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() Data entry system.

@ A data entry system generates an electronically
stored coded representation of a character sequence
from one or more electronically stored document
images, comprising optical character recognition log-
ic (90) for generating, from the document image or
images, character data specifying one of a plurality
of possible character values for corresponding seg-
ments of the document images; characterised by
interactive display apparatus comprising: means
(110) for generating and sequentially displaying, one
or more types of composite image, each composite
image comprising segments of the document image
or images arranged according to the character data,
and a correction mechanism responsive to a user
input operation to enable the operator to correct the
character data associated with displayed segments.
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The invention relates to a data entry system for
the extraction of character information from
scanned document images.

With the advance of computerised data pro-
cessing it has become common practice to gen-
erate information in electronic form via the auto-
mated recognition of information from scanned
documents. In other words, data acquisition is per-
formed as follows. First documents are scanned,
then predetermined fields are exiracted and passed
fo recognition modules for translation of an image
into a coded form, such as ASCII.

However, despite the fact that this recognition
can now be performed for both printed and hand-
written data, almost always the recognition process
results in a certain number of errors and rejects.

Hence, there remains a need for manual
checking and correction of recognised data. This is
generally performed by the display to a human
operator of the scanned images and the associated
optical character recognition results. The human
operators perform comparison and correction
where necessary.

Such systems are disclosed in US 5,025,484,
EP-A-0,107,083 and GB 2,149,171.

Conventionally, there are two approaches to
this process. Either an operator is asked to review
all the fields and key-in errors and rejects discov-
ered in the OCR process, or they are asked to view
and correct only those fields where at least one
error or reject has been discovered.

In both cases, the process is as follows. A
problematic field is displayed on the screen with
the recognition results being displayed in the vi-
cinity of the image. Problematic characters are
generally emphasized in some way, for instance
the cursor may stop under the first problematic
character or reversed video mode may be used to
emphasize the problematic characters. The oper-
ator checks and if necessary corrects the em-
phasized characters and the process is repeated
until all the problematic characters are resolved.

A major disadvantage of the prior art is that the
fields are viewed by the operator in the context of
the original document image. Assuming the optical
character recognition produces 5% of rejected
characters and that each field has an average of 20
characters. In such a case about 35% of the fields
will have at least one rejected character.

It follows that, in the prior art, in at least 35% of
cases would the operator be required to display the
field image, focus on it mentally, identify the prob-
lem and correct it. Thus prior art OCR assisted
data-entry methods improve the productivity of
data entry by at most a factor of 3 over a purely
manual data entry process.

The present invention is directed to improving
yet further the efficiency of OCR-assisted character
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data entry.

Accordingly, the invention provides a data en-
fry system for generating an electronically stored
coded representation of a character sequence from
one or more electronically stored document im-
ages, comprising optical character recognition logic
for generating, from the document image or im-
ages, character data specifying one of a plurality of
possible character values for corresponding seg-
ments of the document images; characterized by
interactive display apparatus comprising: means for
generating and sequentially displaying, one or
more types of composite image, each composite
image comprising segments of the document im-
age or images arranged according to the character
data, and a correction mechanism responsive o a
user input operation to enable the operator to cor-
rect the character data associated with displayed
segments.

The invention enables a substantial reduction
of the time required to correct and complete the
data entry of documents following an OCR process.

Preferably, the arrangement of the segments in
one type of the composite images is into groups of
segments for which the character data specifies the
same character value.

The displaying of composite images to the
operator made up entirely of characters which have
been recognised by the OCR logic as being of the
same type enables errors to be rapidly recognized
and marked on an exception basis. Once recog-
nised, these errors can then be corrected either
immediately or during correction of characters re-
jected by the OCR logic.

Where the character data comprises a con-
fidence value associated with each specified char-
acter value, which confidence value is indicative of
the likelihood that the specified character value be
correct, the composite images can comprise seg-
ments having corresponding confidence value in-
dicating a low such likelihood.

