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G7) ABSTRACT

An interpretation system for interpreting electronic signals.
The system comprising a central processor for receiving an
electronic signal from a user terminal; software for (a)
interpreting the signal electronically to reduce errors and (b)
identifying parts of the signal that cannot be accurately
interpreted electronically. In the event that there are parts of
the signal that cannot be interpreted, the system is operable
to present at an operator terminal the part of the signal that
cannot be accurately interpreted electronically. The operator
terminal is such as to allow an operator to interpret the signal
and make any corrections that are deemed necessary. Once
this is done, the correct interpretation is sent to the user
terminal or another pre-determined electronic destination.
Also provided are means for automatically adapting the
electronic signal-interpretation process when operator
assisted interpretation is employed, so as to extend the range
of signals that can be accurately interpreted electronically. In
this way, the accuracy of the system is continuously and
dynamically up-dated.
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SYSTEM AND METHOD FOR IMPROVING
ACCURACY OF SIGNAL INTERPRETATION

RELATED APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/GB01/05580, which designated the
United States and was filed Dec. 17, 2001 published in
English, which claims priority to Great Britain Application
No. 0104531.9 filed Feb. 23, 2001, and to Great Britain
Application No. 0031596.0 filed Dec. 22, 2000. The entire
teachings of the above applications are incorporated herein
by reference.

BACKGROUND

[0002] Scanners are becoming increasingly useful tools in
the modern office. They provide a fast and relatively efficient
means for converting, for example, a printed document into
an electronic version of the image. The captured electronic
image can then be converted into text by software perform-
ing the process known as Optical Character Recognition
(OCR). Limitations do, however, exist and documents that
are subjected to the OCR process after scanning into a PC
have to be closely checked by users for accuracy, despite
recent advances in the technology.

[0003] Voice recognition software is also becoming more
common and allows users to dictate text directly into a PC,
which attempts automatically to convert the spoken words
into an electronic version of the text. As with scanners,
however, the voice recognition software available at present
is limited in its usefulness, primarily because it is not yet
sophisticated or intelligent enough to be able to eliminate
errors.

[0004] Natural language processing systems aim to pro-
cess text that is spoken or typed by a user in their native
tongue and has to be translated either to another human
language or to a machine-understood language (for the
purpose of acting upon spoken commands). No effective
way has yet been found to achieve this goal. Current systems
achieve tolerable results by restricting the text that is rec-
ognised or severely restricting the area of conversation, or
both.

[0005] An object of the present invention is to provide a
system and method for providing corrected interpretations of
electronic signals to users, which system and method are
simple and cheap to implement, but highly effective. These
interpretations may be the text that is present on the elec-
tronic image of a page; the text that is present in the
electronic version of a sound; the meaning of a command
that is present in an electronic version of a sound or text or
a conclusion from a set of presented facts.

[0006] Various aspects of the present invention are defined
in the accompanying independent claims. Some preferred
features are defined in the dependent claims.

SUMMARY

[0007] The present invention relates to a system and
method for improving accuracy of signal interpretation. In
particular, the present invention relates to a system and
method for improving text that is to be presented to a user,
said text collected using scanning equipment or using voice
recognition software. The invention also relates to a system
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and method for interpreting natural-language text, either
allowing language translation or alternatively allowing the
intention in natural-language text to be deduced. The inven-
tion also relates to a system and method for construction and
development of expert systems.

[0008] According to one aspect of the present invention,
there is provided an interpretation system comprising:
means for receiving an electronic signal via a telecommu-
nications system from a user terminal; processing means for
interpreting the signal electronically; means for identifying
parts of the text that cannot be accurately interpreted by the
processing means; means for presenting the part of the text
that cannot be accurately interpreted at an operator terminal
means for allowing the operator to correct errors in the
interpretation presented, and means for sending a signal
including the interpreted text or a command based on the
interpreted text to the user terminal or another pre-deter-
mined electronic destination.

[0009] An advantage of the system is that errors in the
interpretation can be corrected at the operator terminal by
third party human intervention in a fast and efficient manner
and returned electronically to the desired location. This is
done in a way that is entirely transparent to the user. Hence,
all the user has to do is send, for example, text that he has
dictated into voice recognition software to the system, which
then checks the text for errors (including errors against the
speech recording), makes corrections where appropriate and
returns the correct text to the user in real time. This sending
process may be automatic.

[0010] Means may be provided for automatically adapting
the processing means when operator assisted interpretation
is employed, so that the processing means is able to interpret
signals that are identified by the operator, thereby to extend
the range of signals that can be accurately interpreted
electronically. In this way, the accuracy of the system can be
continuously and dynamically up-dated.

[0011] The means for interpreting a signal including an
image may comprise means for cleaning up the image to
remove unwanted marks. The means for interpreting may
comprise means for identifying a block, preferably a single
character, within an image. In this context, a block is defined
as a group of image pixels that are connected. Means may
be provided for comparing the block with known blocks
already stored in a library, thereby to identify the block. In
the event that a block cannot be identified, the means for
presenting may be configured to display at the operator
terminal the unidentified block either alone or as part of a
sequence of blocks, so that the operator is able to identify the
block. Means may be provided for adding to the library of
known blocks any block that is identified by the operator, so
that the library is dynamically up-dated.

[0012] Asignal may be derived from an electronic scanner
that is operable to scan an image and optionally also provide
an electronic version of the text. Alternatively, the signal
may be derived from voice recognition software that is
operable to record spoken words and convert those spoken
words into electronic text.

[0013] Recording means may be provided for receiving
and recording an audio version of spoken words in associa-
tion with the electronic text. The operator terminal may be
adapted to play back at least a part of the audio recording to
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allow the operator to compare what was said with that part
of the signal that cannot be accurately interpreted, thereby to
assist the operator to correct any errors in the interpretation.

[0014] The command may be operable to control equip-
ment at the user location, such as domestic appliances.

[0015] According to another aspect of the present inven-
tion, there is provided a method of interpreting electronic
signals comprising:

[0016] receiving the electronic signals via a telecom-
munications system from a user terminal;

[0017] processing the signal electronically to inter-
pret it and reduce errors;

[0018] identifying parts of the signal that cannot be
accurately interpreted;

[0019] presenting the part of the signal that cannot be
accurately interpreted at an operator terminal;

[0020] correcting errors in the interpretation pre-
sented by allowing human intervention, and

[0021] sending a further signal including the inter-
pretation of the original signal to the user terminal or
another pre-determined electronic destination.

[0022] Interpreting a signal including an image may
involve cleaning up the image to remove unwanted marks.
Interpretation may involve identifying a block, preferably a
single character, within the image. The method may further
involve comparing the block with known blocks already
stored in a library, thereby to identify the block. In the event
that a block cannot be identified, the step of presenting may
involve displaying at the operator terminal the unidentified
block either alone or as part of a sequence of blocks, so that
the operator is able to identify the block, wherein any block
that is identified by the operator is added to the library, so
that the library is dynamically up-dated.

[0023] The signal may include text derived from voice
recognition software that is operable to convert spoken
words into electronic text and the step of receiving may
involve receiving and recording an audio version of the
spoken word in association with the electronic text. The
method may further involve playing back at least a part of
the audio recording to allow the operator to compare what
was said with the part of the text that cannot be accurately
interpreted, thereby to assist the operator to correct any
errors in the interpretation. The command that is sent to the
user terminal may be operable to control equipment at the
user location, such as domestic appliances.

[0024] According to a further aspect of the invention,
there is provided a computer program, preferably on a data
carrier or a computer readable medium, for controlling a
method of interpreting electronic signals, the computer
program comprising instructions for: receiving the elec-
tronic signals via a telecommunications system from a user
terminal; processing the signal electronically to interpret it;
identifying parts of the signal that cannot be accurately
interpreted; presenting the part of the signal that cannot be
accurately interpreted at an operator terminal; correcting
errors in the signal presented by allowing human interven-
tion, and sending a further signal including the interpretation
or a command based on the interpretation to the user
terminal or another pre-determined electronic destination.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Various systems in which the invention is embod-
ied will now be described by way of example only and with
reference to the following drawings, of which:

[0026] FIG. 1 is a block diagram of a first system, in
which documents are electronically scanned and then sub-
mitted to a central server at a remote location for error
correction;

[0027] FIG. 2 shows process steps for using the system of
FIG. 1;

[0028] FIG. 3 shows an example of a screen that is
presented to an operator during the text correction process in
the system of FIG. 1;

[0029] FIG. 4 shows further steps taken in the process of
error correction for the system of FIG. 1;

[0030] FIG. 5 shows the letter “I” scaled into a 4 by 4 grid,
such scaling being used in the system of FIG. 1;

[0031] FIG. 6 is a block diagram of a second system, in
which text is spoken into voice recognition software and
then submitted to a central server at a remote location for
error correction, and

[0032] FIG. 7 shows process steps for using the system of
FIG. 6.

