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Introduction

olume 2 illustrates how EReader can be used to evauate, investigate, or ssimply
V demonstrate various features of EConOCR’s capabilities. The included examples

are described in detail. While these examples do not make use of al of
EconOCR'’s library functions, an impossibility given that some EconOCR functions are
not implemented in EReader, they exercise the mgority of EReader’s features and tools
that have been used most often to do successful demonstrations and feasibility analyses.
The examples discussed in this document are found in an attached document called “test
suite”

No number of examples can replace actual experience with real applications. The purpose
of this document is to provide a solid foundation of knowledge on which actua
applications can be successfully built. EReader incorporates a large number of options
that can be applied to many OCR tasks. Proper application through understanding is the
key to success.

Performing a read on a character string activates any changes made to parameter settings.
No changes to EReader settings become active until either the Read I mage icon on the
toolbar is clicked or OCR Read is selected from the OCR pull-down menu.

Bl ‘iew ‘Window ©Qcr Help
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Read Image Icon, 1st from left
Add a Reader Icon, 2nd from left
OCR pulldown 4th in Menu list

Ultimately the task is to define a reader or set of readers that can be configured in such a
way, using parameters provided in the EReader program, to be able to successfully read
object strings presented to it. The following sections will attempt to help the user make
decisions about how to set up the readers for various applications defined in the
directories of examples. It should be noted that there is no absolute approach to any
given application, moreover there could be many ways to get to a solution.

The very first goa is to configure the reader in such a way so that a “tight box” is
constructed around each object in the ROI. To see this check the Box Characters check
box found on the Reader tab page.
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Default parameters are initialized when EReader starts up. In many cases these settings
will accommodate a successful “tight boxing” of the objects. However, if this doesn’t
happen, the operator will have to adjust the parameter settings until the objects are
“tightly boxed”. Admittedly, readjustment of these parameters is a task tough to master
and is a function of the experience level of the application person. Some of the reasons
the objects or characters may not “box” correctly may be due to tilted characters,
touching characters or background noise. Once the objects (in most cases alphanumeric
data) have been “boxed” properly, a standard font or a newly trained font can be used to
execute a successful read.



Directory “opamp” examples

Example OpAmpl

The OpAmpl file from the test suite\opamp offers a simple example of an application
where the standard defaults and a standard font, namely OCRA30_R5, work to do the
read. Thisis atype of labeled fixture used in the production of integrated circuits. Not
all of the examples contained in this document have this straightforward, clear and well-
spaced character layout. Many of the more sophisticated tools embedded in EReader
must be used to overcome reading obstacles in many of the examples.
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From the Font File tab page, open the file OCRA30_R5.
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Characters contained in this font can be observed using the Edit feature found on the
Font File tab page. This feature allows the user to page through the character list and
observe the actual objects. Not only does a picture of the object appear, but also statistics
such as height, width and number of characters are displayed.
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This is what the monitor would look like after the read.
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Notice that the Auto light/dark check box on the Image Options tab page has been
checked. In this case the software chose dark characters.



Directory “Lead Frame” examples

Example LdFrm001

Another example of labeled IC production fixturesis LdFrm001 found in the directory
test suite\Lead Frame. Again, thisis arather straightforward simple string of characters
yet it does not have a corresponding standard font set. This means that the characters
must be "tightly boxed" and then trained. To be ableto find a standard font that fits all
the charactersin the application is usually not the case. More often than not the
characters have to be trained, which is not a bad case.

The first attempt to do the read will be to use the standard defaults and see if "tight
boxes" around each character will be produced.

In this case the standard defaults seemed to do agood job at "boxing" the characters.
This means the next step isto train the font and attempt aread. Here we need to ook at
trainingtheset 0, 1, 2, 3,4, 5, 6, 7, 8,9, A and B. The Auto light/dark check box on

I mage Options tab page thistime selected light characters.

Make sure the Training dialog box is checked:

Reader | Thieshold | Fiter | Fielding Training | Font 1.4 [»

I Save Char Image
IE Defaut Drive

Close I




Supply the characters 0, 1, 2, 3,4, 5, 6, 7, 8, 9, A and B to the training Dialog box. This
panel will appear when the Enable Training check box is check ands aread is attempted.