For exira speed, the segments can be ar-
ranged in groups of n segments in such composite
images, the operator being able to set the con-
fidence value of each of the n segments in a group
tfo indicate a high likelihood that the character code
be correct through a single user input operation.

If the documents being processed are such
that the character codes are arranged in fields
according to predetermined criteria, such as loca-
tion on the document, the correction mechanism
can advantageously comprise logic for generating
one or more composite images comprising groups
of segments of the document image associated
with fields of the same type and displaying the
composite images for correction by the operator.
This enables correction of those few errors which
can only be corrected in context.
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In one embodiment, the predetermined user
input operation is actuation of the mouse at a time
when a screen cursor is located over the displayed
segment and the display of the composite images
is via a video display unit, such as a cathode ray
tube monitor.

Viewed from another aspect, the invention pro-
vides a method of operating data entry apparatus
to generate an electronically stored coded repre-
sentation of a character sequence from an electron-
ically stored image of a document, the method
comprising: generating character data specifying
one of a plurality of possible character values for
corresponding segments of the document images
using optical character recognition logic; generating
and sequentially displaying, one or more types of
composite image from the character codes and the
document image, each composite image compris-
ing the segments of the document image arranged
according to the character data; selecting seg-
ments of the document image displayed as part of
the composite images; and correcting the character
data corresponding to the selected segments fo
generate the coded representation.

In a particularly advantageous form of the in-
vention, each of the document segments has a
confidence value associated therewith indicative of
the likelihood that the character code associated
therewith be correct, and the character codes are
arranged in fields each comprising one or more
characters, the method comprises generating and
sequentially displaying a plurality of composite im-
ages of a first type wherein the arrangement of the
segments is into groups of segments for which the
character data specifies the same character value;
selecting segments displayed in the first type of
composite image and setting the corresponding
confidence value fo indicate a low likelihood of the
specified character value being correct; and gen-
erating and sequentially displaying a plurality of
composite images of a second type comprising
segments having a confidence value indicating a
low likelihood associated therewith; selecting seg-
ments of the document image displayed as part of
the composite images of the second type; and
correcting the character data corresponding to the
selected segments to generate the coded repre-
sentation.

To correct any remaining errors the method
can comprise generating and sequentially display-
ing a plurality of composite images of a third type
comprising groups of segments associated with
fields having the same type value associated there-
with; selecting segments of the document image
displayed as part of the composite images of the
third type; and correcting the character data cor-
responding to the selected segments to generate
the coded representation.
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An embodiment of the invention will now be
described, by way of example only, with reference
to the accompanying drawings, wherein:

Fig. 1 shows the apparatus used in the embodi-
ment;

Fig. 2 is a schematic view of the apparatus of
fig. 1;

Fig. 3 is a schematic diagram of the software
elements used;

Fig. 4 shows a basic key-in process module;
Fig. 5 is a flow chart showing the sequence of
operation;

Fig. 6 shows an example of a composite image.

The data entry system of the embodiment of
the invention is shown generally in Fig. 1. It com-
prises personal computer 10 which is connected to
scanning device 20. Fig 2. is a schematic diagram
showing the relevant parts of computer 10 and
scanner 20. Processor 30 is connected via bus 40
o disk storage device 50, cathode ray tube display
device 60, user input devices - keyboard and
mouse - shown generally at 70. Processor 30 is
connected via bus 40 and input/output adapter 80
o scanning device 20.

Scanning device 20 is a conventional device of
a type well known in the art. It is used to scan
document pages placed therein and pass digitised
images thereof to computer 10 which are stored in
storage device 50. Image digitisation is achieved in
scanner 20 by measuring the brightness of light
reflected from small rectangular areas of the pages,
the areas being arranged in rows and columns to
cover the whole page, and comparing the bright-
ness levels corresponding to each area with a
threshold parameter. In the digitised image pro-
duced by the scanner, pels above the threshold are
set to 1 and pels below set to 0.

