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(57) Abrégée/Abstract:
The present invention is a computer-implemented method for calculating word accuracy. Word grouping accuracy values (260) are
calculated (212) by using the character accuracy values (250) calculated by an OCR program present in a computer system. The
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(57) Abrege(suite)/Abstract(continued):

present invention preferably uses these character accuracy values (250) to create a word grouping accuracy value (260). Various
methods are employed to calculate the word accuracy (260), including binarizing the character accuracy values (250), modified
averaging of the character accuracy values (250), and creating fuzzy visual displays of word grouping accuracy values (260). The
calculated word grouping accuracy values (260) are then adjusted based upon known OCR strengths and weaknesses, and
based upon comparisons to stored word lists and the application of [anguage rules. In a system with multiple character recognition
techniques, the system can compare the accuracy values (260) of different versions of the word groupings to find the most
accurate version. Then, the most accurate version of the word groupings Is kept.
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Word Grouping Accuracy Value Generation

Abstract of the Invention

The present invention is a computer-implemented method for calculating word
accuracy. Word grouping accuracy values (260) are calculated (212) by using the
character accuracy values (250) calculated by an OCR program present in a computer
system. The present invention preferably uses these character accuracy values (250) to
create a word grouping accuracy value (260). Various methods are employed to calcu'late
the word accuracy (260), including binarizing the character accuracy values (250).
modified averaging of the character accuracy values (250), and creating fuzzy visual
displays of word grouping accuracy values (260). The calculated word grouping
accuracy values (260) are then adjusted based upon known OCR strengths and
weaknesses. and based upon comparisons to stored word lists and the application of
language rules. In a system with multiple character recognition techniques. the system
can compare the accuracy values (260) of different versions of the word groupings to find

the most accurate version. Then, the most accurate version of the word groupings is kept.
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Word G rouping Accuracyv Value Generation

Technical Field

This invention pertains to the field of data storage and filing systems. more

specttically. to those systems employing optical character recognition.

Background Art

The field ot document imaging is growing rapidly, as modern society becomes
more and more digital. Documents are stored in digital format on databases. providing
Instantaneous access. minimal physical storage space. and secure storage. Today's
soclety now faces questions on how best to transfer its paper documents into the digital
medium.

T'he most popular method of digitizing paper documents involves using a system
comprising a scanner and a computer. The paper documents are fed into a scanner. which
creates a bitmap image ot the paper document. This bitmap 1image is then stored in the
computer. The computer can take a variety of forms. including a single personal
computer (PC) or a network of computers using a central storage device. The bitmapped
images must be able to be retrieved after they are stored. One system for filing and
retrieving documents provides a user interface which allows a user to tvpe in a search
lerm to retrieve documents containing the search term. Preferably. the system allows the
user to type in any word that the user remembers is contained within the desired

document to retrieve the desired document. (However, 1n order to retrieve documents on
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this basis. the document must be character recognized. That is. the computer must
recognize characters within the bitmapped image created by the scanner.

Another common usage of digitizing documents is to digitize long paper
documents in order to allow the document to be text searched bv the computer. In this
usage. a user types in the key word the user is looking for within the document. and the
system must match the search term with words found within the document. For these
systems. the document must be character recognized as well.

T'he most common method of recognizing characters is by using an optical
character recognition (OCR) technique. An optical character recognition technique
extracts character information from the bitmapped image. There are many different types
of optical character recognition techniques. Each has its own strengths and weaknesses.
For example. OCR 1 may recognize handwriting particularly accurately. OCR 2 may
recognmze the Courier font well. If OCR 1 is used to recognize a document in Courier
font. it may still recognize the majority of the characters in the document. However. it
may recognize many of the characters inaccurately. A user may not know ot an OCR's
strengths and weaknesses. A user may not know whether or not the types ot documents
the user typically generates are of the kind that are accurately recognized by the OCR
present on the user's system. Current systems do not inform the user of the quality of the
recognition of the OCR technique. The user finds out how accurate the recognition was

only by using the document for the purpose for which it was stored into the computer

system, at which time it may be too late to correct.

(S
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An mnaccurately recognized document can lead to several problems. First of all. in
a system in which documents are stored and retrieved based on their contents. an
Inaccurately recognized document may become impossible to retrieve. For example. if a
user believes the word "imaging” is in a specitic document. the user will tvpe In
‘imaging” as the search term. However. if the word "imaging” 1s recognized incorrectly.
such that it was recognized as "emerging." the user's search will not retrieve the desired
document. The user may not remember any other words in the document. and thus the
document is unretrievable. In a svstem where documents are digitized to allow text
searching ot the document. the same problem occurs. Misrecognized words are not tound
by the use of the correct search terms.

Thus, there is a need to allow the user to determine whether a recognized word is
of acceptable quality. By allowing the user to determine whether a word is ot acceptable
quality. the user can ensure that the document is retrieved by the use of that word as a
search term. Also. a user can ensure that words within the document are accurately
recognized for internal document searching purposes. Addittonally. in a svstem with
multiple optical character recognition techniques. there is a need to be able to compare
the accuracy of the different versions of the document to create a version that is the most

dccurate.

Disclosure of the Invention
The present invention is a computer-implemented method for calculating word
grouping accuracy values (260). The present invention receives (200) data. pertorms

(204) an optical character recognition technique upon the received data. and creates (208)

19100-3177 7091131
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word groupings. The system then calculates (212) word grouping accuracy values (260)
tor the created word groupings.