After the characters have been trained, simply attempt the read. The results will look like
the following with a status of PASS.



Directory 02XX examples

because conditions exist that could conceivably cause reading problems, its solution

shows how some EReader’s tools might be used as preventative measures. Start
EReader and open File/lmage 0246.bmp from the test suite\0O2XX directory. Create a
reader using either the Add A Reader button on the toolbar or by selecting New Reader
from the OCR menu.

I nvolving only numbers, this application appears to be very straightforward. However

Add A Reader, 2nd from left on tool bar
New Reader, Ocr pulldown menu

Place an ROI (Region Of Interest) around the group of numbers, as shown in the figure
below, that provides a box to character spacing of approximately %2 a character’s width.
This particular example demonstrates tilted characters.

Example from test suite\02XX
Row 1

The next objective is to get EReader to correctly identify the characters. In this example,
there are two choices: use a standard OCR-A font file or train each character. If the
characters do not appear to be from a standard font then training must be done.



Font Training

Example boxes after the read
Row 1

Once the characters or objects have been extracted with one bounding box for each
character, the next logical step is training. 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 1 mage 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.

Training Tab Screen



Using the example from above, the Dialog box from the Training tab page would look
like the following:

Training dialog box

Once the characters have been entered and the OK button has been selected, each object
will be associated with the corresponding character. At this point another Read operation
isattempted. If successful, the OCR Read Results box will look like the following:

OCR Read Results box after
successful read

If for some reason the read was unsuccessful (1st and 3rd characters) the OCR Read
Results box will 1ook like this:

OCR Read Results box after
unsuccessful read

Note the FAIL status, the red characters and the question mark (?) in the positions of the
misread characters.
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The Edit Feature

Whether the comparison font is obtained from a standard font or by training the font, it is
useful to observe the actua individual characters. Thisis done by using the Edit feature
on the Font File tab page.

Edit feature showing first character of a standard font in
memory

By using the First Char and Next Char buttons, the entire font can be observed one
character at atime. The height, width and name of each character are displayed. The
number of matches and total number of characters as well as a picture of the character as
also displayed. Using this screen, characters can aso be deleted, renamed and have the
entire list cleared. Using this screen the operator can make decisions about how to set
parameters, such as height and width, for objects that will not read. In the above
example, the edit feature would look like this:

Edit feature showing first character of the trained font file in the
example

The next task isto set up aread for the characters in the second line of the example. Two
approaches can be taken here. The first is to attempt to read line two with the same
reader and parameters used for line one. Remember to be fast and successful, the
character boxes must be tight around the character, so height and width play a key role.
Notice that the characters in line two are slightly smaller and noticeably more tilted. In
effect the difference in character size and angle will require modification of the
parameters to achieve a good read. The second method is to simply create another reader
with its own ROI and a set of parameters.
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Using method one will require somehow saving the parameters values used for line #1,
then:

Reset the parameters to “tightly box” charactersin line #2

Train the characters from line #2

Storeto afile

Create an ROI around both line #1 and line #2

Do amultiple read

You will now realize that this method will not work because the changed parameters will
not allow “tight boxes” around charactersin both lines.
The correct approach would be using method two, a second reader. The steps for this
procedure would be:
- Create reader #1

Train 4 characters from line #1 (0,2,4, and 6)

Storeto afile

Create reader #2

Train 6 characters from line #2 (0,5,2,9,1,V, the O is repeated)

Storeto afile

There is now 10 trained charactersin memory, 4 for reader #1, 6 for reader #2

Perform the reads

Tilt Angle

Use the Image Options tab page to set the tilt angle at approximately —14 degrees
(negative angles imply a clockwise correction angle). A sequencing technique will be
used to proceed through a number of similar examples that are oriented at dlightly
different locations to see how well the trained font is able to successfully read the
incoming character sets.

Tilted text read for row 2

Transformed images
Tilt removed

12



Font 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
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.

