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SPECIFICATION

TITLE OF THE INVENTION

IMAGE PROCESSOR AND IMAGE PROCESSING METHOD
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an image processor and

~an image processing method for performing patten-matching

processing and the like for the purpose of object
recognition,_for judging whether a standard image of a
prescribed model exists in the image of a subject, and so
on. |
Background Art

A technique available fqr pattern matching
involves setting a window on image data obtained by
imaging a subjeﬁt, and'Caléulating degree of coincidence
or defree of similarity between paftiél image data within
the window and standard image data registefed in advance.
By executing ;he above-described processing with regard to
the window at each position thereof while the windoﬁ is
made to scan within a picture, a window containing partial
image data exhibiting the highest degreé of coincidence or

similarity is detected, thereby making it possible to
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processor and an inage processing nethod for performn tefsl-aAds hi ng

Field of .the Invention This invention rel ates [@Tﬁ?SH@EﬁﬁASBEEN
pa
proeessing and the |like for the purpose of object recod g1

"

whet her a standard inmage of a prescribed nodel exists in the |nage of a

subj ect, amecagnize aBackitiomda¥rwhich an imdge ebdentimabvar!| abl e for

jpattern mat ching 1involves setting a wi ndow on i mage data obtai ned by

: similar to the standard image exists. Thus, measurement
pfocessing of various typeé“can'be executed with regard to
image data within a specified window.

Image data Qenerally is represented by eight or
more bits per pixel. Line memories are used in order to
extract image data within a set window at a video rate.
The line memories, thé number of which corresponds to the
number of pixels in the vertical direction of'fhe window,
arelconnected in cascade, and image data is transferred
among the line memories in synchronism with a clock
signal. By extracting image data at a single stroke from
a prescribed position of each line memory, e.g., the
terminus of the line mémory, one column of image data in
the vertical direction of the win&ow is obtéined.

In an image processor having such a configuration,
a problem encoutered is that a large number line memories
of at least eight bits each must ba provided, as a result
of which there is an increase in the scale of hardware.
Further, pattern-matching pfocessing of eight bits per
pixel is required. When this is implémented by hardware,
the scale of circuitry is similarly increased. If it is
attempted to implement the foregoing by software, more
complicated processing'results.
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a imging a subject, and cal cul ating a degree of coinci ernfie sHRETHA
of simlarity between partial inmage data within the w pdow agebiSids ar%\?

i mage data registered in advance. By executing the abo

processing with regard to the w ndow at each position thereof,while the
wi ndow is nade to scan w t hiSUMNMARYCOR §HEa INVERIWONoNnt ai ni ng partia
I mge data exhibiting the highest degree of coincidence or simlarity is
detected, thereby making it possible to '

A main object of the present invention is to
- provide an image processor and an image processing method
through which hardware can be reduced in scale.

Another object of the present invention is to
simplify pattern-matching processing.

A furthér object of the present invention is to
provide an image processor.and an image processing method
capable of judging whether the image of a subject includes
a pattern which coincides with at least one of standard
image-pafterns previously set, or whether a standard image
pattern is found in images which are created py rotating
or enlarging or reducing the image of a subject. |

An image processor according to the first aspect
of the present invention comprises: pseudo-gray-scale
image generating circuit means for converting input image
data, which is represented by a first prescribed number of
bits per pixel, intq pseudo-gray-scale image data
represented by a second prescribed number of bits, which
is less than the ff;st prescribed number of bits; image
restoration circuit means for restoring the pseudo-gray-
scale image data genefated by the pseudo-gray-scale image
generating circuit means for each and every one of a

plurality of small areas, each of which comprises a

i
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position at which an inmage identical or sinilar to flhe st BRBBAGEPMmRQge
exi.sts.» Thus various types of measurenent processing of varTous types can
be executed with regard to inage data within a specified w ndow.
| mage datapganeﬂakwyomspngpﬂssanﬁedsbpr@ngEdoan @0 we nidioss thert @icesls Li ne
menories, are used in order to

the pseudo-gray-scale image generated by the pseudo-gray-

scale image generating circuit means, with said each small
area serving as one restored pixel, and outputting
restored image data for a window at each and every
position; and a plurality of siﬁilarity operating circuit
means, which operate in paraliel, each for calculating an
index value representing a degree of similarity between
the restored image data of each window sequentially
outputted by the image restoration circuit means and text
data representing a standard image set in advance, the
standard images for the plurality of similarity operating
circuit means being different from one another. |
In accordance with the present invention, input
image data is converted into pseudo-gray-scale image data,
and the number of bits per pixel of the image data is
reduced by a wide margin. As a result, it is possible to
greatly reduce the number of bits of line memories used
when pseudo-~gray-scale image data within a window is
extracted at a video rate. Accordingly, the scale of
hardware circuitry can be reduced and cost.can be lowered.
Further, gray—scale image data is restored by
summing pseudo-gray-scale image data for each and every
small are provided in a window. One pixel of restored

image data is equal to the size of the small area.
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ext.ract |nage data within a set window at a video rate
t he nunber of which corresponds to the nunber of pixejjstHi8 SHEET-NS BERN
di rection of the window, are connected in cascade, an lnagREEEﬁGEms
transferred anong the line nenories in synchronismw Foek

one tine AFRNAINGLY exthecrumker nef)cd %@ &S aof o?\%s'iqnf‘%dﬁweadﬁﬁéscrl bed
position of each line nenory, e.g., the termnus of the |ine nenory, one
colum of isrmpduted so thae peoecésingi (process big tfrr Watowlatingt ai ned
In an i mage processor having such a configuration, a problemencoutered is
that a | arggesimitheritynend@xovabse) for pattern matching with text

data is simplified. This leads to smaller scale circuitry
in the case of hardware and to simplification of
processing in the case of software. Since the lightness
distribution of the input image data is substantially
preserved in the reetored image data, the precision of
pattern matching can be maintained.

The pseudo-gray-scale image data is represented by
one, two or more bits'per bixel, as mentioned above.
Though lightness resolution is higher the larger the
number of bits, the scale'of circuitry is greater in such
cese. For practical reasons, therefore, the number of
bits should be set determined appropriately. The size of
the small areas has an effect upon spatial resolution end
lightness resolution. The size of the small areas also
should be determined based upon practical considerations.

The window scanning the pseudo-gray-scale image
can be dispensed with in a case where a position of the
image portion to be searched is known in advance.or the
entire image of a subject is subjected to a pattern-
matching processing. This is true of image processors and
image processing methods according to the second and third

aspects of the present invention.
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of at least eight bits each nust be provided, as a resul
the of which there is an increase in the scale of the hall dWP
patt er n-mat chi ng processi ng of using eight bits per pixgl_is
. When this is inplenmented by hardware, : the the scale of the
ccircuitry is simlakpyannereddinent foftthe pnesenpt tuventiopl ewbat the
. foregoing by software, nore conplicated processing results.

? standard images are images of models which are different

HEET HAS BEEN
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from one another.

In another embodiment of the present invention;
the standard images are formed based on a single model so
_that rotational angles or sizes are difference from one
another.

In a preferred embodiment of the present
invention, jﬁdging means are further provided for
determining whether a subject image represented by the
input iﬁage data coincides with at least one of the
standard images on the basis of the index values
calculated by the plurality of the similarity operating
circuit means.

According to the first aspect of the present
invention, a plurality of similarity operating circuit
meéns are provided so that index values representing
degrees of similarities fbr a plurality of standard images
cén be obtained in a lump, resulting in achieving high
speed processing. Further it can be judged whether a
subject image coincides with at least on?'of the standard
images, or whether a é%andard image is found in images

created by rotating or enlarging or reducing the subject

image.
An image processor according to the second aspect
-— 6 -—
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Anot her object of the present inventionis to sinplif atter n- mat chi ng

SUMVARY OF THE | NVENTI ON

-————-A—'ﬁ‘&F
t he present invention is to provide an inmage processor aH&5§HE$F$¥§ééEEN
processing method which uses |less hardware can be reddged i it

processi n@f the preseht urkvart idh eximmfidde: peamenit iny afddos f@rto

converting 1nput 1mage data into image data representing
images different in rotational angle or in size from the
image represented by the input image data in sequence at a
predetermined pe?iod of time; pseudo-gray-scale image
generating circuit means for cbnvérting the image data
converted by the converting means and represented by a
first prescribed number of bits per pixel, every time the
converted image data is supplied from tﬁe.converting
means, into pseudo-gray-scale image data represented by a
second prescribed number of bits, which is less than the
first prescribed number of bifs; image restoration circuit
means for restoring the pseudo-~gray-scale image data for
each aﬁd‘every one of a plurality of small areas, each of
which comprises a plurality of pixels and is provided in a
window that scans the pseudo-gray-scale image generated by
the pseudo-gray-scale image generating circuit means, with
said each small area serving as one restored pixel, every
time the pseudo-gray-scale image data is supplied from the
pseudo—-gray-scale image generating circuit means_and
outpﬁtting restored image data for a window at each and
every position; and similarity operating circuit means for
calculating an index value répresenting a degree of
similarity between the restored image data of each window

sequentially outputted by the image restoration circuit
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provide an image processor and an image processing net hpdHi$ spabt eiASfBEEN
j udgi ng whether the image of a subject includes a pattgrn WRERLAGHDNCI des
wi t-h at ‘-l east one of a plurality of standard i nmage pat :
set, or whether a standard imge pattern is found in inmages which are
created bymeenstiemg textededeginepresenddind fy URRGATEgd TGHIS SRfbj et .
An image processor according to the first aspect of the present invention
conpri ses: agvende-,glederscalime ithegeepoareal iimpgs datiat iseavskfurtesbnverting
i nput image data, which is represented by a first prescribed nunber of

' by the image restoration circuit means.

According to the second aspect of the pfesent
invention, the converting means 6onverts input image data
into a plurality items of image data representing images
different in rbtation angle or in size from the input
image in sequence. It is not necessary to arrange a
plurality of similarity operating circuit means as the
first aspgct of the present invention. Accordingly, a
hardware éonstruction can be simplified, although time
required for entire processing becomes relatiyely longer.
It can be judged whether a standard image is found in
images which are produced by rotating or enlarging or
reducing the subject image, using one standard image.

An image processor according to the third aspect
of the present invention comprises: converting means for
converting input image data into image data representing
images different in rotational angle or in size from the
image represented by the input image data in sequence at a
predetermined.period of time; pseudo-gray-scale image
generating circuit means for converting the image data
converted by the converting means and represented by a
first prescribed number of bits per pixel, every time the

converted image data is supplied from said converting
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bits per pixel, into pseudo-gray-scale inmage data reqdl ds¥hBEEEDYIAS BiEEbb
prescribed nunber of bits, which is less than the firt pr SEALASED nunbér
of .bits; inmage restoration circuit nmeans for restoring the pPSEUUO- gray-
scal e i mage data generated by the pseudo-gray-scal e i nage generating
circuit meaesnSor igdch pmethdorampyossadie dmagleydatia yepresaniehsa® each
of which conprises a

second prescribed number of bits, which is less than the

first prescribed number of bits; image restoration circuit
means for restoring the pseudo—gray—scale.image data for
each and every one-of a plurality of small areas, each of
which comprises a plurality of pixels and is provided in a
window that scans the pseudo-gray-scale iﬁage generated by
_the pseudo-gray-scale image gene:ating circuit means, with
said each small area serving as one restored pixel, every
time the pseudo-gray-scale image data is supplied from the
pseﬁdo—gray-scale image generating circuit means and
outputting restored image data for a window at each and
every position; and a plurality of similarity operating
circuit means, which operate in parallel, each for
'caléulating an index value'representing a degfee of
similarity between the restored imageldata of each window
sequentially outputted by.the image restoration circuit
means and.text data representing a standard image set in
advance, every time the restored image data is outputted
by the image restoration circuit means, the standard
images for thg plurality of similarity operating circuit
means being formed based on a single model and different
in rotational éngle or in size from one another.
According to the third aspect of the present
invention, a hardware construction is simplified in
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This Sheet Has Been Reﬂlaced

L] .




-4-  plurality of pixels and is provided in a w ndow tf
pseudo- gray-scale i mage generated by the pseudo-gray-
generati:ng circuit means, with said each small area ST:QJE-————~*
. restored pixel, and outputting restored inmage data for—a W ndow at each
i and every qﬁmanxﬁpn andth thartdrsy aspedtidhirthy RyrRSent ninvention

| means, which operate in parallel, each for calculating an index value

- representi repnd degreet bfe szbn‘ﬁdeasféityg beimeegperiod can be shortened in

comparison with the third aspect of the present invention.

The present invention provideé-for methods of
imagé processings performed in the imagé processors
described above.

Other features and advantages of the present
invention will be apparent from the following description
taken in cinjunction with the accompanying drawings, in
which like reference characters designate the same or

similar parts throughout the figures thereof.
- BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the overall
configuration of an image processor according to a first
embodiment;

Fig. 2 is a waveform diagram showihg a clock
.signal, a horizontal synchronizing signal and a vertical
synchronizing signal;

.Fig. 3 illustrates a window set within a picture
as well as a small area set within the window;

Fig. 4a to 4d show standard images extracted from
securitieé; |

Fig. 5 shows standard images created by rotation
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the restored i mage data of each w ndow sequenti al |y
restoration circuit nmeans and text data representi d*ﬁb §9k
i n-advance, the standard images for the plurality ﬁ% Arity apers
circuit neans being different from one anot her. T I'n “accor dance with
the presenefi apeAmRg@®; input inage data is converted into
pseudo-gray-scal e image data, and the number of bits per pixel of the
image data is redfded By iz i déockr diimgras dldesgireting ies spessifile to
greatly reduce the nunber of bits of |line nmenories used when

pseudo- gr agzasphe ofage gdaharwihnbge geweRd@WngScircuit;

Fig. 7.and Figs. 8a, 8b illustrate the principles
of binarizing processing that employs the error diffusion
method;

Fig. 9 is a block diagram illustrating a specific
example of an image restoration circuit;

Fig. 10 is a block diagram illustrating a specific
example of a small-area restoration circuit;

- Fig. 11 is é block diagram illustrating a specific
example of a difference calculating circuit;

Fig. 12 is a block diagram illustratingla specific
example of a peak holding circuit;

Fig. 13 is a block diagram illustrating the
overall configuration of an image processor according to a
first variation of the first embodiment;

Fig. 14 is a block diagram illustrating a specific
example of a pseudo-gray-scale image genegating circuit;

Figs. 15 and 16 illustrate a method of multivalued
processing us;ng the error diffusion method;

Fig. 17 is a block diagram illustrating a specific
example of an image réstoration circuit;

Fig. 18 is a biock diagram illustrating a specific

exémple of a small-area restoration circuit;
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can be reduced and cost can be | owered. Funt her , rgPAACEDal e i flage
dat-a i s:restored by sunm ng pseudo-gray-scale inmg . an
every snall area provided in a window. One pixel of restored image data
is equal to the siZégst dRe2bfalP areablock diagrams illustrating

extracted at a video rate. Accordingly, the scale Oi TRRY SegTeHAS BEEN [y

examples of a smoothing circuit;

Fig. 21 is a block diagram illustrating the
overall configuration of an image processor according to a
second variation of the first embodiment;

Fig. 22 is a block diagram illustrating a specific
example of a cross-correlation calculating circuit;

Fig. 23 is a block diagram illustrating the
overall configuration of an image processor according to a
second embodiment;

Fig. 24 is a block diagram illustrating a detailed
construction of an image rotation control circuit shown in
Fig. 23; and

Fig. 25 is a block diagram illustrating the
overail configuration of an image processor according to a

third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

Fig. 1 is a block diagram illustrating the overall
configuration of an image processor according to a first
embodiment.

An image processor 10 includes an A/D converter‘

11, an image memory 12, a dither-image generating circuit

- - 12 -
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-5-, Accordingly, the nunber of pixels of restored
so that processing (processing for calculating a si

ﬁ‘ﬂﬁs dake; vas semiufed
IarlﬁépLﬁmﬁgx val
his s

e)
| er

~for: pattern natching with text data is sinplified.. =5
scal e CirCUI% in the case of hardware and to SIHR|IflqatI0n of
processing 11 tAR LHBESOFESEPFRALED CAFRUA Tt A4/ PgRENESSItYi &fri bution of
the input inma

data, the pi&

ferencef capgulatingaCifrudtsadspe ABPnt ai ned15k, a
plurality of peak holding circuits 16a, 16b, ..., 16k, a
CPU 17 and an I/0 port 18. |

A synchronizing signal generating circuit 19 of
the image processor 10 generates a clock signal CK, é
horizontal synchfonizing signal HD and a vertical
synchronizing signal VD (these signals shall be réferred
to collectiveiy as "synchronizing signals") of the kind
shown in Fig. 2. The synchronizing signals are applied to
a video camera 9, the A/D converter'll, the dither-image
generating circuit 13, the image restoration circuit 14,
the difference calculating circuits 15a ~ 15k and the peak
holding circuits 16a ~ 16k. The clock signél CK, one
pulse of which is outputted per pixel of image.data,'
serves as a sampling clock signal.

The video caﬁefa or television camera 9 picks up
the image of a subject and outputs an analog video signal,
which répresents the image of the subject, in_synchroﬁism

with the applied synchronizing signals. The analog video

 signal is applied to the A/D converter 11 of the image

processor 10.
The A/D converter 11 converts the entering analog
video signal into digital image data. In this embodiment,

the digital image data is represented by eight bits. That

- 13 -
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The pseudo-gray-scale inmage data is represented by e more-or i
per pixel, as nentioned above. Though |i ght ness resgl ?§‘ﬁ9 é@%ﬁg Nt e
| ar.ger the nunber of bits, the scale of circuitry i g.grea uch _
case. For practical reasons, therefore, the nunber of bits should be set
det ermi ned pprapgrayesgale Theage zef 0256t hevehal ks apxpsedsgdahyethést upon
spatial resolution and Ilightness resolution. The size of the snmall areas
al so  shoul findigpe did €4 M NEHe bdsgiltapoimpgaciacal isoasp eedt tonand

The wi ndow scanni ng the pseudo-gray-scal e i nage

stored in the image memory 12 and is also fed into the

dither-image generating circuit 13.

The dither-image generating cirquit 13 quantizes
the entering eight-bif digital image data using the error
diffusion method and ebtains binary image (dither image).
data of the type perceived as a tone when viewed overall.
The dither image data is applied to the image restoration
circuit 14. |

In the image processor 10 of this embodiment, the
degree of similarity betﬁeen a partial image, which is
extractedlfrom the input image (the image picked up by the
eamera 9) while successively changing position, and each
of given standard images (standard patterns or model
images).is calculated, and the position, in the input
image, of the partial image having the highest degree of
similarity is determined. Identification of the position
is not necessarily needed. 1In this embodiment, a
difference in lightness or a difference in density {these
shall be referred to as "differences") is used as an index
of similarity.

In order to clip a pa:tial image from the input
image, a square window WN is used, as shown in Fig. 3.
Let the size of the window WN be N x M pixels (one pixel

- 14 -
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can be dispensed with in a case where a position of fﬂﬂ§SHEﬁﬁ% nto
be searched is known in advance or the entire | I S
subj ected to a pattern- mat chi ng processing. This is true of |nage
processors and | mage processing nmethods according to the second and third
aspect s of colreeppendst tionwaet cdock signal CK). The X and Y axes are

taken respectively in the horizontal and vertical
directions of the image. The position of the window WN is
represented by the coordinates x, y of the point in the
upper left-hand corner of the window.