Word grouping accuracy values (260) are calculated (212) by using character
accuracy values (250) determined by the OCR technique. The present invention
preterably uses these character accuracy values (250) to create a word grouping accuracy
value (260). Various methods are employed to calculate the word accuracy (260),
including binarizing the character accuracy values (250), modified averaging of the
character accuracy values (250), and employing fuzzy visual displays of word grouping
accuracy values (260). The calculated word grouping accuracy values (260) are adjusted
based upon known OCR strengths and weaknesses. and based upon comparisons to stored
word lists and the application of language rules. Word grouping accuracy values (260)
are normalized and displayed or compared to a threshold. The words whose accuracy
values (260) exceed the threshold may then be used to index the documents or provide
search terms tor searching within the document. If no word groupings exceed the
threshold then the user is offered different options, including to clean the image by

pertorming another OCR or scanning the document again, or to reset the threshold to a

lower value.

Brief Description of the Drawings

These and other more detailed and specific objects and features of the present

invention are more fully disclosed in the following specification, reference being had to

the accompanying drawings. in which:

19100-3177//709113.1
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Figure | is a block diagram of a computer system embodying the present
invention.

Figure 2a is a flowchart diagram illustrating the process steps of an embodiment
of the present invention in which word accuracy is calculated for a single OCR system.

Figure 2b is an illustration of two characters and their accuracy values 2350.

Figure 2c is an illustration of a word grouping and its individual character
g grouping

accuracy values 250.
Figure 3 is a more detailed flowchart of process step 208 of the present invention.
Figure 4 is a more detailed flowchart of process step 212 of the present invention.
Figure 5a is a more detailed flowchart illustrating the assigning binary

representation module 412 of the present invention.

Figure 5b is an illustration of word groupings and accuracy values 260 in

accordance with the present invention.

Figure 5c is a flowchart of one alternate embodiment of calculating word
grouping accuracy values 260 in accordance with the present invention.

Figure 3d is a flowchart ot a second alternate embodiment of calculating word
grouping accuracy values 260 in accordance with the present invention.

Figure 6a is one embodiment of the adjusting word accuracy module 416 of the

present invention.

Figure 6b is an alternate embodiment of the adjusting word accuracy module 416

of the present invention.

A
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Figure 7 is a flowchart diagram illustrating the process steps ot an embodiment of
the present invention in which word accuracy 1s calculated for a multiple OCR system.

Figure 8a is a more detailed flowchart of process step 724 ot the present
Invention.

Figure 8b is an illustration of a word grouping version table 850.

Figure 9 1s a more detailed flowchart of process step 728 of the present invention.

Figure 10 is a more detailed flowchart of process step 736 of the present

Invention.

Figure 11 is a flowchart illustrating an updating indexing list embodiment in

accordance with the present invention.

Detailed Description of the Preferred Embodiments

Figure 1 illustrates a hardware embodiment of the present invention. A data
receiver 100 is coupled to the data bus 110 of a computer 120. The data receiver 100
preterably receives data from a scanner 104, which can be any conventional scanner. such
as Canon DR 3020 or Canon PICS 4400. Alternatively, the data receiver can be a
network adapter or Internet connection comprising a modem and a phone line which
couples the computer 120 to a remote data source from which data is received. The
computer 120 includes a central processing unit 130, such as an Intel Pentium processor.
a display 140. an input device 190. random access memory (RAM) 150. read-onlv

memory (ROM) 155, and a disk 160. all interconnected through bus 110.

19100-3177,709113.1
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Annput device 190 is a mouse. kevboard. or other pointing device that allows a
user 180 to interact with the computer 120. ROM 1553 provides CPU 130 with unvarving
tunctions such as executing programs initialized at the start-up of computer 120. RAM
1 50 provides the CPU 130 with data and instruction sequences that are loaded from disk
160. The disk 160 is. tor example. 1.6 Gigabvte disk that interfaces to the computer bus
through a Small Computer Svstem Interface (SCSI) interface 165. Disk 160 stores data
tiles such as binary. gray-scale. and color Image files. a table 170. text tiles. and programs
including a word accuracv calculation program and one or more OCR programs. Disk
160 1s a single device or multiple devices. The components of computer 120 take
conventional form. Computer 120 can stand alone or is a part ot a network ot computers
125 comprised of individual computers 120 coupled together through Ethernet
connections. The present invention can be used in conjunction with any computer
operating system. such as Windows 95. Windows NT. or OS/2. resident in memory |585.

As illustrated in Figure 2. the present invention receives 200 data. As described
above. data can 200 be received in a multitude of ways. including by a scanner or by a
remote connection with another computer. It a scanner 104 is coupled to data receiver
100. then the paper document fed into the scanner 100 is digitized. Digitizing a paper
document involves creating a bitmap of the paper document. After a digitized version of
the document is created. an OCR is performed 204 upon the bitmap. A Canon OCR
technique. specified in U.S. Pat. 5.379.349_ i preterably used as the OCR technique:
however. any OCR technique can be used in accordance with the present invention. [he

OCR technique creates character information trom the bitmap. :\ description ot how the

19100-3177 709113 |
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character recognition process 1s accomplished i1s found in the
above-mentioned U.S. Pat. 5,379,349. A document may be a
single piece of paper or multiple pileces of paper that are
substantially related.

Most OCRs provide a character accuracy value 250 for
characters recognized from the bitmap. The character
accuracy value 250 1s typilcally created by comparing the
recognized character with a stored template of the character.
The differences 1n the two versions of the character are
quantized and represented as an accuracy value 250. For
example, a recognized "p" and a stored template of a "p" are
shown 1n Figure 2b. This "p" 1s given a character accuracy
value 250 of .95 because of the differences 1n shape between

the recognized "p" and the stored template of the "p".

The system next creates 208 word groupings from the
recognized characters, as i1llustrated by process steps 300,
304, 308, 312 and 316 shown in Figure 3.