For more information on font editing, font storage and retrieval and various font related
topics see Volume one (EReader Manual 1).

Using the Sequence Feature

Once a number of examples are collected from the application, it is convenient to run the
sequencer. The major purpose of the sequencer is to allow the operator to examine a
large set of images to make sure that the images fit within the ROI and that each object
within the ROI has a tightly fitting box around it. This will show how well the capture
boxes and training will work on different occurrences of the object strings as location and
orientation of each string may be dlightly different. From the OCR menu select the
Sequencer option. This option will alow the user to add items to the list, supply a delay
time and make a test run to determine how well each string will be read. It is beneficial
to provide a good crossection of items in the test run to ensure all items can be read.

13



See Appendix C for adetailed discussion of sequencing.

Linking Readers

Readers can be linked using the Link pulldown box on the Reader tab page. Linking
readers is a function that only affects the ROI of each linked reader. It does not affect the
independence of the readers. It aso does not affect any readers that are not linked to that
reader. Changes to the position of areader’s ROI will be reflected in every ROI that is
linked. 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. Linking can
only be done to a reader that has been previously defined. That isto say if three readers
areactive (ID's 1, 2 and 3) 2 may link to 1; 3 may link to 2 or 1; but 1 may not link to 2
or 3. Therule hereisthat order of definition of the reader defines the linking options.

Link option found on Reader tab page

14



The following example is intended to show multiple readers linked together. In this
example two readers are used, Reader #1 and Reader #2 (the name is found in the upper
left menu bar). The choice to use two readers was mainly based on the size and
orientation difference of the two strings. The first reader uses the default parameters and
has trained the font string "0246". The second reader uses a Tilt angle of —14 degrees and
an Edge Width of 3. These parameters are found on the Image Options tab page. The
Transformed Image box shows the effects of the de-slanting. This reader has the
characters "05291V" trained. In the first graphic, the readers are not linked. This can be
seen on the Reader tab page and the Link pulldown box. Both of these boxes indicate
"None", which means no linkage either direction.

15



In the second graphic we see a"None" in the Link box for Reader #1 and a"1" in the Link
box for Reader #2. This means that Reader #1 is the key reader and Reader #2 is linked
to Reader #1. Simply put, however the ROl moves around for Reader #1, Reader #2 will
follow. Again, this has nothing to do with the parameters of the individual readers, only
that their positions are linked together.

Row Scanning

An dternative to finding the character string by searching for a single character or group
of characters is to use the Row Scan Options. Row scanning is a very fast way to find
character strings. It works by scanning the region of interest (ROI) for groups of pixels
that might be characters. The ROI for the initia search can be quite large in order to
accommodate strings that may be located in different positions. The agorithm then
constructs its own restricted ROI, much smaller and tighter. The program can find up to
64 groups of objects and puts them in order by first found to last found. Which line is
first is determined by the scan direction checkbox. 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 scanning can aso be an effective tool when excessive noise
or uneven lighting causes a problem.

16



In order to better understand the concept of row scanning, consider the following
application. Suppose that many cases of the example below will be involved in the
current application, but the objects may be located slightly different. The problem then
becomes use of alarge ROI to capture the 0246 string, and occasionally captures parts of
the second string. Row scanning is alocating tool used to find dense horizontal character
data based on row parameters. In this case the 0246 string will be returned since it
represents the densest horizontal data as the ROI is scanned. Scanning takes place in a
horizontal fashion left to right in the ROI for each vertical pixel location.

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.

17



Min and Max Lines

The Min Lines and Max Lines edit boxes allow 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 nomind
value around which the Min and Max may be set.

Min Pixels/Line

The Min Pixelg/Line 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. Onceit 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.

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.

18



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 Fall

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

NOTE: If the font has been trained, this checkbox must be checked for row scanning to
find rows.

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.

19



Row scanning set to "OFF", the read fails due to part of the second linein the ROI.

Row scanning set to "ON", produces a good read. This assumes the 0246 string has been
previously trained or is part of a standard font.

