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IMAGE RECOGNITION

The invention relates to methcds and apparatus for
recognising two dimensional images, such as text
characters, represented in binary form as a bit map of
pixels.

Various character recognition systems have been

developed and propcsed and these systems generally fall
into two types:
1. Template (mask) matching or Matrix matching: where
the image of the character is compared with a set of
stored prototype images to achieve a match and recognise
the character. The technique 1is constrained by the
amount of computer memory required to store the different
fonts, it requires the character font to be known to the
product, it requires well-defined characters, it does not
learn from its mistakes.

Where a good match cannot be expected, the prcduct
costs increase with:

a. pre-processing to remcove distortions.

b. post-processing to assess the degrees of match

to the prctotype templates

2. Topological (Topographical) analysis or  Shape
(feature) analysis: where the shape and features of a
character image are examined in oréder that an algorithmic
match may be attempted. Such a technique has a high
degree of font independence and it has a learning
capability. Problems exist with poorly defined,
distorted or broken characters (images) such as are met
with in every-day print since these distortions affect
the features by which the character is to be reccgnised.

Software means are predominately used to perform

topological analysis. Thus the recognition speeds tend
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to be low, in order to restrain the prcduct costs; since
the recognition speed is dependent on the execution times
of the recognition coemputer system the <faster the
recognition speed, the more powerful the computer system
(that is required), the greater the product costs.

Techniques have been developed based on so-called
N-tuple classifiers which were originally described in a
paper entitled "Pattern Recognition ard Reading by
Machine" by Bledsoe and Browning, 1959 Prcceedings of
Eastern Joint Computer Conference, pages 225-232 and
which are also described in "Guide to pattern recognition
using random-access memories" by Aleksander and Stenham,
1979. Computers and Digital Techniques Vel. 2, No. 1,
pages 29 -40. The N~tuple method is essentially a means
comparing information presented to a system with
information already "learnt" by the system, so that the
system can then make "most 1like" decisions. This
methodology has an ability to cope with the recognition
of patterns and shapes including multi-font character
recognitiorn. It does not require the font (to be
recognised) to be pre-determined, it does however require
an adequate training, over a sufficient range of fonts
ard over a sufficient range of distortions within a font
to be able to discriminate between characters, for those
fonts which it is likely to be required to recognise.
Examples of patent specifications illustrating these
N-tuple techniques are GB-A-1296701, GB-A-1431438, and
GB-A-2112194.° These svstems achieve improved
recognition results over the previous types cf pattern
recogriticen systems but require either, very expensive
but fast hardware based svstems or, lower priced (but
still expensive), slow software based systems.

Ir accordance with one aspect of the present
invention, image recognition apparatus comprises a firs+
synchronous state machine for segmenting a number of
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images defined in bit map form into separate pixel
groups; and a second synchronous state machine to which
each pixel group is applied for classification.

The intention is that each pixel group found by the
segmenting state machine will correspond to an image
which can be classified.

The inventors have realised the unique merits of the
N-tuple method in coping with the variable pPrint quality
cf "real-world" documents.

The inventors have further realised that the
problems associated with the previous application, of the
N-tuple method, could be overcome by the design approach.
These problems are the inter-relationships of the speed
of recognition and the product costs, that is slow
cperation, high expense.

An important feature of the invention is that the
inventors have realised the unique and significant
advantages in using a synchronous state machine approach,
to implement much of the core technology recognition
function. This approach is particularly advantageous
when utilising a technology development based on the
N-tuple method of pattern recognition.

The core technology recognition function comprises:

(a) Segmentation. The process of breaking the

scanned informaticn into separate distinct
images i.e. the process of shape extraction.
The segmentation process is coupled with:
Registration. The process of providing
pecsiticnal information, to register  the
relationship of the individual segmented
images, thereby allowing the "recognised”
characters to be assembled into a data-stream
to an appropriate format.

(b) Classification. The process of classifying the

images into pre-defined classes.
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The classification process includes the means
of handling cases where the classifier:

(1) is wunable to make a true decisicn, i.e. a
reject error; in this case the classifier
should label the result accordingly.

(ii) makes a wrong decision, i.e. a substitution
error; in this case the System has to recognise

the error from other informaticn such as the context.

Segmentation and classification are described in IBM
Journal of Research and Development, vol. 27, No. 4, P.DP.
386-399,

A synchrcnous state machine is one where the stages,
of the processes, are stepped-on simultaneously, under
control of a system clock. Thus the time penalties may
be avoided which can occur in asynchronous machines,
associated with the processing of eack stage, for example
due to interrupt routines, polling routinesg hand-shaking
routines and the like.

A state machine apprecach, for this image recognition
application of the N-tuple methed of pattern recognition,
allows the use cf a hardware implementation, Thisrallows
& much higher speed of image recognition (than can be
achieved by Predominately a software approach) at the
moderate product prices which are associated with the
software based prcducts.

In accordance with a second aspect cf the present
invention, a method of recegnising images represented by
respective digital pixel groups comprises Presenting each
pixel group to an N-tuple classifier having a number of
discriminators each adapted to recognise a respective
class of a predetermined group cf classes and is
characterised in that each pixel group is presented to
the discriminators in a pPredetermined sequence; and in

that as soon as the output from s discriminator satisfiesg
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(V)]

& recognition condition, the presentation of the pixel

group to the classifier is terminated.

In accordance with a third aspect of the present
invention, apparatus fcr recognising images represented
by respective digital pixel groups comprises an N-tuple
classifier including a number of discriminators each
adapted to recognise a respective class of a
predetermined group of classes and to which the pixel
groups are presented, the apparatus being arranged to
present each pixel group to the discriminators in a
predetermined sequence; and recognitien means for
monitoring the output of the discriminators ané for
terminating the presentation of the pixel group tc the
classifier as soon as the output from a discriminator
satisfies a recognition condition.

For the first time, we have realised that it is
possible to make operation of an N-~tuple classifier
interactive with the recognition process so that as soon
as a character 1is sufficiently identified, further
operation of the classifier is terminated.

In one example, the method comprises comparing the
output ZIrom each discriminator with a threshold, the
recogrition condition being satisfied when the threshcld
is exceeded. Typically, the situation is:

(i) There will be some threshold 'A' above which,
the image is identified (recognised).

(ii) There will be some threshecld 'B' below which,
the image is not immediately recognised.

(iii) The band between 'A' and 'E' for which the image is
recognised as belonging to a group of classes, for
example lower case ¢ e ¢, but further prccessing is
required to allow the particular image to be
recognised.

(iv) In the event that the discriminator respcnse
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"scores" are less than B this would mean that the
classifier has performed a complete operation, in
that case the Ranking Order of Scores 1is examired
and shoulé the difference between the maximum
disciminator output and the next éiscriminator
outpﬁts satisfy predetermined criteria, then the
recognition condition isg satisfied, i.e. the
character is recognised (as the highest score).
in another example, each Fixel group may be
presented to the discriminators in the crder of frequency
of occurrence of the classes representegd by the
discriminators. For example, where the images comprise
text characters originating from an English language
text, the pixel groups may initially be pPresented to
discriminators representing the vowels (as being the
commonest occurring letters in the Erglish language) and
subsequently to other groups of classes having
successively decreasing frequencies of occurrence.

In a further arrangement, the discriminater or
CGiscriminators to which each pixel group is applied may
be chosen in accordance with the lccation of the pixel
group cdefining the images within the context of the
previously detected images. For example, in the case cf
text, if a full stcp has been detected then it would be
expected that the next letter is upper case ang thus the
next pixel group will be presented initially to the group
cf classes defining the upper case letters.

The cocncept of interacticn between the classifier
and the recognition Precess is alsc utilised in a method
accerding te a fourth aspect of the invention for
recognising images represented by respective digital
rixel grecups, the method comprising presenting each pixel
group tc an N-tuple classifer having a number of
discriminators each adapted to recognise a respective

class of a predetermined greup of classes characterised
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in that if none of the discriminator outputs satisfies a
recognition conditiocrn but it is determined that the pixel
group defines an image falling within a group of the
classes, the method further comprises Presenting a
portion of the pixel group to a subsidiary WN-tuple
classifier having a number of subsidiary diécriminators
each adapted to:recognise a respective portion of the
group of classes.