DETAILED DESCRIPTION

[0033] FIG. 1 shows a user terminal 10 that has a scanner
12 for scanning text documents. The user terminal 10 can be
connected via the internet 14 or any other suitable commu-
nication system, for example a dedicated secure connection,
to a main server(s) 18 that is in turn connected to a plurality
of operator terminals 20 that are manned by trained staff.
Included in a processor 22 in the user terminal 10 is software
that is operable to interpret incoming signals from the
scanner 12 and automatically transmit the scanned image
over the communication network to the main server 18.
Included in the main server 18 are one or more service
computers that have software for receiving, interpreting and
correcting the incoming information from the user terminal
10. Also included in the main server 18 is software for
transmitting at least part of the text and image of the
document that is to be checked to a selected one of the
manned operator terminals 20 for manual checking by the
operator.

[0034] When an image is scanned on the end user’s system
12, the image data is captured as a black and white image
and corrected for skew by the scanner hardware/capture
software. Many high-end scanners correct skew automati-
cally. If the skew is not automatically corrected, a standard
algorithm, which looks for the slope of the black edge of the
paper can be used if the scanner captures this information
(most high-end scanners do). Alternatively, other standard
algorithms could be used or the user could be asked to
manually de-skew the image. Submission of skewed images
could be accepted in the system with an extra first step where
images were de-skewed, optionally with human assistance
in the case of uncertainty.

[0035] Once the image is scanned into the user’s terminal
10, the user application causes the image to be automatically
and transparently transmitted over the internet 14, or other
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communications network, ideally using a standard protocol
such as FTP or HTTP to the main server 18. Also transmitted
at this stage is a signal that indicates the nature of the service
required (e.g. output format, quality of service) and an
identification of the client (for billing and data return pur-
poses). The end-user software ideally takes the form of a
small downloadable application or Java applet or ActiveX
control. Pre-scanned image files could also be submitted and
the software would ideally expose an API so that other
programs could make use of this accurate OCR facility.

[0036] The images received are placed into a queue for
processing at the main server 18. Their queue entry is
recorded in a database identifying the file and any meta-data,
i.e. non-image information. Multiple queues could allow
different is quality of services. The database then co-ordi-
nates control of the remaining steps and allows for moni-
toring. One or more of the service computers assigned to
perform initial optical character recognition (OCR) auto-
matically checks the queue(s) and removes the highest
priority entry (if any). The OCR process then begins.

[0037] FIG. 2 shows a flow diagram of the text identifi-
cation process. The first step of the OCR process is started
to identify connected black areas in the page image (blocks),
which ideally comprise the individual letters. A prerequisite
for the accuracy in the first step of block identification is to
perform a clean up of the incoming image to remove
‘problems’ from the submitted image due to the original
document or scanning process. There are many standard
techniques for clean up of the image. The intention is to
ensure that blocks are recognised accurately, i.e. that each
letter in the document is mapped to exactly one block and
that any problems are removed. In this way, the block ‘looks’
as similar to the perfect letter as possible (i.e. an ‘e’ on the
image looks like an ‘e’.).

[0038] The image clean-up technique in the current imple-
mentation makes an initial pass of the data before OCR takes
place. This involves considering each pixel of the image and
looking at its four “strong neighbours”, i.e. the pixel above,
the pixel below, the pixel to the right and the pixel to the left.
If the majority, typically 3 or more, are black, the centre
pixel is made black. If the majority, typically 3 or more, are
white, the centre pixel is made white. If there is no majority,
i.e. equal numbers of black and white, the centre pixel is
unchanged. This image clean-up technique eliminates many
‘stray’ pixels that appear for instance when the image is too
light and the scanner tries to darken it or when the back-
ground colour of the paper document is not white or when
there are specks of dust on the image or scanner. It also
clarifies the letter shapes and eliminates isolated pixels, i.e.
pixels that are connected to no other pixels.

[0039] The next stage of the processing is the identifica-
tion of blocks, which are groups of black pixels all con-
nected to each other. A set of pixels is defined as a block if
it either comprises a single black pixel or if it comprises a
subset which is itself a block and a single new pixel which
is connected by a “weak neighbour” to a pixel in the subset.
A weak neighbour is any of the pixel’s eight neighbours.
This definition is equivalent to the following: a set of pixels
is a block if it comprises a single black pixel and a set of
pixels is a block if it comprises a group of subsets that are
blocks and a single new pixel, which is connected by a
“weak neighbour” to a pixel in every block in the group of
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subsets. Blocks can therefore be detected by scanning the
image and considering each pixel in turn.

[0040] Typically, images are scanned across the top line
and then the next line down from left to right, and so on to
the bottom. As the image is scanned, black pixels are marked
as being a block. Each time a new pixel is marked as a block,
its neighbours are investigated and if any of them are marked
as a block then the blocks are joined in accordance with the
second inductive block definition. So if a neighbour is a
block, the two blocks are combined. Even if a pixel is joined
as a block with one of its neighbours, the other neighbours
are checked in case this pixel is a ‘bridge’ between two
existing blocks. Note that because of the definite scan order,
only those neighbours that are above and to the left of each
pixel need to be looked at, thus only four neighbours rather
than the full eight need to be checked.

[0041] In order to avoid problems at the edge of the image
(which does not have the full complement of neighbours),
the submitted image is typically surrounded with a one-pixel
white border. These white pixels never form a block, but
their presence means that all the image pixels have the full
eight neighbours.

[0042] In order to prune oversized blocks, heuristics are
used to remove blocks that do not correspond to letters. This
is necessary as the recognition of blocks will never in
practice be perfect. Sometimes multiple letter pairs are
recognized as a single block, for example, when they appear
so close on the page that the scanner does not resolve the
white space between them. Sometimes marks on the page
that are defects of the original or defects introduced by the
scanning process are recognized as blocks despite the fact
that they are not letters.

[0043] Sometimes logos or pictures appear in the original
and these are non-textual blocks. In addition, gridlines may
appear as blocks. To conduct the pruning stage, a pruning
algorithm is provided to attempt to eliminate those blocks
that do not correspond to output text, while preserving all
those that do.

[0044] The heuristics used consider the height and width
of each block. In a first pass, ‘large blocks” are removed, on
the assumption that these are pictures, logos or lines. In the
current implementation, blocks having a height/width that is
more than ten times larger than the average block height/
width are considered ‘large blocks’ and are removed.
Optionally, a heuristic may be used at this stage to group
blocks into rectangles that surround lines. To do this, the
blocks are sorted by their top coordinate so that they can be
considered from the top down. Once this is done, the first
block is made a line and the line’s rectangle is enlarged to
include the next block, so long as the gap between the top
of the new block and the bottom of the existing line region
is less than % the average character height. It should be
noted that this heuristic relies on accurate de-skewing of the
image. Later, the character values determined are used to
more accurately find the lines.

[0045] Even if all blocks are recognised perfectly, some
letters will not be recognised uniquely as one block. The
lower case letters i and j, the punctuation marks ! and ; and
: and the double quote (") all contain two blocks that
comprise one character. Before removing undersized blocks
a block-joining process is performed to ensure that these



US 2004/0101198 Al

‘dots’ are not lost. In order to do this, blocks that overlap
horizontally are joined, so long as they are close vertically.
Typically the following size limitation gives good results:
vertical distance less than % average block size. Lines are
used to help narrow this search. To deal with double quotes,
a search is conducted for blocks of small size that are close
vertically and have only a small horizontal gap. Typically
the following size limitations give good results: height less
than %3 average height, width less than % average width,
vertical misalignment less than % of average height and
horizontal gap less than Y5 of average width.

[0046] Once the important small blocks are saved, those
blocks that are less than four pixels or less (when scanned at
a resolution of 300 dots per inch) in either dimension are
removed. This is done because these are likely to be the
result of scanning problems, and are judged to be unreadable
anyway.

[0047] Based on the quality of service requested, the
image may be sent to a review queue. A typical heuristic
would be to send it for review if any large blocks were
discarded or if the number of small blocks discarded exceed
some threshold, say 50. Another heuristic could optionally
review all those images that have large blocks and also select
the worst 10% of a group of images in terms of number of
small blocks discarded. Items from the front of this queue
are presented to human operators so that they see the original
image on the left hand side and the pruned image on the right
hand side, with the differences (where blocks were dis-
carded) drawn in a different colour (red works well). The
operator is then able to inspect the text of both the original
and the pruned version. The operator is able at this stage to
amend or alter the block recognition. To this end, the
software may be adapted to allow the user to click on a
discarded block to mark it as being text that was incorrectly
discarded or to mark it as an image that should be captured
and returned to the user with the final text. For example, if
the image selected by the user were a logo or a picture this
could be highlighted as being for inclusion in the final text.
This is the reason that a heuristic is provided to always
review if a large block is discarded. The software is also
adapted to allow the operator to click on blocks that were
selected to remove them from consideration, e.g. a mark
present in the original document (such as staple holes) not
automatically recognised as such.

[0048] At this stage the image preparation is complete and
a series of blocks have been identified that correspond to
letters. Each block now has to be classified as a letter (or
possibly letters). To do this, the output from the above
process is sent to another queue, where it awaits the block
classification process.