Stored document images are processed to
generate a sequence of coded character data,
which contains the character information extracted
from the document images but which is in a form,
such as ASCII, which is easier to store and ma-
nipulate in the computer.

Fig 3 is a schematic diagram showing the
software elements used in this embodiment. OCR
logic 90 takes the document images as input and
generates a sequence of character codes and as-
sociated confidence values which are stored along
with the segmented character images in database
100. Database 100 contains and manages the fol-
lowing information for each document:

1. The document image.

2. an image of the all the segmented characters
that were processed by the OCR logic 90.

3. a record of the recognition results, ie the
character codes and confidence values.

4. a form definition file which contains the in-
formation from which the location of each char-
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acter and OCR result can be computed. This is
actually a list of field names with their geometric
location on the form, their type (numeral, alpha,
etc.) and the number of characters in the field.

Basic Key-in Process (BKP) modules 110, 120
and 130 extract and modify the database data as
will be described below.

The data entry process generally comprises
five stages:

1. The document images comprise a number of
fields each corresponding to a particular pre-
determined area of the document image. Each
field to be recognised is segmented into images
of individual characters to be recognised.

2. The individual characters are fed into OCR
logic 90 which either recognises the characters,
possibly with errors, or rejects them. Many
methods of optical character recognition are well
known in the art and the details of the operation
of the character recognition logic not be de-
scribed further herein. The OCR logic generates
for each character image a character code and a
confidence value. Those characters generated
with a low confidence value are considered re-
jected.

3. Images of individual characters are pasted
together to form composite mosaic images suit-
able for optimal operator productivity. Thus
characters are merged from different fields and
even different documents into the composite
images.

4. The character codes associated with these
composite images are corrected by an operator
in a key-in session.

5. Data entry results are recast into their proper
sequence within the original document for final
processing.

The success of the process depends on being
able to achieve higher operator productivity for the
correction of the composite images than for the
display of the individual characters in the context of
the document itself.

In the embodiment three different types of
composite image are used in different stages of the
correction process. These types of composite im-
age have been designated by the inventors Ex-
emption Data Entry, Memory Span Data Entry and
Field Type Data Entry.

1. Exemption Data Entry.

The characters are extracted, sorted and dis-
played in composite images according to the rec-
ognition results. All the characters recognised with
a particular value of the character code are
grouped together in the composite images, ie the
images of all the characters recognised as '1's are
displayed together as a composite image, likewise
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the images of all the characters recognised as '2's
and so on.

These results are verified for correctness by
the operator. Errors are marked using a pointing
device, ie by moving the cursor onto the incorrect
image and clicking the mouse, and tagged as re-
jects. Using this method all OCR errors can be
tagged.

2. Memory Span Data Entry

A composite image is formed composed of n
rejected character images displayed on the screen
simultaneously. The rejected character images can
either be rejected by the OCR engine, ie recog-
nised with a low confidence value, or they can have
been tagged as errors by the exemption data entry
procedure.

The operator can then manually correct these
images. The parameter n is chosen so that the
display screen format is easy for an operator to
grasp to maximise data entry speed. It has been
found by the inventors that a value of n = 3 is
optimal. However, this number is adjustable by the
operator according to their preferences.

It is advantageous to perform this memory
span data entry of data sorted according to the
OCR results so that the fields can be corrected by
the exemption data enfry and it is easy to identify
those sets of rejected characters where no correc-
tion is required. If 80% of the characters recog-
nised by the OCR with a low confidence level are
actually correct, then for n = 3, in 50% of the sets
the OCR results will be correct and a single key-
stroke will be required to accept the entire set.

Field Type Data Entry.

A few errors can only be corrected by an
operator in their context. This type of data entry is
designed to handle these errors. Characters are
grouped into fields of the same type and the oper-
ator can use the information they have about the
field-type to assist in correcting the error. For ex-
ample in a given batch of documents, all the dates
are grouped together, all the names are grouped
together and so on. As a result it is easier for an
operator to concentrate on a certain constant mode
of operation. Moreover there is an increased
chance of similarity between fields, for example if
many documents were generated on the same date
it is easy to fill in this date on all the fields of this
type and then only exceptions need to be cor-
rected.