After word groupings are created 208 from the extracted

gy,

character information of the bitmap of the paper document,

the system calculates 212 the word grouping accuracy values
260 of the created word groupings. Word grouping accuracy
values 260 are calculated to provide the user 180 with an
easlly understood measure of the quality of an OCR's
recognition. Displaying a string of character accuracy
values 250 may not communicate useful information to the
average user 180. For example, in Figure 2c, the word "rock"
1s composed of four characters "r", "o", "c", and "k." The

r" 1s recognized at a .95 accuracy wvalue 250, the "o" is

recognized at a .72 accuracy value 250, the "¢" is

- 8-
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recognized at a .92 character accuracy value 250 and the "k" is recognized at a .82
accuracy value 230.

Displaving individual character accuracy values 250 does not inform the user 180
whether the word "rock” was accurately recognized. The user 180 knows that "r" and "¢"
were accurately recognized. but the user 180 does not know how the poor recognition of
the "0" and the "k" affects the recognition of the word as a whole. Determining the
accuracy of the word. as opposed to individual characters. is critical in systems that allow
retrieval of documents by the use of text-searching. In those systems. when the user 180
searches tor a document. the user 180 enters a search term composed of words. Thus. it
Is more important to know whether an entire word is accurately recognized. as opposed to
whether individual characters are accurately recognized. Additionally. in documents in
which OCR techniques are performed in order to allow the document itself to be text
searched. it is important to know whether the OCR has accurately recognized the
document. Ifthe OCR recognition is inaccurate. words searched for will not be found.
even if the words are present within the image. Finally. if multiple words are displayed
with all of their individual character accuracy values 250, the page soon becomes an
indecipherable conglomeration of letters and numbers.

Figure 4 illustrates the process steps of an embodiment of the current invention
calculating word accuracy in a system employing a single OCR. The system selects one
of the newly created word grouping using a selecting module 400. The system then
obtains the character accuracy value 250 for one of the characters In the selected word

grouping by using an obtaining character accuracy value module. As described above.

19100-3177./709113.1
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character accuracy values 250 are typically available after performing an OCR. The
system then applies a character accuracy value adjusting module 408 to adjust the
character accuracyv value 250 based upon known OCR weaknesses. This adjustment is
based upon the tact that OCRs typically have unique strengths and weaknesses. The
system determines whether the character being examined is one of the known characters
that is not accurately recognized, or is a font, typeface. or style that is not accurately
recognized. In this situation, the system subtracts a constant from the obtained character
accuracy value 250. The constant is typically .05. but can be set higher or lower.
depending upon user preferences. For OCR strengths, the adjusting module 408 adjusts
the character accuracy value 250 upwards to reflect characters. fonts, or typefaces that the
OCR typically recognizes more accurately than other recognition systems

[n the example of Figure 2c. perhaps the word "rock" was created using the Times
New Roman font. and the OCR applied to the document recognizes the Times New
Roman font accurately. Then. the individual character accuracy values 250 are adjusted
upwards to become "r": 1.0, "0": .77. "c": .97. and "k": 87. Thus, although the OCR had
a confidence factor of only .72 that the "o" was really an "0". the system of the present
invention raises the value to .77 due to the strength of that OCR's ability to recognize
Times New Roman. If this number were displayed to the user 180. the user 180 would
feel more contident that the "o0" was correctly recognized because of the adjustment of the
present invention.

Of course. it a document contains words created in one font that 1s either strongly

or weakly recognized by the OCR present in the system. than all of the characters are

10
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adjusted unitormly. and the adjustment is tactored out. However. in muluple OCR
situations. discussed below. it is important that the adjustment occur. as the different
versions of the word groupings created by each OCR are compared against ecach other.
I'he above process is repeated tor each character in the selected word grouping. and i1s
repeated for each word grouping in the document.

An assigning module 412 is then applied to assign a binary representation to the
characters in the selected word grouping. discussed in more detail below. A preliminax:y
word grouping accuracy value 260 is thereby generated for the selected word grouping.
A word accuracy adjusting module 416 is applied to the selected word grouping to adjust
the preliminary word grouping accuracy value 260 based upon predefined tactors such as
stored list comparisons or the application of stored language rules. discussed in more
detail below. This process is preterably repeated for each word grouping in the received
group ot data. After a word grouping accuracy value 260 is calculated for the last word
grouping. the system proceeds to display the word groupings and their accuracy values
260 using a display module 216. I'he above-described modules may be implemented as
hardware. firmware. or software. in accordance with the present invention.

Figure Sa illustrates in more detail the assigning binary representation module
412. The system selects 500 a character in the selected word grouping. Then. the syvstem
determines 504 whether the first character in the word grouping has an accuracv value
250 that exceeds a threshold accuracy level. The threshold accuracy level i1s preferably
user defined. The user 180 can theretore set the recognition quality ot the entire svstem

based upon what threshold the user 180 chooses. For example. 1t the user 180 desires a

I 1

L9100-3177 7091131
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system that accepts characters at 90% accuracy, the user 180 can set the threshold at 9.
If the user 180 is more tolerant of error, the user 180 can set the threshold lower.

The system compares the accuracy of the selected character to the user-defined
threshold to determine what representation to assign the character. If the character
accuracy value 250 exceeds the threshold. the character is :assigned 508 a"1." Ifthe
character accuracy value 250 does not exceed the threshold, the character is assigned 512
a "0." The system determines 516 if there are more characters. If there are, a counter 1s
incremented 520. and the process is repeated. If all of the characters have been assigned a
representation. the system then adds 524 the number of characters assigned a ““one”
together to determine the total number of characters assigned a “one”. Then the system
determines 528 the total number of characters in the word grouping. Finally, the system
calculates the preliminary word accuracy for the word grouping by dividing 532 the
number of characters assigned a “one” by the total number of characters in the word
grouping.