[0049] For the classification process, each block is con-
sidered in turn and is scaled to a standard size image. The
aspect ratio of the original image is, however, preserved. At
this stage a 16x16 grid is used, together with a 256 level
grey-scale. The aspect ratio preservation means that an “o0”
fills the space while a “!” occupies only a small fraction of
it horizontally, though all of it vertically, similarly a “-”
occupies all the space horizontally though little of it verti-
cally. The blocks are aligned so that they are centred within
the grid. Each block is then compared with blocks in a
dictionary of known pre-classified blocks. It should be noted
that the dictionary is empty initially, but filled over time. The
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distance between each known block and the unknown block
is then calculated using the following distance function:

i)

Jf ZE @ —a

n

[0050] Where x and a are matrices for our two images, and
n is the total number of entries in the matrix (here 256).
Division by n normalises the choice of standard grid size.

[0051] This distance function is similar to the Euclidean
distance, but has two key differences: (1) the space being
considered has 256 dimensions, instead of 2 or 3 as is normal
and (2) the exponent is 4 rather than 2. The choice of 4 as
opposed to 2 penalises large differences more heavily than
small differences. For instance, letters o and ¢ are similar,
but using a power of 4 rather than 2 puts a much higher
weight on the right-hand gap in the ¢, where the o and the
c differ completely. This makes the comparison more sen-
sitive to a single large difference than to a multitude of small
differences, which yields better results. Despite the differ-
ences, mathematically the distance operator given above
shares most of the geometrical properties of the Euclidean
metric in 2 or 3 dimensional space.

[0052] Having compared the block to the blocks in the
dictionary of known blocks, the best match is determined,
which is the block in the dictionary that is closest (has the
smallest distance.) The block’s best match must be less than
a pre-determined distance threshold in order to accept the
block as having the same value as its closest dictionary
block. In the current implementation the threshold is set to
0.4, where each individual pixel value is scaled between 0
and 1. It is also necessary that the ‘runner-up letter’s score’
(i.e. the different string which has the second best score) be
more than a minimum number of times further away (the
ratio test). The ratio requirement is preferably root 2 (1.414
.. .). The ratio test means that even if a letter is a good
match, if another is also a good match then the classification
is not accepted.

[0053] There are some letters that are difficult to distin-
guish in this way, as they appear highly similar in certain
fonts, e.g.:

L 1,1, i (as i may be stripped of dot)

[0054] These letters are considered as recognition groups
for the ratio test, so that there is no failure to recognise an
1 (lower case L) simply because there is a 1 (one) in the
dictionary, which is sufficiently close for the ratio test to fail.
Hence, the best match is recorded within the group, but the
result is treated with a degree of suspicion.



US 2004/0101198 Al

[0055] When a block cannot be classified, a human opera-
tor is automatically consulted. The block appears on their
screen, highlighted so the user knows exactly what is being
asked about. The operator types in the letter in question. This
value is provided back to the classifier. FIG. 3 shows an
example of operator consultation screen. Here the system is
asking about the W of “Wonderland” on the right side. The
last character asked about was the 1 of “Alice”, which
appears of the left side. The last character is presented in
case the user makes a mistake, so they can press the delete
key to ‘go back’ and change their responses. The operator
presses the key corresponding to the letter in the block
presented. If a block that represents more than one letter is
presented the operator may press the escape key to enter in
a longer textual string followed by the enter key. If a block
that does not represent a valid letter is presented the operator
can press the escape key twice, or can press the escape key
followed by the enter key.

[0056] Once the value of the block has been determined,
whether by automatic classification or by human consulta-
tion, the block image and its value are recorded in the
system’s dictionary of known blocks. The process is then
repeated with the next block. When all blocks have been
classified, the document is sent to another queue for docu-
ment finishing.

[0057] Although identified lines are defined at a relatively
early stage of the process, at that time the process is
susceptible to skew in the image; if a line was slanted
downwards it could, in error, be merged with the next line.
Now that the identity of most of the letters is known, their
base lines can be approximated based on the typographical
properties of the letters. For example the base line for “a” is
at the bottom of the block, the base line for “g” is approxi-
mately in the middle of the block and the base line for a
double quote (") could be taken as 1 average block height
below its bottom. The top-left block is taken and a cluster of
base lines is identified within % of an average character
height of this block’s base line. Once such a cluster is
identified, the best-fit line is found and the line having
characters whose base lines are within % an average char-
acter height of the line is chosen. In this way, the process is
made less susceptible to skew in the line detection and so is
made more robust. As regards spaces, these are identified
between words by looking at the x co-ordinates of the letters.
When a gap of more than twice the average consecutive
letter gap occurs that is called a space.

[0058] As a final stage, ambiguous blocks are resolved to
the best character. Where the determination is whether a
block is upper or lower case, the block’s size and positioning
can be considered. Known blocks are used to determine
what are the appropriate sizes. Letter positioning is used on
the line to determine between a comma and a single quote.
To determine between X and x, V and v, Z and z, S and s,
C and c, their sizes are checked to see whether they are more
similar to the sizes of unambiguously lower-case letters like
a, e, 0, r or more similar to the size of unambiguously known
upper case letters like A, E, N, R. The same tool is used to
determine which blocks are a lower case o out of a lower
case 0, an upper case O and the number 0. To determine
between an upper case O and the number 0, the character’s
neighbours are identified to look for unambiguously known
numbers or letters. Numbers are found by context, as
numbers tend to appear with other numbers or can stand
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alone in between two spaces. A lower case I is determined
by the proximity of a dot above it (in case the dot was not
joined to the bottom of the “i”). An upper case “I” is
distinguished from a lower case 1 by saying it is an upper
case | if it follows punctuation requiring a capital, if it stands
alone in between two spaces or follows a known capital
letter, otherwise it is a lower case L.

[0059] To detect mistakes both in the original document
and in the recognition process, the final text is fed through
a spell check engine. Words that are not known are fed to a
human operator, who is presented with the image and the
recognised text. The operator verifies the text in a similar
application to the above. As with conventional spell check
systems, a list of suggested corrections is shown for selec-
tion. The recognised text is displayed with both recognised
capitalization and in block capitals so as to assist operator
recognition of mis-recognition of ambiguous letters. The
corrected or approved word is then added to the list of
known good words in a word dictionary.

[0060] When a correction is made, a test is conducted to
see if a letter was mis-recognised outside of the classifica-
tion groups. If this is the case, the operator is consulted to see
whether the mistake was in the original document or intro-
duced by the system. In the latter case, the problem letter is
deleted from the list of known good letters and is put in a
special database for review by administrators to determine
the nature of the problem, as we do not expect or accept this
type of error. This completes the process for detecting errors
in the originally scanned document and the text is now sent
to an output file in the format requested by the original user.
If any pictures were detected that should be saved those are
also added. Depending on the format requested, formatting
may be applied to try to match the original document. The
current implementation produces text output only, suitable
for indexing for full text retrieval.

[0061] The fully checked, corrected and formatted file is
then returned to the user, by whatever method was
requested, for instance, e-mail. The user sees the scanning of
a document and the quick return of a highly accurate text
document (speed may be dependent on the quality of service
requested e.g. service could be cheaper if the user will accept
it some time in the next week, being more expensive for
immediate processing). Accuracy is comparable to a profes-
sional typist, though the system is able to process documents
much faster and without the need for highly skilled typists,
so at lower cost. This is advantageous.

[0062] As will be appreciated, over time use of the pre-
viously described system will cause the build up of a
massive dictionary of known character images. In time, it
would become computationally expensive to compare each
trial image against all of the images in the dictionary.
Instead, it would be advantageous to consider only the
relevant subset of the dictionary. To do this a new algorithm
has been devised.

[0063] The essential problem is the identification of ele-
ments from a set of points in a high-dimensional space
closest to an arbitrary given point in the same space. Here
the set is the dictionary of known points and the arbitrary
point is the unknown block image. Conventional algorithms
largely fall into two groups: those based on partitioning
space along a single axis at a time and those based on finding
clusters and using a single image to represent the cluster.
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Those based on partitioning along one dimension at a time
are of little use here because of the very small influence of
individual pixels on the total score. The problem with
clustering algorithms is that they tend to be computationally
expensive and do not seek to provide optimal clusters.

[0064] To overcome at least some of the problems with
conventional algorithms, a new and simple clustering algo-
rithm is proposed. To visualise, imagine the 256 dimensional
space in Euclidean terms as a square (ie consider the case of
2 dimensions). When it is empty and the first letter is
learned, a point (image) is added to the square. A circle is
then constructed around that point. If another point is added,
there are two cases: (1) it lies in one of the existing circles
(2) it does not lie within any existing circle. If it does not,
it is added as a new point at the centre of a new circle. It
should be noted that these circles may, indeed probably will,
overlap. If the point lies within an existing circle, it is
inserted into a second square associated with the circle
comprising only of additional points within that circle. The
original point at the circle centre is not added to the
associated child-square. Circles are built into that associated
square according to the same method, but with half the
radius of the circle in the square one layer above in the tree.
In this way, each circle segments the space and the further
the tree is descended the more granular the segmentation
becomes. For instance, at the top level one circle may
contain tall thin letters like I, 1, ! etc; another round full ones
like a,0,e, @ etc. But of course as this segmentation is
automatic and unguided, as the space is developed, more and
more subtle characteristics can be differentiated.