Furthermore, in order to convert the dither image
back into a gray-scale image, a plurality of équare small
areas SA thét become one picture element of a restored
gray-scale image are provided within the window WN. Let
the size of each small area SA be n x m pixels (one pixel
corresponds to the clock signal CK). This means that the
window WN is partitioned into (N/n} x (M/m) small areas.
It.should be noted that a portion (spacing) that does not
belong to any small area may be provided between mutually
adjacent small areas.

By way of example, the window WN is set to 64
pixels (dots) x 64 pixels (dots), and each small area SA
is set tq 4 pixels (dots) x 4 pixels (dots). The window
WN is partitioned into 16 x 16 = 256 small areas SA.

With reference again to Fig. 1, the image
restoration circuit 14 generates reconstructed gray-scale
image data by summing the dither image data (1 or 0) in
each small area SA of the window WN. The size of one
pixel of this restéred gray-scale image data is equal to
the size of the small area SA and possesses a lightness

- 15 -
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- 6 - - I'n an enbodi nent of the present inve 0 T st
i mmges are i mages of nodel s which are different fr'nloﬁ%35%§g€é§BEEN
I nzanot ker enbodi nent of the present invention, nli% fBoes afle
formed based on a single nodel so that rotational angles or sizes are
different ftdemsity)anesbdution of n x|m jepedsepfedravbbdei gent i6f nt e
present invention, judging neans are further provided for

m = 4 holds, there will be 16 levels of gray).

The restored grey—scele image data is applied to

each of the difference calculating circuits 15a ~ 15k.

The CPU 17 supplies the difference calculating circuits
i5a ~ 15k with.a plurality of items of text data created
beferehand.with regard to the standard images. Each item
of the text data is created beforehand with regard to the
standard image by a technique exactly the same as that of
processing for creating restored gray-level image data
regarding the input image. For.example, an image
including the_standard image is picked up by the camera 9,
the video signal obtained is converted into digital image
data by the A/D converter 11,'dither image data is created
by the dither-image generating circuit 13 witﬁ the digital
image data serving as the input, a specific portion
representing the staﬁdard image in the dither image data
is cut out through a window, the window is subdivided into
e plurality of small areas and the dither image data is
_summed for eachland every small area, thereby creating
text data. Of course, the text data may be creeted by
another apparatus, applied to the CPU 17 through the I/0
port 18 and then stored in a memory peripheral to the CPU
17.

For example, the standard images are extracted

- - 16 -
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det erm ni ng whet her a subj ect inmage represented Jidat a
coincides with at |east one of the standard i nageSHEnSHRET HASIBEEDY it he
index values calculated by the plurality of the |si ni| &5R-ASHRer at i g
circuit nmeans. According to the first aspect of the present

i nvention, froml seehriyies $balleri syookerari bgndsicuiAs shaws dne provi ded
so that index values representing degrees of simlarities for a plurality

of standargibguges tsaadbeseb_ﬁahaeestaﬁet-har Ravehenangeterge resulting in
achi eving high speed processing. Further iT can be judged whether a

letters, marks, symbols or figures b1 ~ b4 printed thereon

and peculiar thereto. Images including these characters
of figures are the standard images P1 ~ P4. The standard
images P1 ~ P, are extracted from the images of the

4

securities a, ~ 8, picked-up and processed as described

1
above to be text data. The text data are transferred
sequentially to the difference calculating circuits 15a ~
15k and stored therein as explained later. The plurality
items of text data fed to the difference calculating
circuits 15a ~ 15k are originated from standard images
which are different ffom one another. A plurality of the
standard images may be formed on the basis of one kind of
securities. The number of pairs of the difference
calculating circuité and peak holding circuits is the same
as the number of the standard images.

Fig. 5 shows another example of the way of
creating a plurality of standard images.' A standard
figure b5 is extracted from securities ag. . The standard
figure b5 is psed as is to creafe the standard image QO'
The other standard images Q1 ~ Qk—l are formed by rotating
the standard figure b, by 6, 286, ..., (k-1)6 degrees,
respectively (0 is an arbitrary angle). The rotation of

the figure or image is achieved by rotating the camera 9
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subj ect image coincides with at | east one of the sta ' it
whet her a standard inmage is found in i mages created byHﬁn$aEam§A%BEEN i
enlarging or reducing the subject inage. A |ﬁ&gﬁ“ﬁl6@§§sor 4

accordlng to the second aspect 7-
or securities as, or an 1mage rotating processing which

will be explained later. The plurality of items of text
data prgduced from the standard images Q, ~ Q,_, are
stored in the difference calculating circuits 15a ~ 15k,
respectively.

Each of the difference calculating circuits 15a ~
15k calculates the.difference between the restored gray-
level image data and the text data for each and every
small area and sums the absolute values of these
differences with regard to all of the small areas within
the window. The smaller the sum valﬁé; the greater the
similarity between the partial image cut from the input
image by the window and the standard image. ‘This is one
type of pattern-matching processing.

As set forth above, the window WN is écanned
across the entire area of the input image in the
horizontai and vertical directions. Each of the peak
holéing circuits 16a ~ 16k finds the window in which the
sum of the absolute values of the aforementioned
differences, which are fed from corresponding difference
calculating cifcuit, takes on the minimum value. The
minimum value of the sum and the coordinates of the
bosition of the window in which the minimum value was
obtained are applied to the CPU 17 from the respective

peak holding circuits 16a ~ 16k.

- 1 8 -
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of the present invention conprises: converting means HIS rﬁA$gEEmput
i mge data into-imge data representing inmages diffe eﬁ I Repphetponal ]
angle or in size fromthe imge represented by the i

sequence at a predeternmined period of time; pseudo-gray-scale inage

generating circuit rReagpul A% efR¢aklishpridde teFRiaedapoceer\igid ehdas t he
converting means and represented by a first prescribed nunber of bits per

pi xel , everyoh tﬂﬁnﬁ%\/%tﬁ%s'% 33 2doraitBRlelsed sl Re@ m%dfawvertlng

means, into pseudo-gray-scale inage data represented by a second
rescr
prescri bed nugglon prov1%edW%'Ch Esae%§§ HJ 1 gh%lrcults 168 ~ 16k.

For example, the CPU compares the applied minimum values
with a predetermined threshold value and, if at least one
of the minimum values is equal to or less than the
threshold value, judges that the partial image cut from
the input image by this window coincides with at least one
of the standard images.

When it is judged that coincidence has been
attained, the CPU uses the applied coordinates of the
window to read the image data of the partial image for
which coincidence has been judged out of the image memory
12, and applies this image data to an external device,
e.g., a CRT display unit, through the I/0 port 18 to
present a display of the partial-image.. The parfial image
for which coincidence has been judged may by subjected to
measurement processing (e.g., processing for tracing the
contour, for calculating the area or pbsition of the
.center of gravity of a portion defined by the contour or
for recognizing shape).

Alternatively, the CPU 17 outputs a coincidence
signal through the I/0 port 18 when it is judged that
coincidence has been attained.

The image processor 10 has many applications. An

-_—
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flrst prescribed nunber of bits; image restoration djrcui REPRBERD for

restoring the pseudo-gray-scale i nage data for eac
plurality of small areas, each of which conprises a plurality of pixels
and is provided in a mnndOM/that scans the pseudo-gray-scal e i mage
gener at ed dgplidcat pgsudsayplg- saaaeCPnugegg@ﬁéhaP?ngaEFﬂgu?tf#§§ﬁ§°ﬁmtl1
said each small area serving as one restored pixel, every time the
pseudo- gr ayf sinth £bi TBge dabarisiesppkbmdbéﬁog1cbpiegseumhegsapnéaaue i mage
generating circuit nmeans and outputting restored inage data for a w ndow
at each anfljages shown in Figs. 4a to 4d or Fig. 5 which represent
unique characters or figures of the securities are
registered as text data in the image processor 10 (in the
difference calculating circuits 15a ~ 15k) as mentioned
above. The coincidence signal outputted from the CPU 17
is fed to a control unit of the copyving machine, which in
turn inhibits copying operation.
In the case where the standard images shown in
Figs. 4a to 44 are registered, a plurality kinds of
securities can be inhibited from being copied. In the
case where the standard images shown in Fig. 5 are
registered, the copying operation of the securities is
inhibited even if the securities are set on the machine in
an obligque state.
Specific examples of the construction of the
circuit blocks shown in Fig. 1 will now be described in
succession.
Fig. 6 illustrates a specific example of the
construction of the dither-image generating circuit 13.
Further, Fig. 7 and Figs. 8a, 8b are for describing the
principles of binarization by the error diffusion method.

In Fig. 7, the description will focus on one pixel

E(0) of an input image. The A/D conversion performed by

- 2 o -
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every position; and similarity operating circuit neans for calculating an
I ndex val ue representing a degree of simlarity bet : .%rfﬁ i mage
data of each wi ndow sequentially outputted by the i EN

circuit ' _
-8-. neans the AéRtcaavarteprdichsi pgruicedanuir dti Augeried ph one

clock for every item of image data (eight bits) of one
pixel, and the image data is fed, one pixel at a time in
the order of scanning, into the dither-image génerating
circuit 13 at the period of the clock signal. Let E(1D)
represent a pixel which is inputted 1D later than the
pixel E(0) of interesf (where 1D is one period of the
clock signal CK). Similarly, let E(1H) represent a pixel
at a position delayed by 1H felative to the pixel E(0) of
interest (where 1H is one horizontal scanning interval),
let E(1H-1D) represent a pixel at a position delayed by
(1H-1D) relative to E(0), and let E(1H+1D) represent a
pixel at a position delayed by (1H+1D) relative to E(0).

In accordance with the error diffusion method,
first an error e at the pixel E(0) of intérest is
calculated. In accordance with the dither method, image
data "Data" of the pixel E(0) of interest is compared with
a predeterminéd threshold.value TH. The threshold value
TH usually is set midway between the white level (Data =
255) and the black level (Data = 0). If "Data" exceeds
the threshold.value TH, then the pixel.E(O) of interest is
binarized (binary data 1) by being forcibly set to the
white level, as shown in Fig. 8a, and the errér e produced
in this binarization is calculated in accordance with the
following equation:

-—
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restoration circuit neans.: According to the d9p
present * invention, the converting neans converts inp
plurality itenms of inmge data representing inages different in rotation
angle or in size freom t"Datatput 255mage in sequence. It isBwW fEcessary to
arrange a plurality of simlarity operating circuit neans as the

the first agpegatel" tike dpurgerb I&VQ@éé)rtha%CtQ{éjlﬂﬁlééhéﬂﬁ vamféiwe
construction can be sinplified, although the tine

then the pixel E(0) of interest is binarized (binary data

advance, every tinme the restored inage data i s outputt jﬁ%égl
|nto

a

0) by being forcibly set to the black level, as shown in
Fig. 8b, and the error e produced in this binarization is
calculated in accordance with the following equation:

e = "Data" - 0 _ : Eq. (2)

The binary data obtained by this binarizing
processing is dither image data. Accordingly, the dither
image data is expressed by one bit per pixel. |

The error e produced by binarizing procesSing is
apportioned to the other pixels E(1D), E(1H-1D), E(1H) and
E(1H+1D) at a raté of e/2, e/8, e/4 and e/8. This is the
error diffusion method. Thus, even though the image data
of the pixel of interest is quantized, the error attendant
upon this quantization is apportioned to the pixels
adjacent to the pixel of interest. As a result, the
average lightness (density) in the lopal area centered
upon the pixel of interest-is substantially preserved.

In Fig. 6, latch circuits 20, 26, 29, 31 and 33,
each of which is composed of eight flip-flops, tempqrarily
store eight—bit.image data and act to apply a delay of 1D.
The latch circuits 20, 26, 29, 31 and 33 are provided with
the clock signal CK. A 1H delay circuit 27, whiqh delays

the image data by an interval of 1H, is provided with the

e - 22 -
This Sheet Has Been

MY Iill



j udged whether a standard inmage is found in imges d|{ by
rotaating or enlarging or reducing the subject inmag d
I mage. An i mage processor according to the third aspect of the
present invention conprises: converting neans for converting input inmage
data into iehgekdaianpdpfEsendi the hamdeondeilf syorhronirdngt isdigmalangl e or
in size fromthe image represented by the input inage data if sequence at
a predeterhbned period of tine; pseudo-gray-scale image generating
circuit neans for converting the inage data

A situation will be considered in which the image

(q»)

required for the éntire.processing becones rel ati vellfy E@ e
A i

data of the pixel E(0) of interest has been stored in the
latch circuif 20. The image data "Data" of the pixel E(0Q)
of interest is applied to one input terminal A of a
comparator circuit-21. Data representing the threshold
vélue TH is applied to the other input terminal B of the
comparator éircuit 21. The comparator circuit 21 outputs
the binary data 1 if the input image dafa "Dqta" exceeds
the threshold value TH (i.e., if A > B holds) and the
binary data 0 in all other cases. This binary data is
outputted as dither image data and also enters a
multiplier circuit 22.

The multiplier circuit 22 multipliés the input
binary data by 255. Accordingly, eight-bit data
representing 255 is outputted by the multiplier circuit 22
if the input binary data is 1 and eight-bit data
representing 0 is outputted if the input binary data is 0.

The outputted data is applied to the negativé input
terminal of a subtractor circuit 23. |

The image data "Data" of the pixel of interest
held in the latch circuit 20 enters the positive ihput
terminal of the subtractor circuit 23. Accordingly, the
subtractor circuit 23 performs the operation represented

\
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converted by the converting neans and represented by
nunber of bits per pixel, every tinme the converted

from sai<d converting
pseudo- gray-scal e i mage data represented by a second prescrlbed nunber of

bits, which is less than the
by Equation (1) or Eguation (2) and calculates the error

e. The data representing the:error e obteined is applied
to a divider circuit 24.

The divider circuit 24 divides the error e by 2, 4
and 8 to celculated e/2, e/4 and e/8. Data representing
the results of division e/2 is appiied to an adder circuit
25, data representing e/4 is applied to én adder circuit
30, and deta representing e/8 is applied to adder circuits
28, 32.

The image data of pixel E(1D) is held in the latch
circuit 26. This image data is fed into the adder circuit
25. Accordingly, tﬁe data representing e/2 is added to
the image data of pixel E(1D) in the adder circuit 25.

The image data of the pixels'E(IH-lD), E(1H),
'E(1H+1D) is temporarily stored in the latch circuité 29;
31, 33, respectively. The image data enters the adder
circuits 28, 30, 32, respectively. 'Accordingly, the data
representing e/8, e/4 and.e/B-is added to the image data
of the pixels E(1H-1D), E(1H), E(1H+1D) in the adder
-circuits 28, 30, 32, respectively.

The Various arithmetic operations described above
are performed during one period of the clock signal CK,
and the results of addition in the adder circuits 25, 28,
30, 32 are accepted b; and teﬁporarily stored in the
succeeding circuits, namely the latch circuit 20, 1H delay

- - 24 -
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first prescribed nunber of bits; inage restoration
restoring the pseudo-gray-scale inmage data for eac
plurality of small areas, each of which conprises
and is provided in a wi ndow that scans the pseudo-
 generated by the pseudo-gray-scal e inmage generating CIrCUIt means, with
sai d each sniatduit €27 setidi hatcls ohwcuiss o22d Pl xerespoet jvelvieat hehe
pseudo-gray-scale image data is supplied fromthe pseudo-gray-scale inmage
gener ati ng wininy tofreeHs Bk OLGERITSideal ESK Or eThé NBigéladath 0 £ atMe ndow
at each and every position; and a plurality of simlarity operating

pixel E(1H+2D) is accepted by the latch 33.

The foregoing operation is executed every period
of the clock signal CK. That is, binarization of the
image data and diffusion of the error, which is produced
attendant upon binarization, to the adjacent pixels,
namely dither processing, are executed pixel by pixel.

Fig. 9 illustrates the overall configuration of
the image restoration circuit 14, and Fig. 10 illustrates

a specific example of the construction of a small-area
restoration circuit 41 shown in Fig. 9.
| As mentioned above, the window WN is set in the
input image and the window WN is scanned in the horizontal
and vertical directions. The window WN is subdivided iﬁto
the plurality of small areas SA.

The size (n x m) of each small area SA is decided
by the number of flip-flops 42 contained in one small-area
restoration circuit 41. In this embodiment, the size of
each small area SA is 4 x 4 pixels, as shown in Fig. 10.
The -size (number of bits N) of the window.WN in the
horizonféi di?ection is decided by the size (number of
bits n) of the small-area restoration circuit 41 in the
horizontal direction and the number of stages (N/n = 16

stages in this embodiment) of the small-area restoration
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circuit neans, which operate in parallel, each for
val ue representing a degree of -simlarity between tF
of .each-wi ndow sequentially outputted by the inage 2 -
nmeans and text data representing a standard inmage set in advance, every
time the restored inage data is outputted by the inmage restoration circuit
neans, the sirasbrs 4inmbgeshéohothzopkalaliirgcoiosi ni Thei s§zepénumbay
circuit nmeans being formed based on a single nodel and different in
rotational GBLLHIM) Nosi el wONHOREWENOhhEhe vertical direction is

decided by the size (number of bits m) of the small-area
restoration circuit 41 in the vertical direction and the
number of stages (M/m = 16 stages in this embodiment) of
the small-area restoration circuits 41 in the vertical
direction.

In Fig. 9, the image restoration circuit 14 is
prdvided with (N/n) x (M/m) small-area restoration
circuits 41. The small-area restoration circuits 41
arrayed in the horizontal direction are connected in
cascade. Further, (M-1)-number of one-bit line memories
(one-bit shift registers) 40 are provided, and the line
memories 40 also are connected in cascade. Further, the
output of each line memory 40 enters the first column of
corresponding small-area restoration circuits 41 arrayed
in the vertical direction. That is, the output dither
imagé.déta of £he dither—image Qenerating-ci;cuit 13 and
the output data of the line memories 40 of the first
through third stages are applied to the small-area
restoration circuit 41 in the first column and first row.
Similarly, the output data from four line memories 40 at a
time is applied to those smallfarea restoration circuits
of the first column that correspond thereto.

With reference to Fig. 10, each small-area

- 26 -
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According to the third aspect of the present inventilpmHISISHEETWASEBEEN
construction is sinplified in : REPLACED - 10
~comgparison with the first aspect of the present i|inventefr—and the entire
processing time period can be shortened in conparison with the third
aspect of the present invention.

restoration circuit 41 includes n x m flip- flops 42

arrayed in m row and n columns. The flip-flops 42 in the
same row {lined up in the horizontal direction).are
connected in cascade. Inputted to the flip-flop 42 in
each row of fhe leading column is the output data of a
line meméry 40 (the output data of the dither-image
generating circuit 13 is inputted to the flip-flop 42 in
the first row and first column of thé small-area |
reg;oration circuit 41 in the first row and first column)
or”fhe output data of the small-area restoration circuit
41 of the immediately preceding stage. The output data
from the flip-flop 42 in each row of the last column is
applied to a flip-flop 42 in the leading célumn of the
succeeding small-area restoratioﬁ circuit 41 (this is_
unnecessary if theré is no small-area restoration circuit
connected to the succeeding stage).

The output data (one-bit data) of each flip-flop
42 is applied to a white-pixel counting circuit 43. The
latter counts the number of pixels possessing the white
level (binary data 1) contained in the shall area SA.
Since the small area SA is composed of 4 x 4 pixels in
this embodiment, the maximum value of the count is 16 aﬁd
the output data of the counting circuit 43 is capable of

being expressed by a minimum of five bits (expression by

-
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The. present invention provides for nethods of |inmage prescessings—perfor

In the image processors described above. O herrHie 3HEES HARREEN
advant ages of the present invention will be apparent firom thepifagemw ng

description taken in conjunction with the acconpanyi ng ,
l'ike reference characters designate the same or simlar parts throughout
the figureseif@btebfits is of course pepmiEsibHSOR PAVYRVGF dRYE DRAINGS

the counting circuit 43 becomes the outpuf data of the
small-area restoration circuit ‘41.