In the method of operation used in the embodi-
ment, these three types of data entry are combined
in an advantageous way as follows.



7 EP 0 602 821 A2 8

1. OCR operates on all characters. Some char-
acters may be rejected by this process.
2. Recognized characters are reviewed using
the exemption data entry technique. In this way
all OCR errors are detected and tagged.
3. Rejected characters and those tagged as
errors are corrected using the memory span
data entry sorted into fields of the same char-
acter type.
4. The few remaining characters which could not
be corrected by step 3 are corrected in context
by the field-type data entry.
The structure of each BKP module is shown in
Fig. 4. They comprise the following three modules:
1. Pre-processing module 140. This module
takes the set of document images and rearran-
ges the characters in all these documents ac-
cording to some input rules. It is a data base
query processing module which interrogates the
data base 100 of document images and OCR
results, and the result of a query is a set of
composite images consisting of characters of
the database which answer the query. The que-
ries accepted by this module are:
a. "Take all characters recognized as 'x' with
high confidence. and arrange them in a mo-
saic" ('x' is some character). In this case, the
result of this query would be all the char-
acters in the set which were recognized as 'x'
arranged in a set of images, each of which is
a matrix of character images. The characters
in the mosaic would eventually be all mixed
up, each coming from one form or another,
but all were recognized as 'x'. This query
refers to the "key-in by exemption"” method
described above.
b. "Take all characters recognized with low
confidence, and arrange them in a mosaic".
In this case, each composite image consists
of n characters, where n is a parameter which
can be set by the user. This query refers to
the "key-in by memory span" method de-
scribed above.
c. "Take all fields labelled 11,12,13,..., and
arrange them in a mosaic", where 1i is a
symbolic name of a specific field in the form.
In this case, the composite image consists of
a full field. "Take all fields representing a
year" is an example of such a query, which
results in mosaics consisting of fields repre-
senting years (year of birth, year of current
date, etc). This query refers to the "key-in
according to the field type" method de-
scribed above.
The output of preprocessing module 140
comprises the following elements:
a. the composite images.
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b. the corresponding OCR results, arranged
according to the mosaics.

c. pointers back to the data base for enabling
its update, once the correct recognition value
for each character in the mosaics has been
obtained. These pointers are generated in a
file containing this information,i.e., for each
character in the mosaic, from which docu-
ment, and which character in that document it
was taken. For example, if a key-in by ex-
emption mosaic is generated, the character in
location i,j in the mosaic is the k'th character
in field m in document n.

2. Key-in user interface 150. This module re-
ceives the pre-processing module's output as
input and, after a key-in session, generates a set
of key-in results for the mosaics. User interface
150 is a Graphical User Interface which displays
the composite image to be keyed-in and which
provides data entry boxes for entering the key-in
data, a data entry box for each element in the
mosaic. The key-in results have exactly the
same format as the OCR resuls.

3. Post-processor 160 which takes as input the

key-in results and the pointer file and updates

the recognition results of the initial forms data
base according to the key-in results.

These three modules are connected to each
other according to Figure 4. The pre-processing
module 140 generates the mosaics, and a set of
pointers back to the data base. From these, the
key-in user interface 150 generates a set of keyed-
in results. These are passed to the post processing
module 160 and the OCR records are updated
using the pointer file from the pre-processing mod-
ule.

Three different BKP's 110, 120, 130 are con-
structed using the pre-processing modes described
in 1a, 1b, and 1c and connected as described in
the flow chart of Figure 5. After processing 170 by
the OCR logic, BKP with key-in by exemption is
performed 180 so that in the data base 100 all
characters having high OCR confidence which were
actually found to have a wrong OCR result are set
o low confidence ie tagged as rejects.

Fig 6. shows an example of a composite image
produced during key-in by exemption. The com-
posite image comprises all the characters which
have been recognised as the letter 'O’ by the OCR.
Errors have been identified and marked in this
example, as shaded segments.