VIn the case of the English language, certain letters
such as "o", "e", and "c" have similar forms and the
classifier may not have been trainecd sufficiently to
cistinguish between them. However, if the right-hand
half of each of those letters is compared, these are
significantly different and thus by training a subsidiary
classifier on the right-hand halves alone, these
particular characters can be distinguished relative to
each other.

In accordance with a fifth aspect of the invention,
apparatus for recognising images represented by
respective digitial pixel groups comprises an N-tuple
classifier having a number of discrimirators each adapted
to recognise a respective class of a predetermined group
cf classes and to which each pPixel group is presented;
recognition means for monitoring the outputs of the
discriminators; and a subsidiary N-tuple classifier
having a number of subsidiary discriminators each adapted
to recognise a respective class of a Predetermined group
of classes defining pertions of a respective group of
images, the recognition means being adapted to Fresent g
portion of a pixel grour to the subsidiary classifier if
it is determined that the discriminator cutputs dc not
satisfy a recognition condition but the discriminator
outputs define an image falling within the group of

classes.
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comprises storing data defining the recognised class of
the image represented by the pixel group for which
purpose the apparatus preferakbly further comprises
storage means.

Typically, in order to reduce Processing time, each
pixel group is presented simultaneously tc grcups of two
Or more discriminators in the classifier and, where
aépropriate, the subsidiary classifier,

In this specification the bit map described will
generally have a data bus width of one bit. The (image)
processing tasks require access to a memory system in an
incremental fashion and because this is a pixel by pixel
addressable task, using dedicated'logic Circuits, it is
more efficiently organised with the memory (bit map)
organised with a data bus width of one bit, ]

In this connrecticn, in order to utilise commercially
available, 1low cost, memory devices and also to wuse
commercially available, low cost, microprocessor devices,
the inventors have recognised that the memory system
could (with advantage) be organised as a dual port
system:

(1) The first port being a conventional memory access
port designed to suit a particular microprocessor
bus, e.g. an eight bit wide data bus.

(2) The seccnd port being organised to have a data bus

- width of one bit, with an addressing systen
providing fcr an ircremental addressing system
allowing for both positive and hegative
displacements in two axes, since it is desired to
access individual pixels stored in a two dimensional
array.

It is important in beth conventional N-tuple

Classification and the improvements to that

classification described above, to be able tc Present to
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the classifier accurately segmented pixel Ggroups which
are known to define a single image, such as a character,
In the case cf printed text, segmentation is complicated
by the fact that individual characters are not alwavs
spaced everly from adjacert characters, For example,
preportionally spaced characters have a variable spacing
and certain characters such as the letter pair "fo may
overlap. These and related problems are outlined in the
IBM reference mentioned above.

In accordance with a sixth aspect of the present
invention, a method of segmenting images represented in
bit map form comprises scanning the bit map to determine
the maximum extents of an image in first and secend
orthogoral directiohs and recording for each scan line in
the first direction the coordinates of the extreme pixels
of the image in the second orthogonal direction;' and
selecting as defining an image onlf those pixels within a
rectangle defined by the previously determined extents
and falling within +the previously determined extreme
pixel coordinates.

In accordance with a severth aspect of the present
invention, apparatus for segmenting images represented in
bit map form comprises scanning means for scanning the
bit map to determine the maximum extents of an image in
first and second orthogonal directions and for recording
for each scan line in the first direction the cocrdinates
of the extreme pixels c¢f the image in the secornd
crthogonal direction; and selection means for selecting
as defining an image only those pixels within a rectangle
defined bv the previcusly determined extents and falling
within the pPreviously determined exXtreme pixel
coordinates.

This method and apparatus is able +to ccpe with
cverlapping and Proportionally spaced images. In the

case of tcuching characters +he pixel grecup comprising
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the image block, 1is divided into sub-blocks by an
estimation of the character boundaries withir the pixel
block, (representing two or more character pixel croups),
for example by a knowledge cf the character aspect ratio
(obtained from an histogram analysis of the text), each
sub-block is then submitted separately to

classification process.

o

Typically, in the case of a page cf text, the
scanning of the bit map is carried out in a series of
horizontally spaced, vertical scan lines and this leads
tc the ability to compensate for skew from a knowledge of
the line spacing or pitch deduced from a histogram
analveis of the page of text.

Preferably, the selecting step comprises scanning
the bit map in a series of 1lines extending in a second
crthogonal direction and spaced apart in the first
crthogonal direction, each 1line having a ' length
corresponding to the distance between the respective
extreme pixel coordinates.

Some previous segmentation methods have involved
locating a black pixel and then examining the immediate
neighbours to that pixel and subsequently locating one of
the adjacent pixels which is black and repeating the
process. This leads to cersiderable duplicaticn in that
the same pixels will be examined several times ard thus
segmentation is a relatively slow precess.

in accordance with an eighth aspect of the Fresert
invention, a method of segmenting images represented in
bit map form comprises

a) scanning the bit map tc detect a shape which
may comprise an image;

b) reccrding the location of those pixels in the
bit map which define the detected shape;
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and repeatiqg the steps a) and b) tc locate other
images while ignoring in step a) each pixel whose
leccation has been reccrded in a step b).

In accerdance with a ninth aspect of the present
invention, apparatus for segmenting images represented in
bit map form comprises scanning means for scanning the
bit map tc detect a shape which may comprise an image;
and a memory fcr recording the location of those pixzels
ir the bit map which define the detected shape, whereby
the scanning means only respcnds to those pixels c¢cf the
bit map whose locations have not been recorded in the
memory.

Typically, step b) comprises providing a secord bit
map ccterminous with the bit map defining the images, and
recocrding in the second bit map those pixels which have
been found during the scanning step to correspond to a
detected shape. .

Preferably, means are provided to ignore isolated
black pixels, during the scanning process, as unwanted
background noise. An isclated black pixel is one where
all its (eight) neighbours are white pixels.

The images with which the invention is concerned may
include characters, such as text characters ( numbers and
alpha characters) bLoth arabic and ncn-arabic, and also
other two dimensicnal predetermined patterns and shapes
as ror example chktained by robot manipulators carrying
video cameras.

The bit map defining the images ﬁay be generated in
any conventional manner such as by means of a CCD array,
a video scan and subseguent digital processing and the
like.

Particularly advantageous methods and apparatus are
constituted by combinations of the first to ninth aspects

¢f the invention.
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An example of a character recognition system éccording
to the invention will now be described with reference
to the accompanying 'drawings, in which: -

Figure 1 illustrates the overall systenm;

Figure 2 illustrates the construction of the
recognition system:

Figure 2 is a flowchart illustrating the operation of
the computer control system;

Figure 4 is a block diagram of the image preprocessing
circuit;

Figure S illustrates the memory system:

Figure 6 is a block diagram of the Scan-search circuit

Figure 7 illustrates the segmentation System:
Figure 8A-8D illustrates the extraction process.
Figure 9 illustrates the datum conditions for an
extracted shape;

Figure 104-10B illustfates the scaling and normalising

functions;

Figure 11 shows an examrle (in block diagram form)of 3
variable scaling system,

Figure 12 illustrates an example of a scaling table;
Figure 12A-12B illustrate an an example of N-tuple
mapping;

Figure 14 illustrates the classificaticn system;

Figure 15 is a flow chart illustrating the operation of
the classification system,

Figure 16 illustrate a combinational transition
function.

SUBSTITUTE SHEET
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Figure 1 illustrates the OCR (optica] character
recognition) system, by which Indicis, =xistine in
pfinted or written form, are captured as images and
converted to data encoded to a computer industry
standard.

A video scanner (1) produces digitised video data,
representing the black or white pixel image data,
captured from a scanned Page, as a line by line
Sequence of the indicia on that Page. A scanner video
interface (2) orders the video data into a form for
subsequent data processing. The video data is sent
Lo a recognition unit (2), the recognition unit output
(4) being the indicia (chafacter) data encoded to a
suitable computer industry Standard, such as ASCII
(American Standard Code for Information Interchange) .

The scanner (1) may be any convenient form of
commercial optical scanner, with appropriate product
capabilities and facilities, that is a paper-handling
capability (sheet-feed or flat-bed) at an appropriate
image resolution, at an appropriate scan time for a
page. Commercial scanners generally have an image
resolution of 300 dots per inch (dpi), which is
adequate for most OCR purposes. Commercial scanners
are available with scan times of less than 3 seconds
for an ISO standard A4 page size, which allows far a
high speed of character recognition circa 1000
characters per second. The scanner video interface (2)
may take one of several forms, serial or parallel, e.g.
SC5I (Small Computer Systems Interface).