[0065] In practice, each square is an object. The radius of
the circles in that square is a property of that square object.
Another property of each square object is a list of circles.
Each circle comprises the representative image/central
image that originally produced the circle and a pointer to a
child-square, which may be null. To add an image, the
distance to each of the circle centres is determined. If an
image is not within the radius of any of the circles, another
circle is added by adding another point to the list of circles
with a null sub-square pointer. If an image is within a
circle(s), the circle with the smallest distance is selected and
the new image is added to the associated sub-square for that
circle. If the pointer was null, a new sub-square is created
first, which new sub-square is initially empty and contains
circles of half the radius of circles in the parent.

[0066] This data structure can be implemented using
linked lists. There is no need to store the circle radius as it
can be calculated dynamically as the data structure is
traversed, by merely adding a ‘next peer pointer’ and a ‘child
list’ pointer to each image.

[0067] FIG. 4 shows the evolution of the data structure. At
step 1 the initial square exists and is empty. In step 2, the first
point is added and is not in any existing circle, so a new
circle is created. The associated square for the new circle is
not yet created. In step 3, another point is added, which falls
within the existing circle. The new associated square is now
created and the point added to this square. This point is
outside of existing circles in that sub-square, so a new,
smaller sub-circle is created. It should be noted that the size
of the smaller circle is not critical, but for convenience, it is
preferably set to be half the size of the first circle. In step 4,
another point is added, which falls outside existing circles in
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the top layer, so a new circle is added at the top level. In step
5, a new point is added which falls into both circles but is
closer to the first circle’s center, so the point is added to the
associated sub square. In adding the point to the sub-square,
the point falls outside of existing circles, so a new (smaller)
circle is created at this level. In step 6, a new point is added
which falls into an existing top-level circle without a sub-
square, so as in step 3 a new sub-square is created and the
point added to it. In step 7, a new point is added which falls
into the first circle at the top level, so must be added to the
sub-square associate with that circle. When adding to that
sub-square the point falls into an existing circle so again a
sub-square must be created and the point added to that
sub-square. There are no existing circles in that sub-sub-
square, so a new circle is created, with half the circle radius
of the parent’s radius.

[0068] As a more specific example, consider the process
steps required to identify the letter I. The first step is to
normalise the letter shape to fit into a pre-determined grid.
This is shown in FIG. 5, where the letter scanned is scaled
into a 4 by 4 grid having 16 boxes and a colour density for
each box is determined and put in an appropriate position in
a 16 dimensional vector. In the present case, the letter I could
be represented (for example) by the following vector:

[0069] (0.1,0.9,0.9,0.1,0,0.9,0.9, 0, 0,0.9, 0.9, 0,
0.1, 0.9, 0.9, 0.1)

[0070] This vector corresponds to a point in 16 dimen-
sional space. This point can then be compared to points
already entered in the system dictionary to determine the
most likely match.

[0071] For simplicity, the exemplary method described
above is two dimensional, but this can be broadened to
higher dimensions, for example three, in which case the
squares referred to above would be replaced by boxes and
the circles would be replaced by spheres. The rest of the
method will be described with reference to boxes and
spheres, in order to encompass higher dimensional cases.

[0072] In order to determine a match for an image block,
it is necessary to find the image block from the dictionary
that has the lowest distance and the next-best image from
among competing letters. Consider firstly the simpler task of
finding the letter with the lowest distance. This is done by
calculating the distance of the point to each of the sphere
centres at that level. Each of the spheres is then considered
in ascending order of distance. This search can be stopped
when the closest point found so far is closer than any other
point could be and still be in one the remaining spheres. A
sphere is too far away to be considered if the point’s distance
to the sphere is greater than the radius of the sphere plus the
distance to the best point yet. By sorting the distances to the
centres, the best match can be found quickly. If a sphere is
not too far away, the comparison is done recursively in the
sub-box associated with that sphere.

[0073] In order to find the letter with the lowest distance
and the runner up, the best distance found must be increased
by the factor of the pre-determined ratio (e.g. square root of
2) when deciding whether to descend into a sphere. This is
because it is necessary to find the best runner up if it is
within the ratio of the best image. This system works well at
cutting out searches in distant areas of the dictionary,
thereby speeding up the process.
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[0074] In the method described above, a sphere is defined
as being homogenous if all the images within it belong to the
same recognition group, by which it is generally meant
groupings of upper and lower case letters, such as V and v
or P and p, although also includes groupings such as O, o and
0. A sphere is categorised as being strongly homogenous if
(1) it is homogenous, (2) all points in the entire dictionary
that lie within the ratio times the sphere size of the sphere
centre have the same value as that sphere. When a point lies
within a strongly homogenous sphere, it will pass the ratio
test and will have the value of the sphere, so it is given a
score equal to the sphere ratio, a value equal to the homog-
enous value and the search is stopped immediately.

[0075] The introduction of the concept of homogenous
spheres makes the addition of points to the dictionary more
complex as it is necessary to record and maintain whether
spheres are strongly homogenous. When a newly taught
image is added, a search similar to that of the point com-
parison algorithm is performed, but instead of looking only
at the nearest sphere the system software is adapted to search
for strongly homogenous spheres that the new point
‘breaks’. The search descends into spheres to determine if
there could be such a sphere within it; this could be the case
only if the distance to the centre of the sphere is less than
[(radius of the current sphere)+(radius of a child
sphere*ratio)] (the homogenous child sphere could be on the
edge of the main sphere). When a strongly homogenous
sphere is found, the search does not descend into it, but
instead it is assumed that it is densely populated and checked
to see whether it has been “broken”. A strongly homogenous
sphere has been “broken” when the closest point or strongly
homogenous sphere of different value found in the search
was within the ratio of the radius of the sphere. It is possible
to deduce where to add the new image as part of this descent
of the tree.

[0076] As regards adding points as part of the learning
process, in the case of strongly homogenous spheres these
points are not actually added to the spheres, but instead are
put on a ‘pending list’. If a value is to be added to the
structure that causes a strongly homogenous sphere to cease
to be strongly homogenous then this destructive value is
firstly added, then all the values from the pending list. Most
of these values actually go on to the pending lists of strongly
homogenous sub-spheres.

[0077] Image addition with homogenous spheres is there-
fore slightly more complex than without, but it is worthwhile
as it is expected that relatively few characters will be added
compared to the number being compared and the need to
compare with every image is eliminated. In addition, image
addition can be done on a separate machine and need not be
done in real-time. It could be done overnight to add the day’s
new images.

[0078] A hybrid solution presents the ideal implementa-
tion. A master dictionary is maintained with a complete
history using homogenous spheres (here it takes a long time
to add images, but retrieval is efficient). Also maintained is
a separate dictionary without homogenous spheres to record
the new images since the last batch (images can be added
quickly, but it is necessary that potentially every image is
accessible). In the classification stage, images are compared
separately against both dictionaries and then the best
matches are taken.
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[0079] Also important are the problems of what happens
when a human operator makes a mistake on a character.
While hopefully this will be detected by the final checks, it
is important that this does not corrupt the master database of
known points in the meantime. To limit such problems, in
the classification stage a subset of the known dictionary that
comprises the relevant best points from the dictionary for
each letter is found. Thus for each image it has the nearest
image and the best runner up. This sub-dictionary is suffi-
cient for running the comparison. Indeed, it is sufficient only
to record the distances to and value of these best images. As
each of these sub-dictionaries is generated, the document
with the sub-dictionary is assigned to a human operator’s
machine. The machine runs the classification algorithm on
this reduced dictionary and trained letters are initially
recorded in the reduced dictionary. The human operator’s
machine runs a simple, brute force version of the algorithm
which does not use the sophisticated data structure as the
number of letters it manages is small (only those that the
operator trains). It is now easy to implement the ‘undo’
functionality. Only after the document has been completed
is the master dictionary updated to ‘learn’ the new characters
as taught to it by the operator. As images are learnt, on the
human operator machine the software goes back over pre-
viously recognised images to see whether the new image has
broken the ratio test for any of the previously ‘recognised’
images. If so, these images can then also be prompted.

[0080] Human operators find it much easier to type a word
than they do a series of randomly selected single letters.
Hence, the operator software looks for a cluster of blocks, so
that the entire word can be prompted, and thus deduces the
value of several blocks from that word. If the number of
blocks is less than the number of characters then there must
be a block comprising more than one letter. If the number of
blocks is greater than the number of characters then there
must be a block that is not really a letter or two blocks for
one letter. The software could then ask about each of these
blocks in sequence, or pick another cluster of blocks if one
exists. The software would also avoid picking words where
the blocks are not similar in positions and dimensionality, as
this could be a sign of a block mis-recognition.

[0081] Heuristics on typing speed and probability of block
mis-recognition are used to evaluate the decision on whether
to ask for a word or ask for an individual block, using
statistics collected by dynamically and automatically moni-
toring the actions of the operator. The software also some-
times “gives up” if that is considered worthwhile and will
simply ask the operator to type an entire line/paragraph/
document when its heuristics indicate that will be faster.