T'he system uses the above method of calculating because it normalizes word
grouping accuracy values 260. Normalizing provides a better representation of the
recognition quality of a word. For example, 1n Figure 5b, the word "ear" has character
accuracy values 250 of .93, .89. and .72 assigned to its characters. The threshold is .8
Theretore. the "e" and the "a" are assigned a 1 and the "r" is assigned a 0. The word
crouping accuracy value 260 for "ear” is therefore .67 (2/3). The next word is "earring."
I'he character accuracy values 250 are the same for the first four letters, the "i" is

recognized at a .93, the "n" is recognized at a .85. and the "g" 1s recognized at a .87.

12
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Theretore. its word accuracy is .71 (5/7). The percentage of characters with an accuracy
value above the threshold is greater in the word “earring” than in the word "ear." This is
retlected in the word accuracy value assigned to each word. In one embodiment. repeated
characters are discounted for the purposes of calculating word grouping accuracy values
-60. In the above example. the "r" would only be counted once in calculating the
accuracy value. leading to an accuracy value of .83 (5/6). This embodiment is useful
when the user 180 is attempting to evaluate the accuracy of the OCR. as the OCR is n;)t
penalized for making the same mistake multiple times in a word.

Simple averaging (adding together individual character accuracy values 250 and
dividing by the total number of characters) of the character accuracy values 250 may also
be used to calculate word grouping accuracy values 260. However. simple averaging
may not provide an accurate representation of the OCR's recognition. In the above
example. the word grouping accuracy value 260 of "ear" would be .85, and the value of
‘earring” would be .84 using simple averaging. The user 180 would believe that "ear"
was recognized with greater accuracy than "earring.” However. in light of the above
discussion. this belief is erroneous. This is explained by observing that an inaccurately
recognized character is more detrimental to the word recognition of shorter words than
longer words. Thus. if one of three letters is misrecognized. the word may be completely
misinterpreted. However. if one of seven letters is misrecognized. the word may still be
recognized correctly based on its surrounding letters. using a fuzzy matching system:.

Alternate methods ot calculating word grouping accuracy values 260 may be

beneticially employed depending upon the user 180 and the system. Figure Sc illustrates

19100-3177//7709113.1
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a second method of calculating word grouping accuracy values 260. A word grouping is
selected 540. A character accuracy value 250 is obtained 544 for a first character in the
selected word grouping. The system determines 548 whether the obtained character
accuracy value 250 1s greater than a threshold accuracy level. The threshold is set by the
user 180 to define an overall accuracy level for the word accuracy generation system. If
the obtained character accuracy value 250 is greater than the threshold. a counter is
incremented 552. [f the obtained value 250 is less than the threshold. the counter is not
incremented. [n either case, the system determines 556 whether this was the last
character in the word grouping. If there are more characters. the svstem increments 560 a
counter and repeats the process for the next character.

[f there are no more characters, the system determines 564 whether all of the
characters in the selected word grouping passed the threshold. If all of the characters did
pass the threshold. the system calculates 568 the word grouping accuracy value 260 of the
selected word grouping as the average of the character accuracy values 250. If at least
one of the characters did not exceed the threshold. the system determines 372 the
percentage of characters that did not exceed the threshold. using the formula (P-N)/100.
where P is the total number of characters in the word grouping, and N is the number of
characters which exceeded the threshold. Then the system calculates the word grouping
accuracy value 260 of the selected word grouping by subtracting 576 the result from the
threshold accuracy value. This process 1s repeated for each word grouping.

An advantage to using this method over assigning binary representation is that

this method allows word grouping accuracy values 260 to be searched using any integer.

1[4
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In the tirst method for calculating word grouping accuracy values 260. the values are
quantized or digitized. Thus. it a user 180 wanted to search words created having a range
of values from .34 to .42. the tirst method is unlikelyv to retrieve any word groupings. as
word grouping accuracy values 260 created using its scheme are the result of some
fraction such as 3/4. or 6/7. However. the values 260 generated by the second method are
calculated as the average of individual character accuracy values 250. which may be any
integer over the threshold. or values 260 are calculated as the result of the percentage
subtracted from the threshold value. which also generates a broader range of results.
Thus a user 180 searching tor a range of values is more likely to retrieve results in a
system using the second method rather than the first method.

Figure 5d displays a third method of calculating word grouping accuracy values
260. A word grouping 1s selected 580. A character is selected 581 from the selected
word grouping. The accuracy value 250 of the selected character is obtained 582, The
system then determines 584 whether the accuracy value 230 of the selected character is
greater than a first threshold. If it is. the character is assigned 590 a "*" Any symbol
may be assigned to the character. However. as the first threshold is the highest threshold.
the symbol should visually represent the fact that the character is in the most accurate
category. After assigning 590 the "*". the system repeats 598 for the next character. or if
It was the last character. the system repeats 399 for the next word grouping. [f it was the
last character in the last word grouping. the svstem proceeds to the display step 216.

l.fthe sclected character did not exceed the tirst threshold. the svstem determines

086 whether the character's accuracy value 230 exceeds the second threshold. If it does.
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then a "+" is assigned 592. Again. any symbol may be used but the symbol should
represent to the user 180 that the character is in the second best category. If the character
does not pass the second threshold. the system compares 388 the character to a third
threshold. If the character exceeds the third threshold. a "~" is assigned. If the character
tails to exceed the third threshold, a "-" is assigned. After all of the characters have been
assigned a symbol. the words and their symbols are displayed 216 to the user 180.