The output data Ii of the.small—area restoration
circuit 41 is the result of expressing the average
lightness of the smali area SA in the form of ;6 levels.
This ié restored gray-le#el image data. When the small
area SA is considered to be one picture element, this
restored gray-level image data may be said to express the
lightness in this element.

If the size of each small aréa SA is enclarged,
the resolution (number of levels) of lightness will
increase but ihe spatial (two-dimensional) resolution of
the subject will decrease. .Accordingly, the size of each
small area SA should be decidéd upon taking into account
the lightness resolution and spatial resolution required.

By contrast, the window WN would be set in
conformity with the size of the subject to undergo image
processing. Eor example, if the purpose of processing is
to judge whether a partial image coincides with the
standard image or to recognize the position of a circle
contained by a subject, the window WN is set to a size
that contains the partial image or the entirety of the
circle.

The clock signal CK is applied to the line

- 2 8 -
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Fi g.

1is a block diagramillustrating the overall ¢
| mge processor according to a first enbodi nent;

wavef or m di agram showi ng a clock signal, a horizonta
and a vertical synchronizing signal; Fig. 31

'---——-.--&..—— -

ﬂﬂSSHgETEAéBEEN

] .:v_.-_'

set within a picture as well as a small area set within the mnnd@w
Fig. 4a to rdhciyes sd@ngad ot b NEge St Bxp+ aToes 42 08F €8S UshAL BSarea

" This Sheet Has Been Re

restoration circuits 41 in the above-described image
restoration circuit 14. The data that has accumulated in
these is shifted sequentially every period of the clock
signal CK. As a result, the window WN is scanned in the
horizontal and vertical directions. At each position of
the window WN, the restored gray-level image data is
obtained with regard to all of the small areas SA
contained in the window WN. |

Fig. 11 illustrates a specific exmaple of the
constfuction of each of the difference calculating
circuits 15a ~ 15k. |

The difference calculating circuit includes.small-
area difference circuits 50 the number of which is the
same as that of the small-area restoration circuits 41.
Each small-area difference circuit 50 is constitﬁted by a
subtractor circuit 52, an absolute-value circuit 53 and a
text register 54. The output image data Ii [i = 1-~.(N/n)

x (M/m)] of each small-area restoration circuit 41 is

-applied to the positive input terminal of the subtractor

circuit 52 of the corresponding small-area difference
circuit 50.
Meanwhile, as set forth above, text data Mi' which

corresponds to the aforementioned restored gray-level

[ i [}
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Fig, 5 shows standard i mages created by rotation THIS SHEET HAS BEEN

n

- 11 - of an image; Fig. 6 is a block diagrlam i | IRE-ASEPhg a
specific exanple of a dither-image generating circuit] : Fig. 7 and
8a, 8b illustrate the principles

Fi gs.

image data Ii' and which is created in advance with regard
to the standard image, is stored in the text register 54

of each small-area difference circuit 50 upon being

" provided by the CPU 17. The text data Mi of each text

register is applied to the negative input terﬁinal of the
subtractor circﬁit 52.

The text data Mi is gray-level image data of a
small area obtained by performing processing in accordaﬁce
with a technique exactly the same as that used for the
image data Ii with regard to the standard image. 1In the
illustrated example, the image data Mi is applied serially
to each text register 54 from the CPU 17. However, it is
of course permissible to apply this data as parallel data
through a data bus.

In the subtractor circuit §2, the text-data-Mi is
subtracted from the restored gray-level image data Ii’ and
the absolute value of the resulting difference is obtnined
in the absolute value circﬁit 53. The data representing
the absolute value of the difference enters the adder
circuit 51.

The adder circuit 51 sums the absolute-value data
outputted by all of the small-area difference circuits 50.
The value of the sum is applied to the peak holding
circuit 16, which is the next stage. The value of the sum

outputted by the adder circuit 51 represents the degree of

.= 30 -
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of binarizing processing that enploys the error diffusi ﬁHﬁﬁgm@@ﬁHASBEEN
Fig. 9 is a block diagramillustrating a specific exanple oRgpRacgRoe
restoration circuit; Fig. 10 is a block diagra
specific exanple of a small-area restoration circuit; Fig. 11 is
. a block diagramillustrating a specific exanple of a difference

-~ cal cul ati ngetmitarity between fhg.pa2tislaibbgekwdithgnamhel Wistoat ang a
specific exanple of a peak holding circuit; Fig. 13 is a block
di agram il |tisé retangatieimage. The smaller the value of the sum, the

greater the similarity between the partial image and the
standard image.

-Fig. 12 illustrates a specific example of the
construction of each of the peak holding circuits_lﬁé ~
16k.  The peak holding circuit detects the minimum value
of the sum (the minimum differenée value) provided by the
corresponding difference calculating circuif and dete&ts
the coordinates representing the position of the window WN
in which the mihimum difference value is produced.

The minimum value of the sum inputted every period
of the clock sighal CK is defected by latch circuits 61,
62 and a comparator circuit 60. The maximum value

.possible (all 1s, for example) is preset in the latch
circuit 62 at the timing at which the vertical
synchfonizing signal VD is applied at the start of peak
holding processing. The sum provided by the difference
calculating circuit is temporérily stored in the latch
circuit 61 every clock signal CK. The comparator circuit
60 compares the value of the sum being held in the latch
circuit 61 and the value being held in the latch 62
(initially the maximum value, as mentioned above; from the
first comparison operation onward, the value is the

minimum value of the sum prevailing up to the current

\ . - 31 -
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overal | configuration of an inage processor according to a first variation

of the first enbodi nent; Fig. 14 is a block diagramillustrating a
spetific ~exanple of a pseudo gray-scal e i nage generating circuit;

Figs. 15 and 16 illustrate a nmethod of nultivalued processing u3|ng t he
error diffusion nethod; Fig. 17 is a block diagramillustrating a
specific exhn®)e offavhermaggueesfothéi sGmCbetdyt held in theFilgtch8e6i1s a

bl ock diagramillustrating a specific exanple of a snall-area restoration
circurt; is smaller, the comparator circuit 60 generates an output

signal. The output signal of the comparator is applied to
the latch circuit 62 as a latch timing signal, and the
valﬁe of the sum being held in the latch gircuit 61 at
this time is latched in the latch circuit 62 as the
minimum wvalue up to the current time. Thus, among the
entered sum values, the minimum sum value up to the
current time is held in the latch circuit 62.

Meanwhile, an X counter 63 is cleared by the
horizontal synchronizing signa; HD and then counts tﬁe
clock signal CK input thereto from this point in time
onward. Accordingly, the count in the X counter 63
represents the X coordinate of the window WN. A Y counter
64 is cleared by the vertical synchronizing signal VD and
then counts the horizontal synchronizing signal HD input
thereto from this point in fime onward. Accordingly, the
count in.fhe Y counter 64 represents the Y coordinate of
the window WN. The outpuf signal from the comparator 60
is applied to latch circuits 65, 66 as latch timing
signals. The latch circuits 65, 66 therefore latch the
counts of the respective counters 63, 64 prevailing at
this time. The X, Y coordinates of the window-WN in which
the value of the sﬁm is judged to be the minimum at this

point in time are held in the latch circuits 65, 66.

—_—
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-12- Figs. 19 and 20 are bl ock diagrans il of
a snmoothing circuit; : Fig. 21 is a block dia f&#SHHEEﬁHNHBBQNt e
overall«conflguratlon of an inmage processor according to aR&

variation of the first enbodi nment; - Fig. 22 rsa bfock
il lustrating a specific
: When the next vertical synchronizing signal VD

enters, the_maximum_valué is again preset in the latch
"circuit 62 and latch circuits 67, 68, 69 respectively
latch the minimum value of the difference from latch
circuit 62, the X coordinate of the latch circuit 65 and
the Y cooridnate of the latch circuit 66. Since the
scanning of one picture by the window WN is concluded at
this time, the ﬁinimum difference vaiue iA one picture and
the X, Y coofdinates of the window WN in which the minimum
difference value is produced are he2ld in the latch
circuits 67, 68, 69 and applied to the CPU 17.

In the case where the image-processor 10 is used
in the copying machine for inhibiting securities from
being copied, data representing the X, Y coordinates of
the window WN in whieh the minimum difference value is
produced do not need to be fed to the CPU 17. Only the
.minimum difference value in one picture is fed to the.CPU
17 from each of the peak holding circuits 16a ~ 16k. The
CPU 17 finds the minimum one among the minimum difference
values fed from the peak holding circuits 16a ~ 16k, and
judges whether the found minimum one is equal to or less
than the threshold value. The coincidence signal is
outputted only when the minimﬁm one is judged to be equal
to or less than the threshold value.

Since a plurality pairs of difference calculating
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exanpl e of a cross-correlation calculating circuit; Fig. 23 is a

bl ock diagramillustrating the overall configurat af T RY8e Py gp essor
aceording to a second enbodi nent; Fig. 2!Oﬂ§ é; Qgégglagran
illustrating a detailed construction of an image tetati-on ceatreot Fcui t
shown in Fig. 23; and -Fig. 25 is a block dia gran1|IIustrat|ng t he

overal | confirgui&si endopeak hodddngr ciesndrt saarer giroyideda in Ribed
enbodi nment .
first embodiment mentioned above, and a plurality of items
of text data which represent a plurality kinds of standard

images are registered in the difference calculating

iedg T
¥,

circuits, pattern-matching processings using a plurality
of different standard images are performed in.parallel,
resulting in high speed processing.

The text data can be created directly from the
standard image data without the intermediary of dither-
image creation processing and gray-level image restoration
processing. Moré specifically, the standard image data
(expressed by eight bits per pixel) is subdivided into a
plurality of small areas. The image data is summed for
each and every small area and the result of the summing
operation is divided by 256, whereby the text data is
obtained. 'The reason for dividing by 256 is that the

image data is represented by eight bits.

First Variation of First Embodiment

In the first embodiment described above, the
dither image data is obtained by binarizing the input
image data. According to the first variétion of the first
embodiment, pseudo-gray-level image data (multivalued
dither image data) is obtained by subjecting the input
image data to a multivalued conversion (quantiiation to

This Sheet Has Been R
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DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS Fi rst Enmbodipen:
1 is a block diagramillustrating the overall config
processor according to a first enbodi nent.

i ncludes an A/D converter 11, an inage nenory 12, a ik ge
generating circuit '
multivalues more than three values). Further, an

improvement in restorability is attempted by performing
smoothing processing when the pseudo-gray-level imaée data
is restored. |

Fig. 13 illustrates the overall configuration of
an image processor according to the first variation of the
first embodiment. This processor 10A differs from that of
the first embodiment shown in Fig. 1 in that the dither-
image generating cireuit 13, image restoration circuit 14
and difference calculating circuits 15a ~ 15k are replaced
by a pseudo-gray-level image generating circuit 13A, an
image restoration circuit 14A and difference calculating
circuits 15Aa ~ 15Ak. These points which distinguish this
variation from the first embodiment will now be described.

Fig. 14 shows a specific example of the
construction of the pseudo—-gray-level image generating
circuit 13A. Figs. 15 and 16 illustrate the principles
quantization and error diffusion. Here the input image

data is quantized to four values.

As mentioned above, input image data of 256 levels
represented by eight bits is converted into pseudo-gray-
level image data of four levels represented by two bits.
To this end, as shown in Fig. 16, levels 0 (black level),
85, 170 and 255 (white level)}, of the 256 levels,

corresponding to the levels 0, 1, 2 and 3 of the four
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calculating circuits 15a, 15b, ..., 15k, a pluralitylo
circuits 16a, 16b, ..., 16k, a CPU.1l7 and an 1/0 porm_
synchroni zing signal generating circuit 19 of the inmge processor 10 _
generates a clock signal CK, a horizontal synchronizing signal HD and a
verti cal levels are determined in advance. Threshold values TH1,

- 13 - 13, én | mage restoration circuit 14, a plurali yH g%
%f 'si ol i‘% %‘Eﬁ |

TH2 and TH3 are set midway between the former levels.

The input image data "Data" is compared with the
threshold values TH1, TH2 and TH3 and "Data" is quantized
to pseudo-gray-level image datalOO (= 0) if_“Data" is less
than the threshold value TH1; to 01 (=.1) if "Data" is
greater than the thresho;d value TH1 and less than the
threshold value TH2; to 10 (= 2) if "Data" is greater than
the threshold value TH2Z2 and less than the threshold value
TH3; and to 11 (= 3) if "Data" is greater than TH3. The
error e produced in this qQuantization is represented by
the following equation:

e = "Data" - (0, 85, 170 or 255) Eq. (3)°

In this embodiment, the quéntization error e of
the pixel E(0) of interest is'propagated as is solely
toward'the succeeding pixel E(D1l), as illustrated in Fig.
15.

In Fig. i4, it is assumed that the image data
(eight bits) of the pixel E(0) of interest has been
temporarily stored in the latch circuit 70. The image
data "Data" is applied to the input terminal A of each of
comparator cirquits 71, 72 and 73. Data representing fhe

_threshold values TH1, TH2, TH3 is applied to the input
terminal B of each of comparator circuits 71, 72 and 73.

The comparator circuits 71, 72 and 73 each generate an

- 36 ~- .
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iy
~as "synchronizing signals") of the kind shown in Fi T&éSEHEEEVﬁ§ﬁﬁ§m I ng
sighals are applied to a video canera 9, the A/D co Zertenﬁ&ELAcﬁﬁb
dither-imge generating circuit 13, the inmage restor' 't 14, the
difference calculating circuits 15a - 15k and the peak hol ding CIrCUItS
16a ~ 16k. ottpwt odpsésemtigK 1 o tipal Smpwt ivmagh datautpataddaper pixe
of image data, serves as a sanpling clock signal. The vi deo
camera or televirmpwn tarkitaDd ppli&(ngté:hethmgeh@ftlarésllbdami-vamdeout puts
an anal og vi deo signal,

data at the input terminal B (A > B) and generate an

synchroni zing signal VD (these signals shall berefeg =2c

| output representing 0 in all other cases. These
‘comparator'outputs'are applied to an adder circuit 74.

The adder circuit 74 sums the coméarator outputs
applied thereto. The result of addition is 3 if all of
the comparator circuits 71, 72, 73 genefate the output 1;
2 if the two comparator circuits 11, 12 éenerate the
output 1; 1 if only the comparator ciicuit 71 generates
‘the output 1; and 0 if all of the comparator circuits 71;

72, 13 generate the output 0. The results of addition
from the adder circuit 74 are outputted as pseudo~gray-
level image data of two bits.

The results of addition outputted by the adder
circuit 74 are applied to é multiplier circuit 75 to be
multiplied by 85. The outpﬁt of the multiplier circuit 175
takes on a value which is one of the above-mentioned four
levels 0, 85, 110, 255 of the 256 levels.

The image data "Data" of the pixel E(0) of
interest that has been latched in the latch circuit 70
enters the positive input terminal of a subtractor 76, and
the output of the multiplier circuit 75 enters the
negative input terminal of the subtractor circuit 76. The

subtractor circuit 76 performs the subtraction operation

- 3 '1 -
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synchroni zi ng signals. The analog video signal is ap TéwSSGEEheMWVBEEN
converter 11 of the inmage processor 10. - The D cd@RimoED 11

whi ch represents the inage of the subject, in synchroqu“. weth—the—applied

converts the entering analog video signal into digital i'mage data—
enbodi ment, the digital imge data is represented by eight bits. That
" given by Equation (3) and outputs data representing the

error e.

The data ;epresenting the error. e is epplied to an
adder-circuit 77, where this data is added to the image

. data of the next pixel E(D1). The result of addition
performed by the adder circuit 77 is latched in the latch
circuit 70 at the timing of the next clock signal CK.

Since the above-described operation is repeated at
the period of the clock signal CK, the pseudo-gray-level
image generating circuit 13A outputs pseudo-gray-level
image data of two bits at the period of the clock signal
CK.

Fig.'15 illustrates the overall configuration of
fhe image restoration circuit 14A. 1In comparison with the
image restoration circuit 14 shown in Fig. 9, it will be
seeﬁ that this circuit differs in that the one-bit line
memories 40 are replaced by'two-bit line.memories 40A.
Further, as shown in Fig. 18, the construction of a small-~
area restoration circuit 41A also differs from that of the
small-area restoration-circuit 41 illustrated earlijer.

A specific_example of the construction of the
small-area restoration circuit'41A'is illﬁstrated.in Fig.
18. A comparison with the small-area restoration circuit
41 shown in Fig. 10 shows that the small-area restoration

circuit 41A differs in that the flip-flops 42_are replaced

——
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-14- is, é'gray-scale I mge of 256 levels is expressed

data. The digital inage data is applied to and storii gTwnﬁgaEﬁ%
12 'and i*’s also fed into the dither-inage generating yhéshh

CIrCLﬁépﬂ&DED
The dither-inmge generating circuit 13 quantizes thg_es '
digital inmage data using the error diffusion nethod and obtalns blnary
- image (dither twadge)t Hatchofitrdweitypé2ber cEheedhitezpivad ebvntihgwed
~overall. The dither inage data is applied to the inmage restoration
circuit 43 is replaced by a lightness counting circuit

43A. The circuit 43A is for adding two-bit signals from
the 16 latch circuits 42A. Thus, the small-area
restoration circuit 41A is capable of restoring pseudo-
gray-level image data of four levels to image data.of 48
levels, with the smail area SA serving és one picfure
element.

In comparison with the image restoration
processing according to the first embodiment, spatial
resolution is the same if the size of the small are SA is
the same. In the;second embodiment, however, the input
image data is converted into two-bit, pseudo-gray-level
image data of four levels, and image restoration
processing is executed using this pseudo-gray-level image
data. This is advantageous iﬁ tﬁat the resolution of
lightness (density) is improved.

The small-a;ea restoration circuit 41A further
includes a smoothing circuit 44. The smoothing circuit 44
sums the restored image data, which is outputted
successively by the lightness counting circuit 433, over
three periods of the clock signal CK.

An example of the smoothing circuit 44 is
illus;rated in Fig. 19. The restored image data outputted'

by the lightness counting circuit 43A is latched
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circuit 14.

In the i mage processor 10 of th| then
degree of simlarity between a partial image, which i [e 4§Lf&ﬁnﬁﬁﬁt41
i nput image (the inmage picked up by the canera 9) mh| e qu Vel

changi ng position, and each of given standard inmages (Etandard patterns or
nodel images) is calculated, and the position, in the input inage,

partial i n&g@qmwhmelmllgm cderfrudet 181 sifR latr ithe | Einfng rof ek
Identification of the position 1is not necessarily needed. In this

enbodi nent

clack signal CK. The restored image data at a certain
point in time outpufted by the lightngss counting.circuit
43A and restored image daté outputted from the latch
circuits 81, 82 one and two clock periods earlier thaﬁ
this point in time are added in an adder circuit 83, and
the sum is outputted as smoothed image data Ii (for the
sake of simplicity,-the smoothed image data is represented
by the character I, which ig the same as that of the
restored image data of the first embodiment).