The scanner (1) may alternatively be constructed
(as a page scanner) by utilising for example a full a4
width CCD (charge coupled device) photo element array,

SUBSTITUTF QHFET
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coupled with A ceontrol System consisting of analogue
image data capture, thresholding, digital conversion,
timing. scan control-and interface circuits: this to
provide digitised video data, representing the bit
image data captured from the scanned page.

Figure 2 illustrates the overall construction of the
recognition unit (3). The recognition unit system
provides for the Segmentation and classification
functions, these functions being the Processes of
breaking the scanned images into Separate distinct
images for each character, registering the relationship
of the individual (segmented) character images and
classifying the character images into pre-defined
character classes.

The video data from the scanner (1) is interfaced
into the recognition unit (2) by a videno interface (5),
this video interface (5) may be any of Several known
forms, to suit the Scanner's video interface (2). The
video data is fed into an image Pre-processing circuit
(8}, which processes the viden data into a RAM (random
access memory), in the form of an image bit map (7)
having a one bit wide data bus.

The image bit map (7) operates in conjunction
with a shadow bit map (8), having pixel locations in
one to one correspondence with the image bit map (7).
The shadow bit map (8) is used to avoid processiné the
same pixels several times, such duplicated Processing
occurs in some known Segmentation schemes.

A scan-search circuit (9) performs a vertical
raster scan of the image bit map (7),starting from the
top left hand corner of the "page”. This is to locate
potential characters by searching for blaeck pixels

which have not been previously pProcessed, i.e. to
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search for black pixels not in the shadow bit map (8).
A synchronous state machine segmentation system (10) is
used to extract the .character shape, associated with
the found black pixel. )
The extracted character shape is fed into a normalise
and randomise system function (11). The character
shape is, by this function (11), normalised in size and
converted into a random N-tuple form, which is then
lcaded into the buffered input of a synchronous state
machine classification system (12). The classification
system (12) identifies (classifies) each character,
that is so presented. The identification of the
character is fed into the computer control system (13)
for post-processing. The computer control system (13)
is also used to control certain aspects of the
operation of the recognition unit (3). The computer
contreol system (13) uses a commercial micro processor
which is software controlled, the mode of oberation is
illustrated in Figure 3.

Output of the character data to the Host systenm
is via the system interface (14).

The construction of the recognition unit (3) shown
in Figure 2 will now be described in more detail with
reference to Figures 2 - 16,

The video data received from the scanner (1), is
fed into the image preprocessing circuit {6),via the
video interface (5), as initiated by the computer
control system (13) (Steps 101 and 102 Fig.3).

The image pre-processing circuit (6) #s shown in
more detail in Figure 4. The video data is fed to
control legic (15). Dependent on the OCR application
and dependent on the resolution of the scanper (1), it
may be desired to compress the video data, from say 400

dpi to say 200 dpi. If data compression ‘is necessary,
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the control logic (15) will feed the video data teo the
compression circuits:- horizontal compression (l&)
and vertical compression (17); for the 2xample quated
both of these compression circuits would be 2:1.
The data compression may be arranged to favour white,
to enhance the character bit image separation. A
circuit (18) electronically adds a white border (to
define the boundary conditions to be used for
subsequent scanning of the bit map) to the compressed
(or otherwise) video data, at the time that this video
data is being written into the image bit map (7); at
the same time the shadow bit map (8) having a one bit
wide data bus is cleared to white (step 102 Fig.3).
The process continues until the video data is
completely received or until the image bit map is full,
any unfilled portion of the image bit map being written
to white. If the scanned video data exceeds the .
capacity of the image bit map (7), then the video data
will require to be loaded [ into the recognition unit
(3) ] in more than one data transfer operation, this
will be controlled by the computer control system (13).
At the completion of the setting-up the bit maps (Step
104 Fig.3) the computer control system (13) sets
bitmap pointers to the scan "start” position, (Step
108 Fig.2j).

Commercially available memory devices, which could
be used to constitute the image and shadow bit maps (7)
and (8), have all been developed for convenient use
with commercial microprocessors. Such memory devices
have memories organised with a data bus width which
suits a particular micro-processor standard, the
commonly encountered data widths being eight, sixteen
or thirty-two bits. In-the present application the
memory éystem is asscciated with fhe processing'of
shapes, (image data) contained within that memory;

SUBSTITUTE SHEET
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the data to be processed exists as black or white
pixels (binary values of picture elements) which are
stored in a two dimensicnal array of single pixel
values and whiéh is referred to aé.a‘bit map. The

S image data processing tasks require access to the bit
map memory system in an incremental fashion, which is a
pixel by pixel addressable task. This task is most
efficlently organised with the bit map having a data
width of one bit, since dedicated mixtures of

10 combina;ional and sequential logic can then be used to
achieve higher execution speeds..than could bg achieved
by a conventional microprocessor access to memory via a
multi-bit data bus and software selection.

Figure 5 illustrates in more detail the

15 organisation of the memory system, which is designed to
use commercially available (low cost) microprocessor
and memory devices and which is constructed as a dual
port system. The first port representing the -
microprocessor interface (19) is a conventional memory

20 access port, designed to suit a particular miero-

processor data bus width, for example using an eight

oy
t

it wide data bus. The second port representing the
image processing interface (20) 1is organised to have a
one bit wide data bus, the addressing system of which

A provides for an incremental addressing, allowing
positive and negative movements in the two axes of the
memory plane. Such movements (in the two axes of the
memory plane) are required in the segmentation process
to be described.

30 An access arbitration circuit (21) prevents a
memory access occurring simultaneously from both the
microprocessor and the image processing interfaces; the
micreoprocessor interface (19) is one that can be forced

to wait until the memory is ready for it. The access

2
n

arbitration logic ensures that only one set of address

SUESTITUTE SHEET
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and data drivers are energised at any one time. thus
preventing an undesirable "clash" of accesses. A
signal M/S is used to enable one or other set of
drivers, within the address multiplex and write

multiplex circuits(22) and (23). The address mﬁltiplex
circuit (22) functions as a selecting switch, according

to which interface had the right of access to the
memory at any particular time, it allows for the
selection of the appropriate address required for any
particular memofy access. The write multiplex circuit
(23) functions in a similar way, as thé address
multiplex circuit (22).

The data organisation of the memory, is such that

- it it presented to the microprocessor in the familiar

eight bits (byte) format, that is used by most micro
computer memory systems. Each byte of the memory array
(24) comprising four bits of the image bit map (7) and
four bits of the shadow bit map (8). A 1 of 8 write
decoder (25) is required to enable the image processing
interface (20), which handles one pixel at a time, to
selectively write one bit within the eight bits of a
byte. An equivalent function is required for read
accass be the memory from the image processing
interface (20), in order for this interface to be able
to select one particular bit from the byte, this }s
referred to as the 1 of 8 bit select circuit (26).

The 8 bit datadriver (27) does not require the

'complexity that would be normally required if a bit

selecting interface was to be provided to allow the
image processing functions to write bits to memory on
an individual basis. This simplification is achieved
because,

(a) the use of one bit wide memory devices allows the
image processing functions to "read from" and "write

to” memory on a single bit basis, i.e. there is no need
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for a "read and rewrite"” operation that would be
necessary to perform a single bit write operation if 8
bit wide memory devices were used,
(b) the image processing functions require a write

S only function of logic "1's" (representing black
pixels) to the shadow memory.

The address register (28), in conjunction with the
offset address adder (29), controls the addressing of
the memory array (24). The address register (28) holds

10 coordinate pixel location information, corresponding to
the coordinates of the ﬁixels representing the scanned
image video data. The offset address adder (29) is a
binary parallel adder circuit,constructed from
combinational legic; it is capable of handling an X

15 or ¥ offset in positive and negative form in order to
be able to address any pixel within the memory array
{24). The addressed pixel can be either (a) left or
right of the hdrizontal coordinate stored in the

address register (29) or (b) above or below the

(]
L]

vertical ccordinate stored in the address register(29).
Negative values (for left and above) are handled by
treating the X and Y addresses as two's complement
binary numbers. The X and Y addresses presented from

the image processing interface (20) need conly to

[\
n

address a2 limited (256 x 256 pixels) area of the memory
array (29), this is because these addresses are used
for the character segmentation, which requires only
sufficient memcry space for each character shape one at

a time.