Word grouping accuracy values 260 generated in accordance with this method‘ are
advantageous because they visually communicate to the user 180 the quality of the
characters in a given word. Thus, if a user 180 sees a word and the symbols "**+*"
displayed. the user 180 knows that the word has been recognized accurately. This visual
representation may be more effective in communicating accuracy values 260 than
numeric displays. The thresholds in the above method are preferably set by the user 180
to suit the user's preferences. One of ordinary skill in the art can see that other methods
ot calculating word grouping accuracy values 260 may be used in accordance with this
invention. For example, symbols may be assigned to words instead of characters.
allowing the user 180 to have a visual representation of word grouping accuracy values
260. Or. the word grouping accuracy value 260 of a word may be set equal to the
accuracy value 250 of the character in the word grouping which has the lowest accuracy
value 250.

FFor all of the above methods, after the word grouping accuracy value 260

calculated tor a word grouping, the value and its associated word grouping are stored in a
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table 170 located on disk 160. The table 170 is used to retrieve the accuracy value 260
tor a word grouping when the value 260 needs to be adjusted or displayed.

Figure 6a describes one embodiment of the adjusting word accuracy module 416.
In this embodiment. the word grouping accuracy value 260 of a selected word grouping 1s
adjusted based upon comparisons of the selected word grouping to word groupings on a
stored list. The stored list is preferably composed of commonly used words such as those
tound in a dictionary. Additionally, words or acronyms that are commonly used in thé
types ot documents being processed by the system are preferably added to the stored list
by the user 180. For example. if a company using the present invention is a software
development company. they may create a list including words such as "debug”. "beta".
and "GUL" The additional or custom words are added to the dictionary word list. or. in a
preterred embodiment. the custom words are stored in a separate word list.

In accordance with the present invention. a first word grouping is selected 600.
The word grouping is compared 604 to a word grouping in the stored list. The system
determines 608 whether there is a match between the selected word grouping and the
word grouping on the stored list. If there is a match. a constant is added 628 to the
accuracy value 260 of the selected word grouping. The system determines 632 if there is
another word grouping to be compared. and if there is. a counter for the selected word
groupings 1s increased 636. the counter for the stored list is set 640 to one. and the
counter for the stored list is set 644 to one. [f the system determines that there are no

more word groupings to be compared. the system moves to the display module 216.

17
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[f there was not a match between the selected word grouping and the word
grouping of the stored list, the system determines 612 if this the last word grouping on
the stored list. If there are more word groupings on the stored list. a counter is

incremented 616. and the next word on the list is compared with the selected word

L 4

grouping. If there are no more word groupings on the stored list. the system determines
620 1f there are more stored lists. If there are more stored lists. a counter is incremented
622 and the comparison process is repeated for the new stored list. If there are no mort;:
stored lists. no value is added to the selected word grouping. and the system moves on to
the next word grouping in process step 632.

In the example of the word "earring," the word grouping accuracy value 260 was
0.71. If the above module 416 were applied, "earring" would be compared to a stored list
of words. If a dictionary was one of the stored lists, a match would be found. The
adjusting module 416 would increase the value of the word accuracy to .81 because of the
match. using a constant of .05. The user 180 would then see the increased confidence
tactor. and feel more confident that the word was accurately recognized. However. if in
the original example. the word was "GUI", and the "I" was misrecognized as a "L". the
word "GUL" would have been created. The OCR confidence factor for the "L" may still
be high, for example. at .75, because the OCR may believe that the "L" was recognized
correctly. A user 180 who sees "GUL" who is not the author of the document may be
unsure whcthcr GUL 1s a new acronym or a misrecognized word. However. a stored list
comparison containing technical words and acronyms would' not find a match tor "GUL".

and theretore. the value would not be adjusted. Since words correctly recognized will

18
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have a .5 value added . the value tor "GUL" will appear low to the user 180. The user
180 will have less contidence that the word "GUL" is-accurately recognized. and may
choose to exclude "GUL" from being used to index the document. Thus. one advantage
ot this system is that it allows non-experts to pertorm document entrv. In another
embodiment of the system. a constant is subtracted from the word accuracy measure if no
match 1s found. In either embodiment. the svstem is optimized if the authors of
documents update the word lists trequently with the acronvms and special word uses of
the authors.

In Figure 6b. an alternate embodiment ot the adjusting word accuracy module is
llustrated. In this embodiment. language rules are applied to the word grouping to adjust
the word grouping accuracy value 260 of the selected word grouping. Language rules
are rules such as no capital letter in the middle of a word. For example. if an OCR
recognizes the word "example” as "examPle". the application of a language rule would
catch the mistake and subtract a constant from the word grouping accuracy value 260.
Other language rules may include "no i before e except atter c.” the first letter of the first
word of a sentence should be capitalized. etc. The list of language rules may be edited by
the user 180 to create language rules that may be specific to the user's field. For
example. if the present invention is used for a foreign language. foreign language rules
may be implemented.

As tllustrated in Figure 6b. a word grouping is selected 648. The system
determines 652 if the word grouping contradicts the first language rule. It it does. a value

1s subtracted 656 from the accuracy value 260 of the selected word grouping. f the word
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grouping does not contradict the first language rule. the system determines 654 if there
are more language rules. If there are. a counter is incremented 668, and the next language
rule 1s applied. If there are no more language rules to be applied or a language rule was
applied. the system determines 660 if there are more word groupings. If there are not, the
process proceeds to the display module 216. The above embodiment may be used alone
or 1n conjunction with the stored list comparisons to provide a more complete word
accuracy generation system. Other types of word accuracy checks may be used in
accordance with the present invention.

Display module 216 displays the recognized word groupings and their associated
word grouping accuracy values 260 to the user 180. This gives the user 180 an
opportunity to understand how accurately the OCR recognized the document. If the OCR
recognized the words poorly, the user 180 may be forced to delete the OCR version, and
use the paper document in its paper form. Alternatively, the user 180 may employ
another OCR to obtain a better result. If the OCR repeatedly generates inaccurate word
uroupings. the user 180 may decide to purchase another OCR system.