Fig. 20 illustrates another example of thé
smoothing circuit 44,

Let f{t) replace the restored image data at a

certain time t, and let f£(t-1), f(t-2) and f(t-3) replace

the restored image data one, two and three clock periods

earlier, respectively. Let g(t) represept the smoothed
image data. |
Since the smoothing circuit 44 adds the restored
image data f£(t), f(t-1) and f(t-2), the smoothed image
data g(t) may be written as follows:
g(t) = £(t) + £(t-1) + £(t-2) '~ Eq. (4)
Writing (t-1) for t in Equation (4), we have
g(t-1) = £(t-1) + £(t-2) + f(t-3)' Eg. (5)
The following equation is derived from Equations (4) and

(5):

of the:
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difference in Ilghtness or a difference in density (t
referred to as "differences") is used as an index Il %E@%'EZAQE%EEN
In order*to clip a partial inage fromthe input inag VN

Is used, as shown in Fig. 3. Let the size of the mnndOM/VN be N x M pi xel s
(one pi xel _ - -15 -
g(t) = g(t-1) + f(t) - £(t-3) Eq. (6)

The circuit of Fig. 20 executes the arithmetic
operation of Equation (6). Latch circuits 84, 85, 86
latch the items of restored image data f{t-1), f(t-2), f(t-
3), respectively. The arithmetic operation f£(t) - f£(t-3)
from the second term onward on the right side of Equation
(6) is executed by a subtractor circuit 87. A latch
circuit 89 latches the smoothed image data g(t-1) that
prevails one clock period earlier. Accordingly, the
arithmetic operation on the right side of Equation (6) is
performed in an adder circuit 88, and the smoothéed image
data q(t) is obtained. The circuit of Fig. 20 is
advantageous in that the scale of the gircuit is
simplified in actuality in comparison with the circuit of
Fig. 19?

As described in connection with Fig. is, the error
e of the pixel E(Oj of interest is propagated solely
toward one succeeding pixel E(D1). However, since the
error in the pixel E(D1) is further propagated toward the
following pixel E(D2), in actuality the error of the pixel
E(0) of interest has an influence upon image data even at
fairly distaﬁt pixels. The greater the distance from the
pixel of intefest, the smaller the degree of this
influence. In accordance with the above-described

smoothing processing, image restoration that rakes into

-— 41 -—
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posttion of the window WN is represented by the coor
point in the wupper |eft-hand corner of the w ndow. i
in order to convert the dither inmage back into a gray-scale imge, a

. plurality obhctguake th@linflaeere 24 it Lee R R DiKHEIE & enent of a

restored gray-scale inmge are provided within the window WN. Let the size

of each smal}+aredtSAsPP? Porficl XCRe IR R)y is improved as a
result. More specifically, since the restored image data
of a small area is smoothing spatially, resolution in
terms of lightness is raised without causing a decline in
spatial resolutién. The precision of matching proéessings
in the difference calculating circuits 15Aa ~ 152k are
improved. This is advantageous in a case where it is
required to express minute differences in lightness, as in
a low;contrast image. |

EaCh of the difference calculating circuits 157Aa ~
15Ak is basically the same as the difference calculating
circuit shown in Fig. 11. Whereas 16-level restored image
data is dealt with in each of the difference calculating
circuits 15a ~ 15k, 48-leve1 restored and smoothed image
data is dealt with in each of the difference calculating
circuits 152a ~ 15Ak. This is the only difference. Of
course a plurality of text data representing different

.standard images are registered in these difference

calculating circuits 15Aa ~ 15Ak.

Second Variation of First Embodiment
In the first embodiment and the first variation
thereof, the difference method used as the pattern

matching technique involves calculating, for each and

- 42 - .
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corresponds to the clock signal CK). This nmeans that t ' IsEEN
TR | A e

partitioned into (Nn) x (Mm small areas. It should
portion ‘(spacing) that does not belong to any small ar
between nutual ly adjacent snall areas. By way of exanple, the

wi ndow WN is set to 64 pixels (dots) x 64 pixels (dots), and each snall
area SA | sewstytsmdlpi xeéa $Apt she xdif pexehse (iint $jghiThessai hddweedN i s
partitioned into 16 x 16 = 256 small areas SA. : Wth reference
-again to F”ﬁhe1%eéh@réﬂaﬂﬂagée§ﬁ0fﬂélﬁﬂndbﬁCHNtaﬁé gHQGSﬁéﬂdaféCQmageucted
gray-scal e

by means of each of the difference calculating circuits

15a ~ 15k or 15Aa ~ 15Ak.

In the second variation of the first embodiment,
the pattern-matching technique involves calbulating a
normalized cfoss-correlation valué between the restored
image in the window WN and the standard image.

Fig. 21 illustrates an example of the overall
configuration of an image processor 10B according to the
second variation of the first embodiment. Components
identical with those accordiné to the first variation
shown in Fig. 13 are designated by like reference
characters. This variation differs in that the difference
calculating circuits 15Aa ~ 15Ak and the peak holding
circuits 16a ~ 16k for each detecting a minimum value are
replaced by correlation-value calculating circuits 15Ba ~
15Bk and peak holding circuits 16Aa ~ 16Ak for each
detecting a maximum value, respectively. The dither-image
generating circuit 13 and the image restoration circuit 14
according to. the first embodiment shown in Fig. 1 can be
used instead of thé pseudb—gray—level image generaiing
circuit 13A and image restoration circuit 144,
respectively.

As described in the first embodiment and the first

- 43 -
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| mage data by summing the dither imge data (1 or 0) i
of the window WN. The size of one pixel of this resto aﬂﬂggﬂﬁE@Mﬂ&BEEﬁi
‘data is equal to the size of the small area SA and po sessmﬁﬂlﬁﬂﬁpnnes
-16- (density) resolution of n x mlevels of gray (e.

variation thereof, the image restoration circuit 14 or 14A
outputs the restored image data Ii [i=1~1r; r = (N/n) x
(M/m}] within the window WN, and this imaée data is
'applied to the correlation-value calculating circuits 15Ba
~ 15Bk. The restored image data Ii is represented with
the small area SA serving as picture element. The number
of small areas SA is 256 in terms of the example described
above. That ié, r = 256. Meanwhile, the CPU 17 outputs
the corresponding image data (text data) Mi (i =1 ; r)
regarding the standard image for each correlation-value
calculating circuit, which is the matching criterion.
Different image data is applied to each of the correlation-
value calculating circuit 15Ba ~ 15Bk. These items of
image data Mi are held in a temporary memory circuit, such
as a text register, in each of the cérrelation-value
calculating circuité 15Ba ~ 15Bk. A normalized cross-
correlation value R is calculated in each of the
correlation-value calculating circuits 15Ba ~ 15Bk in
accordance with the following equation:
= [r(sIM) - (SI) (M) 1%/[r(s1?) - (512))
- r(sM?) - ()2 Eq. (7)

where ¥ represcents addition with regard to i = 1 ~ r.

The correlation'value R is calculated for the
window WN at each position scanned, and the calculated
correlation value R is aéplied to the corresponding peak

- 4 -
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m= 4 holds, there will be 16 levels of gray). ' \
gray-scal e image data is applied to each of the dif eﬂﬂﬁdﬁﬁﬁﬁﬂéN3§F ‘

c!rcu!ts 15a ~ 15k. The CPU 17 supplies the differefce caFcHL%tEEEL__,ﬂ
circuits 15a ~ 15k with a plurality of items of text—=dara created
beforehand with regard to the standard i mages. Each item of the text data
is creat edchbtfidnghghacuith 168gar 4680 .t he - sCENAERH i NnRGE BREK t echni que
exactly the sane as that of processing for creating restored gray-|evel
i mage dat aholdgapdicigculie depettsmipe. mEgimuwavplae af ithegeprplieidudi ng the
standard i mage is. picked up by the canera 9,
correlation value R and, when the scanning of the window
regarding one picture ends, outputs this maximum value as
well as the coordinates of the position of the window WN
in which the maximum value was produced. The maximum
value and the coordinates are applied to the CPU'1Z,
In a manner identical with that of the first
embodiment and the first variation thereof, the CPU 17
compares the applied maximum correlation values from the
peak holding circuits 16Aa ~ 16Ak with the predetermined
threshold value and construes that the standard image has
been found if at least one of the maximum correlation
value exceeds the threshold value. The partial image
found (the image within the window that provides the
maximum correlation value) is displayed on a display unit
or subjected'to various types of measurement processing.
Alternatively, a coincidence sighal is outputted from the
CPU 17.
'Fig. 22 illustrates an example of the construction
of the correlation-value calculating circuit.
The sum I of the restored image data Ii is
calculated by an adder circuit 91, and the square of the

sum (ZI)2 is calculated in a sqguaring circuit 99. The

square Iiz of each item of restored image data I; is

_
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the video signal obtained is converted into digital i
converter 11, dither image data is created by the ditf
cirtcuit 13 with the digital inage data serving as t he llisaaut—-—a—sgeciH

portion representing the standard inmage in the dlther |nage data Is cut
out through a w ndow, the w ndow i s _subdivided into Blurallty of smal |
areas and t9Rleniated| hgs-aunhersofs§ARBE ingr CARERISAd8vePPds ¥Rl area,

thereby creating ,text data. O course, the text data nay be created by
anot her appswmtlf, eppkhedsgoarke chalcuﬂad;eghinhsnl Adder circuit

93.

The product IiMi of the restored image data Ii and
the text data Mi corresponding thereto is calculated in
respective ones of r-number of multiplier circuits 94, and
the sum $IM of these products is.calculated in an adder
circuit 95.

With fegard also to the text data Mi, the sum IM
of the text data Mi is calculated in an adder circuit 96
and the square (ZM)2 of this sum is calculated by a
squaring circuit 103, in the same manner as the restored
image data Ii' The équares Miz'of these items of text
data Mi are calculated in rgspective ones of r—ﬁumber of
squaring circuits 97, and the sum ZMZ of these'squares Mi2
is calculated in an adder circuit 98.

The product (3I)(ZM) of the sum $I of the restored
image data obtained from the adder circuit 91 and the sum
-ZM of the text data obtained from the adder circuit 96 is
calculated by a multiplier circuit 101. Meanwhile, data.
representing the number.r of small areas is provided by
the CPU 17, and the product r(¥IM) of the number r and the
value TIM obtained from the adder circuit 95 is calculated
by a multiplier circuit 102. The difference between the

output of the multiplier circuit 102 and the output of the
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port 18 and then stored in a nenory peripheral to the QPG : Ear

exanpl e, the standard i mages are extracted THIS SHEET HAS BEEN
-17¢ fromsecurities (bills, stocks or bonds). As sho%n i n REP4ACEDa to
4d, securities aferr] ~ a[err] have characters, Ietters, mar Ks, S _ r
flgures b[err] ~ b[err] printed thereon ' :

multiplier c1rcu1t 101 is calculated by a subtractor
circuit 106, and the square of the result of the
subtraction opration is ¢alcu1ated by a squaring circuit
109, whereby the numerator of Equation (7) is obtained.

The product r(s1%) of the output 1% of adder
circuit 93 and the number r of small areas is calculated
by a multiplier circuit 100, and the output (ZI)2 of the
équaring circuit 99 is subtracted from this product by a
subtractor circuit 105. Similarly, thé product r(ZMz) of
the output ZMZ of adder circuit 98 and the number r of
small areas is calculated by a multiplier circuit 104, and
the output (ZM)2 of the squaring circuit 103 is subtracted
from this product by a subtractor circuit 107. The
results of subtraction performed by these subtractor
circuits 105, 107 are multiplied together by a multiplier
circuit 108, whe;eby the denominator of Equation (7) is
obtained.

The output of the squaring circuit 109 is divided
by the output of the multiplier circuit 108 in a divider
circuit 110, whereby the value R2 on the left side of
Equation (7) is obtained.

A multiplexer 111 selects one of the outputs of
the subtractor circuit 105 and the divider &ircuit 110 in
accordance with a selection signal S applied thereto. In

any case, the square R2 of the correlation value obtained

- 4 'z —
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and pecul i-ar. thereto. |mages including these characte STHﬁﬁsHEEﬂmESBEEN]

the standard images P[err] '~ Plerr]. The standard. inmagles P[ REPLAGEP[err]}

are*extracted fromthe i mages of the securities a[err]

and processed as described above to be text data. The text data are

transferred

and stored blyertdien sy igdepl aiinechitatldr0 iEheanp Lired itoy the amrmdspaxdingt a

fed to the difference calculating circuits 15a ~ 15k-are originated from

sequentially to the difference calculating circuits 15a ~

15k

standard i npgek hellidihgre rdid ifte rantoddto m e enaltaiglesxeA Ty al ity of the

The processing for calculating the correlation
value is executed during one period of the clock, and the
correlation value R is obtained for the window WN at each
and every position.

It goes without saying that processing equivalent
to that of the arithmetic circuitry (hardware circﬁitry)
showh in Fig. 22 ié capable of being executed‘by a
computer programmed so as to execute this processing.
This is applicable also to the processing in the other

circuit blocks illustrated in Fig. 1, Fig. 13 or Fig. 21.

Second Embodiment

Fig. 23 illustrates the overall configuration of
an image processor 10C according to a second embodiment.
This image processor 10C differs from those of the first
embodiment (inclusive of its variations) shown in Figs. 1,
13 and 21 in that aﬁ image rotation control circuit 120 is
provided, and in that a single pair of a difference
calculating circuit 15 (of 15A, or correlation-value
calculating circuit 15B) and_a peak holding circuit 16 (or
16A) are connected in place of the plurality pairs of
these circuits.

Fig. 24 shows a specific example'of the

R - 48 -
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st andard i mges nay be formed on the basis of one kind of ecarFET

nunber of pairs of the difference calculating circuits SKERSHAY
kPLAC

shows anot her exanple of the way of creatin | ura

i mages. A STRRILF t??@ﬁr@fbf%?r}m?%eei?FﬁEng ?88ﬁf§écﬁ¥FFPé§ éF rr]. The
standard figure b5 is used as is to create the standard inmage (JQerr]. The
ot her st and#richnpgesorperap affjrefrapefespatdopyteoratrkg thRe standard
“figure b[err] by 0, 20, ..., (k-1)0 degrees, respectively (0 is an
arbitrary aitgﬁi@?.dihe-rot.ation of

The affine transformation from X1, Y1 to X2, Y2

are expressed as follows:

X2 A B C X1
= Y1 - Eq. (8)
Y2 D E F 1

In a case where the image is fotated by an angle ©
around a center (Xo, Yo), the parameters A to F are set as
follows:

A = coséd

B = -sin®

C = Xo - ccse-Xo + s:'me-Y0

D = sin 6
E = cos 8
F = YO - sin@- X0 - s;ne-YO Eg. (9)

In a case where the image is desired to be
enlarged o times, the parameters should be selected as

follows:

E=1/a
F=0 Eq. (10)

In a case where the image is tranformed into a

—_ 49 -
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-18- or securities a[err], or an image rotating proceissi RS CHAS REEN E)e
exptained later. The plurality of itens of text dat rodﬁEEHAPF8n1the
standard inmages Qerr] ~ @err] are stored in the difference calculatihg

circuits 15a ~ 15k, . . .
reduced image which is one—-agth as small as the original

the figure or image is achieved by rotating the caner§[§
S

image, the parameters are set as follows:

A =g

B=C=D=20

E =a .

F=20 - | Eqg. (11)

When the image is maintained as is, the parameters
are defined éé follows:

A=E-=1

B

C=D=F=0 | Eq. (12)

In the circuit shown in Fig. 24, the gray image
data supplied from the A/D converter 11 is written in the
image memory 12 as is, i.e., without the.affine
transformation. When the image data is read out of the
image memory the affine transformation is performed and
transformed image data is transferred to the dither-image
generating circuit 13 (or the pseudo-gray-level image
generating circuit 13A). The affine transformation gf thé
image is attained by the affine transformation of
addresses (X and Y coo;dinates) of the image data.

An X counter 121 is cleared by the horizontal
synchroﬁizing signal HD and then.counts the clock signal
CK input thereto from this point in time onward.
Accordingly, the count X1 in the X counter 121 represents

the X coordinate of the image data. A Y counter 122 is
. -
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15K cal cul ates the difference betveen ¢ he rost S?LS'“g Eéfb%%’f%‘éﬁ"éﬁ%ﬁ‘a: ata
and*the text data for each and every snmall area an -
val ues of these differences with regard to all of the small areas within
the window. . The smaller the sumyvalue, the greater the _simlarity between
the partialcigRrRE RY IRenYeREi¢APLSYRFREGRIBINGNBIGRALUOVP aRBIt KBEBt andar d
i mage. This is one type of pattern-matchi ng processing. As set
forth abovegounts wihelohotzontat apyeehronizing signal HD input
thereto from this point in time onward.- Accordingly, the
count Y1 in the Y counter 122 represents the Y coordinate
of the image data. These counts X1 and Y1 are fed to an
affine transformer éircuit 123.
The parameters A to F are applied to the affine
'transfdrmer circuit 123 by thg CPU 17. When the image
data is written in.the image memory 12, the parameters A
to F expressed by Equatioﬁ (12) are set in the affine
transformer circuit 123. Accordingly, X, Y-coordinates
X2, Y2, which are the same as. the input X1, Y1,
respectively, are outputted from the affine transformer
circuit 123. When the imaQe data is read from the image
memory 12 and the image is rotated by 6, the parameters
expressed by Equation (9) is given to the circuit 123.
The coordinates X2 and Y2 transformed in accordance with
Equation (9) are outputted from the éffine transformer
circuit 123. The coordinates data X2 and Y2 are uséd as
addresses for accessing the image memory 12. The affine
transformer circuit 123 may be realized by'a hardware or
software.
A buffer circuit 124 is a one-directional buffer

and a buffer circuit 125 is a bi-directional buffer.

These buffer circuits 124 and 125 are enabled by a

TR
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across the entire area of the input inmage in the horizontal and verti cal

directions. Each of the peak holding circuits 16a ~ 16
in Whi ch’the sumof the absolute values of the aforene tﬁ%ﬁ%&fﬁ%’é\%
di fferences, which are fed from correspondi ng differenck

circuit, takes on the mni num wal ue. The m ni mum val ue of the sum and t he
* coor di nat eFeSA/Mrd tedxignah BAW 1R R ddhe iU Th e TS 28 ue was

obtained are applied to the CPU 17 fromthe respective peak hol ding
circuits 1@geratglon, the image data from the A/D converter 11 is

transferred to the image memory 12 throughlthe buffer .
cireuits 124 and 125. Further, write pulses produced by é
NAND circuit 126 in synchronism with the clock signal CK
is fed to the image memory 12. In the reading operation,
the image data read out of the image memory 12 is
transferred to the dither-image generating circuit 13
through the bi-directional buffer circuit 125. The
reading operation of the image data frbm the image memory
12-i$ also executed in synchronism with the clock signal
CK.

In the image processor 10C shown in Fig. 23, the
.text data representing é single standard image, e.g., the
standard image having a rotation angle of zero degree as
shown in Fig. 5 is registered in the difference
calculating circuit 15.

The video cameraag'sequentially outputs video
signals representing the same subject images at
predetermined time intervals, e.g., field intervals (1/60
sec.) or frame intervals (2/60 sec.). The video signals
are converted into image data by the A/D converter 11 in
sequence to be fed to the image memory 12 through the
image rotation control circuit 120. Alternatively, a

video signal representing a frame of the subject image is
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-19- The CPU 17 executes predeterm ned process =R ‘ ggm‘xhe

m ni mum val ues and the coordi nates of the w ndow po.rnmeﬁﬂﬁqg he
peak holding circuits 16a ~ 16k. For exanple, the .\. he—appt i ed
m ni mrum values w th a predeterm ned threshol d val ue Vare; | east one

of -t he n1n|nun1valugs S egual tQ or less than the .
outputted from the video camera 9 and is converted into

image data of one fraﬁe to be stored in a frame (field)
memory. The image data ié read from the frame memory
fepeatedly at predetermined time intervals to be fed to
the image memory 12 through the image rotation control
circuit 120.

