options tab page if
the Update Settings checkboxes are checked.

Auto Configure Tab Page

Number of Objects

Auto Configuration will return the number of objects found in the string if the read takes
place successfully.

Horizontal Spacing

Horizontal spacing isapixel value and defines how far apart dots or pieces of a character
can belocated. The Configure function returns this value.

Inter-Character Gap

This value is the minimum horizontal spacing between adjacent characters. The default
valueisone (1), and is retuned by the Configure function.
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Char Width

Minimum and maximum values for character width are returned by the Configure
function.

Char Height

Minimum and maximum values for character height are returned by the Configure
function.

Thisisthe Auto Configuration Tab Page after invoking Configure on a dot matrix
character string. Note that characters are 9, horizontal spacing is 1, Inter-character gap is
4, Char Width is 20 to 24 and Char Height is 29 to 53. The Auto Configuration function
has set these values. Further, since Update Settings boxes all are checked, these values
will be passed along to Reader and Row Scan Options. Go to the Row Scan Options tab
page and the Char Contraints button on the Reader tab page to see these changes.

Auto Configure Tab Page
After Configure
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GLOSSARY

Objects - Itemsformed by pixel patterns. Typically these items are a phanumeric
characters but could be symbols, icons or other images.

Threshold - A value assigned to an object that defines whether the object can be
recognized by the EReader software. Threshold values are used as an acceptance criteria
and can vary from 0 to 255. The threshold value for acceptance is set in the Threshold
tab page and usually has arange of low to high values. Software algorithms compute the
threshold value for the boxed in objects.

Training - Using parameters defined on the Training tab page, the operator describes an

object for subsequent character recognition. Once an object has been trained the Ereader
software now has a pattern for comparing matching objects.
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