W
(=)

The address register (28) performs various
functions, independent on the operational aspects of
th2 memory system: (a) In the setting-up of the image
bit-map (7) the address register (28) counts through
the XY coordinate addresses of the bit map to allow the
35 storage of the pixel data, black or white,
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corresponding to that ceoordinate address: for this
aoperatiecn the XY offset values are set to zero in the
cffset address adder_(29). b) In the segmentation
process the "found coordinate” of the character shape
to be segmented, is entered into the address register
(28) and the positive or negative movements in X and Y,
necessary for the segmentation, are controlled by the
offset adder (29). Coincident with the segmentation
process the shadow bit map (8) is "read from" and
"written to", the shadow bit map (8) being initially
cleared to zerc (all white) which is taken to be the
not yet processed state of the scanned image video
data. Writing to the shadow bit map (8) occurs as the
image bit map (7) is conditionally scanned during the
segmentation process; that is,to segment the character,
the data in the image bit map (7) is read and an
identical pixel is written to the shadow bit map (8),
thus a copy of the character shape will appear in the
shadow bit map (8) indicating that the character shape
has been segmented. This conditional scanning of the
image bit map (7), to ignore character shapes
previously encountered and segmented, can be simply
achieved by scanning feor image bit map pixels which
have corresponding zeros (white pixels) in the shadow
bit map (i.e. not previously seen pixels), this is
implemented with 2 two input logic gate. An advantage
of the shadow bit map (8) is that the image bitmap (7)
is preserved %to allow a re-examination of the pixel
data, if 3o desired.

transceiver (bidirectional TRANS-mitter and
re-CEIVE 30}, present in the data path from the memory
(24) to the microprocesscor interface (19), isolates the
memory from other data circuits connected to the micro

processor.

Referring to Figure 3, the next.step 106 is to
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initiate the scan-search routine. The image bit map
(7) is processed by the scan-search circuit (9Q), shown
in mere detail in Figure 6. This process operates in
conjunction with the segmentation system (10) (to be

] described) .

The scan process applies a vertical raster scan to
the image bit map (7), starting at the top left hand
corner (relative to the lines of text on the original
scanned document), this position is easily determined

io relative to the "white border" applied by the image
pre-processing circuit (8). Thé raster scan is in the
vertical direction downwards, moving left to right and
continues untii the scan encounters a non-processed
"new" pixel,that is a black pixel which does not appear

15 in the shadow bit map (8). The first "new" (black)
pixel of a character so encountered, by the vertical
scan, will be the uppermost-leftmost black pixel of
that character, the XY position of which will be
described as the "found coordinate" of that character.

The vertical raster scan allows for the handling

b2
[

of skewed lines of text (on the original scanned
document), since =ach character is found in sequence
according to the spacings of the lines of text. Knowing
the range of spacings of the lines of text and the

vertical coordinates of each character then the text

[\8]
n

may be reconstructed on a line by line basis. The
vertical spacings may be easily determined from the
character positional information derived frem the scan
process.

20 As the vertical raster scan of the image bit map
(7) proceeds, the shadow bit map (8) is scanned pizxel
by pixel at the same time. The logic state binary '0'
(white) or binary '1' (black) of the pixels in the
shadow map, indicating whether or not the pixel in the

[3%)
o

image map currently being accessed has previcusly been
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accessed, i.e. a binary '0' in the shadow map would
indicate a "new” pixel.

The comparison.of the binary states of the pixels
between the two bit maps is implemented wifh a 2 input
logic gate circuit known as the new pixel selector
circuit (231).

As a "new" pixel of a shape is encountered (found)
the "found coordinate” of that (found) pixel is loaded
into a found coordinate register (32) and a message is

sent to the cémputer control system (13) (step 107,
Fig.3). The computer control system (13) immediately
starts the segmentation process (to be described) to

(D

xtract the character shape (step 108, Fig.3). UWhen

the character shape is determined (step 109, Fig.23) it

is possible to continue the raster scan, since the
shadow map is then completed with respect to the

"found” character. The scan-search process continues

until the end of the image bit map {7). is reached (step

110, Fig.3).

The use of the shadow bit map (8) provides the
fellowing benefits.

(2}The image bit map (7) is unaltered. This is a
particular benefit where a re-examination of the
image data mav be required, such a re-examination
may be achieved by either (a) re-scanning the image
bit map (7) as a whale, or (b) by re-scanning
selected areas by clearing the appropriate areas of
the shadow bit map (8) back to zero (white) to allow
for the pattern(s) to be found aéain.

(b)Patterns within the image bit map (7) can be of

unknown quantity, location and size. The shadow bit

map (8) ensures that previously processed groups of
pixels corresponding to the patterns already

extracted are not reprocessed.
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The segmentation process is initiated, at step 108
Fig.2, by the computer control system (13). As
previcusly mentioned-the segmentation system (10) uses
a synchronous state machine (33) (Figure 7)., where
combinaticonal transition functions (34) (Fig.7) are
used to define the conditions and sequence of the state
machine.

A synchronous state machine is one where every
stage cof the machine is stepped-on on simultaneously
under the control of a system clock. Thus avoiding the
time penalties which can occur in asynchronous machines
associated with the processing of each stage, e.g.
interrupt routines, pelling routines, hand-shaking
routines and the like.

Figure 16 illustrates the use of a combinational
transition function (34}, which allows for conditional
decisions to be made at every step and acts as a
combinational logic array, to set the conditions and
hence decide the "next state" out of the state
register. The function inputs are "conditional" and
"feedback"”; the outputs are "control" and "next state”
feedback. The total number of "states” defines the
number of bits in the "next state” feedback path. The
combinational transition functions (34) may reside
either (a) in a non-volatile memory such as PROM
(programmable read only memory), PAL (programmable
array logic) etc. or (b) in a volatile memory RAM
(random access memory), which is initialised by
software on power-up éf the machine.

The use of combinational transition functions is
particularly advantageous for this application, due to
their ease of implementation and modification, as
compared to a "logic gate" implementation for the

segmentation system.
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The segmentation systen (10) is shown in more detail inp
Figure 7. The extraction of the character shape is
achieved by the state machine (33) operating in
conjunction with the image bit map (7) and shadow bit
map {2). The prccess starts with the "found” pixel of
that character shape, the initial condition being with
the image bit map (7) XY address pointing to the found
cocordinate.

The technique used to extract the character shape
and determine its boundary conditions will be explained
in connection with the letter pair "fo" shown in Figure
SA. In the figure this pair of characters are shown as
overlapping, in order to illustrate that the method of
segmenting copes with overlapping characters. The
character overlap situation can be seen mest clearly
from Figure 8B, where enclosing rectangles (defined to
completely include each character) are illustrated and
it will be seen that each rectangle includes a part of
the other character. The technique used to define the
extent of the Eharacter "f' is to perform an iterative
search for the outer edge of the character, i.=. to
find the boundarv between the black pixels of the
character and +he white pixels surrounding. Starting
at the black rixel corresponding to the found
coordinate. the search proceeds around the outside of
the boundary and finishes when the start pixel (i.e.
the fouﬂd coordinate) has been réturned to. Whilst this
Search is occurring two measurements are takeﬂ, (a) for
the size and (b) for the profile of the shape. The
first measurement uses a8 system of peak detecting
registers, described as excursion registers (35) te
record the maximum horizontal (right-most) and vertical
(topmost and bottom-most) extents of the shape, note
that the left-most extent corresponds to the % value
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(cf the Y axis) of the found coordinate. Thus the fina]
values within the excursion registers (35) represent
the size of the enclosing rectangle for the character
shape. The second measurement uses a pair of random

) access memories (36) and (37) to record the left most
and right-most horizontal pixel coordinates for every
line (one pixel width) of the shape addressed by the
vertical coordinate. The left and right pixels are
indicated by 'L' and 'R’ respectively in Figure 8C and

10 represent the left and right profiles of the character
shape. The character may now be extracted from the bit
map memory by performing a raster scan (of the bit map
memory) for the enclosing rectangle in the direction
left to right, moving downward, allowing only those

15 pixels whose coordinates are within the range enclosed
by the left and right profiles of the character. This
is achieved by passing the coordinate values of the
right and left profiles and the coordinates of the
enclosing rectangle to an 2xtract control cirecuit (38).