Keeping track of the OCR's performance is also important in an embodiment
wherein the recognized word groupings are used to index a document. In this
embodiment. an indexing list of the recognized word groupings is used to retrieve
documents. The word groupings on the list are used as potential search terms for
retricving the document. For example, if the word "rock” was in a word list for

Document A. the word "rock" may be entered as a search term to find and retrieve
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Document A. The indexing list is formed from the table 170 of word groupings and their
accuracy values 260.

To begin the process. the table 170 is displayed to the user 180. The user 180 can
then determine whether or not to remove some of the word groupings from the table 170.
Words removed from the table 170 will not be on the indexing list. For example. the user
180 may want to prevent any word that does not appear to the user 180 to be an
accurately recognized word from the list so it cannot be used to retrieve the document.
This ensures that the word list used to index the document is kept tree of "pollutants."
which are words that are misrecognized and may introduce error into the file retrieval
process. For example. if the word "ear” is on the list for Document A. but the true word
was “eat”. entering "ear” as a search term will retrieve Document A erroneously.
However. 1t "ear" is displaved with a low word grouping accuracy value 260, the user 180
may choose to remove that word based upon its accuracy value 260 from the word list for
Document A.

In the preterred embodiment. the user 180 simply specities a level of accuracy
value 260 that the user 180 would like to maintain in the user's word lists. For example.
the user 180 may specify that all words that are recognized at less than .95 should not be
kept. In this embodiment. after a word grouping has its final accuracy value 260
determined. its accuracy value 260 is compared to the threshold. If it passes. the word is
kept in the indexing list. [t it fails. it is not stored in the indexing list. Then. the user 180
does not have to view the results of the word accuracy generation. and does not have to

perform any subsequent manual determinations. Again. this introduces an ease of use to
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the document file indexing system. as a user 180 without expertise may be used as the
document imaging/filing clerk.

Another embodiment of the present invention displays the image of the document
to the user 180 using color codes to indicate the accuracy values 260 of the words. For
example. one color. such as red, is assigned to words that have accuracy values 260 over
a threshold of 0.5. and blue may be assigned to words having an accuracy value 260 of
less than 0.5. This allows the user 180 to view the image of the document and visuallSr
understand which words are correctly recognized and which are not. The user 180 may
set the threshold to whatever level of accuracy the user 180 requires.

Figure 7a illustrates an embodiment of the present invention wherein multiple
optical character recognition techniques are employed. In this embodiment. the present
invention calculates word grouping accuracy values 260 of each word grouping created
by each OCR . These word grouping accuracy values 260 can then be used to determine
the most accurate version of the word grouping.

The system begins by receiving 700 data. and creating a bitmapped image of the
paper document. An OCR program is applied 704 to the bitmapped image to recognize

the characters in the image. This is repeated for each OCR present in the svstem. Thus.

multiple versions of the original document are created.

The system then obtains 708 character accuracy values 250 for each character in

716 tor each created word grouping. The initial word grouping accuracy values 260 are

22
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calculated 1n accordance with the process described above in refation to Figures Sa-d.
The word groupings and their accuracy values 260 are stored in a table 170. The process
s repeated 720. 722 for each OCR version. EFach OCR version has its own table 170
composed of word groupings and accuracy values 260.

T'he system then compares the different versions of each word grouping together
to create tables 850 of versions of the word groupings ordered by accuracy. After an
initial ordering has been created. the accuracy values 260 for each version ot the word'
grouping are adjusted 728 in accordance with predefined accuracy factors. Then. the
table 850 is reordered based on the new accuracy values 260.

[n one embodiment. composite word groupings are created 732. Composite word
groupings are word groupings created from the most accurate versions of each character
in the word grouping. Thus. tor example. if the word "help" was recognized by the
presrent invention. each OCR would generate character accuracy values 250 for each of
the tour characters. OCR A may generate "h": .87 "e": .92 "|": .95 "'p":.77and OCR B
may generate "h": .91 "e": .90 "I": 90 "p": .82. Theretore. if OCR A and B were the only
OCRs present in the system. a composite word grouping is created using the "h" from
OCR B. the "e" from OCR A. the "I" from OCR A. and the "p" trom OCR B.

Finally. the most accurate word groupings 736 are displayed or stored into an
indexing list. If composite word groupings are used. a word grouping accuracy value 260

s calculated for the composite word grouping and is compared with the other word

groupings to determine the most accurate word groupings.

i J
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tigure 8 illustrates ordering the versions of the word groupings in greater detail.
A word grouping is selected 804 from the table 170 of word groupings created by the first
OCR. The coordinates of the selected word grouping on the bitmapped image are
determined 808. This process is performed in order to ensure that versions of the same
word grouping are compared against each other. The version of the word grouping 1s
then stored 812 in a first word grouping version table 850. A counter is incremented 816,
and a next table 170 of word groupings created by a next OCR is selected 820. A wor.d
grouping is selected 824 that corresponds to the coordinates determined previously. The
accuracy value 260 of the selected version is compared 828 to the accuracy value 260 of
the version of the word grouping already stored in the word grouping version table 850.

The system then determines 832 whether the selected version has a greater
accuracy value 260 than the version in the table 850. If it has, the selected version is
stored 844 in the table 850 in a position immediately prior to the first version. If the
selected version has a lesser accuracy value 260, the svstem determines 836 if there are
more versions of the word grouping stored in the word grouping version table 850. If
there are not. the selected version is stored 848 in a position immediately after the first
version. If there are multiple versions of the word grouping already stored in the word
grouping version table 850, the selected version is compared against all of the versions in
the table 850 until a version is found that has a greater accuracy value 260. At that point,
the version is stored in the table 850 in a position after the version having a greater
accuracy value 260. For example. as illustrated in Figure 8b, if the word "example" was

in the original paper document. and there were OCRs A. B. C, and D present in the
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svstem. there would be tour versions of the word ‘example"” created. The system creates
a table 850 of versions ot the word "example." and orders the versions by accuracy.