A pattern-matching processing in the calculating
circuit 15 is repeated at predetermined time intervals.
In the first period, the image data picked up by the
camera 9 iS'applied'to the dither-image generating
circuit 13 through the image rotation control circuit 120
without any rotation. The minimum difference value in one
picfure obtained by the pattern matching with the standard
image is outputted from the peak ho;ding circuit 16 to be
fed to the CPU 17. In the second period, the image data to
be fed to the_dither-image generating circuit 13 is
rotated through the image rotation control circuit 120 by
an angle 681 (1 is an arbitrary angle). The image
rotated by 61 is compared with the standard image and the
minimum difference value obtained by this comparison is
fed to the CPU 17 from the peak holding circuit 16. In
this way the pattern-matching processing is repeatedly
executed while the rotational angle in the image
rotational control circuit 120 is changed gradually as 01,

2601, 381 and so on. When the processings have been

i
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threshol d val ue, judges that t he partial image cut fro HﬁﬁsHQ@mHA$Eﬁgﬂ
this wi ndow coincides with at | east one of the standa d |nagg$LACED

ﬁy

Wieh it is judged that coincidence has been attained, CPb—gses—He

appl i ed coordinates of the wi ndowto read the inmage data of the partial

| mage for which coincidence has been judged out of the inage nenory 12,

and appli esfihishedaletdaksa,t ¥ dnmagesehaxlingediiféereatgrotat@ah di spl ay

unit, through the 1/Oport 18 to present a display of the partial imge.
The partialanhghge i*6 (i = 0, 1, 2, ..., N-1) have been compared with

the standard image and N minimum differénce values (or N
maximum difference values) are obtained.

The CPU 17 executes minimum opération of N minimum
difference values and further compares the minimum
operation result (which is a minimum value among the N
minimum difference values) with a threshold'value. If the
minimum operation result is equal to or less than the

' threshold value, the CPU 17 decides that an image which
coincides with the standard image is present in the image
picked—up. Of course the CPU 17 can recognize the X, Y
coordinates of the window WN in which the image matched
with the standard image exists.

In accordance with the second embodiment, since
only one pair of the calculating circuit 15 énd peak
holding circuit 16 is sufficient to perform pattern -
matching processings with regard to the images having
different rotational angle, tbe hardware construction of
the iﬁége processor 10C is simplified, although relatively

long time is required to complete the processings.

Third Embodiment
Fig. 25 illustrates the overall configuration of

an image processor 10D according to a third embodiment.

- 5 4 -—
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processing (e.g., processing for tracing the contour,
area or p05|t|on of the center of gravity of a portlo
contour or for- recognizing shape). Alternatlve y, the CPU 17
out puts a coincidence signal through the 1/O port 18 when it is judged
 that coi ndiRRNRAFRASPTREPSERX ol PR S P’-"°V1dedT‘f’ﬂet’i‘ n%g%l‘b?%é%gopaiﬂshas
{ many applications. An

: of the difference calculating circuits 15a, 15b, 15¢ (or

for whi ch coi nci dence has been j udged may by subj ected ggy
fT IS ’é

15Aa, 15Ab, 15Ac, or correlation-value calculating
circuits 15Ba, 15Bb, 15Bc) and peak holding.circuits 16a,
.16b, 16c (or 16Ac, 16Ab, 16Ac). However a number (three
in Fig. 25) of pairs of the above circuits in thé thifd'
embodiment is less than that in the first embodiment
(inclusive of its variations). Further the image
prbcessor 10D of fhe third embodiment is provided with the
image rotation control circuit 120.

The téxt data representing the standard image is
registered in each of the calculating circuits 15a ~ 15c.
The standard images for the calculating circuits 15a ~ 15c
are the same, but have different rotatiénal angles. For
example, the standard images for the circuits 15a, i5b and
15c are of the rotational angles of 0, 62 and 2862 degrees,
respectively (92 is an arbitrary angle).

The pattern matching pfocessing is repeated
(B/362)-1 times for one image picked-up while the picked-
up image is rotated by an angle of 362 for eac? processing
through the image rotation qontrol circuit 120. That is,
in the first processing the piéked-up image is not rotated
(i.e., rotational angle is zero). The rotational angles

are 362, 602, 902, ... in the second processing and the

succeeding processings. The angle B is a range of angle

-— 5 5 -
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-20- application exanple is a copying machi ne having
i nhi biting securities from being copied. The standard |Wﬁ§%§HgﬁbMASEEEN ,
Flgs 4a to 4d or Fig. 5 which represent unique charadiers B?Diﬁﬁﬁhes of ¥

the securitjes, are tered asg t ex a e i mage processor 10 (in
t he differt cBecﬁ?EUFg? hg C?fCU|ts %gg &SEEE?LES menti oned above. Tge

coi nci dence si gnal o t utted f on1t e CPU 17
_ _ rnatively, the rotation angles of the standard

images for the calculation circuits 15a ~ 15c are set to
0, 120 and 240 degrees, respectively in the case of

B = 360 degrees; The picked-up image by the camera 9.is
rotated by the image rotation control circuit 120 by i.g2
for each processing, where i is incremented with every
processing from zero, i.e., i =0, 1, 2, 3, ...,
(B/362)-1.

In this way, the image picked-up is substantially
compared with the stahdard images having rotation angles
i*82 (i =0, 1, 2, ..., B/82-1). The CPU 17 judges
whether or not the picked-up image cbincides with any one
of the standard images based on the minimum difference
values (or maximum correlation values) fed from the peak
holding circuits.16a ~ 16¢c (or 16Aa ~ 16Ac) in the same
way as the first and second embodiments.

According to the third embodiment both_the number
of pairs of the circuits 15a ~ 15c, 163 ~ 16c and the
number of p;ocessings to be executed are relatively small,
so that the construction of the image processor 10D is
relatively simplified in comparison with the first
embodiment and the pfocessing time is relatively short in
comparison with the third embodiment.

As seen ffom Equations (10) and.(ll), the picked-

_56.—
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is fed to a control unit of the copying machine, whic

copylng operati on. In the case where the sta

Figs. 4a to 4d are registered, a plurality kinds of UL L 2o

~inhibited frombeing copied. In the case where the standard inmages shomn
in Fig. 5 are registered, the copying operation of the securities is

i nhi bi t ed eveninggeheaseber epilacgadeosereducedebinthendmage Fetesliicgue

state. Speci fic exanples of the construction of the «circuit

bl ocks showoontréilgcitcuiltl 120w bAcdesdinbdy.i enlarged image or

reduced image may be compared with, even enlarged and
rotated or reduced aﬁd rotated image'may be_compared with
the standard images.

As many apparently widely different embodiments of
the present invention can be made without departing from
the spirit and scope thereof, it is to be understood that
the invention is not limited to the specific embodiments

-thereof except as defined in the appended claims.
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successi on.

Fig. 6 illustrates a specific exa
~construction of the dither-inmge generating circuit 13 TH%NSHEHTHESgeeﬂ

and’ Fi gs

error di ffﬁgi oﬁbrrg'[ ﬁozi?r deser! bl ﬂm'ﬁ“"“l“{“‘““mgcrl p'?: gﬁ”s\fﬂ&mgg E)n

one pi xel

E(O0) of an input inmage.
WHAT IS CLAIMED IS:

& ALD tonver’si on perforned by

1. An image processor comprising:

pseudo-gray-scale image generating circuit means
for converting input image dafa, which is represented-ﬁy a
first prescribed number of bits per pixel, into pseudo-
gray-scale image data.represented by a second prescribed
number of bits, which is less than said first prescribed
number of bits;

image restoration circuit meanslfor restorihg the
pseudo-gray-scale image data generated by said pseudo-gray-
scale image generating circuit means for each and every
one of a plurality of small areas, each of which comprises
a plurality of pixels, with said each small area serving
as one restored pixel, and outputting restored image data;
and

a plurality of similarity operating circuit means,
which operate in parallel, each for calculating an index
value representing a degree of similarity between the
restored image data.outputted by said image restoration
circuit means and text data representing a standard image
set in advande, the standard images for the plurality of
similarity operating circuit means being different from
one another.
2. An image processor accgrdihg to claim 1, wherein

the standard images are images of models which are

- 5 8 -
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-21- the A/D converter 11 is carrled out at a Eerl d%
a

Fea one'pixel ata time in o J\ﬂﬂﬁﬂlllﬁllm\lm  ntl

. generating circuit 13 at the per’i od of the ¢l ock :si gnal . Let E(lE»

. represent a pixel which is inputted 1D later than the pixel E(O of
“interest (Widiterent sfxor ¢re jagotherhe clock signal CK). Sinmilarly, let
E(1H) represent a pixel at a position delayed by 1H relative to the pixel
: E(O of 3. - An image processor according to claim 1, wherein

the standard images are formed based on a single model and
diffefent in rotational angle_or_in size from one another.
4. _ An image processor according to claim 1'further
-comprising judging means fof determining whether a subject
image'represenfed by the input image data coincides with
at least one of the standard images on the basis of the-
index values calculated by the plurality of said
similarity operating circuit means.
5. An image processor according to claimll, wherein
said pseudo-gray-scale image genérating circuit means
binarizes the input image data using an error diffusion
method and generates dither image data repfesented by one
bit per pixel.
6. An image processor according to claim 1, wherein
said pseudo~gray-scale image generating circuit méans
subjects the input image data to a four-value conversion
using an error diffusion method and generates pseudo-gray-
scale image data represented by two bits per pixel.
7. An image processor according to claim 1, wherein
said image restoration ci:cuit means restores the
pseudo-gray-scale image data for each and every one of a
plurality of small areas, eaqh of which is provided in a

window that scans the pseudo-gray-scale image generated by

- 5 g -
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Interest (where 1H is one horizontal'scanning i nterval
aThHBesHEETR|

~represent a pi xel at a ll (1H-1D) re

" let "E(1H+1D) represent m“l mmhmﬁ"mm ition del ayed Rhy (1I—R&§))_A¢ atlél@
to E(O. In accdrdance Wit tHe error diffusi o rerhog——tst
error e at the pixel E(O of interest is calculated. In accordance with

the dither smidigsheidmagragodcaldatmigef gémerpt ey EfBudf mesrs esands
conpared with a predeterm ned threshold value TH. The threshold value TH

usual Iy is spiput thRy e ¥eesa thifaydli ded eFst 4 Baimdow at each and

every position; and

said similarity operating cifcuii means calculates
the index value representing a degree of similarity
between the restored image data of each window
sequentiall& outputted by the image restoration circuit
means and text data recresenting a standard image set in
advance.
'8. An image processor according to claim 7, further
comprising a plurality of peak holding circuit means each
for detecting an iﬁdex vélue, which represents the highest
degree of similarity, from amcng similarity index wvalues
regarding each of the windows obtained from said
corresponding similarity opérating circuit means, and
position data indicative of the window in which this index
value is generated.
9. An-imagé prccessor accordihg to claim 8, further
comprising judging means for determining whether a subject
image represented by the input image data has an image
portion which coincides with at least one of the standard
images on the basis of the index values detected by the
plurality of said peak holding circuit means.
iO... | An image processor according to claim 7, wherein

the index value representing said degree of similarity is

- 60 -—
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255) and the black |evel: (Data = 0). If "Data" exceeds t e SHESThioAS BEENUE. -
TH, then the pi xel E(C» ﬂ nari zed (binarly dat &EPLABEDbei n
forcibly set to the 3 Illmlﬂl"ﬂﬂ IINH“L in Fig. 8a, eﬁé—"—i’-‘lﬁum e
produced in this bLnarlzdtlén ts ta I%ulated in accordance with the

foll ow ng equati on: _ - =22 -
~a difference value in lightness of the image, and said

similarity oberating circuit meahs qalculates an absolute
Yglue of a difference between restored image data and

-¢e;;reép§nding text déta for each and every small area,
sums the absolute éalues of these differences over all
small areas contained in one window and outputs the sum
value as a difference value of lightness.
11. An image processor according to claim 10, wherein
said peak holding circuit means detects a smallest
diff;rence vélue from among difference values of lightness
regarding each of the windows obtained by said similarity
operating circuit means, as weli as position data
indica{ivé pf the window in which the smallest difference
value is produced.

12, An image processor according to claim.?, wherein
said similarity operating circuit means calculates a cross-
correiation value between restored image data and text
data fof each and every window,'and outputs this cross-
correlation value as the index value representing degree
of similarity. |

113. An image processor according to claim 12, wherein
said peak holding circuit means detects a largest cross-
correlation value from amonglthe cross-correlation values
regarding each of the windows obtained by said similarity

operating circuit means, as well as position data

_____‘_______-*__~_
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Fe;s" Pﬁ;ﬁ"t;}ezfﬁreshol d \4) m \w“‘\ ““ Hme I(0'12<9| If(o)-'. 7
ye D&y :

bi nari zed (binary data nd forcibly set to tHE_L
shown in Fig. 8b, and the error e produced in this blnarlzatlon
calculated in accordance with the foll ow ng equation: e = "Data"
0 indicative of thé&Owifiddw in whichThBeblaaggsdataosb%ained by
this binarizing processing is dither inage data. Accordingly, the dither

i mge data ¢&rLEPaLEERIVAYUENEs DbiodEEedl Xel .

14. An imége processor comprising:

converting means for converting input image data
into image data representing images different in
rotational angle or in size from the image represented by
the input image data in sequence at a predetermined period
of time;

pséudo-gréy-scale image generating circuit means
for converting the image data converted by said converting
means and represented by a first prescribed number of bits
per pixel, every time the converted image data.is supplied
from said converting means, into pseudo-gray-scale image
data represented by a second prescribed number of bits,
which is less than said first prescribed number of bits;

image restoration circuit means for restoring the
pseudo-gray-scale image data for each and every-one of a
plurality of small areas, each of which comprises a
plurality of pixels, with said each small area serving as

- one restored pixel, every time the pseudo-gray-scale image

data is supplied from said pseudo-gray-scale image
genefating circuit means and outputting restored image
data; and

similarity operating circuit means for calculating

an index value representing a degree of similarity between

-
BwnRTrmm

"
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The error e produc

oyt it 1% che error ot {NNMNNE OB MG "ol

of the pixel of in
guanti zation is ap

ed by bTﬁéTTETﬁﬁ'processihg S appor—>

terest is*quanttzel, %t hé error attend3 upon this
portioned to the pixels adjacent to the pixel of

i nterest. Astlie nesstdred hEmagy ed£ige andhtaessddtensépygsémtifg 4docal area

centered upon the

pi xel of interest is substantially preserved.

N Fig. 6, |sdfudid Clidge 2t 26 Rrarde Asbddy +ochcd Whi€drbg conposed

of eight flip-flops, tenmporarily

image data is outputted_by said image restoration circuit
means.

15. An image processor according to claim 14, further

.comprising judging means for determining whether a subject

image represented by the input image data coincides with
at least one of the standard images on the basis of the
index values calculated in sequence by said similarity
operating circuit means.
16. An image processor according to claim 14, wherein
said pseudo-gray-scale image generating circuit means
binarizes the converted image data using an error
diffusion method and generates.dither image data
rebresented by one bit per pixel.
17. An image processor according to claim 14, wherein
said pseudo-gray-scale image generating circuit means
subjects the converted image data to a four-value
conversion using an error diffusion method and generates
pseudo—gray-scale image data represented by two bits per
pixel.
18. An image processor according to claim 14, wherein
said image restoration circuit means restores the
pseudo-gray-scale image data for each and every one of a

plurality of small areas, each of which is provided in a

- 6 3 -
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store eight-bit inmage data and act to apply a delay of E&ayﬁbBEEN \
circuits_ 20, 26, 29, 31 agﬂl“"ﬂ" mﬂ with the c oc'?< ShEPBAC £BK-
del ay ci rcuit 27, which d l"m,mu ata by an in

provided with the -23 - clock signal
CK and the horizontal synchronizing 5|gnal
window that scans the pseudo-gray-scale image generated by

said pseudo-gray-$§tale image generating circuit means, and
outputting restored image data for a window at each and
every position: and |

said simiiafity.operating circuit means calculates
the index value represehting a degreé of similarity
between the restored image data of each window
sequentially outputted by the image restoration circuit
means and text data representing a standard image set in
advance.
19. An image processor according to claim 18, further
comprising peak holding circuit means for detecting an
index value, ﬁhich represents the highest degree of
similarity, from amoné'simiiarity index values regarding
each of the windows obtained from said similarity
operating circuit means, and position data indicative of
the window in which this index value is generated in every
predetermined period of time.
20. An image processor according to claim 19, further
comprising judging means for determining whether a subject
image represented by the input image data has an-imagé
portion which coincides with at least one of the standard
images on the basis of the index values detected by said
peak holding circuit means. |

21. An image processor according to claim 18, wherein

- 84 - This Sheet Has Been Re; laced
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HD. A situation will be considered in which t
pi xel E(Q) of interest ﬂn‘gﬂﬂwmlﬂutﬂlﬂln the latch ci

data "Data" of the pi xel is applied t |
A of a conparator circui't 21 Dat a representlng the threshold value THis
applied to the other input terminal B of the conparator circuit 21. The
conpar at or tgie Gidex? IreQuied Heprddem tiintfrsa ithtdedgrdd dfme inidriagies dat a
"Data" exceeds the threshold value TH (i.e., if A > B holds) and the

bi nary data Qilf¥eHdnc¥ RRI1ASHS 1iPHthdHY W Anlege, and said

similarity operating circuit means calculates an absolute
value of a difference between restored image data and
corresponding text déta for each and every small area,
sums the absolute values of these differences over all
small areas contained in one window and outputs the sum
value as a difference value of lightness.
22. An image processor according to claim 21, wherein
said peak holding circuit means detects a smallest
" difference value from among difference values of lightness
regarding each of the Qindows obtained by said similarity
operating circuit means, as well as position data
indicative of the window in which the smallest difference
value is produced.
23. An image processor according to claim 18, wherein
said similarity operating circuit means calculates a cross-
correléfion value between restored image data and text
data for each and every window, and outpﬁts this cross-
cor:elation value as the index value representing degree
of similarity.
24. An image processor according to claim 23, wherein
said peak holding circuit méans detects a largest cross-
correlation value from among.the cross—-correlation values
regarding each of the windows obtained by said similarity

- 65...
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outputted as dither inage data and also enters a nmnultip}
The, multiplier circuit 22 bi nary d
Accor di ngly, eight-bit dat gT‘““m“lEm mnnﬁS is outputtd
mul tiplier circuit 22 if the imaput b¥nary *data is 1 and e
representing O is outputted if the input blnary data is O. The outputted
data i s applpexthting hei magiat imesansnplEs weklnamlpaedittioudatetor circuit 23.
The image data "Data" of the pixel of interest

indicative of the window in which the largest cross-

correlation value is produced.
25. An image processor comprising:

converting means for converting input image data
into image data representing images different in
rotational angle or in size from the image represented by
the input image data in sequence at a predetermined period
of time; |

pseudo-gray-scale image generating circuit means
fof converting the image data converted by said converting
means and represented by a first prescribed number of bits
per pixel, every time the converted image data is supplied
from said converting means, into pseudo-gray-scale image
data represented by a second prescribed number of bits,
which is less than said first prescribed number of bits;

image restoration circuit means for restoring the
pseudo-gray-scale image data for each and every one of a
plurality of small areas, each of which comprises a
plurality of pixels, with said each small area Serving as
one restored pixel, every time the pseudo-gray-scale image
data is supplied from said pseudo-gray-scale image
generating circuit means and outputting restored image
data; and

a plurality of similarity operating circuit means,

-— 6 6 -—
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held in the latch circuit 20 enters the positive input ST nal . '
subtractor circuit 23. Acco “““l\ \m“ﬁ tractor ci rclﬁﬁ[s’%i%érg‘% E%Nt He
operatlon represented \ ‘“? - Dk Y 5
Equation (1) or Equation (2) *ant cbldhlates the error e. The data
representlng the error e obtained is applied to a divider circuit 24.

which operate in parallel, each for calculating an index

value representing a degree of similarity between the
resfored image data and text data representing a standard
image set in advance, every time the restored image data
is outputted by said image restoration circuit means, the
standard images for the plurality of similarity operating
circuit means being formed based on a single model and
different in rotational angle or in size from one another.
26. An imaée_processor.accoring to claim 25, further
comprising judging means for determining whether a subject
image represepted by the input image data coincides with
at least one of the standard images on the basis of the
index values calculated in sequence by the plurality of
said similarity operating circuit means.