20 This scan will have the effect of removing any
intrusions (within the enclosing rectangle) due to
overlapping characters. The resultant extracted shape
will have the fofm shown in Figure 8D which shows the

required result of removing the intruding portions of

ba
n

the neighbouring letter "o".

The "aligned coordinate” is determined as the
topmost and left-most coordinate of the enclosing
rectangle for that character as illustrated in Figure
9. The "aligned coordinate" is loaded into-<the aligned
30 coordinate register (29).

The extracted shape is then fed into the normalise
and randomise system function (11) at the same time a
message 1s sent to the computer control system (12)
(step 109, Fig.2) this mesSsage contains the size limits

1,)
in

for the extracted shape and the "aligned coordinate”

O
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The aligned coordinate Provides a datum for the
character position and is used to reassemble
(re-compose) the text and the page (of recognised
characters).

The computer control System (13) assesses the
enclosing rectangle for any of the following
conditions:

(a) Too small.
(b) Too large.
(c) Aspect ratio (height to width) incorrect

for a single character.

If (a) or (b) condition applies, the classification
operation is ahorted (step 112, Fig.2) and the pixel
gTroup comprising the extracted character is zlassed as
unidentifiable, i.e. an unrecognised character. If (c)
condition applies, the unrecognised pixel group blochk
is divided into a series of sub-blocks, by aestimation
of the character boundaries within the pixel group
block, each sub-block is submitted separately to the
classifier (step 113 Fig.3). . o

The extracted (segmented) character shape is
required to be "normalised" to 2 standard "enclosing
rectangle” size, e.g. 232 x 22 pixels, prior to
classification. Since the extracted character shape may
be any size (in pixels) the normalisation can be -
achieved by initially scaling downwards in area by say
4:1, 16:1, 64:1 ratios, so that the scaled shape size
is less than the required normalisation size and then
using a look-up table approach to achieve the required
nermalisation result. Figure 10A illustrates the
technique. The initial scaling (downwards) is achieved
by the fixed scaling system (40) and the size
"normalisation” by the variable scaling systen (41,

An example of a variable scaling system (41) is

shown in more detail in Figure 11. The sSystem has

SUBSTITUTE QHFFT

(»



WO 90/03012 PCT/GB89/01043

10

b
in

10
[}

(X8}
n

horizontal and vertical counters (42) and (43), driven
by a clock which has a frequency chosen to suit the
cycle time of the memories. The horizental and
vertical counters (42),(42) are a pair of counters,
which count from zero to full house one's during the
scaling operation. Horizontal and vertical size
registers (44) and (45) are provided, each cbmprising a
S bit register'whose contents do not change during the
scaling operation, having been (previously) set to the
actual size of the character shape within the bit map
memory. The values held in the size registers are
actually one less than the size of the shape to be
scaled, i.e. a size register value of 00011 binarv (23
decimal) indicates, to the scaling system, that the
shape has a size of four pixels in that particular
direction, horizontal er vertical. The horizontal and
vertical scaling memories (46), (47) connected with the

‘respective counters and registers (42)-(45) are

identical and conveniently consist of 1024 by 5 bit
static RAM's (Random Access Memories), although a read
only form of memory could also be used. Scaling tables
would be written to RAM's at power-up, whereas read
only memories would have scaling tables alreaqy "burnt
in". Each 1024 by 5 bit scaling memory has a ten bit
address, made up from the five bits (each) of tha
appropriate counter and size registers, (42),(44) and
(43),(45). The S bits from the counter will count up
from zero as the scaling is performed while the S bits
from the size register remain constant so that, from
the scaling tables in Figure 12, a sequence of pixel
numbers may be generated. These are used as pixel
pick-up addresses by the bit map memory that holds the
shape being scaled. For any particular address
presented to the scaling memory, a 5 bit data word will
be available at the data out terminals. These are
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referred to as the modified x and vy addresses, x and %
corresponding to horizontal and vertical pixel ,
coordinates within the shape in the bit map memory.
The two groups of modified addresses are used as a ten
bit address for the bit map memory and the overall
effect has been to generate an address sequence which
has been pixel by pixel adjusted by the scaling
memories in such a way that Pixels are picked up from
the bit map in a repeated fashion. The éxtent to which
the pixels are repeated is a function of the size of
the shape as defined by the values in the size
registers. If the size registers .are set to 11111, then
the shape within the bit map is already at maximum and
the particular Sequence of medified addresses,(produced
by the scaling tables) will be a count that is
identical to the output from the counter for that axis.
Referring to the scaling table (Fig.12) entries,
2.£. the horizontal list of numbers, for SIZE = 31 it
Will be seen that there are no duplicated Pixel address
values. The sequence for SIZE = 21 s itself é binary
count from 0 to 21. In this instance the scalihg tables
will have had no effect but for all other sizes less
than 11111 (31 decimal) the shape will be scaled up to
a shape which iz 22 pixels wide by 32 Pixels high. The
scaling tables Fig.12 are to be further described.
The output memory (48) is a static Random Access
Memory providing storage of 1024 by 1 pixels. During
the écaling cp2ration the ten bit address to this
oUtput memory (48) ig driven by the two coﬁnters (42},
(42), horizontal and vertical, from zero to full house
ones. Every pixel is thus addressed once, with the
black or white value written into the particular
location, being derived from the Pixels stored in the
bit map, that had been addressed by the address that
has been modified as described.
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Referring again to Figure 10A, the variable
scaling algorithm in relation to the operation of the
scaling tables, may Be represented as follows:
Variable scaling, on a given axis, is determined by the

5 maximum size of the intermediate block (Fig 10A),
along that axis.'If N is the maximum (pixel) excursion
in the intermediate block, then the 'Y' axis of the
table (labelled Size §) equals (N-1). The 'X' axis of
the table (labelled P) is the Pixel Number (P) for the

10 final pixel block, i.e. P goes from 0 to 31, for a
32x32 normalised pixel block. The table value, as
selected by the 'X' and 'y’ table coordinates, ig the
Pixel Number M in the intermediate block. Referring to
Figure 10B, in conjunction with the scaling tables

15 Fig.l2, if the maximum (pixel) excursion along an axis
in the intermediate blaock is 25, then the Size' s equals
(N-1) is 24 and the pixel states (black or white), in
the final pixel block P, are determined from the pixel
numbers (locations) derived from the tables. For the

20 example shown in Fig.10B:- the pixel state (black or
white) at the final pixel location P=10 will be the
pixel state at the intermediate pixel location M=7.
Similarly for P=24 the pixel state will be that at the
intermediate location M=19,.

8]
n

The scaled "normalised” character shape is now
presented to the randomisation function (Fig.10A). The
randcmisation function generates pseudo-random n-tuples
by use of another look-up table. The requirﬁment is
that the normalised (22x32) pixel group block must- be
30 mapped into a series of n-tuples such that:

(a) The grouping of pixels (n-tuples) is selected on a
random basis.
(b) The selection of the pixels is su;h that no pixel

arrears in more than one n tuple and then only

(I8
n
8]

nce.
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(<) The pixel block (22x32) must be completely mapped,
i.2.every pixel must appear in the set of n-tuples,
This requiremenf for random n-tuples is dealt with
in the referenced papers on N-tuple technology.
Referring to Figure 13A, this represents the 232x22 s
pixel block mapped into 128 Separate 8-tuples. The

initial relationship between the Pixels selected ta

s

form 8-tuples is random but once this random selection
has been chosen,it remains qnchanged. A look-up table
can be constructed to map, a given pixel location, to a
given bit number, in a given 8-tuple. For the eaxample
shown in Fig 13A, if the 32x32 pixel block coordinatas

are set such that coordinate 0,0 corresponds to the top
eft hand corner of the map then the mapping

—

illustrated would cerrespond to the (part) table of
Figure 13B. Such a table eould be constructed which
would identify each bit in each 8-tuple with a
specific pixel location in the pixel block. The bit
value would be "1 or '0' to correspond with the black
or white state of the pixel so located.

The preceding deszriptions (related teo Figure
10A) are not intended to imply that the described
functions. of Fixed Scaling. Variable Scaling
{Normalisation), Randomising, are separate serial
activities. They have been so described for ease wf
understanding. The normalise and randomise function, s
{11) is such that the three functions (described) are

carried out in an overlapping sequential manner so as

%

to appear as a single intgg{ated funeticn.

The look-up tables may conveniently reside in:-
either (a) non volatile memory (e.g. PROM, PAL ete).
or (b) velatile memory (e.g. RAM), initialised by

software on power-up of the machine,
That is the same approach to look-up tables can be made
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as previously described for combinational transition
functions.