[0082] The system described so far enables images that are
scanned into a user terminal to be quickly and efficiently
converted to text for the user with very high accuracy. The
system can however additionally or alternatively be used to
allow text that is spoken into voice recognition equipment to
be corrected or to create a voice interface where the end
system responds to spoken natural language commands. In
the case of voice recognition the electronic version of the
spoken word is checked for accuracy, corrected and then
returned to the user. In the case of the voice interface,
however, the electronic version of the spoken word is
checked for accuracy, corrected and interpreted to determine
what the user wanted, i.e. the intent of the spoken word.
Once the intent is determined, a command signal can be sent
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to the user’s terminal to carry out that intent. It will be
appreciated that the voice interface uses the same features as
the simpler voice recognition system, but with the addition
of sending command signal that represent a user intent to the
user terminal.

[0083] FIG. 6 shows a user terminal 30 that has a voice
interface equipment 32 that is operable to receive the spoken
word and translate it into an electronic format. A commercial
off the shelf application for voice recognition could be used;
indeed most that run under Windows conform to the
Microsoft Speech API, so they are reasonably interchange-
able. In this way, some preliminary stages of the voice
recognition are done on the local machine. In a preferred
embodiment, the sound is also recorded. Typically, this
audio file will be of low quality, being intended to be only
of sufficient quality for a human operator to understand the
speech. However, a sophisticated implementation may also
involve the (possibly deferred) transmission of high-quality
versions of the audio file, so that the voice interface service
builds up a database of speech recordings and the recognized
text for use in training and development of VR engines etc.
Alternatively, the end-user’s terminal 30 could merely be
used as a telephone, indeed it may in fact be a telephone/
mobile phone, or audio recorder and the voice recognition
software could be provided at a remote location.

[0084] As before, the user terminal 30 is connected via the
internet or any other suitable communication system 34, for
example a dedicated secure connection, to a main server(s)
36, which is in turn connected to a plurality of operator
terminals 38 that are manned by trained staff. Included in a
processor 40 in the user terminal 30 is a client application
42, which is software that is operable to interpret incoming
signals from the voice interface equipment and automati-
cally transmit the signal and potentially preliminary text
over the communication network to the main server. Alter-
natively, the spoken text may be transmitted directly to the
main system server. The client application 42 may fulfil
other functions that will be described in more detail later.

[0085] Included in the main server are one or more service
processors having software for receiving, interpreting and
correcting the incoming information from the user terminal.
Sound recordings of the spoken phrase may also be received.
Also included in the main server is software for transmitting
selected signals to a selected one of the manned operator
terminals for manual interpretation assistance by the opera-
tor.

[0086] The process steps for using the system of FIG. 6 as
a voice interface for carrying out a user intent are shown in
FIG. 7. The process begins when the end-user says some-
thing at their machine. The end-user’s machine and the voice
recognition/interface service must collectively recognize
that the user has said something and determine what has
been said. The process of voice recognition is thus standard.
The software detects when the user is speaking (usually by
looking at the volume level—it may be fooled by loud
background noise). When the application is informed by the
voice recognition package that an utterance has been
detected, the software asks the voice recognition engine for
its recognized text phrases. A request packet is then gener-
ated, the request comprising the best guesses of the voice
recognition engine as to what was said, with some indica-
tions of their likelihood and also an audio file of the
utterance.
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[0087] Once the request is generated, it is automatically
and transparently transmitted over the internet or other
communications network, ideally using a standard protocol
such as FTP or HTTP, to the voice recognition/interface
main server, along with identification of the client (for
billing and data return purposes, as well as to track user
identity and information). The end-user software would
ideally take the form of an easily downloadable application
or Java applet or ActiveX control, if the VR engine is already
installed.

[0088] The requests received are placed into a queue for
processing at the voice recognition/interface service pro-
vider. Their queue entry is recorded in a database. Multiple
queues could allow different quality of services. The best
guesses of the voice recognition engine as to what was said
are evaluated against an information database(s). The infor-
mation database(s) is built up over time, by recording
personal details or preferences from what has been said, or
from information directly entered into the system by the
user. For example, software may be provided to allow users
to verbally enter personal details, such as the names of their
children or their favorite sport or their mother’s telephone
number etc. Non-personal information (such as weather
reports or stock prices) may be directly fed into the infor-
mation database by system operators.

[0089] As described in the present embodiment, the infor-
mation database is stored in the main server. However, the
information database could in fact be stored at the user’s
terminal. In this case, when the user’s voice recognition
software has interpreted the utterances, the information
database is searched for words that are similar to or the same
as those interpreted. If anything is identified, a message is
sent with the interpreted voice signal to the server identify-
ing the word from the information database and providing an
indication as to its meaning and the confidence of that
interpretation. An advantage of having the information data-
base at the user’s terminal is that the privacy of the user can
be maintained.

[0090] When each utterance is received at the server, it is
evaluated into a set of possible requests that the user may
have actually meant. A combined likelihood for each pos-
sible request is heuristically calculated. In the current imple-
mentation, this is based on a combination of:

[0091] the likelihood from the voice recognition
engine that the text was actually what was said

[0092] the likelihood from the service’s knowledge
base that the request was what was meant given what
was said

[0093] an estimation from the user’s information
base of which intents are likely.

[0094] For example, suppose the user says “How’s Tokyo
doing?”. The voice recognition engine might have detected
this and have outputted the following two possible recog-
nitions, with roughly equal probabilities:

[0095] How’s Tokyo doing?

[0096] How’s Toto doing? (Toto could be the user’s
dog)

[0097] The knowledge base might interpret “How’s Tokyo
doing” as a request for the status of the Tokyo production
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line, the weather in Tokyo or where the Nikeii is trading.
These might be, hypothetically, roughly equally likely. The
interpretation of “How’s Toto doing” might be strongly
recognised as a request for the status of the operator’s pet
dog Toto. The single utterance was expanded to two possi-
bilities for text, which were expanded to four possible
intentions.

[0098] Ambiguities are resolved when the system evalu-
ates the likelihood that the user really is asking each of those
things. For instance, if the user does not have a dog called
Toto (or at least hasn’t told the system about it), they’re
unlikely to be referring to it. Contextual information such as
this is captured as the user interacts with the system, in much
the same way as interactions work in real life. If the user has
never referred to their dog before, they are likely to intro-
duce it in some way when first using in conversation. When
they do not, and the system responds incorrectly or not at all,
then the user may clarify their initial request and then the
contextual information may be captured. A user who asks
about their dog ten times a day might be considered very
likely to be referring to it. Someone who is not involved in
financial markets is unlikely to be asking about the Nikeii.
The history of what people have asked is heuristically used
to assist in scoring the possible intents.

[0099] In this way, a set of possible interpretations for the
utterance are scored for likelihood. Once this is done, a
heuristic is adopted, which is able to differentiate between
those interpretations that have a high probability of being
correct and those that do not. The heuristic used is a
combination acceptance heuristic that accepts interpreta-
tions where the interpretation’s score is better than a mini-
mum threshold and the ratio of the best to the second-best
score is greater than a set ratio threshold.

[0100] Where the utterances have failed to meet the pre-
determined criteria for automatic acceptance, these are sent
to a human operator. The utterance (via the transmitted
signal of the speech) is then re-played to the operator, who
begins by choosing the correct textual interpretation from
the list produced by the voice recognition engine. If the
voice recognition engine did not correctly recognise the text,
the operator types in the correct text. This system could also
use a voice interface, where the operator speaks the number
of the correct text (from the list of suggested alternatives) or
instead speaks the correct text for recognition by a conven-
tional voice recognition system, this being easier for the
operators. By using high-quality audio microphones, cutting
down on background noise and training these local voice
recognition systems for the operator’s voice the accuracy of
these systems can achieve high accuracy.

[0101] The ideal implementation offers a hybrid system
where the operator can speak, click or type as they find
fastest and easiest in each case. This speeds the process up.
The operator may also invoke exception handling. To do
this, the software may be such as to allow them to indicate
that the utterance was not a real utterance and should be
ignored (e.g. if the system picked up background noise), or
can instruct the system to apologise and ask the user to
repeat their request (if the request is unintelligible).

[0102] Once the text is corrected, it is recorded in the
service’s knowledge database and will be passed back to the
end-user’s machine with the final response. The corrected
text will then be passed to the voice recognition engine at the
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end-user’s machine, so that the voice recognition engine
may ‘tune’ itself to what is being said if it is so able. Thus
the voice recognition engine’s accuracy increases as it is
used. Traditional training (where the user must read a set
passage) may be foregone by using the voice recognition
engine out of the box, accepting that the initial accuracy will
be low. The operator correction of the spoken utterances will
be used heavily during this initial period, until the voice
recognition engine becomes tuned to the user’s voice. This
system alone, with its use of third party training of the voice
recognition system, is a large improvement on current voice
recognition systems.

[0103] Now that the text has been deduced, the interpre-
tation process begins again, though only with the correct
text. Because the algorithm is now only considering one
textual phrase with a much higher confidence, it may now be
possible automatically to deduce the user’s intent with a
higher degree of accuracy, but using the same heuristics.