27. . An image processor according to claim 25, wherein
said pseudo-gray-scale image generating circuit means.
binarizes the converted image data using an .error
diffusion method and generates dither image data
represented by one bit per pixel.

28. An image processor according to clajm 25, wherein
said péeudo—gray—scale image generating Circuit meané
subjects the converted image data to a four-value
~conversion using an error diffusion method and generates
pseudo-gray-scale image data represented by two bits per

pixel.
-
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The divider circuit 24 d|V|des 2, 4 an rat
e/2, el4_and e/ 8. Data repres ﬁ‘e“ mHE ts of di 5#"69(13 'ICF* @,B‘S% I ¢
to an adder circuit 25, data ng e is applijed to

circuit 30, and data representing e/8 is applled to adaér clrcuits

32. The i mage data of pixel E(1D) is held in the |atch CIrCUIt
26. This ind@e dataAnsihadeiproceseondaecorfingi to ebaimcdds drhgreint he
data representing e/2 is added to the inmge data of pixel E(1D) in the
adder circuit 25. said image restoration circuit means restores the

pseudo—-gray-scale imagé data for each and every one of a
plurality of small areas, each of which is provided in a
window that scans the.pseudo—gray—scale image generated by
said pseudo-gray-scale image generating circuits means,
and outputting restored image data for a window at éach
and every position; and

said similarity operating circuit means calculates
the index value representing a degree of similarity
between the restdred image data of each window
sequentially outputted by the image restoration circuit
means and text data representing a standard image set in
advance.
30. An image processor according to claim 29, further
comprising a plurality of peak holding circuit means each
for detecting an index value, which represents the highest
degree of similarity, fram among similarity index values
fegarding each of the windows obtained from said
corresponding similarity operéting circuit means, and
position data indicative of the window in which this index
value is generated in every predetermined period of time.
31. An image processor according to claim 30, further
comprising judging means for determining whetherla subject

image represented by the input image data has an image
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" The image data of the pi xel é: E(1H 1D ﬁﬁw E(1H+1D)_is tenporari
stored in the latch CIrCUIt m [ specti vel ASHEEN

:enters the adder CIrCUItS' IW | ! ctively. gﬁﬂgiggﬁggé%madata
representing e/ 8, e/4 and e/8 i s added to the | mage da j -

E(1H1D), E(1H), E(1H+ID) in the adder circuits 28, 30, 32, respectively.

- The vari oupcat 1dHBIK Lo RS fid Qs GeSEH | e dl Sl oneileE Peié CEf‘@LG’délﬂdil ng one
period of the clock signal CK  and the results of addition in the adder

circuits 28,28 G0t BUS ALY Maddd AIBY Hiddsd Bpdens the

o

plurality of said peak holding circuit means.

32. An image processor according to claim 29, wherein
the'index value representing said degree bf-similarity is
a difference value in 1ightnéss of the image, and said
similarity operating circuit means calculates an absolute
value of a difference between restored image data and
corresponding text data for each and every small area,
éums the absolute values of these differences over all
small areas contained in one windoﬁ and outputs the sum
value as a difference value of lightness.

33. An image processdr according to claim 32, wherein
said peak holding circuit means detects a smallest
difference value frpm among difference values of lightness
regarding each of the windows obtained by said similarity
operating circuit means, as well as position data
indicative of the window in which the smallest difference
value is produced.

34. An image processor according to claim 29, wherein
said similarity operating circuit means calculates a cross-
correlation value between restdred image data and text
data for each and every window, and outputs this cross-
correlation value as the index value representing degree
of similarity.
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succeeding circuits, nanely the latoch CIrCUIt 20, 1H del gy

-25-  circuit 27 and | at ch CU'H"MJHIHH especti vel y|| 4t!S ‘_:’ETtHAfﬁ REENS

t he "next" cl ock signal CK. Th l, }"ﬂ pi xel EfL s dcte ept eg

by the latch 33. he® f or edoi Mg epefatlon i s executed every period
35. An image processor aécording to claim 34, wherein

said peak holding dircuit means detects a lérgest cross-
correlation value from among the cross—correlation values
regarding each of the windows obtained by said similarity
.operating circuit meens, as well as poeition deta
indicative of the windew in which the largest cross-
correlation value is produced.
36 An image processing method comﬁrising the steps
of:

converting input image data of one frame, which is
represented by a first prescribed number of bits per
pixel, into pseudo—gray-scale image data of one frame
fepresented by a second prescribed number of bits, which
is less than the first prescribed number of bits;

summing the pseudo-gray-scale image data for each
and every one of a plurality of small areas, each of which
comprises a plurality of pixels and is provided in a
window thaf scans the pseudo-gray—scale.image generated,
thereby restoring the image data for a window at each and
every position, with_said each small area serving as one
restored pixel} and

| calculating index values with use of text data of

a plurality of standard images which are different from
one another for each restored image data of the plurality

of frames in parallel, the index value representing a

- 'I 0 -
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e n_:__.- S t-2—a e

of the clock signal CK That—s—btnarization of the
Do S ismaeET +S BFEN tll

d|ffu5|on of the error, mhlch | S ttendant u

t he® adj acent pi xel s, namel [mﬁ% ng, are exgcut edRPPLAGERY
pi xel . - Fig. 9 iIIu confi guks . the | mage
restoration circuit 14, and F|g 10 |Ilustrates a specific exanple of the
constructi gagieed c&rf%imﬂaﬁtf Qs 1OV Ofhe i restidret] Snay® dandigt 9.

As mentioned above, the window WN is set in the input inage and the w ndow

\Sﬂﬁbhfvfgggg%%ﬂ Uil Ydd WA aciil Mepdd e tho ooid Wanddned Visslger VN 1 s

set in advance.

P = = o=
= U

37. An image processing method according to claim 36,
further comprising the step of judging whether a subject
image represented by the input image data coincides'with
at least one of_the standard images on the basis of the
index values calculated.
38. An image processing method comprising the steps
of:

converting input image data of one frame into
image data representing images of a plurality of frames
different.in_rotational angle or in size from the image
represented by the input image data in sequence at a
predetermined period of time;

converting the image data of one frame converted
by above converting step and represented by a first
prescribed number of bits per pixel, every time the
cqnverted image data of one frame is supplied, into pseudo-
gray-scale image data of one frame represented by a second
prescribed number of bits, which is less than the first
prescribed number.of bits;

summing said pseudo-gray-scale image data of one
frame for each and every one of a plurality of small

areas, each of which comprises a plurality of pixels and

- 11 - Sheet Has Been Reﬁaced
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the plurality of small argas SA~ The size (n

area SA is decided by the I :“I m ops 42 conﬁ |Th@dSHﬁE'5h*€‘SB N
smal | -area restoration ci rlllll“ﬁm" I“ mn enmbodi nent ,jl t he JERLAGED eam_l
small area SAis 4 x 4 pixels, fastshdqwn®in" Fig. 10. The size (nunber of
bits N) of the wwndow WNin the horizontal direction is decided by the

si ze (nunbdrs @girothided Njn &f wiheisnaHatarssmnesthe gisondatgray-tsddlen t he
hori zontal direction and the nunber of stages (Nn = 16 stages in this

e”bOdl”EnthMQbéfﬁhﬂéﬁﬂ&edﬂGﬁhéﬁéﬂvﬂﬁﬁsﬁﬁrlng the image data for a

window at each and every position, with said each small
area serving as one restored pixel( every time the pseudo-
‘gray-scale image data of one frame is éupplied; and

calculating an index value representing a degree
of similarity between the restored image data of each
window and text data representing a standard imaée set in
.advance every time the restored image data of one frame is
supplied.
.39; An image processing method according to claim 38,
further comprising the step of judging whether a subject
image represented by the input image data coincides with
at least one of the standard images on the basis of the
.index values calculated and supplied in sequence.
40, An image.processing method comprising the steps
of:

converting input image data of one frame into
image data representing images of a pluraiity of frames
‘different in rotational angle or in size from the image
represented By the input image data in sequence at a
predetermined period of time;

converting the image data of one frame converted
by above converting step and represented by a first

prescribed number of bits per pixel, every time the

i Islliiet lilii |i3een||ﬂilaced
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-26- circuits 41 in the'ﬁ‘?Tzoﬂfa+-dLLecLLgn. The size !”thh. af bi

vertical direction and the * nu s (M m =l=stages—t-n-—t-hi

M Qf thg window WN in th | directionis de:Tﬁﬁgé E%

(nunber of bits n) of thejm'lwi Juyﬂmgation cilfcui 'L%E’E%%CEEIQ

embodi ment) of ‘the small-area restoration circuits 41 in the vertical
converted image data of one frame is supplied, into pseudo-

gray-scale image data of one frame represented by a second
prescribed number of bits, which is less than the first
prescribed number of bits;

summing said pseudo-gray-scale image data of one
frame for each and every one of a plurality of small
areas, each of which comprises a plurality of pixels and
is provided in a window that scans the pseudo-gray-scale
image generated, thereby restoring the image data for a
window at each and every position, with said each small
area serving as one restored pixel, every time the pseudo-
gray-scale image data of one frame is supplied; and

calculating index values with use of text data of
a plurality of standard images ﬁhich-are formed based on a
single model and different in rotational angle or in size
from one anofher for each restored image data of the
plurality of frames in parallel and every time the
restored image data is supplied, the index value
represehting a degree of similarity between the restored
image data of each window and text data representing the
standard image set in advance. |
41. An image processing method accord;ng to claim 40,
further comprising the step of judging whethér a subject
image represented by the input image data coincides with

at least one of the standard images on the basis of the

S 3 - This Sheet Has Been R
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direction. ' In Fig. 9, the image restoration c
provided with (Nn) x (Mm tion ci rcﬁHéS%iE-'l@é%BEEN
smal’l.- aréa restoration C|rcu ﬂn uﬂ ﬂﬂ"”ﬂ!ﬂﬂl the hor ilzeatalf" ion a

~connected-in cascade, Further, €¢MU1)-hurmber- of one-bit |ine menories
" (one-bit shift regi sters) 40 are provided, and the line nenories 40 al so
are connecttndex va¥uadean8ustppiliefhén paraﬂlﬂecbf apdcaveryetimeothes0
enters the first colum of corresponding snall-area restoration circuits

41 arrayed jndex value is caltulated.

This gp,

\
Wiy



inthe vertical direction. That is, the output dither "inmage dat a of the

di ther-igage generating circuit 13 and the output dat apgpEtre—trre == ==

menories 40 of the first through third stages are app

"smal |l -area restoration circuit 41 in the first colum
Similarly, the output data fABRSERAGT OF RHBOESGLOSURE al=—trreTs

to those small-area restoration circuits of the first colum that

correspond thereto. Wth reference to . Fig. 10, each small-area

Input image data representing the image of a
subject imaged 5y a video camera 9 is applied from an A/D
con&erter circuit 11 to a dither-image generating circuit.
13, in which the image data is binarized in accordance
with the error diffusion method, whereby dither image data
represented by one bit per pixel is obtained. A plurality
of small areas each comprising a plurality of pixels are
set within a window caused to scan the dither image, and
the dither image data is summed iﬁ'each and every Small
area by an image restoration circuit 14, whereby gray-
level image data, in which each small area serves as one
pixel, is restofed. Difference or correlation valﬁes
between the restored image data and text data set in
advance with regard to standard images which are different
from one another are calculated, for the window at each
and every position, by arithmetic circuits 15a ~ 15k. The
smallest difference or thé largest correlation values and
the positions of the windows in which fhis smallest
difference or the largest'correlation values arelproduced'
are respectively sensed by corresponding peak holding

circuits 16a ~ 16k.
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restoration circuit 41 includes n x mflip-flops
direction) are

row:and n col ums.

hor i~zont al
“each row of the | eading colum is the output data of a

an

4270 n-
40 (the output data of the dither-inmage /22
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generating circuit 13 is inputted to the.flip-flop 42 pn—the=HF5
first colum of the small-area restoration circuit 41‘rnﬂsmHEEW%$§P.

first colum) or the output data of the small-area reitoratREHLB? .
of “the”i medi ately precedi ng stage. The output data fremt lop 42

in each row of the last colum is appllé %gafllpflop 42 in the | eading
colum of the succeeding snall-area res d? lon circuit 41 (this is
unnecessary if there is no small-area restoration circuit connected to the

Isucceedlng st age).
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whi t e- pi xel countlng circuit 43. The Iatter counts the quﬁp HE

possessing the white |level (binary data 1) contained i thei§ﬁ§EL____#_
Sihce the small area SAis conposed of 4 x 4 pixels in hi-=s—enood! nent ,
the nmaximum value of the count is 16 ang,ddie output data of the counting

circuit 43 is capable of - being expressed by a mninumof five bits
(expressi on by

Fig.3

This Sheet Has Been Replaced




-28- eight bits is of course permssible). Qutput data I[err] fron1 the

counting circuit 43 becones the output data of the s n
circuit 41. The output data I[err]. of the s THE}%%E$%§B%ﬁ5£Nom
ci‘rcuit 41 is the result of expressing the average Ilqhtne§§ PLACERe smm
area SAin the formof 16 levels. This.igqseatored gray-Tevel 1Tnmage data.
When the snall area SA is considered to be one picture elenent, this
b{' Jal
. Pl
ABC [
Fig. 4a —= |ABC
,a2
| -b2 P,
| 123=T L
Fig.4b — |123
a3
Fig.4c — | &
bs‘/
ad4
/ s
Fig.4d o — | 0
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restored gray-level imge data may be said to expres Tgn] 0l
this el enent. If the size of each small are f@%ﬁﬁ@agﬁ q%%ﬂ? t he
resol ution (nunmber of |evels) of lightness will inclease L VH

(t'wo- di nensi onal ) resolution of the subject will decrease. Accordingly,

. the size of each small area SA should be desi ded upon taking into account

. the lightness resolution and spatial resolution required. By

~contrast, the window WN would be set in conformty with the size of the
subj ect to undergo i mage processing. For exanple, if the purpose of

processing is

Fig.5
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to judge whether a partial image coincides with the
recogni ze the position of a circle contained by a s
is.set to a size that contains the partial inage or
circle. The clock signal CKis applied to t
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- 29- menories 40 and to the flip-flops 42 of the se%gq |on
circuits 41 in the above-described inmage restoratio Bﬂ‘ﬁ(ﬁﬂ_ I
that has accunulated in these is shifted sequentiallly eve
clock signal CK. As a result, the window W is scafm@d 1n th hor i zont aI
and vertical directions. At each positiatva2 the w ndow W, the restored
- gray-level inmage data is obtained with regard to all of the small areas SA
-contained in the wi ndow W\. :
Fig.7
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Fi g.
di fference cal cul ating
. calculating circuit
i of which is the

i ncl udes snal | -

11 illustrates a specific exmaple of the
circuits 15a ~ 15k.

area difference gircuits bl
sane as that of the snmall-area restoration circuits 41.

41

R

' Each small-area difference circuit 50 i sB¢@gstituted by a subtractor
circuit 52, an absolute-value circuit 53 and a text register 54. The
output imge data I[err] [i =1 ~(Nn) x (Mm] of each small-area
restoration circuit 41 is

Fig.9
CK CK CK
DITHER i (4' ‘ f4' ‘ [
IMAGE DATA 40
l I/ ] SMALL—-AREA SMALL~AREA SMALL-AREA
L.{ I RESTORA- RESTORA-~ RESTORA-~
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| y =
; 40
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E‘L ] CIRCUIT CIRCUIT | . CIRCUIT
>
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applied to the positive input termnal of the subtractor
corresponding snmall-area difference circuit 50.
forth above, text data Merr], which corresponds tip
_ rest or ed gray-| evel

9/22
Fig. /0
CK 42 CK 42 CK CK
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image data I[err], and which is created in advance wga=regard 10
standard inmege, is stored in the text register 54 of ageith @ﬁ%ﬂ" ; :
difference circuit 50 upon being provided by the CPUY 17, AR data
. M'err] of each text register is . applied to the negat¥re 1rnput ternnal
. the subtractor circuit 52. Thqoexe data Merr] is gray-Ievel
"image data of a smmll area obtained by perform ng processing in accordance
with a technique exactly the same as that used for the inage data I[err]
with regard to the standard image. In the illustrated exanple, the inmage
data Merr] is applied serially

of

Fig.//
/50 51
] /
SMALL-AREA DIFFERENCE CIRCUIT ---:>
]
]
1
. ,B50
' 52 ! 53
/n ) ]
54\ . .
1 - 1
1 o | Jrosouns :
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to each text register 54 fromthe CPU 17. However, it

permssible to ap
I n the subtractor

‘restored gray-level image data I[err], and the absol iLe_w

‘resulting differe
data representing
circuit 51.

ply this data as parallel data thrdgg %

circuit 52, the text data Merr] is F
nce is obtained in theypppgl ute value CIfCUIt 53. The

t he absolute value of the difference enters the adder
The adder circuit 51 suns thg absol ut e-val ue data
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t he standard image. The smaller the value of the su
simlarity between the partial imge and the - standg
12 illustrates a specific exanple of the constructilon of 7ea e—4
holding circuits 16a ~ 16k. The peak hol ding circuitT detects the M ni mum
~value of the sum (the mninmumdifferenqgxgpue) provided by the
correspondi ng difference calculating circuit and detects the coordi nates
representing the position of the window WN in which the m ninmumdifference

val ue i s produced. The m ni num val ue of the suminputted every
peri od
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of the clock signal CKis detected by latch circui iﬁ#s
conmparator circuit 60. The maxi mum value possible (EI
preset in the latch circuit 62 at the timng at
synchron|2|ng signal VDis applied at the start of peak hol ding

. processing. The sum provided by the dif{gy@mxe calculating circuit is

+ tenporarily stored in the latch circuit 61 every clock signal CK The .
conparator circuit 60 conpares the value of the sumbeing held in the

| atch. circuit 61 and the value being held in the latch 62

HEER 1BIBBEN |
gpLACEDexanplie) is

Fig./15
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e —= e
Fig. 16
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3
'

(initially the maxi num val ue, as nentioned above; ' FrTst
conpari son operation onward, the value is the mn S PGS HHYS BN s'.lm
prevailing up to the current REPLACED _ 35_ |
time). If the value of the sumbeing held in the |atch 61 is smaller,
conparator circuit 60 generates an outplB/22

Fig. 17
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signal. The output signal of the conparator is appli

circuit 62 as a latch timng signal, and the val uejof gtw%iﬁrﬂ%%‘?’ 0 | d
inthe latch circuit 61 at this tinme is latched in the I2 as
the mnimumvalue up to the current tinme. Thus, anbesg=tFe—entered sum
val ues, the m ni mum sum value up to thelszlﬁaent time is held in the latch

~ Ci rcuit 62. Meanwhil e, an X counter 63 is cleared by the

- horizontal synchronizing signal HD and then counts the clock signal CK
i nput thereto fromthis point in tine onward. Accordingly, the count in
the X counter 63