An additional adbantage of this technique is that
the various areas may ultimately be implemented as PAL
based functions, which offer protection of the design
against unauthorised copying, since such (PAL based)
functions are very much more difficult to reverse
engineer than PROM based functions.

The final operation is to load the N-tuple buffer
input to the classification system (12) and to send a
"finished" message to the computer ceontrol system (13)
(step 114, Fig.2).

The computer contrel system (13) now decides as to
whether to proceed with the classification process, or
to abort for the reasons previously stated, or to go
inte a classification sub-routine. '

The classification (normal routine) is initiated
at step 115, Fig.2 by the computer contreol system (13).
The classification system (12) as previously mentioned
is a synchronous state machine. The approach is
similar to that already described in relation to the
synchreonous state machine for the Segmentation system.
That is combinational transition functions are used to
define the conditions and sequence of the state
machine.

The methods of operation of random n-tuple
classifiers are described in the reference papers on
N-tuple technolecgy. The "classifier” is pre-trained
with the range_of patterns or classes it ié required to
recognise. whén an unknown pattern is entered, the
classifier responds with a ranking list of the classes,
i.e. df the "most like" scores relative to the training
set. The N-tuple method (technique) is essentially a

means of comparing the unknown pattern with the range
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of patterns already "learnt” by the classifier, so that
thé classifier can make "most like" decisions. The top
ranked (score) would (normally) be selected as that
representing the pattern. In the preferred embodiment,
5 this selection would also be dependent on:
(a) The score relative to some threshold A above which
the character is identified (classified). .
(b) The score relative to some threshold B below which
the character is not identified.

10 (c) The Ranking Order of the Scores, i.e. the relative
discrimination between the top ranked class and
the next highest scoring class or classes.

The classification system (12) is shown in more
detail in Figure l4. The mode of operation of the

15 classification system is illustrated in Figure 15.

The classification system comprises an n-tuple
counter (50) and a (Class) 8roup counter (51). These
counters are driven by the same system clock which
drives the scaling system previously described. The
n-tuple and group counters (50),(51) comprise a seven

bit counter and a three bit counter, respectively

(V]
(=}

connected as a ten bit counter. This counter counts

/)

from zero to full house cne's during the response

calculation aperation. Initially the counters are set

N
n

to zero (step 200, Figure 15). The ocutput from the
n-tuple counter (50) is a number which is used as an
address for an n-tuple memory (49). The seven bits are
used to sequentially address the 128 n-tuples stored
within that memory. '

20 The n-tuple memory (49) will have previously
been loaded from the normalise and randomise system
function (11) and will contain a random n-tuple pattern
of bits that represent the normalised shape, that has

been extracted from the bitmap memory (7). The n-tuple

Q
L

memory (4%9) consists of a static Random Access Memory
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with a storage capacity of 128 eight bit valués, these

values being the n-tuples that make up the shape to be

recognised (i.e. n=87.

The n-tuples are addressed sequentially by the
incrementing n-tuple counter (50) and the eight bit
values of those n-tuples are presented to a
discriminator memory (53), as addresses which are
combinaed with both the seven bit output of the n-tuple
counter (50) and the four bit output from the group
counter (S51) to produce a 19 bit address that is used
by the discriminatcr memory (53).

Note: It is assumed that the discriminator memory has
previously been loaded with the responses
generated from training data as previously
described and as referenced in the papers that
describe the operation of an N-tuple based
recognition sysfem. ’

The discriminator memory (53) is a Random Acceés Memory

constructed from Dynamic Random Access Memory elements

which are organised, for the purposes of a parallel
response discriminator, as an eight bit wide data bus
memory system.

During the calculation of the responses, the
values read from the discriminator memory (52) are
interpreted as .single bit responses (step 202, Fig.l5),
these are required to be summed in order to produce
total responses for all classes that are being tested
for pessible reccgnition. In order to proyidé these
summed totals, a collection of eight bit céunters or
incrementors (54) are connected to the data output
terminals of the discriminator in such a fashion that
they will increment, or count up by one, if the
particular discriminator data bit corresponding to that
particular value of the thuple is a logic one. If the

discriminatcr provides a logic zero then the up counter
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will ignere it and retain its current value. All of
the incrementors (54) are cleared to zero (step 201,
Fig.15) at the beginning of every group, i.e. when the
value in the n-tuple counter goes from 1111111 binary
5 (31 decimal) te zero and the Eroup counter increments
by one. This initialises the incrementors (54) ready to
produce response sum totals for the eight sub classes
that constitute the next group.
Before the n-tuple counter begins its incrementing
10 sequence from zéro to 31 decimal, a class counter (55)
is used to read the eight bit values that have accrued
in the response incrementors (54) (step 204, Fig.15)
and to write them into a table of responses stored in a
responses memeory (56) (step 205, Fig.15). The responses
15 memory (56) consists of a static Randonm Access Memory,
organised according to the number of classes of
recognition (classification).
At the completion of the classification function
(step 2086, Fig.15) a message is sent to the computer
ontrel system (13), providing classification data(step

b
(]
- 0

-
)

. Fig.3). The computer control system (13) then

proceeds with the initial pPCest-processing (stage 1) (to
ibed) and recommences the segmentation routine

(step 117, Fig.2), i.e. returns to Step 108, Fig.3.

[N
n

The segmentation/classification Sequence comtinues
until all the characters are classified, i.e. until all
the patterns within the image bitmap (7) have been
extracted, segmented, normalised and classified. When
the classification "finish" is reached (stép 118,

30 Fig.2), the computer control system (13) continues the
post-processing {(stage 2).

The initial post-processing (stage 1) is to check

for items, such as punctuation, knoun ambiguities,

nonsense (based on known response values), invalid

(]
n
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classes etc. and to complete the identification of the
character.

The final post-processing (stage 2) is to
reassemble the character data into a "format" with the
classification "errors"” as (I) below highlighted.
Classification errors are:

(I) Reject error, where the classifier is unable to
make a true decision.
(II) Substitution error, where the classifier makes a
wrong decicsion.
In the case of (I) above, it is possible, by known
computing means, to arrange to cutput from the
recognition unit, for subsequent display, the entire
pixel group representing the character, this allows for
a human interrogation (intervention). To allow for
this facility the output from the stage 1 post-
processing should be loaded into a "shape buffer"”
memory store.

In order to ensure a correct ordering of each
pattern, as it is classified the stage 1 post-
processing software has to arrange to "tag" each
result with the image map location data previously
received (steps 107,109,Fig.3); this information may
then be used, in the embodiment for text recoénition,
ta recompose the page and ensure the correct ofdering
of the recognised characters, as described for stage 2
post-processing.

In the event that a result from the stage 1 post-
processing is that no one character class is
sufficiently clear., the computer control system(13) may
decide to require that the character is reclassified,
e.g. by presentation to a sub-set of classes as
previously explained. It should alse be noted that
the order in which the discriminator memory (532) is

accessed may be arranged in a special form, again as
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d. For example, in the case of

be
English language text, the first classes accessed may

comprise the vcwels.-In this case, the computer control

system (13) may compare each response against

]

\,

pre
i

determined recognition criteria and as soon as those
teria are satisfied will terminate further
clas

sification.

‘Post-processing can be used to carry aut other

functions, to improve the error rate and to provide

spec

{a)
()

{c)

(d)

(g)

ial facilities, for example:
Minimise errors due to case confusion.
Minimise errors due to alpha/numeric confusion.

Allow the definition of selected fields within an

image and select those fields only to be processed.

Allow selected fields to be defined as alpha or
numeric or mixed.

Apply additicnal rules to pixel groups of patterns
which are nct recognised, or poorly discriminated.
Apply dictionary and/or context correction
techniques to reduce errors.

Ensure the classified patterns aré ordered to a
predetermined format, as appropriate to the
application.
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CLAIMS

1. Image recognition apparatus comprising a first
synchrcnous state machine fcr segmenting a number of
images defined in bit map form into separate pixel
groups; and a second synchronous state machine to which
each pixel group is applied for classificaticn.