Next, BKP with key-in by memory span is
performed 190 so that in data base 100 all char-
acters having low confidence are corrected as far
as possible. Finally, BKP with key-in by field type
is performed 200 to correct those few errors which
need to be corrected in context to generate a
correct data base.
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The embodiment has been described in terms
of a suitably programmed general purpose com-
puter used in conjunction with a conventional scan-
ning device but, in practice, it will be understood
that the invention could be implemented in hard-
ware, either as part of the scanner or as a special
purpose adapter for use with the computer or a
stand alone hardware device or be implemented as
any combination of hardware and software.

It will be appreciated that may variations of the
apparatus and methods describe here are possible
within the scope of the attached claims. The meth-
ods described here could work with a wide variety
of supplementary modules for field extraction, OCR
of either printed or handwritten data, character seg-
mentation, image display and key-in.

The interactive display apparatus could take
many forms. For example the composite images
could be displayed by being printed using a print-
ing device. The operator could then mark errors on
the printed sheets and feed the marked sheets into
a scanning apparatus which would detect the loca-
tion of the marked errors and update the character
data accordingly. Alternatively, the location of the
errors on the printed copy could be keyed-in by
hand.

The inventors have used and tested their ap-
paratus for the extraction of data from hand printed
filled-in forms and for the recognition of addresses
from digitised address labels in the context of
automated mail sorting, However, it will be under-
stood there may be wide variation in the types of
data to be keyed-in.

In the described embodiment the OCR logic
associates a low confidence value with a rejected
character, some OCR methods provide a second
best character code, which was recognized with the
next highest confidence value. This information
could be used in the correction mechanism in
order to speed up the data entry process by pre-
senting the second choice to the user and enabling
them to accept or reject this with a single key-
stroke.

Various other logical tests may be applied to
fields such as dates, checksums and other code
sums. Also, values that exist in databases or dic-
tionaries, such as ID numbers, can be verified for
validity. These tests can improve both the speed
and quality of the data entry process and eliminate
manual intervention. Accordingly, they may be
used before and after each of the above data entry
stages as an automatic error correction/detection
mechanism.

For applications where accuracy is of para-
mount importance, the method can be used as part
of a double pass process. Results of data entry
using this present method would be compared with
results obtained via manual data entry, with any
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an operator.

The following is an approximate analysis, pro-
vided for the purposes of illustration only, of the
performance improvement which can potentially be
achieved using the present approach.

Assume that a given recognition package re-
jects 5% of characters and accepts the remainder,
with 1% substitution error and that 10,000 docu-
ments having 20 characters in a single field have to
be keyed-in and that the operator's productivity is
10000 key-strokes per hour, yielding an average of
1s for correction of each field.

Using manual data entry 200,000 character
have to be keyed-in using a double pass. Each
pass requires 20 hours of operator time, yielding a
total of 40 hours operator time.

Using the prior art OCR assisted data entry all
data would need to be reviewed manually to pick
up the 1% substitution errors from the OCR. As-
suming a first pass of OCR assisted data entry with
correction of fields containing rejected characters,
followed by a second manual pass of all the data,
65% = 100% x (1 - 0.95%)
of fields must be viewed in the first pass. Since we
have assumed 1s for the correction of each field,
this would take
10,000 docs x 0.65 x 1s = 1.8 hrs.

The second manual pass would take 20 hours as
above and thus the total time would be 21.8 hours

Using the present technique starting with ex-
emption data enfry of all recognised characters
(200,000 x 0.95 = 190,000 characters) if each
composite image contains 80 characters and is
processed in 1s 190,000/80 = 2,375 screens are
needed taking 0.66 hours. As a result of this 1%
(1900) of characters are tagged as rejected. These
characters are added to the 10,000 recognition
rejects to yield a total of 11,900 characters which
need correction using memory span data entry.
This would require 11,900/10,000 = 1.19 hours.
Therefore the total operator time is 0.66 + 1.19 =
1.85 hours.