[0104] In cases where it is not possible automatically to
deduce what the user wanted to do despite knowing what
they said, the message is sent to a second human operator.
This operator may be chosen from a different bank of
operators, as their role is more complicated than that of the
‘level-one’ operators. This human operator hears the utter-
ance as it was said by the user and sees the recognised text.
If the recognised text is not correct then the operator can hit
an exception button to send the text back for re typing. An
alternative arrangement could reduce the burden on the
first-level operators by sending those utterances where the
voice recognition engine was reasonably confident about the
text, but there was ambiguity as to its meaning, directly to
this second level. Where the voice recognition engine was
wrong as to the text, the second level operators would return
it to the first level. However, the relatively skilled nature of
the second-level operators means that this is not the pre-
ferred implementation.

[0105] The human operator now ‘teaches’ the system what
this utterance means. At this stage, possibly with the aid of
human intervention, the correct intention has been deduced.
The system now returns the correct intention, (along with the
correct text for training of the voice recognition engine), to
the client system.

[0106] The correct utterance text and the correct intention
are stored in the knowledge base. This is an immediate
advantage of the current system, in that valuable information
on how systems are used in the real world is captured. This
information is used internally by the system, but will prob-
ably also have many other uses. For instance, the informa-
tion may be used to figure out which tasks users have
difficulty with and offer them help with these tasks or
redesign the way they work and in designing other systems.

[0107] The client system now performs the correct inten-
tion. The exact way in which the system looks and responds
depends on the nature of the system being operated. Where
the system is a Windows personal computer, a conventional
application such as Microsoft Word may be driven via OLE
Automation, for instance, so the return intention may be
formatted as a sequence of OLE automation calls and the
feedback is given by the application visibly responding. The
user terminal could however be a domestic appliance, in
which case, the appliance may either speak back or perform
some action (e.g. start the spin cycle) or both. Here the
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response could be a series of phonemes to be spoken and a
command as to the state to enter (start rinse, cook toast, start
heating).

[0108] Where the client system comprises a master com-
puter that performs the speech recognition and manages the
submission to the voice interface system, but the action is
performed on some other device, there are various possi-
bilities. For instance, a toaster may not have its own voice
recognition system, but would accept commands from the
master computer to start toasting. The master computer
would then be set up to listen to commands in the various
rooms of a house and direct the commands appropriately so
the user could control their devices without needing to
install a voice recognition engine and audio system on each
one.

[0109] One difficulty lies in the various different possi-
bilities for the intentions, eg controlling a PC application is
very different from controlling a toaster. Different applica-
tions may find different preferred representations of their
universe and of intentions. A highly sophisticated represen-
tation system is described herein, so that one skilled in the
art will have no difficulty in building a simpler version if
they feel it is more appropriate for a particular application.

[0110] In order that the knowledge base should be as
broadly applicable as possible, it is desirable to come up
with some universal generalisations that apply across all
desired fields. Hence, an abstract model of the world to be
controlled is constructed and the intention against this model
is sent to the client, which acts upon it in an appropriate way,
which may even be client specific. For instance, if a user
asks their phone if they have any e-mail, the system may
reply with a brief summary of the new messages. If the user
asks their television/computer the user’s inbox may also be
displayed. Both responses would be generated by the
abstract intention of “query for message objects that have
not yet been read”. The decision of how to perform the
intention, ie display messages or read them, is taken at the
client layer or potentially at a server performing the role of
the client for a dumb terminal such as a phone.

[0111] If the application is one that manages e-mails and
contacts, the main objects in the abstract universe are mail
messages, people, e-mail addresses, phone numbers and
addresses. A representation system could understand just
these objects, but would then be hard to extend. The repre-
sentation system can be implemented highly generically by
introducing the idea that objects are nothing but a store of
data values. Thus an e-mail message could involve the
following data values.

ObjectType: Email

ObjectType: Message

Sender: Pointer to “Justin” person object
Recipient: Pointer to “Alice” person object
Recipient: Pointer to “Ben” person object
Recipient: Pointer to “Charlotte” person object
Recipient: Pointer to “David” person object
SubjectLine: Hello All

Body: (Text that comprises the message.)
MessageRead: False
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[0112] The referenced objects may be as follows:

Justin object:

ObjectType: Person

ObjectType: Contact

PhoneNumber: Pointer to “123-4567” phone number object
Address: Pointer to “1 Some Street” address object
Address: Pointer to “1 Work Street” address object
Email: Pointer to “justin@justin.com” email object
Ben object:

ObjectType: Person

ObjectType: Contact

Email: Pointer to “ben@ben.com” email object
123-4567

Phone number object

ObjectType: Phone Number
Country Code: (the numeric value) 44
Area Code: (the numeric value) 207

Phone Number (the numeric value) 1234567

[0113] Etc

[0114] The information is thus stored in a highly free-form
manner. Data values are not required etc, and multiple data
values are possible, including multiple object types. Prop-
erties do not need to be predefined. It is simple to map this
to a relational database by putting all values in one single
table with columns of ObjectID, Property Name, Value.
More efficient implementations are possible with object-
based databases or custom-built database systems.

[0115] The query is therefore specified as follows. The
utterance “show me my new messages” is mapped to a query
for objects which have an “ObjectType” of “Message”, and
“MessageRead” of False.

[0116] This highly free-form system can be extended as
follows, to attempt to normalize the objects. The system
allows for the programming of rules, such as: an object
which has ObjectType of Email also has an object type of
Message (i.c. all emails are messages). Or: an object with an
ObjectType of “Contact” also has an object type of “Person”
(all contacts are people). In this way the system remains
highly generic. These rules allow the intention rules to
remain simple: rather than the intentions embodying the
implicit values in the database the database contains them
explicitly. These rules are introduced in advance and peri-
odically by ‘third level” operators, or knowledge engineers,
based on analysis of the queries that are conducted in the
field or in beta testing of new applications. Analysis may
also be driven by failures to communicate successfully with
the system, which can be detected by the user saying ‘no’ or
‘cancel’ or some other phrase which means “Undo” or
“Wrong”. The user may also be provided with an
‘Undo’function in their user interface (eg a special key on
their phone or keyboard).

[0117] When an operator receives a phrase to be translated
into intentions, they begin by translating sub-phrases. They
define actions for the sub-phrases and then go to bigger
portions of the text phrase and define how the sub-actions for
the sub-phrases combine to form the total action. The default
recognition for each sub-phrase is shown, so operators do
not have to redefine already correctly recognised portions.
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[0118] The automatic recognition process method is to
consider every sub-phrase from the sentence in order of
increasing length. This begins by mapping to intentions all
sub-phrases of length one (ie the individual words). Next all
sub-phrases of length two are considered and an attempt is
made also to map them to known intentions. A mapping of
a phrase to an intention may include mappings of its
constituent parts: hence dynamic programming is necessary
for efficiency. This process is continued and increasingly
longer sub-phrases are considered until a set of possible
intentions is determined for the whole phrase. Confidences
are heuristically calculated for each possible intention, by
considering the mapping rules used and their ‘success’ in the
history. Where a rule has always held, there is more confi-
dence in applying it than when applying a rule to which there
are numerous direct counterexamples. This is the second of
the three scores that are combined to give the final score. The
rule confidences are calculated periodically based on analy-
sis of the knowledge base.

[0119] As an example, consider the following utterances
and their translations:

[0120] User says: “Show me incoming messages”
[0121] Translation:
[0122] The phrase “Show me” is taught as a display

query for the sub-phrase which comprises the rest of
the sentence (ie “Show me x”->SELECT(x)).

[0123] The phrase “messages” is taught as a restric-
tion to those objects with ObjectType Message (by a
rule, this will include Email messages and voice
messages and will include other messages whose
types we do not yet know of but may later be
introduced to the system such as faxes). This may be
represented as WHERE(ObjectType=‘Message”’).

[0124] The phrase “incoming” is taught as a restric-
tion to those messages sent to the current user. This

may be represented as WHERE(Recipient=
@@CURRENTUSER)
[0125] The phrase “x y” is defined as the intersection

of the values for “x™ and for “y”; here this applies to
“incoming messages” ie AND(WHERE(Recipient=

@@CURRENTUSER), WHERE(ObjectType=
‘Message’))
[0126] The phrase “Show me incoming messages” is

now recognized as SELECT(AND(WHERE(Recipi-
ent=@@CURRENTUSER), WHERE(ObjectType=
‘Message’)))

[0127] The @@CURRENTUSER is one of set of conver-
sational state variables that allow a certain degree of abstrac-
tion as to the conversation. Variables may contain the current
subject of discussion, current query etc. This is how the
thread of a conversation can be followed despite translating
on a per-phrase basis. As with object properties, variable
multiple values may be assigned different confidences, the
ambiguity hopefully being resolved by the intention scoring
process.

[0128] Note that the operator may have defined “incoming
messages” directly, instead of through sub-phrases. Opera-
tors may end up defining it both ways, so there may be
interpretations for “incoming messages” as well as for
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“incoming” and for “messages” and their combination, but
this is not a problem as the system will consider both
interpretations. So long as both map to the same query the
system will accept the intention. If they map to different
queries the ratio test ought to catch this problem. Of course,
ideally the operator would define “incoming” and “mes-
sages” separately so that it is then less work for the operator
if the user says “Show me incoming email”.