2. Apparatus for recognizing images represented by
respeétive digital pixel groups, the apparatus ccmprising
an N-tuple classifier including a number of
discéiminators each adapted tc recognise a respective
class cf a predetermined group c¢f classes and to which
the pixel groups are presented, the apparatus being
arranged to present each pixel group to the
discriminators in a predetermined sequence; and
recognition means for monitoring the output of the
discriminators and for terminating the presentation of
the pixel group to the classifier as soon as the output
from a discriminator satisfies a recognition condition.
3. Apparatus according to claim 1 and claim 2.

4. A methed of recognizing images represented by
respective digital pixel groups, the method comprising
presenting each pixel group to an N-tuple classifier
having a number of discriminators each adapted to
recognise a respective class of a predetermined group of
classes, is characterised in that each pixel greoup is
presented to the discriminators in a predetermined
sequence; and in that as soon as the output from a
discriminater satisfies a recognition condition, the
presentaticn cf the pixel group to the classifier is
terminated.

5. A method according to claim 4, comprising comparing
the output from each discriminator with a thresheld, the
recognition condition being satisfied when the threshold

1s exceeded.
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6. A method according to claim 4, wherein each pixel
group is presented to the discriminators in the order of
frequency of occurrence of the clgsses represented by the
discriminaters.

7. A method according tc claim 4, wherein the
discriminator or discriminators toc which each pixe* group
is applied are chosen in accordance with the lecation cf
the pixel group defining the images within the context of
the previously detected images.

8. A method <£for recognising images represented by
respective digital pixel groups, the method comprising
presenting each pixel group to an N-tuple classifer
having a number of discriminators each adapted to
recognise a respective class of a predetermined group of
classes characterised in that if none of the
discriminator outputs satisfies a recognition condition
but it is determined@ that the pPixel group defines an
image falling within a group of the classes, the method
further comprises presenting a portion of the pixel group
to a subsidiary N-tuple classifier having a number of
subsidiary discriminators each adaéted tc recogrnise a
respective portion of the group of classes.

9. A method acccrding to claim 8, further comprising
storing data defining the recognized class of the image
represented by the pixel group.

10. A methcd according to claim 8 or claim 9, wherein
each pixel group is presented simultaneously to groups of
two or mecre discriminators in the classifier and, where
appropriate, the subsidiarv classifier.

11. Apparatus for recognizing images represented by
respective digital pixel groups, the apparatus comprising
ar N-tuple classifier having a number of discriminators
each adapted tc recognise a respective class of a
predetermined grcup of classes and to which each pixzel

group is presented; recognition means for monitoring the
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outputs of the discriminators; and a subsidiary N-tuple
classifier having a number of subsidiary discriminators
each adapted to recognise a respective <class of a
predetermined groub of classes defining portions of a
respective group of images, the rececgnition means Leing
adapted to present a portion of a pixel group to the
subsidiary classifier if it is determined that the
discriminator outputs do not satisfy a recognition
condition but the discriminator outputs define an image
falling within the group of classes.

12. Apparatus according to claim 11, further comprising
storage means for storing data defining the recognized
class of the image represented by the pixel group.

13. A method of segmenting images represented in bit map
form, the method comprising scanning the bit map to
determine the maximum extents of an image in first and
second orthogonal directions and recording for each scan
line 1in the first direction the coordinates of the
extreme pixels of the image in the second orthogonal
d¢irection; and selecting as defining an image only those
pixels within a rectangle defined by the previously
determined extents and falling within the previously
determined extreme pivel coordinates.

14. A method according to claim 13, wherein the scanning
of the bit map is carried out in a series of horizontally
spaced, vertical scan lines and this leads to the ability
te compensate for skew from a knowledge of the 1line
spacing or pitch deduced from a histcgram analysis of the
page of text.

15. A method according to claim 13 or claim 14, wherein
the selecting step comprises scanning the bit map in a
series of lines extending in a second orthogonal
direction and spaced apart in the first orthogonal
directior, each line having a length corresponding to the
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distance between the respective extreme pixel
cocrdinates.

16. Apparatus for seémenting images Irepresented in bit
map fcrm, the apparatus comprising Scanning the bit map

line in the first direction the cocrdinates of the
eéxtreme pixels of the image in the second orthcgonal
direction; and selecting as defining an image only those

- pixels within 2 rectangle defined by the Previously

determined extents and falling within the Previously
determined extreme Pixel coordinates.
17. A methoé of Ségmented images represented in bit map
form, the method comprising

a) scanning the bit map to detect a shape which may
comprise an image;

b) recording the location ©f those pixels in the
bit map which define the detected shape;
’ and repeating the steps a) angd b) to locate other
images while ignoring in step a) each Pixel whose
location has been recorded in g step b)

18. A method according to claim 1ls, wherein step b)
comprises providing a second bit map'coterminous with the
bit map defining the images, and recording in the seceond
bit map those Pixels which have been feoung during the
scanning step to correspend tg a detected shape.

19. Apparatus for Ségmenting images Iepresented in bit
map form, the apparatus comprising scanning means for
scanning the bit map to detect a shape which may comprise
an image; and a memory for reccrding +the locaticn o=
those pixels in the bit map which define the detected
shape, whereby the Scanning meansg only responds to those
Pixels of the bit map whose locations have nct been
recorded in the memory,

<]



WO 90/03012

PCT/GB89/01043

IZIA
Fig.T ;
VIDEO RECOGNITION }
SCANNER | N TERFACE |2 UNIT )
n / )
1/ 2
FigZ
N
VIDED VIDEO
INTERFACE | DATA
§ SHADOW .
BIT MAP 6
IMAGE
PRE-PROCES
9 12
IMAGE SCAN-SEARCH i
BIT MAP
LICOMPUTER SYSTEM
INTERFACE

11
NORMALISE
RANDOMISE

CONTROL
10

\ / — SYSTEM
NTATION )

=

o—

12
CLASSIFICATIO ‘




PCT/GB89/01043

WO 90/03012
2
START 14
CHECK SCANNER] __ '
STATUS 101 Fig.3.
INITIATE RECEIVE|__ 105
VIDEO DATA
SET UP |—103
BIT MAPS
__[BITMAP SET BIT MAP{ 105
104— cOMPLETED POINTERS
106
INITIATE
SCAN-SEARCH
108 107
[ _ %
N INTIATE - FOUND |
SEGMENT-EXTRACT CO-ORDINATE 14
/109 (106) /
SEA\ZI_EIGL'\III‘E'IB'S CONTINUE SEEMENTATION
SCAN-SEARCH[ INISHED
CO-ORDINATE (N-TUPLE LOADED)
|
CLASSIFIER] 449 EXT | 110 INTIATE | 41c
MESSAGE SCAN-SEARCH CLASSIFICATION
CLASSIFIER] 1+ 11— CLASSIFICATION
ABORT? " DATA
13 ( N
CLASSIFIER CLASSIFICATION] RESTART
SUB=ROUTINE ? COMPLETED SEGMENTATION
(T0 108) '
POST
PROCESSING

‘ CONTINUES TO END OF BIT MAPS

END




WO 90/03012

PCT/GB89/01043

ez
Fig.4.
— 617
DATA COMPRESION
(OPTION)
8 SHADOW BIT MAP
N
ADD WHITE BORDER
2
/ .
IMAGE
BIT MAP g

CONTROL VIDEQ
LOGIC DATA
195
13
COMPUTER
CONTROL

SYSTEM




WO 90/03012 PCT/GB89/01043

b/,
1g.5. .
ACCESS REQUEST [ ACCESS ACCESS REQUEST
> ARBITRATION
ADDRESS |28
REGISTER
y !
0FFSET P s Ms
Y| ADDRESS ADDER
L ADDRESS
4 A
[ apDRESS | 22
MULTIPLEX |~
L A WRITE
WRITE |23
™| MULTIPLEX
25
WRITE |10F8 | /
WRITE WRITE ADDRESS

DECODE
24
MEMORY  ARRAY

8 BIT
PIXEL 27 DATA
DATA patA | 30
DRIVER J
TRANSCEIVER | 2ra-
10F8BIT
SELECT
N26
IMAGE PROCESSING MICRO PROCESSER

INTERFACE INTERFACE




WO 90703012

PCT/GB89/01043
S
/14
Fig.6.
TIAT
8 SHADOW BIT MAP 31 s
SN ]/
‘—L'q-—-—NEw PIXEL
SELECTOR CONTROL
MAGE| =
BIT MAP =T
CO-ORDINATE
REGISTER
137
COMPUTER
CONTROL
SYSTEM
SEGMENTATION [ JSEGMENTATION
SYSTEM 10 SYSTEM 10
Fig 7 7-8 COMPUTER CONTROL
1g./. TO BIT MAPS FOUND CO-ORDINATE
ADORESS
36
STATE MACHINE 33
= [EXCURSION LEFT
REGISTERS PROFILE
gl | e |
- RIGHTMOST
REGISTER FUN%’II;IONS TOPMOST
3 RIGHT
% BOTTOMMOST PROFILE
|
37