It can thus be seen that the invention provides
a dramatic improvement over both the double pass
fully manual data entry and the double pass OCR
assisted data entry, both of which may be ex-
pected to produce an equivalent precision level.

Claims

1. Data entry system for generating an electron-
ically stored coded representation of a char-
acter sequence from one or more electron-
ically stored document images, comprising op-
tical character recognition logic (90) for gen-
erating, from the document image or images,
character data specifying one of a plurality of
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possible character values for corresponding
segments of the document images; charac-
terised by interactive display apparatus com-
prising:

means (110) for generating and sequentially
displaying, one or more types of composite
image, each composite image comprising seg-
ments of the document image or images ar-
ranged according to the character data,

and a correction mechanism responsive o a
user input operation to enable the operator to
correct the character data associated with dis-
played segments.

Data entry apparatus as claimed in claim 1
wherein the arrangement of the segments in
one type of the composite images is into
groups of segments for which the character
data specifies the same character value.

Data entry system as claimed in claim 1 or
claim 2 wherein the character data comprises
a confidence value associated with each speci-
fied character value, which confidence value is
indicative of the likelihood that the specified
character value be correct, wherein the com-
posite images comprise segments having cor-
responding confidence value indicating a low
such likelihood.

Data entry system as claimed in claim 3
wherein in the composite images the segments
are arranged in groups of n segments wherein
the correction mechanism enables the operator
fo set the confidence value of each of the n
segments in a group fo indicate a high likeli-
hood that the character code be correct
through a single user input operation.

Data entry system as claimed in any preceding
claim wherein the character data are arranged
in fields each comprising one or more char-
acters, the character data comprising a type
value associated with each field, and wherein
one type of the composite images comprise
groups of segments associated with fields hav-
ing the same type value associated therewith.

Data entry system as claimed in any preceding
claim wherein the predetermined user input
operation is actuation of the mouse at a time
when a screen cursor is located over the dis-
played segment.

Data entry system as claimed in any preceding
claim wherein the display of the composite
images is via a video display unit.
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10.

Method of operating data entry apparatus fo
generate an electronically stored coded repre-
sentation of a character sequence from an
electronically stored image of a document, the
method comprising:

generating character data specifying one of a
plurality of possible character values for cor-
responding segments of the document images
using optical character recognition logic;
generating and sequentially displaying, one or
more types of composite image from the char-
acter codes and the document image, each
composite image comprising the segments of
the document image arranged according fo the
character data;

selecting segments of the document image
displayed as part of the composite images;
and

correcting the character data corresponding to
the selected segments to generate the coded
representation.

Method as claimed in claim 8 for operating
data entry apparatus in which the character
data comprises a confidence value for each
specified character value, which confidence
value is indicative of the likelihood that the
character code associated therewith be cor-
rect,

the method comprising generating and se-
quentially displaying a plurality of composite
images of a first type wherein the arrangement
of the segments is into groups of segments for
which the character data specifies the same
character value;

selecting segments displayed in the first type
of composite image and setting the corre-
sponding confidence value to indicate a low
likelihood of the specified character value be-
ing correct; and

generating and sequentially displaying a plural-
ity of composite images of a second type
comprising segments having a confidence val-
ue indicating a low likelihood associated there-
with;

selecting segments of the document image
displayed as part of the composite images of
the second type; and

correcting the character data corresponding to
the selected segments to generate the coded
representation.

Method as claimed in claim 9 of operating a
data entry system in which the character data
is arranged in fields each comprising a one or
more characters and comprises a type value
associated with each field, which type value
can take one of a plurality of values, compris-
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ing

generating and sequentially displaying a plural-
ity of composite' images of a third type com-
prising groups of segments associated with
fields having the same type value associated
therewith;

selecting segments of the document image
displayed as part of the composite images of
the third type; and

correcting the character data corresponding to
the selected segments to generate the coded
representation.
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