I'hus. as shown. the calculated word grouping accuracy values 260 for the versions of
example are: OCR A "example”: .91. OCR B "example": .87. OCR C "example": .72 and
OCR D "example": .95. The table 850 theretore orders the versions beginning with OCR
D’s "example”. followed by A's. B's. and C's. If a fifth version of "example” is created by
a fifth OCR. the fifth version would be comparéd to the four versions already in the table
850. The accuracy value of the fifth version is compared to the accuracy values of the
other tour. and is placed into the table accordingly. If the fifth version has an accuracy
value 260 of .89. its version is placed in a position under OCR A's version and above
OCR D's version.

The system then determines 852 if there are more OCR versions of the selected
word grouping. [f there are. a next version of the word grouping is selected. and the
process 1s repeated. If there are no more versions of the word grouping. the system
determines if there are more word groupings in the first OCR word grouping table 170. If
there are. the next word grouping is selected. and the process is repéated.

Figure 9 illustrates adjusting accuracy values 260 after the versions of each word
grouping have been ordered. First. a factor or constant is added 900 to a version of a
word grouping based upon the strengths of the OCR which created the version of the
word grouping. For example. if the word "help" has been created by OCR A. and OCR
A recognizes Courier font particularly well. the word grouping accuracy value 260 for the

version of help created by OCR A is adjusted upwards by a constant. This is repeated for
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each version of the word grouping in the word grouping table
170. Then the versions of the word grouping on the word

grouping table 170 are reordered 904 based upon the changes

1n accuracy values 260.

A factor or constant 1s subtracted 908 from the versions
based upon OCR weaknesses in the manner described above. The
table 170 1s reordered 912 based upon any change in accuracy
values 260. Then, the word grouping accuracy values 260 are
adjusted and reordered based upon stored list comparisons 916
and language rule applications 920, as described in Figures

6a and 6b. The adjusting and reordering produces a final

ordering of word grouping versions from most accurate to
least accurate. At this point, all word groupings having an
accuracy value over a threshold may be kept, or only the most
accurate word grouping version may be kept.

Figure 10 1llustrates the display word grouping aspect
of the present invention, which may be used in a single or
multiple OCR embodiments of the present invention. However,
1t 1s described here with respect to the multiple OCR
embodiment of the present invention. A first word grouping
version table 850 is selected 1000. The version in the first
position 1n the table 850 is retrieved as it is the most
accurate version based upon the ordering performed earlier.

=

In one embodiment, the composite version of the word grouping

1s compared to the retrieved version to determine which is

the most accurate version. This embodiment may be made into

an optional step dependent upon the accuracy of the most

g

accurate version of the word grouping. If the most accurate

version of the word grouping has an accuracy value 260
greater than a threshold, no composite word grouping is

created. This saves on processing time, as composite

- 26 -
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word grouping creating may be a time-consuming process for
low-speed processors. The threshold may be specified by the
system, or is preferably a user-defined threshold level.
Finally, the most accurate version of the word grouping 1is
displayed. Alternatively, the most accurate version 1s used to
create a list used for indexing the document, as shown in
Figure 11. In this embodiment, 1f the system determines 1100
that a version of the word grouping has an accuracy value which
exceeds a threshold, the version is used to update 1104 an
indexing list. Agaln, the threshold i1s a level of accuracy the
user 180 desires for the user's system. By keeping all of the
versions which exceed the threshold, the user 180 can
eliminate, to the greatest extent possible, OCR mistakes which
are not caught by the above-described processes. For example,
if the table 850 contains three versions of the word "ear"
which exceed the threshold, and the most accurate version 1s
"éat", and the other two are "ear", a system which keeps the
version with the highest accuracy value will incorrectly keep
"eat" as the version of the word. A system which keeps all
three will also keep the wversions which have the correct
representation of the word "ear." Thus, in those systems, the
document 1s able to be retrieved by using "ear" as a search
term. However, by keeping multiple versions, more dilisk space

is used 1n keeping the longer indexing lists.

If none of the word groupings exceed the threshold, in
either the single or multiple OCR embodiments of the present
invention, the user 180 is preferably displayed 1108 several
options regarding how to proceed. After receiving 1112 an

input, the system executes the option selected. A first option

1116 is to perform the OCR again, 1n an attempt to increase the

character accuracy values. If multiple OCRs are present in the

-27 -
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system. the user 180 may select one of the other OCRs. A second option 1120 is to re-
scan the document. This may provide a cleaner image for the OCR to recognize. A third
option 1124 is to allow the user 180 to lower the threshold. If the word groupings
consistently fail to meet the threshold, the user 180 may have set the threshold too high
for the user's system.

The above description is included to illustrate the operation of the preferred

embodiments and is not meant to limit the scope of the invention. The scope of the

Invention is to be limited only by the following claims. From the above discussion, many

vanations will be apparent to one skilled in the art that would yet be encompassed by the
spirit and scope of the present invention.

What 1s claimed is:

19100-3177//709113.1
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CLAIMS:

1. A method for calculating word accuracy values, comprising:

recognizing characters within image data by performing a character
recognition technique;

obtaining character accuracy values from the recognized characters;

creating words from the recognized characters;

selecting one of the created words;

calculating a word accuracy value of the selected word on the basis of the
character accuracy values obtained on said obtaining step;

discriminating an accuracy level of the selected word from a plurality of
accuracy level by comparing the calculated word accuracy value to a
predetermined threshold value, wherein each accuracy level being associated
with a visual identifier;

assigning the visual identifier associated with the discriminated accuracy
level to the selected word; and

repeating the selecting, calculating, discriminating, and assigning steps for

each created word.