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). The major assumption in order to do multiple line
reading is that the characters be the roughly the same size, orientation and style. This
must be true so that either a standard font may be used or only one trained font, with all
the same dimensional characters, exists. To implement this feature, Enable Row
Scanning, from the Row Scan Options tab page, MUST be enabled. If Multiple Linesis

20



enabled without Enable Row Scanning checked, an error dialog box will be displayed and
Multiple Lines reading is disabled.

Reading multiple lines is straightforward. First, train al characters one row at atime. All
characters must be trained using the same parameters.

Tightly box and train the string "1234-567".

Tightly box and train the string "890".

21



Now do the string "APR", all other characters are duplicates.

We should now have 14 characters trained (1234-567890APR). Verify this in the Font
File tab page using the Edit box and First and Next Character boxes.

If character sizes need to be adjusted for some reason, use the Height and Width values
(max and min) found on the Font List Editor tab page to do this.

Next, setup and enable row scanning. Finaly, enable multiple line reading by checking
this feature on the Reader tab page.

22



Thisis an example of doing amultiple line read.

23



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. 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.

Auto Configuration

Auto Configuration is another 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 charactersin 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. See Appendix B for afull description of the Auto Configuration
parameters and examples.

Summary

Before the software can take any OCR actions, it is essential that EReader not only
isolate each object from the background, but that it includes all parts of each object.
Using the Box Character tool and automatic threshold, the user can more easily establish
correct settings for the reader. When using a standard font, to improve accuracy and
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Speed it is best to use the associated font file that has been provided with EReader.
Training should only be performed for those characters that cannot be read reliably using
the provided font file. Fielding limits the number of characters to be read. This will
prevent image artifacts from being interpreted as characters when an ROI extends too far
beyond the right end of a character string to include potentially confusing background
area. With the right reader settings, an amost limitless series of images can be read with
EReader.

Theinitia objective isto achieve one bounding box per object of interest.
Do not attempt any other OCR functions until this has been accomplished.

Remember Then only train those characters that cannot be read reliably using it.

Always confirm reading performance on a representative sampling of
images before accepting a group of settings.

Remember
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Directory “blade” examples

The next example comes from the directory test suite\blade. These characters are dot
penned and can present unique problems of their own. However, this example illustrates
a rather straightforward, well-lit, nicely defined image, and one where not too many
problems would be anticipated.

Example Bladel

In this case using the standard defaults seems to produce “tightly boxed” characters
within the ROI.

Bladel after an initial read

The next step would be to train the character set found in the file Bladel. Do so by
Enable Training found on the Training tab page.
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Type in the characters to be trained in the Dialog text box. Note the use of "?" for
repeated characters.

Read Results box for file Bladel

Insert Spaces

If it would be necessary to see the space between the “1” and the “B”, this can be
accomplished by using the Insert Spaces check box on the Reader tab page. Note that
EReader does not train spaces, but only inserts them.

Reader tab page with Insert
Spaces checked

With the Insert Spaces invoked, the Read Results dialog box would look like this:

Read Results box with space inserted
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Note that the processing time was slightly higher for the second read where the space was
inserted. Further experimentation with the parameters may result in a faster processing
time should the application requireit.

Summary

EReader is very tolerant of differences in the sizes of objects to be read. It is possible to
train on characters of one size and readily and reliably read characters of another.
EReader uses features of the characters to match trained characters with objects to be
read and is therefore more dependent on the font than the size. It is possible to train a
font in a few sizes and then use it in a wide variety of applications. This can improve
EReader’ s speed and accuracy.

Remember

Remember

Trick

Whenever possible, use a pre-trained font file. This should speed up the
configuration process and minimize the number of characters that must be trained.

When using pre-trained font files, select one that has character sizes as close as

EReader has asize variation limit of  400%. Larger variations will not be read.
Also the more rotated or degraded characters are, the less they can vary in size and
still be read reliably.

If the font styleis known, but afont file has not been created for it, create one
using Microsoft Paint and EReader.

In Paint, create a new image with awhite background and black foreground.
Using the text tool, select the font style and the approximate point size. Type the
list of characters that will need to be read by EReader and save the image.