[0129] As another example, consider the following utter-
ances and their translations:

[0130] User says: “Show me incoming email”
[0131] Translation:

[0132] The phrases “show me” and “incoming” are
known, the default values are displayed.

[0133] The phrase email is highlighted as being
unknown,; the operator defines it as WHERE(Object-
Type=‘Email’).

[0134] The phrase can now be recognised and suc-
cessfully mapped to a query of the abstract model.

[0135] User says: “Do I have any incoming mes-
sages”

[0136] Translation:

[0137] The phrase “incoming messages” is known,
the phrase “Do I have any” (and its subphrases) are
unknown.

[0138] The phrase “Do I have any” is taught as a
query on the existence of items in the subphrase
which comprises the rest of the sentence ie “Do 1
have any x”->EXISTS(x)

[0139] The phrase can now be recognized.
[0140] User says: “Show me messages from Jim”
[0141] Translation:

[0142] The phrase “Show me” and “messages” are
known. The phrase “from Jim” is unknown, may be
defined as follows:

[0143] “from x”->“WHERE(Sender IN x)

[0144] “x” is mapped to WHERE(Name=“x"). This
is a special rule in the system, and is typically built
in. This rule is only resolved if such an object exists
(a hash-table can be used, or the Name property may
be special in the database eg an indexed field).
Where the information database is stored on the
user’s machine an indication of whether such an
object exists is transmitted for each recognised word.

[0145] The phrase can now be recognised. The IN
operator in the first query which is needed as there
may be several Jims known to the system, is man-
aged automatically—it may be typed as=.

[0146] Note that the system can now understand queries
such as “Do I have any incoming messages from Mary?”,
“Show me incoming messages from Bill.” Etc. The explo-
sion of understood commands means that human interaction
is needed less and less often. The 80/20 rule-of-thumb, 80%
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of commands used in practice coming from a subset com-
prising only 20% of ‘possible’ commands helps us in this
regard.

[0147] The combination of an abstract model and the
highly generic parsing method, allows the system to perform
much better than conventional methods and does not require
pre-planning in building the parse tree. Conventional pars-
ing is designed to produce a single outcome; the method here
presented produces a large number of possible outcomes
from which the best are selected and it is also decided
whether there is confidence in the interpretation.

[0148] The information database may be used to help in
determining which of the interpretations is correct. For
instance, when asked to display something, the correct query
is much more likely to have some values than to have none.
If the user asks for the date of Toto’s last flea vaccination,
it is much more likely that they are referring to Toto the dog,
rather than Toto the restaurant or Tokyo the city, which the
VR engine may have suggested as a possible hearing. The
database has flea vaccination information for Toto but not
for the others, so the score for the canine interpretation may
be raised. In this way the system ‘knows’ about the real
world and can resolve ambiguities in many difficult sen-
tences. This is part of the third factor in the score. For speed,
this factor is only evaluated when necessary.

[0149] To increase the speed of the parsing method a cache
of recognised commands is constructed. Each time the
system is asked to parse a string, it checks the cache first. If
it is found then the parsing process is not used, but if it is not
found the system proceeds with the parse. The cache can be
generalised. For instance, suppose the following requests are
received:

[0150] Show me messages from Ben

[0151] Show me messages from Charlotte

[0152] Show me messages from Ben sent in the past
month

[0153] Show me messages from Ben sent in the past
two weeks

[0154] Show me messages sent in the past two weeks
from Ben

[0155] Show me my messages from Alice

[0156] The following rules could be stored in the cache:
[0157] Show me messages from OBJECT-NAME

[0158] Show me messages from OBJECT-NAME
sent in the past TIME-PERIOD

[0159] Show me messages sent in the past TIME-
PERIOD from OBJECT-NAME

[0160] Show me my messages from OBJECT-
NAME
[0161] It can immediately be seen that building a true

parse tree could represent these items more efficiently by
combining them using multi-level rules, but the compromise
is acceptable for the simplicity and speed of the cache.

[0162] Data value recognition (eg TIME-PERIOD) is
done by programming the system with recognition rules. If
data values are not recognized then the cache is not as
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effective but this does not affect recognition accuracy, only
cache efficiency and thus speed. An advantage of this cache
is that checking to see whether an object is in the cache can
be done very quickly by constructing a hash code for each
sentence to see whether it is in the cache. Initially all words
are checked to see if they are recognised data values or
recognised object names, and if so replaced with the appro-
priate code (OBJECT-NAME or TIME-PERIOD or NUM-
BER or DATE etc). A hash-code is then constructed for the
sentence using a standard method and this can be looked up
in a hash-table that contains the cached parses. This hash-
table need not be stored in memory, but can instead be stored
on slower (cheaper) mass-storage, as only one read is done
per utterance.

[0163] As information is added to the system, the cache
may contain information that is invalid. To get round this a
timestamp is stored in the cache and the oldest items in the
cache are routinely re-processed. Those that are no longer
automatically interpreted in the same way are removed from
the cache so that the next time they are requested they will
be reinterpreted. The monitoring of items whose meaning
changes can also reveal problems in the system to the
‘third-level” operators. Such problems arise if an operator
makes a mistake in specifying an intention, for instance. The
set of items whose values are changing reveals the areas of
the system most in need of review. The ‘third-level’ opera-
tors may wish to remove or edit troublesome rules, or reduce
their confidence.

[0164] The automatic full parse method also uses a cache
of interpreted sub-phrases to speed recognition of sub-
phrases. Thus the sub-phrase ‘incoming messages’ will be
cached, again using a hash-table implementation. This
changes the way the algorithm runs, as instead of building
from the shortest sub-phrases up, the whole phrase is now
checked and then sub-phrases, using memoisation to simu-
late dynamic programming (in practice this memoisation
may be combined with the cache). The nature of the algo-
rithm is not altered by the shift in implementation style.

[0165] An alternative interpretation technique may
involve parsing the text into an intermediate conventional
parse-tree representation, and then interpreting this parse
tree. The same novel techniques as above can be applied.
The techniques could also be applied separately to each
stage.

[0166] The system in which the invention is embodied has
many advantages. Whilst it is described above in connection
with an OCR system and a voice interface, it will be
appreciated that the basic principles can be applied to
various situations. For example, the system could be adapted
to be used to produce accurate translations of text from one
language into another. In addition, the system could be
adapted to interpret facts in what are called expert systems.

[0167] Expert systems attempt to distil the knowledge of
an expert, such as a doctor or car mechanic, and produce a
(large) set of rules so that the computer can do the job of the
expert. For instance, an expert system might have rules like
“if you have a cold and a fever you probably have flu” in the
medical domain. Or it may say things like “if your car
doesn’t make any noise when you turn the key, and the radio
also doesn’t work, then your battery is probably flat”.

[0168] A typical expert system works by asking the user
questions, and continuing to ask relevant questions, narrow-
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ing down the diagnosis until a conclusion of satisfactory
confidence is reached. This is very simple to map into the
framework of the system described above. To do this,
standard questions are entered into the system database,
together with likely answers. The user is then asked these
questions. As long as the answers stay within the history, the
user’s questions can be answered and more questions from
the history database asked. Once outside the area in which
the system is able to ask appropriate questions, an expert
(doctor/mechanic) is automatically consulted to provide
further questions and to continue to do so until a diagnosis
is reached. This question/answer to diagnosis path is
recorded so that the next time someone with the same
symptoms uses the system the expert will not be needed.

[0169] Based on the domain, the system can chose how
strict to be in allowing differing responses to the questions.
The more freedom that the user is allowed in responding to
a question, the slower the system will learn. Against this, the
field of medicine may require a lot more flexibility than
computer technical support, given that the consequences of
misdiagnosis are so much higher. An ideal application for
this would be in computer technical support.

[0170] To enhance an existing or trivial transformation
algorithm, ‘weak’ outputs are identified and diverted to an
alternate system. Initially, the alternate system comprises
human operators. Input/output pairs and generalizations
thereof can be stored so as to reduce the fraction of diverted
cases that require human intervention by not repeatedly
asking humans to process the same or similar inputs.

[0171] Good conventional algorithms recognize the
majority of inputs the majority of the time. The conventional
way to enhance an algorithm is to refine or redevelop it to
attempt to boost the percentage of correct outputs. The
system in which the invention is embodied uses an algorithm
and diverts that portion of inputs where the majority of
errors are produced to operators, thereby eliminating the
majority of mistakes and increasing accuracy on a case by
case basis. This is advantageous. Nevertheless, errors can
remain because operators may make mistakes and because
the algorithm may misclassify the output as being definitely
right when it is, in fact, wrong. For accuracy, selection of an
algorithm (or its parameters) for this method is based on
minimizing these ‘false positives’. This is a different opti-
misation from that in conventional algorithm improvement.
For example, an algorithm that can only classify 75% of
values, but is 99% accurate is now preferable to one that
classifies 99% of values but is only 75% accurate. For the
former, the system will divert the unknown 25%, thereby
achieving 99.25% accuracy (assuming the operators to have
100% accuracy). For the latter only 1% can be diverted,
giving the system 75.25% accuracy.