Fig./8
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the vertical synchronizing signal VD and then counts
synchroni zing signal HD input thereto fromthis point|l wWard
Accordingly, the count in the Y counter 64 represents the Y coordi nate of
t he wi ndow WN. The output signal fromthg gparator 60 is applied to

|l atch circuits 65, 66 as latch timng signals. The latch circuits 65, 66
therefore latch the counts of the respective counters 63, 64 prevailing at

this time. The X Ycoor%.r;ayteslg the wi ndow WN i n whi ch

3>

represents the X coordinate of the window WN. A Y counf 5F 15 CIE by
in ti oi

CK CK
{ 8l { 82
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circuit 62,

WN is concl uded
and

at

scanni ng of one
the m nimum di fferenc
the X, Y coordinates of the wi ndow WN i n whi ch
value is produced are held in the latch |Scf2Ruits 67, 68, 69 and applied to

the X coordinate of the latch circuit 65
of the latch circuit 66. Since the
this time,

i pyIgrSHERT
val uBEPRAGRE

H

ference

- the CPU 17. .lnt case where the inmage processor 10 is used in
t he copyi ng nachinérléf-éga?biting securities from being copied, data
representing the X, Y coordinates of
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need to be fed to the CPU 17. Only the m ninmumdiff Lg@gon one
picture is fed to the CPU 17 from each of the peak ts—+6d ~
16k. The CPU 17 finds the nini mum one am)ng the m ni num di ffer ence

val ues fed fromthe peak holding circuij ]é‘% ~ 16k, and judges whet her

. the found m ninmumone is equal to or Iess an the threshold val ue. The

the wi ndow WN i n which the mninmmdifference val ue a gﬁg QqEeefad eeast
1 eR

TO EXTERNAL UNIT

coi nci dence signar 1§ outpulted onl'y when the mninum one 15 judged tqQ be
equal to or |dss thanlthe threshold value. Since a plurality
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- 34-
enbodi ment mentioned above, and a plurality of
represent a plurality kinds of standard

circuits and peak holding circuits are prov
Ite
I mages ar

!r‘-o

a = -
ot —te

difference calculating circuits, pattern-matching processings using a
plurality 51/22
Fig. 24
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of different standard i mages are perforned in paral |l efs=—resetF=Fhph
speed processing. The text data can be creat E'dTHiSISé’(ﬁEﬂ'WﬁfSBﬁENha
standagd i mage data without the internediary of ditheff- i n@@%l-‘tﬁ%fét i on
processi ng and gray-level image restoration processing.MTe specitrcatly,

the standard i'mage data (expressed by eight bits per pixel) is subdivided

into a plurality of small areas. Thei ézaata I's sumed for each and
- every small areg—and—tte IC§HLt of—the—summny—operatton—Ts dirvided—b
256, wher eby thﬁ,'sext det= i“‘”s*"':a. T —
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obt ai ned. The reason for dividing by 256 is that the

represent ed by eight bits. First Variation of Firs
In“t.he first enbodi nent described above, the dither

by hinarizing the input image data. Accordlﬁ@bﬁﬁﬂﬂﬁ-~:' -
the™irst: enbodi ment, pseudo-gray-|evel -jomge data (nultlvalued dlther
- image data) is obtalned by subj ecting t he I nput 1nmage data to a

“mul tival ued conversion (quantizati oSPEGIFICATION

THIS SHEET HAS BEEN
REPLACED

TITLE OF THE INVENTION

IMAGE PROCESSOR AND IMAGE PROCESSING METHOD
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates fo an image processor and
an image processing method for performing patten-matching
p?ocessing and the like for the purpose of object
fecognition, for judging whether a standard image of a
prescribed moéel exists in the'imagé of a subject, and so
on. |
Bgckground Art

A technique available fof pattern matching
involves setting a window on image data obtained by
imaging a subject, and calculating degree of coincidence
or defree of similarity between paftiél image data within
the window and standard image data regisﬁered in advance.
By executing the above-described proceésing with reéard to
the window at each position thereof while the window is )
made to scag within a picture, a window containing partiéa‘

image data exhibiting the highest degree of coincidence or

similarity is detected, thereby making it possible to

is Sheet Has Been Reraced
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- 35-

mul tival ues nore than three val ues). Further,
restorability is attenpted by perform ng snoothing
pseudo- gray-l evel imge data is restored.

overal | "configuration of an inage processor Saubstitule ey

vartation of the

-2.-

THIS SHEET HAS BEEN
REPLACED

recognize a position at which an Image identical or

similar to the standard image exists. Thus, measurement
prbcessing of various types can be executed with regard to
image data within a specified window.

Image data generally is represented by eight or
more bité per pixel. Line memories are used in order to
extract image data within a set window at a video rate.

The line memories, the number of which corresponds to the

" number of pixels in the vertical direction of the window,

are connected in cascade, and image data is transferred

among the line memories in synchronism with a clock

signal. By extracting image data at a single stroke from

a prescribed position of each line memofy, e.g., the
terminus of the line memory, one column of image data in
the vertical direction of the ﬁindow is obtained.

In an image processor having such a configuration,
a problem encoutered is that a large number line memories

of at least eight bits each must ba provided, as a result

' of which there is an increase in the scale of hardware.

Further, pattern-matching processing of eight bits per
pixel is required. When this is implemented by hardware,
the scale of circuitry is similarly increased. If it is

attempted to implement the foregoing by software, more

complicated processing results.

This Sheet Has Been Re[ilaced
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fi.rst enbodi ment. This processor 10A differs fron1thitRERLAQEMENTS§EET
ener at i ng Ci rcw

enbodi nent shown in Fig. 1 in that the dither- ‘i nmag§
13, imge restoration circuit 14 and difference cal ae i@ - AUb:I986.
15k_are replaced by a pseudo-gray-|evel inaganggnan?ffﬁ""‘
i mage restoration circuit 14A and differgoce calculating circuits 15Aa ~
15Ak. These points which distinguish this variation frqqubﬁpéfhiL

enbodi rent wi || now be descri Bg#iMaRY OF THEFHQVEkQIEN Eng%¥§n~le
of the construction of the pseudo-gray-I|evel inage

A main object of the present invention.is tol
provide an image processor and an image processing method
through which ﬁardware can be reduced in scale.

Another object of the present invention is to
simplify pattern-matching processihg.

A further object of the present invention is to
provide an image processor and an image processing method
capable of judging whether the image of a subject includes
a pattern which coincides with at least one of standard.
image patterns previously set, or whether a standard image
pattern is found in images which are created by rotafing
or énlarging or reducing the image of a sﬁbject.

An image processor according to the first aspect .
of the present invention comprises: pseudo-gray-scale
image generating circuit means for converting input image
data, which is represented by a first prescribed number of
bits per pixel, into pseudo-gfay—scale image data
represented by a second prescribed number of bits, which
is less than the first prescribed number of bits; image
restoration circuit means for restoring the pseudo-gray-
scale image.data generated by the pseudo-gray-scale imége
generating circuit ﬁeans for each and every one of a

plurality of small areas, each of which comprises a

This Sheet Has Been Replaced
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circuit 13A. Figs. 15 and 16 illustrate the principl e$ REBE&REMENTﬁﬁEEFd
error diffusion. Here the input image data is quanti 7 8 SA%

As mentioned above, input image data of 256 levels r e ente v e1qht
bits is converted into pseudo-gray- |evel |nsm95tﬁat@sﬁéeﬁogg Ae@%mgga
represented by two bits. To this end, ag shown in {Ffo; S g

| evel ), 85, 170 and 255 (white Ievel) f

to the leve,g,fa1dey208NdiRe®s 408 {9Yrovided in a

the pseudo~gray-scale image generated by the pseudo-gray-
scale image generating circuit means, with said each small
area serving as one restored pixel, and outputting
restored.image data for a window at each and every
position; and a plurality of similarity operating circuit
‘means, which operate in parallel, each for calculating an
index value representing a degree of similarity between
the restored image data of each window sequehtially
outputted by the image restoration circuit means and text
data representing a standard image set in advance, the
standard images for the plurality of similarity operating
circuit means being:different from one another.

In accordance with the present invention, input'
image data is converted into pseudo-gray-scale image data,
and the number of bits per pixel of the image data is
reduced by a wide margin. As a result, it is possible to
greatly reduce the number of bits of line memories used
when pseudo-gray-scale image data within a window is
extracted at a video rate. Aécordingly, the scale of
hardware circuitry can be reduced and cost can be iowered.

Further, gray-scale image data is restored by
summing pseudo-gray-scale image.data for each and every
small are provided in a windoﬁ. One pixel of restored

image data is equal to the size of the small area.

Sheet Has Been Rei
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- 36- | evel s are determned in advance. Threshol d vgl BERLAGBMENT $SHEERN

TH3- are set m dway between the forner |evels. gﬁdrmw

"Data" is conpared with the threshold values THL, TH2Dat
is guantized to pseudo-gray-level image dats;;' >

DélSaBHngsr H,gg gé\éﬁr than t he
REPLACED

thah the threshold value TH1; to 01 (= 1% | f
Accordingly, the number of pixels of restored image data

threshold value TH1 and | ess than the

is reduced so that processing (processing for calculating
a similarity index value) for pattern matching 'with text
daté is simp;ified. This leads to smaller scale circuitry
in the case of hardware and to simplification of
processing in the case qf software. Since the lightness
distribution of the input image data is substantially
preserved in the restored image data, the precision of
pattern matching can be maintained.

The pseudo-gray-scale image data is represented by
one, two or more bits per pixel, as mentioned above.
Though lightness resolution is higher'the large; the
number of bits, the scale of circuitry is greater in such
case. For practical reasons, therefore, the number of
bits should be set determined appropriately. The size of
the small areas has an effect upon sbatial resolution and
lightness resolution. The size of the small areas also
should be determined based upon practical considerations.

The window scanning the pseudo-gray-scale imége
can be dispensed with in a case where a positign of the .
image portion to be searched is kngwn in advance or the
entire imagg of a subject is subjected to a pattern-
matching processing. This is frue of image processors and
image processing methods according to the secdnd and third

» I ___/
aspects of the present invention.

heet Has Been Rei
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t hreshold value TH2; to 10 3 . igr eatn
value TH2 and | ess than the|t iﬁEFE*W§ﬁﬁéi H3; ay
is greater than TH3. The ror OB in|ithi s

represented by the follow ng equation: subsﬁhﬁb hBe - KbGgusE+9960
or 255) Eq. (3) In thls_gnbodlnent t he quantlzatlon error
e of the pixel E(O of interest is propagated as is solely toward the

succeedi ng pi xel E(D as illustrated in Fig. 15. In Fig. 14, it
is assuned that the odiment of the present invention, the

standard images are images of models which are different
from'oﬁe another.

In another embodiment of the present invention,
the standard images are forméd based on a single model so
that rotational angles or sizes are difference from one
another.

In a preferred embodiment of the present
invéntion, judging means are further provided for
determining whether a subject image represented by the °
input image data coincides with at least one of the
‘standard images on the basis of the index values
calculated by the plurality of the similarity operating
circuit means.

According to the first aspect of the present
invention, a plurality of similarity operating circuit
means are provided so that index values representing
degrees of similarities for a plurality of standard images
can be obtained in a lump, resulting-in achieving high |
speed processing. Further it can be judged whether a
subject image coincides with at least one of the standard
images, or Whether a standard image is found in images

created by rotating or enlarging or reducing the subject

image.
An image processor according to the second aspect
is Sheet Has BeeIn ieﬂliced




(eight bits) of the pixel E(0) of interest has been gﬁﬁbﬁGEMEwT$nﬂﬁﬁd in
the-latch circuit 70. The image data "Data" is applle; toanﬁ put
term nal A of each of conparator circuits 71, 72 angl_75." Bet aﬂ _mgn i ng
the_ threshold values TH1, TH2, TH3 is appllegugghﬁMQgshgay ~ r.;r%,-.;apf
each of conpar at or’ circuits 71, 72 and 3. The conparator circurts 71, 72

and 73 each generate an
of the present invention comprises: converting means for

conberting input image data into image data representing
images different in rotational angle or in size from the
image rgpresented by the input image data in sequence at a
predetermined period of.time; pseudo-gray-scale imagg
generating 6ircuit means for converting fhe image data
converted by the converting means and represented by a
first pfescribed_number of bits per pixel, every time the
converted image data is supplied from the converting
means, into pseudo-gray-scale image data represented by a
second prescribéd number of bits, which is less than the
first prescribed nuﬁber of bits; 1mage restoration circuit
means for restoring the pseudo-gray-scale 1mage data for
each and every one of a plurality of small areas, each of
which comprises a plurality of pixels and is provide@ in a
window that scans the pseudo-gray-scale image generated by
the pseudo-gray-scale image generating circuit means, with
said each small area serving as one restored pixel, every
time the pseudo-gray-scale imége data is supplied from the
pseudo-gray-scale image generating circuit means and
outputting restored ihage data for a window at each and
every ﬁosition; and similarity operating circuit means for
calculating an index value representing a degree of |
similarity between fhe restored image data of each window

sequentially outputted by the image restoration circuit



-37- output representing 1 if the input inmage data "

t erm nal

B (A > B) and generate an JﬁﬁhﬁHiﬁbHégéﬁEPh; 0in al

tREPLINCEMENT SIPER

aovends 0 6. 4806, 3

A is greater than Feshora—vareq data a

conparator outputs are applii ed t REEMAGERer ci Boyitituté sheet- =
cirtuit 74 suns the conparator outputs gpplied thereto. The result of
addition is 3 if all of the conparator Tcuits 71, 72, 73 generate the

out put 1;

2nééns NgndVWeek@NBAt Al PEpFEEENE I8g Td s 2N ABNET Bh&géd NSet in
advance, every time the restored image data is outputted
by the image restoration circuit means.

According to_the second aspect of the present
invention, the converting means converts input image data
into a plurality items of image data representing images
different in rotation angle or in size from the input
image in sequence. It is not necessary to arrange a

.plurality of similarity operating circuit means as the
first aspect of the present invention. Accordingly, a
ﬁardware construction can be simplified, although time
re&uired for entire processing becomes relatively longer.
It can be judged whether a standard image is found in
images which are produced by rotating or enlarging or
reducing the subject image, using one standard image.

An image processor according to the third aspect
of the present invention comprises: conver;ing means for
converting input image data into image data representing
images different in rotational angle or in size from-the
image-rep:esénted by the input image data in sequence at a
predetermined period of time; pseudo-gray-scale image
generating ciréuit means for converting the image data
converted by the converting means and represented by a
first prescribed number of bits per pixel, every time-the

converted image data is supplied from said converting

T \iﬁi




output 1; 1 if only the conparator circuit 71 generat REFH@CEMFﬁﬁﬁHfﬁTa d
Oif all of the conparator circuits 71, 72, 73 gener B thg‘j@hﬁﬁtﬂ& Thpe
results of addition fromthe adder circuit 74 are outlpifted : 1AL
pseudo-gray- level image data of two bits. gubstitute Eheet €28 AUt 1
addition outputted by the adder circuit /4 are applied to a nmultiplier

circuit 75 to be nultiplied by 85. The dutput of the nultiplier circuit 75

takes on a val ue which is one of the above-nentioned four Ilevels 0, 85,
170. 255 of tPE2BEe tRLR| RSeudo-gray-scale image data represented by a

second prescribed number of bits, which is less than the
first_prescribed number of bits; image restoration circuit
means for restofing the pseudo-gray-scale image data for
each and every one of a plurality of small areas, each of
which comprises a plurality of pixels and is pfovided in a
window that scans'the pseudo-gray-scale image generated by
the pseudo-gray-scale image generating circuit means, with
said each small area serving as one restored pixel, everf
_time the pseudo-gray-scale image data is supplied from the
pseudo—gray-scale image generating ciréuit means and
outpufting restored image data for a window at each and
every position; and a plurality of similarity operating
circuit means, which operate in parallel, each for
calculating an index value representing a degree of
similarity between the restored image data of each window
sequentially outputted by the image restoration circuit
meané and text data representing a standard image set in
advance, every time the restored image data is outputted
by the image restoration circuit means, the standard
iméges for the plurality of similarity operating circuit
means being formed based on a single model and different
in rotational angle or in size from one another.

According to the third aspect of the present

invention, a hardware construction is simplified in



E(0) of _interest tpai-HACEMENT $HERHad
R ||nput ter D{]ﬁ(ﬁ@‘AﬁGSMractor

g%lt 75 enterg_1he megat-i-ve--+-nput
diftttsneet £ OOTAGBUBPTHTE™

The i mage data "Data" of the pixe
in4he latch circuit 70 e

76, and the output of the lﬂS%WE%rHé
terninal of the subtractor |ci r cuREPERC
t he* subtracti on operation

comparison with the first aspect of the present invention
and the entire processing time period can be shortened in
comparison with the third aspect Qf the present invention.
The present invention provides for methods of
imaQe processings performed in the image processors
described above.
Other features and advéntages of the present
- invention will be apparent from the following description
taken in cinjunction with the accompanying drawings, in
which like reference characters designate the same or

similar parts throughout the figures thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the overall
'configugation of an image processor according to a first
embodiment;

Fig. 2 ié a wavéform diagram showing a clock
signal, a horizontal synchronizing signal and a vertical
synchronizing signal;

Fig. 3.i11ustrates a window set within a picture
as well as a small area set within the window;

Fig. 4a to 4d show standard images extracted from
securities;

Fig. 5 shows standard images created by rotation

Sheet Has Been Reraced
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given by Equation (3) and outputs data representing th=RE€PAGFM§NTSHEET
The: data representing the error e is applied to an acder ? ﬁqg% re
this data is added to the image data of the next pix gienY)- e resul

of addition perforned by the adder circuit 7§ub§nﬁﬁé% a6t g

cirtuit 70 at the timing of the next C|Of¥ signal CK ' Since the
above-descri bed operation is repeated at**the period of the clock signal

CK, the pseudg %$a¥ IeveI image generating circuit 13A outputs

pseudo- gray v

Fig. 6 is a block diagram illustrating a specific
example of a dither-image generating circuit:

Fig. 17 ana Figs. 8a, 8b illustrate the principles
of binarizing processing that employs the error diffusion
method;

Fig. 9 is a block diagram illustrating a specific
example of an image restoration circuit;

Fig. 10 is a block diagram illustrating a specific
gxample of a small-area restoration circuit;

Fig. 11 is a block diagram illustrating a speﬁific
example of a difference calculating circuit;

Fig. 12 is a block diagram illustrating a specific
example of a peak holding circuit;

Fig. 13 is a block diagram illustrating the .
overall configuration of an image processor according to a
first variation of the first embodiment;

Fig. 14 is a biock diagram illustrating a specific
example of a pseudo-gray-scale image generating circuit;

Figs. 15 agd 16 illustrate a method of multivalued
processing using the error diffusion method;

Fiq. 17 is a block diagram illustrating a specific
example of an image restoration circuit;

Fig. 18 is a block diagram iliustrating a specific

example of a small-area_restoration circuit;



| rage data of two bits at the period of the clock_5|".
15 4llustrates the overall configuration of the in§

14A. In conparison with the 1image restoration circ _ 9,
it wll be seen that this circuit differs '”Sbﬂéﬁn1~*' -Bigl. 1996
menbries 40 are replaced by two-bit Ilnelfennrles AOA——Forher—as=sfown
in Fig. 18, the construction of a snmall-="“area restoration circuit 41A al so
differs fromthat of the small-area restoration circuit 41 illustrated
earlier. Figs. 19 and 20 are block diagrams illustrating

examples of a smoothing circuit;

Fig. 21 is a block diagram illustrating the
overall configufation of an image processor according to a
second variation of.the firsf embodiment;

Fig. 22 is a block diagram illustrating a specific
example of a cross-correlation calculating circuit;

Fig. 23 is a block diagram illustrating the
overall configuration of an'image procéssor according to a
second embodiment;

Fig. 24 is a block diagram illustrafing a detailed
‘construction of an image rotation control circuit shown in
Fig. 23; and

-Fig. 25 is a block diagram illustrating the
overall configuration of an image processor according to a

third embodiment.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

Fig. 1 is a block diagram illustrating the overall
coﬁfigufation of an image processor according to a first
embodiment.