Open the image with EReader, train the characters, and save them as afont file.
This file can then be used when configuring an actual application.

This next example comes from the directory test suite\bright. Due to the manufacturing
process, this example presents some interesting problems that will have to be overcome.
Notice the lighting changes as the piece is scanned from left to right. Uneven lighting
was discussed in EReader Manual 1 and was referred to as a magjor cause of not being
ableto read an image.
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Multiple Readers

File bright01 form
Directory test suite\bright

After many attempts of changing parameters and testing it was concluded that using
readers across the unevenly lit area would not work. It was decided that the easiest way
out was to employ seven different readers and link them together.

One of many unsuccessful reads due to uneven
lighting

Recall, readers can be linked using the Link tool on the Reader tab page. Linking readers
is an act that only affects the ROl of each linked reader. It does not affect the
independence of the readers. It aso does not affect any readers that are not linked to that
reader. Changes to the position of a reader’s ROI will be reflected in every ROI that is
linked to it. Thisis 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 rel ocated.
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Position Referencing

The technique used here is called “Position Referencing”, not to be confused with
Searching. This method has not been discussed as yet but is a tool that is faster than
Searching, which requires a specific character match from a given font. Position
Referencing is only concerned with a position value of the lower left hand corner of a
“tight box” that surrounds the reference character. Location of other readers ROI’s will
be based on the movement of the Position Reference box when the readers are linked
together. Inthisexamplethe®9” of the“98” is selected, maybe the most uniform.

To set this mode up set Auto Light/Dark to off, Enable String Fielding, set No of
Positionsto 1 and Acceptanceto 0.

Setting the Acceptance to 0 is the key to setting up this mode in that it allows EReader to
not search for a specific character but rather a position. The character returned when the
position reference box isfound is a space. The result should look something like this:
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Note that the red ROI for the position reference character “9” is fairly large since it will
have to accommodate all combinations of positions of the “98" strings in subsequent
files. To ensure this load up a sequence and test to see that the position reference boxes

are well defined and stay within the ROI. If need be adjust parameters to make this
happen.

When this has been accomplished begin setting up readers for the other sets of characters,
seven (7) in al. Each reader must be tested to see that it tracks the position reference box

as the lower left corner of the position reference character moves about from string to
string. When this has been done the readers can be all linked together.

The following shows how reader number 1 is linked to Search, which is the name for the

position reference box. Each of the other readersis linked to Search and the net effect is
that all ROI’s move in unison as the text boxes change.
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When this task has been completed the configuration file can be stored, in this case as
Bright.erc. Thisiswhat the next read will produce:

As the sequencer is run, pay careful attention to the Pass/Fail status in the OCR Read
Results box. Minor adjustments to the ROI’s may have to be made to get the correct
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strings. Sequencing works the same as in previous sections. See Appendix C for a
further discussion.

Summary

Multiple readers can be used to overcome problems that might arise when random
uncontrollable artifacts exist in the background of an image. Multiple readers can aso be
used to increase read rates by eliminating large spaces in images that would otherwise
cause the software to waste time searching for characters of interest. The use of multiple
readers allows the software to read images with characteristics that would otherwise
make it impossible to do so, such as multiple lines of characters or a mix of light
characters on a dark background and dark characters on a light background. Since the
readers are independent, different settings can be used to address issues such as lighting,
spacing and multiple fonts. Readers can be linked to make it easier to use EReader.
Position referencing is a method used to link multiple readers together. Often when
multiple readers are used, the position of the ROI's changes from string to string. The
position reference character provides a means of offsetting the linked readers. To set this
mode up set Auto Light/Dark to off, Enable String Fielding, set No of Positions to 1 and
Acceptance to 0. See page tabs above for setting descriptions.

Theinitial objectiveisto achieve one bounding box for each object of interest.
Do not attempt any other OCR functions until this has been accomplished.

Remember

Choose a representative character as the position reference box and link the
remaining readersto it. The resulting offsets will be applied to each of the readers.