2. The method according to claim 1, wherein said image data includes digital
representations of text or graphics symbols.

3. The method according to claim 1, wherein said calculating step comprises
the sub-steps of:

selecting a character within the selected word;

determining whether the character accuracy value of the selected
character exceeds a threshold value;

responsive to the character accuracy value exceeding the threshold value,
assigning a “one” to the character;

responsive to determining that the character accuracy value does not
exceed the threshold value, assigning a “zero” to the character;

repeating the selecting, determining, assigning a “one”, and assigning a
“zero” sub-steps for each character in the selected word; and

determining a word accuracy value by the logical combination of

characters assigned a “one” and the total number of characters in the selected
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word.

4. The method according to claim 3, wherein said word accuracy value
determining sub-step determines the word accuracy value by dividing the
number of characters assigned a “one” by the total number of characters in the

selected word.

5. The method according to claim 1, further comprising the steps of:
decreasing the obtained character accuracy values responsive to the
recognized character being a character known to be less accurately recognized

by the character recognition technique; and

increasing the obtained character accuracy values responsive to the
recognized character being a character known to be more accurately recognizea

by the character recognition technique.

6. The method according to claim 1, further comprising the step of
decreasing the calculated word accuracy value responsive to the selected word

contradicting one of predetermined language rules.

7. The method according to claim 1, further comprising the steps of:
increasing the calculated word accuracy value responsive to the selected
word matching one of the words in a list of words, the list being stored in
advance; and
decreasing the calculated word accuracy value responsive to the selected

word not matching one of the words in the list.

8. ‘The method according to claim 7, wherein the stored lists of words include
lists of technical words, words found in a dictionary, foreign words, and trade

words.

0. The method according to claim 1, further comprising the step of displaying

the created words and the assigned visual identifiers for each word.

10. The method according to claim 1, wherein said calculating step comprises
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the sub-steps of:

responsive to determining that all of the character accuracy values are at
least equal to a threshold accuracy value, calculating the word accuracy value of
the selected word by calculating the average of the character accuracy values;
and

responsivé to determining that one or more of the character accuracy
values are less than the threshold accuracy value, calculating the word accuracy
value by dividing the number of characters that do not have an accuracy value
that exceeds the threshold by one hundred, and by subtracting the dividing
result from the threshold accuracy value.

11. The method according to claim 1, wherein said calculating step comprises
the sub-steps of:
determining the minimum character accuracy value from the obtained
character accuracy values of characters contained in the selected words; and
setting the word accuracy value of the selected word equal to the

determined minimum character accuracy value.

12. The method according to claim 1, further comprising the step of:
adding to an indexing list word whose accuracy values exceed a threshold
accuracy level, the indexing list being used for searching and retrieving

documents.

13. The method according to claim 12, further comprising the step of:
responsive to none of the word having an accuracy value which exceeds
the threshold accuracy level, displaying an option to set the threshold accuracy

level to a different value.

14. The method according to claim 1, wherein said recognizing step
recognizes characters by performing a plurality of character recognition

techniques, and wherein
said obtaining step obtains character accuracy values for each character

recognition technique, and wherein
said creating step creates words for each character recognition technique,

and wherein
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said calculating step calculates a word accuracy value of the created
words for each character recognition technique, and wherein
said method further comprises the step of determining the most accurate

words based on the calculated word accuracy values, and wherein
said discriminating and assighing steps are performed for the most

accurate words.

15. The method according to claim 1, wherein said visual identifiers are visual

quality symbols.

16. The method according to claim 1, wherein said visual identifiers are color

codes.

17. The method according to claim 1, wherein said discriminating step
discriminates accuracy levels of each character of the selected word, and
wherein said assigning step assigns the visual identifier associated with the
discriminated accuracy levels to each character of the selected word.

18. A computer-readable storage medium having stored thereon statements
or instructions, for execution by a computer, for carrying out the steps of any
one of claims 1 to 17.

19.  An apparatus for calculating word accuracy values, comprising:

recognizing means for recognizing characters within image data by
performing a character recognition technique; ' '

obtaining means for obtaining character accuracy values from the
recognized characters;

creating means for creating words from the recognized characters;

selecting means for selecting one of the created words; calculating
means for calculating a word accuracy value of the selected word on the basis of
the character accuracy values obtained by said obtaining means: |

discriminating means for discriminating an accuracy level of the selected
word from a plurality of accuracy level by comparing the calculated word
accuracy vaiue to a predetermined threshold value, wherein each accuracy level

being associated with a visual identifier;
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assigning means for assigning the visual identifier associated with the
discriminated accuracy level to the selected word; and

repeating means for repeating the processes by the selecting,_ calculating,
discriminating, and assigning means for each created words. | |
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Recognized character: p

Stored template of character: p //

L

Character accuracy value of recognized "p" based upon comparison to stored

150

template: 0.95.

Figure 2b

Recognized word "rock"” composed of four recognized characters and their

character accuracy values:

I 0095 O: o072 C. 09 k 0.82

Figure 2c
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Word 1:

Characters and Accuracy Values:

Average Accuracy Value:

Normalized Accuracy Value:

Word 2:

Characters and Accuracy Values:

Average Accuracy value:

Normalized Accuracy value:

" "

car

"e":0.93 "a": 0.89 "r": 0.72

0.85

0.67

"earring"”

"e":0.93 "a": 0.89 "r": 0.72 "r": 0.72

Hi": 0.93 "n":

0.84

0.71

Figure 5b
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