[0172] The system can chose between user/service based
on hardware and communications links. In practice, knowl-
edge bases and operator stages may be combined. More
advanced selection criteria for operator assistance may be
used, eg picking n worst in system at present (where n is
based on number of operators working) or picking based on
quality of service guarantees.

[0173] A significant advantage of the invention is that the
algorithm can be taught as the system develops. This learn-
ing can take several forms:
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[0174] Automatically learning correct responses to
diverted outputs to reduce the requirement for opera-
tor assistance by ‘never asking the same question
twice’

[0175] Automatically tweaking the algorithm so far
as it permits

[0176] Providing the algorithm with a larger data set
for methods that look at history (eg Bayesian-based
methods)

[0177] Collection of the data set allows domain
experts to design new algorithms, add features to or
overhaul the basic (unenhanced) algorithm.

[0178] The system in which the invention is embodied has
many advantages, many of which are derived from the
intelligent interaction with the operators. For example, the
accuracy is high and the system is intelligent to the extent
that user is able to interact naturally. Mistakes are hidden
from the user. The operator assistance is hidden from the
user. In addition, the system has the capability to change the
relationship between user and machine by dynamically
up-dating, for example, the knowledge base. A further
advantage is that there is no need for initial development of
a complex or impossible algorithm and vast data set. Instead,
the system databases are developed on an ‘as needed’ basis.
In addition, it is possible to collect data about how users use
the system and the algorithm’s weaknesses. This is valuable
‘in the field’ data, which is currently not collected.

[0179] A skilled person will appreciate that variations of
the disclosed arrangements are possible without departing
from the invention. Accordingly, the above description of
several embodiments is made by way of example and not for
the purposes of limitation. It will be clear to the skilled
person that minor modifications can be made without sig-
nificant changes to the operation described above.

What is claimed is:
1. An interpretation system comprising:

means for receiving an electronic signal via a telecom-
munications system from a user terminal;

processing means for interpreting the signal electroni-
cally;

means for identifying a part or parts of the signal that
cannot be accurately interpreted by the processing
means;

means for presenting at an operator terminal the part of
the signal that cannot be accurately interpreted by the
processing means;

means for allowing the operator to interpret at least said
part of signal, and

means for sending a further signal including the interpre-
tation of the signal to the user terminal or another
predetermined electronic destination.

2. The system as claimed in claim 1, comprising means
for automatically adapting the processing means when
operator assisted interpretation is employed, so that the
processing means is able to interpret signals that are iden-
tified by the operator, thereby to extend the range of signals
that can be accurately interpreted electronically.
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3. The system of claim 1, wherein the means for inter-
preting the signal comprise means for cleaning up an
included image to remove unwanted marks.

4. The system of claim 1, wherein the means for inter-
preting comprise means for identifying a block, preferably a
single character, within an included image.

5. The system as claimed in claim 4, wherein means are
provided for comparing the block with known blocks
already stored in a library, thereby to identify the block.

6. The system as claimed in claim 4, wherein, in the event
that a block cannot be identified, the means for presenting
are configured to display at the operator terminal the uni-
dentified block either alone or as part of a sequence of
blocks, so that the operator is able to identify the block.

7. The system as claimed in claim 1, comprising means
for automatically adapting the processing means when
operator assisted interpretation is employed, so that the
processing means is able to interpret signals that are iden-
tified by the operator, thereby to extend the range of signals
that can be accurately interpreted electronically; wherein the
means for interpreting comprise means for identifying a
block, preferably a single character, within an included
image; wherein, in the event that a block cannot be identi-
fied, the means for presenting are configured to display at the
operator terminal the unidentified block either alone or as
part of a sequence of blocks, so that the operator is able to
identify the block and wherein the means for processing
include a library of known blocks and means are provided
for adding to the library any block that is identified by the
operator, so that the library is dynamically up-dated.

8. The system of claim 1, wherein the signal includes text
derived from an electronic scanner that is operable to scan
documents and provide an electronic version of the text.

9. The system of claim 1, wherein the signal includes text
captured from a keyboard located at the user terminal.

10. The system of claim 1, wherein the signal includes
text derived from voice recognition software that is operable
to convert spoken words into electronic text.

11. The system as claimed in claim 10, wherein recording
means are provided for including an audio version of the
spoken phrase in the signal.

12. The system as claimed in claim 11, wherein the
operator terminal is adapted to play back at least a part of the
audio recording to allow the operator to hear what was said;
thereby assisting the operator in interpretation of the signal.

13. The system of claim 1, wherein the interpretation
includes a command operable to control equipment at the
user location, such as domestic appliances.

14. A user terminal adapted for use with an interpretation
system comprising:

means for receiving an electronic signal via a telecom-
munications system from a user terminal;

processing means for interpreting the signal electroni-
cally;

means for identifying a part or parts of the signal that
cannot be accurately interpreted by the processing
means;

means for presenting at an operator terminal the part of
the signal that cannot be accurately interpreted by the
processing means;

means for allowing the operator to interpret at least said
part of signal, and
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means for sending a further signal including the interpre-
tation of the signal to the user terminal or another
pre-determined electronic destination.
15. A method of providing an interpretation of electronic
signals comprising transmitting to a user terminal interpre-
tations from an interpretation system comprising:

means for receiving an electronic signal via a telecom-
munications system from a user terminal;

processing means for interpreting the signal electroni-
cally;

means for identifying a part or parts of the signal that
cannot be accurately interpreted by the processing
means;

means for presenting at an operator terminal the part of
the signal that cannot be accurately interpreted by the
processing means;

means for allowing the operator to interpret at least said
part of signal, and

means for sending a further signal including the interpre-
tation of the signal to the user terminal or another
pre-determined electronic destination.
16. An electronic signal including an interpretation as
derived from the system defined in claim 1.
17. A method of interpreting electronic signals compris-
ing:

receiving the electronic signal via a telecommunications
system from a user terminal;

processing the signal electronically to interpret it;

identifying parts of the signal that cannot be accurately
interpreted electronically;

presenting at an operator terminal the part of the signal
that cannot be accurately interpreted electronically;

correcting errors in the presented signal interpretation by
allowing human intervention, and

sending a further signal including the interpretation to the
user terminal or another pre-determined electronic des-
tination.

18. A method as claimed in claim 17, comprising auto-
matically adapting the electronic signal-interpretation pro-
cess when operator assisted interpretation is employed, so as
to extend the range of signals that can be accurately inter-
preted electronically.

19. A method as claimed in claim 17, wherein interpreting
the signal involves cleaning up an included image to remove
unwanted marks.

20. A method as claimed in claim 17, wherein interpreting
the signal involves identifying a block, preferably a single
character, within an included image.

21. A method as claimed in claim 20, comprising com-
paring the block with known blocks already stored in a
library, thereby to identify the block.

22. Amethod as claimed in claim 17, wherein, in the event
that a block cannot be identified, the step of presenting
includes displaying at the operator terminal the unidentified
block either alone or as part of a sequence of blocks, so that
the operator is able to identify the block.
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23. A method as claimed in claim 22, comprising adding
to the library of known blocks any block that is identified by
the operator, so that the library is dynamically up-dated.

24. A method as claimed in claim 17, wherein the signal
includes text derived from an electronic scanner that is
operable to scan documents and provide an electronic ver-
sion of the text.

25. A method as claimed in claim 17, wherein the signal
includes text captured from a keyboard located at the user
terminal.

26. A method as claimed in claim 17, wherein the signal
includes text derived from voice recognition software that is
operable to convert spoken words into electronic text.

27. A method as claimed in claim 17, wherein the signal
includes an audio version of the spoken phrase.

28. A method as claimed in claim 27, comprising playing
back at least a part of the audio recording to allow the
operator to hear what was said, thereby assisting the operator
in interpretation of the signal.

29. A method as claimed in claim 17, wherein the inter-
pretation includes a command operable to control equipment
at the user location, such as domestic appliances.

30. A computer program, preferably on a data carrier or a
computer readable medium, for controlling a method of
interpreting electronic signals, the computer program com-
prising instructions for:

receiving the electronic signal via a telecommunications
system from a user terminal;

processing the signal electronically to interpret it;
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identifying parts of the signal that cannot be accurately
interpreted electronically;

presenting at an operator terminal the part of the signal
that cannot be accurately interpreted electronically;

correcting errors in the presented signal interpretation by
allowing human intervention, and

sending a further signal including the interpretation to the
user terminal or another pre-determined electronic des-
tination.

31. A computer program as claimed in claim 30, com-
prising automatically adapting the electronic signal-inter-
pretation process when operator assisted interpretation is
employed, so as to extend the range of signals that can be
accurately interpreted electronically.

32. A method of providing information to a user com-
prising: receiving a signal that includes a request for infor-
mation from a user terminal; processing the signal to iden-
tify the request; searching a store that includes further
questions associated with the user request; sending a signal
to the user terminal that includes a further question; receiv-
ing a signal that includes an answer from the user; deter-
mining whether an answer to the user’s initial query is
provided in an electronic answer store and, if not, presenting
the user query at an expert operator terminal, providing an
answer to the user and storing the answer to query in the
electronic answer store, thereby to dynamically extend the
electronic answer store.
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