Remember
The readers are completely independent and can have different settings to solve
reading problems related to font, lighting and spacing.

Remember
Readers can be set up in any order or position and can even overlap. The order of
the readers is dependent on the desired output in the Summary Box.

Remember

Readers can be linked so that changes in the position, size and shape of an ROI are
reflected in those of al of the readersthat are linked to it.

Remember
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Directory “check” Examples

The following example comes from the directory test suite\check and is an application of
reading the bottom line from a check cashed at a bank. The lesson here is that although
the characters within the string seem to be very broken and full of holes, EReader has no
trouble recognizing the patterns. The explanation for thisis that the EReader looks in the
vertical direction to determine the characters. Hence vertical discontinuities do not play
much of arolein not being able to read the characters.

Example checkl

File checkl from directory
test suite\check

Defaults and Duplicate Characters

As aways we create a new reader and see what the default parameters will produce for
us.

Setting up a new reader for
The file checkl



Results of the initial read on checkl
using parameter defaults

As can be seen from the above image, the “tight boxes’ around the individual characters
seem to be well defined ssmply using EReader’s default parameters. With this

established we are ready to train the font and attempt to read the string. Check the
Enable Training box and do aread.

Training the font set, note using a
? mark for duplicate characters
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Observe the results after the read. At this point setting up a sequence, training the
additional characters and doing a read on the entire directory would be a good idea.
Refer to Appendix C for a discussion of sequencing.

OCR Read Results box after successful
Read on checkl

Summary

EReader is very tolerant of discontinuities in the vertical direction of objects to be read.

It is possible to train on characters using the default parameters that are applied when
EReader starts up.

Use the default parameter values in EReader to make afirst attempt at "tightly
boxing" the characters to be read.

Remember

Often times discontinuous characters in the vertical direction do not pose a
significant problem.

Remember

Thetarget, a unique feature of the image, can be a character or pattern that may or
may not be part of the character string to be read.

Remember
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Directory “china” Examples

As away of demonstrating pattern recognition capabilities, consider the following image
composed of Chinese characters. The characters represent the equivalent of the English
digits 1,2,3,4,5,6,7,8, and 9. We will train this font as though they were English and
observe the results. Consider the following file from the test suité\china directory:

File China001 found in
Directory test suite\china

The China001 File

Again, the first step is to define a reader and see what the default parameters do for us as
far as “tightly boxing” the characters. It should be clear by now that EReader doesn’'t
really care what the object is, only that whatever is there gets a name. Up until now we
have called an “A” an“A” and a“7” a“7”. It needs to be understood that this not realy
the case.

Setting up for an initial read on
File China001
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Boxing Errors and Corrections

Using default parameters to "tightly box"
Characters in China001

Now set up the training session and define these objects as their English counterparts.

The training dialog box converting
Chinese tn Fnnlish

Closer observation of the boxed characters shows that the second character from the right
hand side was split in two pieces. Thisisnot correct and resultsin aread error.

Failed read due to a split character
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Remove the bad character using the Delete Character on the Edit tab page.

Some manipulation of the parameters is now necessary to solve this problem. Also the
trained font will have to be modified to reflect the correct characters. Severa things can
be done. Oneisto observe character widths using the Edit feature found on the Font File
tab page.
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Here the character width is defined. This could be reset on the Character Sze
Constraints page from the Reader tab page.

We may also want to increase Horizontal Spacing by a small amount, aso found on the
Reader tab page.
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Try another read and see if the split character has been fixed.

These changes seem to have solved the problem. This demonstrates some of the
techniques used to properly read a variety of character strings. A sequencing run should
be made to make sure all characters are trained. Refer to Appendix C for a description of

seguencing.

Summary

This section demonstrates that font training merely establishes a relationship between a
name and an object and that the name need not be the picture depicted in the object. Also
that close scrutiny of the bounding boxes is a first and foremost activity associated with
successful reading of character strings. Only experience with EReader will lead to
speerhy and efficient parameter selection to fix boxing problems.

Thetarget, a unique feature of the image, can be a character or pattern that may or
may not be part of the character string to be read.