EXTRACT CONTROL f—38

TO NORMALISE AND
RANDOMISE FUNCTION 11




WO 90/03012 PCT/GB89/01043

(A) (B)

*%Ew [ %ttt ——

*E EER , ¥EE  F¥E , o ——
*% X% k% l % XKEF * % j
¥* % * % , l ,
* ¥ l % l | ,

*% , e ] l

HERR X RNF ¥ ¥ X% ,i****i** * l * %k X% ‘
WA W NN NN * ¥ %% EE R X X TR %* % * 5% **!
* % * % * ¥ * % ¥* % , l* ¥* *
*¥ *% ** *x %% | *x *%
* % * % * ¥ , * % *% ' -!l(-* *a's
*% * % *¥ l *x * % ,x %
* % % * % * % l * %% **' 4* *#
*EXE *% %% | exssx ¥4 | %% %

EEEERRER FHER® Lxexswsren—_ —txxx%-

(C) (D)

LR
L R #4H
L R LR LR LR T
LR LR TS TR
w3
R -
L R #H
L R HEFungsy
LR HEHBEEEY
LR B#
LR B
LR B3
L R H#
L R #Hy
L R Hiby

HEHdsaiy




WO 90/03012 PCT/GB89/01043

UM
ALIGNED CO-ORDINATE

N
m;sgma?( , Fig. 9.

PIXEL GROUP

F/'g 70 -@— INITIAL BLOCK AS EXTRACTED FROM
T : IMAGE BIT MAP 7

FIXED 40
SCALNG }~

44— PIXEL BLOCK SCALED TO FIT
WITHIN 32x32 (INTERMEDIATE) BLOCK

L1

VARIABLE
- SCALING

(A)

< PIXEL BLOCK SCALED TO FIT

()\- EXACTLY A 32x32(FINAL) BLOCK
RANDOMISE FUNCTION

24.-.$,_.$._

311 "1
!

(B)




WO 90/03012 PCT/GB89/01043

CZA
Fig .11
HORIZONTAL | 42 VERTICAL |43
COUNTER COUNTER
™
m 4\5
HORIZONTAL VERTICAL [
SIZE SIZE
REGISTER REGISTER
L6 47
HORIZONTAL VERTICAL
SCALING SCALING
MEMORY MEMORY
MODIFIED — — MODIFIED
X ADDRESS Y ADDRESS
BIT MAP MEMORY |8
L8

OUTPUT MEMORY




PCT/GB89/01043

WO 90/03012

Fig.12.

SCALING TABLE EXAMPLE FOR A 32x 32 FINAL SHAPE

P

PIXEL NUMBER

9 10 11 12 13 14 15

8

0

SIZE :

0011122333/4./4/4..3566677_/8899

9
10
10
10
11
11

2

000000.1111112222222333333/.../4/4/4445
00000001111111122227_222333333334
OOOOOOOOOO1111111111122222?-2222.3
OOOOO00000000001111111111ll.!.ll.l.?.
00000000000000000000000000000001
00000OOOOOOOOOOOOOO0000000000000

O N FTINWOMN~WOOO
—

————
w

123/456789012345678901
111111111222222222233




WO 90/03012 PCT/GB89/01043

KN

Fig.12(cont)

p
i

SIZE : 16 17 18 19 20 21 22 23 24 35 26 27 28 29 30 31
0 0 0 0 0 0 0 0 0 0 0 o o 0 0 0 o
1 LR A A A S S T S T 1 1 1
S 2 L1 1 1 1 1 2 2 2 2 3 , 2 2 2 2
3 2 2 2 2 2 2 2 32 3 3 3 3 3 3 3 3
4 2.2 2 2 3 3 3 3 3 3 4 ., A
5 33 33 3 3 4 4 o4 o4 4 s 5 5 5 5
6 33 3 4 4 4 4 5 5 5 5 & 6 6 6 ¢
7 44 b4 45 5 5 5 g 5 5 & 7 7 7 7
8 4 4 5 5 5 5 6 6 § 7 7 - 7 8 8 8
9 5.5 5 5 6 6 6 7 7 7 g g 8 9 9 g
10 5.5 6 6 6 7 7 7 8§ g g 9 9 9 10 10
11 6 6 6 7 7 7 8 8 g9 g q 10 10 10 11 11
12 6 6 7 7 8 8 8 9 9 10 10 10 11 11 12 12
13 77 7 8 8 9 9 10 10 10 11 1] 12 12. 13 13
14 77 8 8 9 910 10 11 11 12 12 13 13 14 14
15 8 8 9 910 10 11 11 12 12 13 13 14 14 15 15
16 8 9 910 10 11 11 12 12 13 13 14 14 15 15 16
17 9 9 10 10 11 11 12 12 13 14 14 15 15 16 16 17
18 9 10 10 11 11 12 13 13 14 14 15 ¢ 16 17 17 18
19 1010 11 11 12 13 13 14 15 15 1s 1 17 18 18 19
20 1011 11 12 13 13 14 15 15 16 17 17 18 19 19 20
21 11 12 13 13 14 15 15 16 17 17 18 19 19 20 23
22 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22
23 1212 13 14 15 15 16 17 18 18 19 90 21 21 22 23
24 1213 14 14 15 16 17 17 18 19 20 21 21 22 23 24
25 1313 14 15 16 17 17 18 19 20 o1 21 22 23 24 25
26 1314 15 16 16 17 18 19 20 21 21 27 23 24 25 26
27 14 14 15 16 17 18 19 20 21 21 22 23 246 25 26 27
28 1415 16 17 18 19 19 20 21 22 23 924 25 26 27 28
29 1515 16 17 18 19 20 21 22 23 24 25 26 27 28 29
30 1516 17 18 19 20 21 22 23 324 25 ¢ 27 28 29 30

w
—
—
(o)
—
~4
-
(0]
—
O
N
o
N
—
N
N
N
w
N
S
N
wn
[3%)
(o))
N
~
N
(o)
N
(Xe)
w
(e}
w
—




WO 90/03012 PCT/GB89/01043

o
L 3[0g]

o |~
(8]

(@ |
d
L

o
N
e~

>
©
— LIl [TIT 1=

TR
0]~ X
I
l? L]

<
Pt

IR =

PIXELS IN N-TUPLE
N°1 REPRESENTED
BY:- x

PIXELS IN N-TUPLE
N°2 REPRESENTED
BY:-@

EXAMPLE FOR N-TUPLE N°2 :-

N-TUPLE N° BIT N° CO-ORDINATE

2 3.7
; 5,7
15
24 4
64
31,31
33
1,0

djovjunisiwiN - o




WO 90/03012 PCT/GB89/01043

12
/1,
Fig.14.
51— CLASS
GROUP COUNTER
N-TUPLE |«
COUNTER
11
FROM
RANDOMISE 49

—%— N-TUPLE MEMORY

c3—| DISCRIMINATOR
MEMORY

RESPONSE 0/Ps

\

Y
5, | RESPONSE
INCREMENTORS
s |  CLASS
COUNTER
cx—| RESPONSES

MEMORY




4

WO 90/03012

13
n

CLEAR ALL
COUNTERS TO 200

ZERO

Fig.15.

PCT/GB89/01043

CLEAR ALL
RESPONSE —201
INCREMENTERS

USE DESCRIMINATOR
OUTPUTS TO INCREMENT}— 202
RESPONSES

INGREMENT [
N-TUPLE COUNTER

READ RESPONSES
ALL N-TUPLES |—204
EXAMINED?

WRITE
RESPONSE TOTALS

—205

INCREMENT
GROUP COUNT

FINISH ALL
GROUPS?

COMPLETE CLASSIFICATION 206

+

END




WO 90/03012 ' PCT/GB89/01043

14
zn
Fig.16.
CONDITIONAL INPUTS CONTROL OUTPUTS
1111
COMBINATIONAL
TRANSITION REGISTER
FUNCTION

I I

CONTROL INPUTS NEXT STATE FEEDBAEK OUTPUTS




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