Remember

Fielding should be used to limit the possible characters or patterns that can be read
asthe targeted object. Thiswill improve the accuracy of the search.

Remember
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Directory “images” Examples

This next example differs slightly from the previous examples that have been discussed.
Things to notice about this application are that the characters are dot matrix, the use of
multiple line reading and the use of row scanning. Other approaches could have been
used, such as using more than one reader.

The Image001 File

This file comes from directory test suite\images. The significant thing to notice about
this application is that the characters are clearly dot matrix but for the most part are about
the same size. This fact leads to the notion of using row scanning mode with a multiple
line reading scheme.

File Image001 from directory
Test suite\images

Perhaps the best way to discuss this application is to see how the applications person
handled it. First, consider the extents of the file by setting up a sequencing operation.
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Setting Up Multiple Lines and Row Scanning

Actualy there are over twenty files in this directory. When a sequencing run is made it
will show that location of the character stringsisthe key variable. By this we mean that a
given reference point for each file moves dlightly. Because of this it was decided to use
row scanning and multiple line reading to do the application. The alternate solution
would have been to use more than one reader. Consider how this application was set up.

On the Reader tab page Vertical Spacing was set to 4 and Multiple Lines check box was
set to on. On the Row Scanning Options tab page Enable Row Scanning was set to on.
In the Row Scanning mode, EReader is capable of calculating an extremely “tight ROI”
bounding the text strings that allows it to determine where the strings are and to create the
“tight bounding boxes” for each character.

In this application, many characters had to be trained to include al the readable
characters in all the strings. Severa features in EReader alow saving these fonts and
parameters and restoring them for later use.

Using a Configuration File

The toolbar icons that have the up arrows and the down arrows facilitate doing these
functions.

The up arrow icon opens an existing EReader Configuration (.erc) file, in this case
Multline.erc.
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The down arrow icon alows the current configuration to be stored on disc, in this case
Multline.erc.

After invoking the use of the Mutiline.erc file the application may look something like
this:



After the read the screen would look like this:

A sequencing run can now be made to ensure that EReader can read all the files. See
Appendix C for details on sequencing.

Summary

The application person must decide on which technique is best suited based on the
content of the files to be processed. In this case the consistency of the size of the objects
along with the fact that reference points moved dlightly were the deciding factors.
Making these types of decisions comes with experience using EReader.

Multiple line reading and row scanning can be the best method when characters
are nearly the same size.

Doamamhaor

In larger applications where many parameters must be set and many characters
need to be trained, it is best to use a configuration file (.erc).

Remember
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Directory “juicel” example

The following file juicelJ1_001 from directory test suite\juicel is an example of an
application that will pose some very specific problems when an attempt is made to read
it. These characters are a very coarse style of dot matrix printing. Another factor is the
inter-character gap, which for some characters is quite small. The characters are also
somewhat non-uniformin size.

The first attempt to do the read, using the standard defaults, fails due to the incorrect
"boxing" of the 09 characters. This means that adjustments must be made to the default
parameters. Separation of the 09 charactersisthefirst goal. It issuggested that changing
the Edge Width parameter found on the | mage Options tab page may accomplish this.
Try severd iterations and observe the effect.
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Setting Edge Width to 5 separates the 09 string but leaves a slight problem with the 4 and
amajor problem with the K. Resetting Min Char Width and Height may fix this problem.
These settings are found on the Character Sze Constraints panel in the Reader tab page.
Vaues for Minimum Char Width and Minimum Char Height of 25 and 45 may work.
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Reset these parameters and observe the results.

These results look good, we are ready to train the font and attempt to do the read.
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The read appears to have been successful. This example demonstrates the iterative nature
of setting parameters to solve a given problem. Other approaches may be used. One
other way to solve the problem may be using multiple readers. If the character sizes
would have been much different, multiple readers may have been the only solution.

The next step isto make a sequencing run to seeif these setting will handle all instances
inthelist. It will be seen that JuicelJ 004 is different enough so as not to be read.
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After enough changes to the parameters and still no complete success, it is clear that
multiple readers will have to be used. Try the first 3 groups for reader #1 and the 4th set
of characters for reader #2.

For the 2nd reader, set the Tilt Angle to —4, since these characters seem to be dightly
angled. By straightening the characters we eliminate the "tight boxes' from capturing
neighboring objects.

50



Now try the rest of the stringsin the list to make sure they all read correctly.
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Appendix A

Font Training

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.

Training dialog box

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

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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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~r d~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.

The following shows the training box with the training sequence entered.

Training Dialog with embedded patterns
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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
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.




Appendix B

Auto Configuration

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 aso
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. Auto Configuration will affect Reader tab page options and
Row Scan Optionstab 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 is a pixel 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.
Char Width
Minimum and maximum vaues for character width are returned by the Configure
function.
Char Height

Minimum and maximum values for character height are returned by the Configure
function.
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This is the Auto Configuration Tab Page after invoking Configure on a dot matrix
character string. Note that Number of Objects is 9, Horizontal Spacing is 1, Inter-
character gap is 4, Char Width is 20 to 34 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 aong to Reader and Row Scan Options. Go to the

Row Scan Options tab page and the Char Constraints button on the Reader tab page to
see these changes.

Auto Configure Tab Page
After Configure

Recall that using the default parameters defined at startup is always a good ideafor afirst

try. To illustrate how Auto Configuration may produce occasional erroneous results
consider the following:
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Here it is obvious that the current parameters are not correct based on not having
individual “tight boxes’ around all characters. Use Auto Configuration to attempt to
solve the problem.

The parameters have been reset and can provide a starting point for adjustments. In this
case the angle of the text may be playing afactor in the misread. Try using the Tilt Angle
parameter on the | mage Options tab page (use —14 degrees), followed by another Auto
Configuration.
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Notice in the Transformed Image box how the Tilt Angle parameter has affected the
character boxes. The read is still not correct, but much better. The split V is still the
problem. Try changing the horizontal spacing from 1 pixel to 2 pixels.
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The second string characters are now ready to be trained. This exercise illustrates how
Auto Configuration may not succeed the first time but can save time by reducing the
number of times the parameters must be changed.
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Appendix C

Sequencing

The first operation is to create alist of images for the sequencer. Select Add to List from
the Sequencer tab page. This will completely rebuild the list, in other words individual
items are not added one at a time, rather the entire list is redone. In this case items are
selected from the test suite\02X X directory.

Theresult is asfollows:

The Run button will start the sequencer process. At any time the Stop sequence button
will suspend the operation. The Quit sequence button will terminate the entire operation
at any time. Delay Time regulates the cycle time of the sequencer run, that is, how long
each item is displayed. Reset will begin processing the images at the first image in the
list when the next run is started. The sequence of events would be Sop, Reset and then
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Run to go to the top of the list. Thisisvery useful if there are alarge number of itemsin
thelist and if it isimportant to start at the beginning.

Consider the first image in the sequence list, this is what the operator would see as the
Run sequence operation begins, presuming the 0,2,4 and 6 have been trained and are a
part of the current font.

It is important to make sure that the current font in memory has all the characters trained
in the upcoming sequencer operation. This can be done using the sequencer in Run mode
on atest set of images. When the Enable Training box is checked. the sequencer will
automatically stop when a “miss read” or a “no read” occurs. This will allow the
operator to proceed and train the new character(s).
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Here, on the second item in the sequence, the read has failed on the “7”, so the reader
must be trained to accept the “ 7.

This same process must be repeated for al strings in the sequencer list. Thisiswhy it is
important to include a good crossection of items in the sequencer list so as to cover all
possibilities of characters that may appear. The list of selected candidates for the reader’s
font must be complete enough to include all possible characters that will be involved in
the actual application. At thispoint area run may be made.
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GLOSSARY

Threshold - A value assigned to an object that defines whether the object can be
recognized by the EReader software. Threshold values are used as acceptance criteria
and can vary from 0 to 255. The threshold value for acceptance is set in the Threshold
tab page. 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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