An image processor 10 includes an A/D converter

11, an image memory 12, a dither-image generating circuit



A specific exanple of the construction of the small-a é%ERw%MEMENTQﬂEET
circuit 41Ais illustrated in Fig. 18. A conparison th t A@‘I'Qﬁea
-restoration circuit 41 shown in Fig. 10 shows that tthﬂmaJHH
restoration circuit 41A differs in that the ghbguﬁhe@m‘;--aa*--r-ynu,gm
-39% Dby two-bit latch circuits 42A Thﬁsyhlte pi xel counting

13, an image ;estoration circuit 14, a plurality of
difference calculating circuits 15a, 15b, ..., 15k, a
plurality of peak holding circuits 16a, 16b, .., 16k, a
CPU 17 and an I/0 port 18.

A synchronizing signal generating circuit 19 of
the image processor 10 generates a clock signal CK, a
horizontal synchronizing signal HD and a veftical
synchronizing signal VD (these signals shall be referred
to collectively as "synchronizing signals®) of the kind
shown in Fig. 2. The synchronizing signals are applied to

- a video camera 9, the A/D converter 11, the dither-image
generating circuit 13, the image restoration-circuit 14,
the differenée calculating circuits 15a ~ 15k and the peak
holding circuits 16a ~ 16k. The clock signal CK, one
pulse of which is outputted per pixel of image data,
serves as a sampling clock signal.

The video camefa or television camera 9 picks up
the image of'a-subject and outputs an analog video signal,
which represents the imége of the subject, in synchronism
with the applied.synchronizing signals. The analog video
signal is applied to the A/D converter 11 of the image
processor }0.

The‘A/D converter 11 converts the entering analog
video signal into digital image data. In this embodiment,

the digital image data is represented by eight bits. That
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circuit 43 is replaced by a lightness counting circui
43A is for adding two-bit signals from the 16 | atch ircu'tﬁdgﬁﬁggﬁhus
the small-area restoration circuit 41A is capabl e of|| Paletdr\. ity uda-
gray-level inmge data of four |evels to i magesdpétitudé sheet L 2F Sgust Te96he
smat| area SA serving as one picture el nt . In conparison with
the i mage restoration processing accordihg to the first enbodi nent,
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image data. The digital image data is applied to and

stored in the image memory 12 and is also fed into the
dither-image generating circuit 13. |
| The difher—image genérating circuit 13 quantizes
the entering eight-bit digital image data using the error
diffusion method and obtains binary image (dither image)
data of the type perceived as a tone when viewed overall.
The dither image data is applied to the image restoration
qircuit 14.

In the image'processor 10 of this embodiment, the
degree of similarity between a partial image, which is .
extracted from the input image (the image picked up by the
camera 9) while successively changing position, and each
of given standard images (standard patterns or'model
images) is calcu1a£ed, and the position, in the input
image, of the partial image having the highest degree of
similaritf is determined. Identification of the position
is not necessarily needgd. In this embodiment, a
difference in lightness or a difference in density (these
shall be referred to as "differences") is used as an index
of similarity.

In order to clip a partial image from the input
image, a square window WN is used, as shown in Fig. 3.

Let the size of the window WN be N x M pixels (one pixel



the sanme. In the second enbodi nent, however, the REPLAGEME§§3&§F§

converted into two-bit, pseudo-gray-level inmage data of and
i mage restoration processing is executed using th $mﬂ§ M
i mage data. This is advantageous in that thesubsttutishge ROGUBEID96
(dehsity) is inproved. The snalisarea restoratlon circuit 41A

further includes a snmoothing circuit 447 The snoothing circuit 44 suns
the restored |na e dat which is outputted successively by the Iightness

counting cird&fl LE’,D,QD Vet© the &d ok |sd(9§adf GKe ciThek XsipgdalY @%es are

taken respectively in the horizontal and vertical
directions of the image. The position of the window WN is
represented by the coordinates x, 9‘0f the point in the
upper left-hand corner of the window.

Furthermore, in order to convert the dither image
back into a gray-scale image, a plurality of square small
areas SA that become one picture element of a restored
gray-scale image are provided within the window WN. Let
rhe size of each small area SA be n x m pixels (one pixel
corresponds to the clock signal CK). This means that the
window WN is partitioned into (N/n) x (M/m) small areas.
It should be noted that a portion (spacing) that does not
belong to any small area may be prdvided between mutually
adjacent small areas.

By way of example, the window WN is set to 64
pixels (dots) x 64 pixels (dots), and each small area SA
is set to 4 pixels (dots) x 4 pixels (dots). The window
WN is partitioned into 16 x 16 = 256 small areas SA.

With reference again to Fig. 1, the image
restoration circuit 14 generates reconstrucred Qray-scale
image data_by summing the dither image data (1 or 0) in
each small area SA of the window WN. The size of one
pixel of this restored gray-scale image data is equal to

the size of the small area SA and possesses a lightness



An'exanple of the smoothing circuit 44 is illustrat §dRFM-AGEMENDSHEEE

restored i mage data outputted by the |Iightness counfjin h [ LUl I i
| at ched -40-  suc e%agﬁ? %I@%@%ﬁh
shegf-2€

circuits 81, 82 at the timing of the clock sgghstu
data at a certain -16 -

(density) resolution of n x m levels of gray (e.g., if n'=
'n_‘ = 4 holds, there will be 16 levels of gray).

The restored gray-scale image data is“applied to
each of the difference calculating circuits 15a ~ 15k.
The CPU 17 supplies the difference calculating circuits
15a ~ 15k with a plurality of items of text data created
beforehand with regard to the standard images. Each item
of the text data is created beforehand with regard to the
standard image by a technique exactly the same as that of
processing for creating restored gray-level image data
regarding the input image. For example, an image
including the standard image is. picked up by the camera 9,
the video signal obtained is converted into digital image
data by the A/D converter 11, dither image data is created
by the dither-image generating circuit 13 with the digital
image data serving as the input, a specific portion
representing the standard image in.the dither image data
is cut out through a window, the window is subdivided into
a plurality of small areas and the dither image data is
summed for each and every small area, thergby creating
text data. Of course, the-téxt data may be created by
another apparatus, applied tq the CPU 17 through the 1/0
port 18 and then stored in a memory peripheral to %he CPU
117.

For example, the standard images are extracted



paint in time outputted by the |ightness counting cil HEPLACERE HESS
i mge data outputted fromthe latch circuits 81, 82jone and two clack

periods earlier than this point in tine are added ifhpap a@dkAUb 1890i t [|83,

and the sumis outputted as snoothed i mage d&ubstiteetmaiorae-Po oy
sinplicity, the snoothed inmage data is rgpresented by the character
I[err], which is the sane as that of the "'restored inmage data of the first
enbodi nment) . 20.i | l.ustrates anot her exanple of the snpothing

Fi g, .
circuit 44. from sec‘treft‘g’fe(ﬁ)‘q‘éﬁlsacé%sréﬂ6’Pé‘&$i>wagé5déhawalt ig

Figs. 4a to 44, securities a, ~ a, have characters,

1
'1etters, marks, symbols or figures b, ~ b, printed thereon
and peculiar thereto. Images inclﬁding these characters
of figures are the standard.images P1 ~ P4. The standard
images P1 ~ P4 are extracted from the images of the
securities a, ~a, picked—-up and processed as described
above to be text data. The text data are transferred
sequentially to the difference calculating circuits 15a ~
15k and stored therein as explained later. The plurality
items of text data fed to the difference calculating
circuité 15a ~ 15k are originated from standard images

~which are different from one another. A plurality of the
standard images may be formed on the basis of one kind of
securities. Thé number of pairs of the difference
calculating circuits and peak holding circuits is the same
as the number of the standard images.

Fig. 5 shows another'example of the way of
creating a plurality of standard images. A standard
figure b5 is extracted from securifies as. The standard
figure b5 is used as is to create the standard image QO'
The other ;tandard images Q1 ~ Qk-l are fofmed by rotating
the standard figure b5 by 8, 268, ..., (k-1)8 degrees,

respectively (8 is an arbitrary angle). The rotation of

the figure or image is achieved by rotating the camera 9



certain tine t, and let f(t-1), f(t-2) and f(t-3) rep
| mge data one, two and three clock periods earlier,
g(t) represent the snoothed image data. Sin q - SO
circuit 44 adds the restored inmage data f(t)Subf&uﬁés- h
smoot hed i mage data g(t) may be witten 18s follows: (t)
f(t-1) + f(t-2) Eq. (4) VViting (t-1) for t in Equatlon (4) we
have ordeleclr it fdd ‘als), b @ Pmatd Wordhing pro€@ssliHg which

will be explained later. The plurality of items of text

data produced from the standard images Qo ~ Qk~1 are
stored in the difference calculating circuits 15a ~ 15k,
respectively. |
Each of the difference calculating circuits 15a ~
15k calculates the difference between the restored gray-
level image dafa.and the text data for each and every
small area and sums the absolute values of these.
differences with regard to all of the smail areas within
fhe Qindow.Q The smaller the sum value, the greater the
similarity between the partial image cut from the input
image by the window and the standard image. This is one
type of pattern—-matching processing.
-As set forth above, the window WN is scanned

Jacross the entire area of the input image in the
horizontal and vertical directions. Each of the peak
holding cirbuits 16a ~ 16klfinds the window in which the
sum of the absolute yalues of the aforementioned
differences, which are fed from corresponding difference
calculating circuit, takes on the minimum value. The
minimum value of the sum and the coordinates of the
position of the window in which the minimum value was
obtained are aeplied to the CPU 17 from the respective

peak holding circuits 16a ~ 16k.



The follow ng equation is derived from Equations (4) Rgpo§§MENTSHEET
-41- g(t) = g(t-1) + f(t) - f(t-3) ES.

.Y .
circuit of Fig. 20 executes the arithnetic operati01_~___12§£ﬂgﬁfgggm

Latch circuits 84, 85, 86 Substitute sheet - 29 AUGUSTFOO¢
) -19-

The CPU 17 executes predetermined processing based
upon the minimum values and the coordinates of the window
position provided by the peak holding circuits 16a ~ 16k.
For example, the CPU compares the applied minimum values
with a predeterminéé threshold value and, if at least one
of the minimum values is equal to or.less than fhe
threshold value, judges that the partial image cut from
the ihput image by this window coincides with at least one
of the standard images.

When it is judged that coincidence has been
attained, the CPU uses the applied coordinates of the
window to read the image data of the partial image for
which coincidence. has been judged out of the image memory
12, and épplies this image data to an external device,
e.g., a CRT display unit, through the 1I/0 port 18 to
present a display of'fhe partial image. The partial image
for which coincidence has been judged may by subjected to'
measurement processing (e.g., processing for tracing the
contour, for calculating the area or position of the
center of gravity of a portion defined by the contour or
for.recognizing shape) .

Altgrnatively, the CPU 17 outputs a coincidence
signal through the I/O0 poft 18 when it is judged that
coincidence has been attained. .

The image processor 10 has many applications. An



| atch the itens of restored inmage data f(t-1), f(t- 9EMF§TSHEET

respectively. The arithnmetic operation f(t) - f(t- f3 @rAlGe1986cong term
onward on the right side of Equation (6) is execu Carsubt-ractor
circuit 87. Alatch circuit 89 latches the §@gﬁhnﬁgshégﬁgfiﬁﬁa§@§fﬁ 6
that prevails one clock period earlier ccordingly, the arithmetic
operation on the right side of Equatlon%¢% Is perfornmed in an adder

circuit 88, an he snoot hed j mage data g(t) obt ai ned. The circuit of
Fig. 20 i TR A r ey e madhy A Heing & Funcion

~of inhibiting securities from being copied. The standard

images shown in Figs. 4a to 4& or Fig. 5 which represent
uniéue characters or figures of the securities are
registered as text data in the iﬁage processor 10 (in the
difference calculating circuits 15a ~ 15k) as mentioned
above. The coincidence signal outputted from the CEU 17
is fed to a control unit of the copying machine, which in
turn inhibits copying operation.

In the case where the standard images shown in . |
Figs; 4a to 4d are registered, a plurality kinds of
_securities can be inﬁibited from being copied. In the
case where the standard images shown in Fig. 5 are
registered, the copying operation of the securitieé is
inhibited even if the securities'afe set on the machine in
an oblique state.

Specific examples of the construction of the
circuit blocks shown in Fig. 1 will now be described in
succession.

Fig. 6 illustrates a specific example of the
construction of the dither-image generating circuit 13.
Further, Fig. 7 and Figs. 8a, 8b are for describing the
pfinciples of binarization by the error diffusion method.

| In Fig. 7, the description will focus on one pixel

E(0O) of an input image. The A/D conversion performed by



sinplified in actuality in conparison with the circultREFLACEMENTLSKEET
As described in connection with Fig. 15, the error g of th qg!E(O) of
interest is propagated solely toward one succeedinglnkmeﬁ E(Eﬂg er,
since the error in the pixel E(Dl) is furthegyupsflAtERRTEIFAGIETIV6
follow ng pixel E(D2), in actuality the _sfror of the pixel E(O0) of
i nterest has an influence upon image dat & even at falrly di stant pi xel s.
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clock for every item of image data (eight bits) of one

- pixel, and the image data is fed, one pixel at a time in
the order pf scanning, into the dither-image generating
gircuit 13 at the period of the clock signal. Let E(1D)
represent a pixel which is inputted 1D later than the
pixel E(O) of interest (where 1D is one period of the
clock signal CK). Similarly, let E(1H) represent a pixel
at a position delayed by 1H relative to the pixel E(0) of
;nterest (where 1H is one horizontal scanning interval),
let E(1H-1D) represent a pixel at a position delayed by
(thlD).relative to E(O0), and let E(1H+1D) represent a

- pixel at a position delayed by (1H+1D) relative to E(0).

In accordance with the error diffusion method,
first an error e at the pixel E(0) of interest is
calculated. In accordance with the dither method, image
data "Data" of the pixel E(O) of interest is compared with
a predetermined threshold value TH. The threshold value
TH usually is set midway between the white level (Data =
255) and the black level (Data = 0). If "Data" exceeds
the threshold value TH, then the pixel E(0) of interest is
binarized (binary data 1) by being forcibly set to the
white level, as shown in Fig. 8a, and the error e produced
in this binarization is calculated in-a¢cordance with fhe

following equation:
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takes smoot hi ng processing, inmage restoration that takgs into SHEET
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since the restored image data of a small aregubgifitBYHRLPI 2P AUt N996
resblution in 229 ' |

e = "Data" - 255 : Eg. (1)

If "Data" is equal to or less than the threshold value TH,
then the pixel E(0) of interest is binarized (binary data
0) by being forcibly set to the black level, as shown in
Fig. 8b, and the efror e produced in this binarization is
.calculated in accordance with the following equation:

e = "Data" - 0 Eq. (2)

The binary data obtained by this binarizing
processing is dither image data. Accordingly, the dither
image data is expressed by one bit per pixel.

The error e produced. by binarizing processing i$
apportioned to the other pixels E(1D), E(1H-1D), E(1H) and
E(1H+1D) at a rate of e/2, e/8, e/4 and e/8. This is the
error diffusion method. Thus, even though the image data
of the pixel of interest is quantized, the error attendant
upon this quantization is apportioned to the pixels
adjacent to the pixel of interest. As a result, the
average lightness (density) iﬂ the local area centered
upon the pixel of interest'is substantially preserved.

In Fig. 6, latch circuits 20, 26, 29, 31 and. 33,
each of which is composed of eight flip-flops, temporarily
store eight-bit image data'and act to apply a delay-of'ID.
The latch circuits 20, 26, 29, 31 and 33 are provided with
the clock signal CK. A 1H delay circuit 27, which delays

the image data by an interval of 1H, is provided with the



terms of lightness is raised w thout causing a decI| R§e+AQQ%§NE§HEET
resolution. The precision of matching processings t ? 6'195
calculating circuits 15Aa ~ 15Ak are inproved. Th|s | ‘%d ant-ageous...i
case where it is required to express nnute glifdtRugNsteset -N29TALGY
in® a |lowcontrast inage. Each gf the difference cal cul ating
circuits 15Aa ~ 15Ak is basically the ne as the difference cal cul ating
circuit showmn in Fig. 11. Wiereas 16-level restored inage data is dealt
with in eaclelgick wighd¥ diiermoal gdlec Weatizoptal synchronizing signal

8S

HD.

A situation will be considered in which the_image
data of the pixel E{0Q) of interest has been stored in the
latch circuit 20. The image data "Data" of.the pixel E(0)
of interest is applied to one input terminal A of a
comparator circuit 21. Daté representing the threshold
value TH is applied to the other input terminal B of the

'comparator circuit 21. The comparator circuit 21 outputs
the binary data 1 if the input image dafa "Data" exceeds
the threshold value TH (i.e., if A > B holds) and the
binary data 0 in all other cases. This binary data is
outputted as dither iﬁége data and also enters a
multiplier circuit 22.

The multiplier circuit 22 multiplies the input
binary data by 255. Accordingly, eight—bit data
representing 255 is outputted by the multiplier circuit 22
if the input binary data is 1 and eight-bit data
representing 0 is outputted if the input binary data is 0.

The outputted data is appliéd to thé negative input
terminﬁl of a subtractor ciréuit'23.

The image data "Data“ of the pixel of interest
held in the latch circuit 20 enters the positive input
terminal of the subtractor circuit 23. Accordingly, the

subtractor circuit 23 performs the operation represented
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circuits 15a ~ 15k, 48-|evel restored and snoot hed
with in each of the difference calculating circuits
the only difference. O course a plurality of text
different standard inages are registered |n Enggﬁug
cirtuits 15Aa ~ 15AK. Second Varlatlo I'rs
the first embodi nent and the first variatf bn thereof, the difference
nmet hod used as the pattern nmatching technlque i nvol ves cal cul ating, for
each and by Equation (1) or Equation (2) and calculates the error

e. The data représenting the error e obtained is applied
to a divider circuit 24.

The divider circuit 24 divides the error e by 2, 4
and 8 to calculated e/2, e/4 and e/8. Data representing
the resu1£§ of division e/2 is applied to an adder circuit
25, data representing e/4 is applied to an adder circuit
30, and data.fepresenting e/8 is applied to adder circuits
28, 32. |

The image data of pixel E(1D) is held in the latch
circuit 26. This image data is fed into the adder circuit
25. Accordingly, the data representing e/2 is added to
the image data of pixel E(1D) in tﬁe adder circuit 25.

The image data of the pixels E(1H-1D), E(1H),_
E(1H+1D) is temporarily stored in the latch circuits 29,
31, 33, respectively. The image data enters the adder
circuits 28, 30, 32, respectively. Accordingly, the data
representing e/8, e/4 and e/8 is added to the image data
of the pixels E(1H-1D), E(1H), E(1H+1D) in the adder
circuits 28, 30, 32, respectively.

The various afithmetic operations described above
are performed during one period of the clock signai CK,
and the results éf addition in the adder circuits 25, 28;
30, 32 afe accepted by and temporarily.stored in the

succeeding circuits, namely the latch circuit 20, 1H delay
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the second variation of the first enbodi nent, Substitute sheet-
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circuit 27 and latch circuits 29, 31, respectively, at the
timing of the next clock signal CK. The image data of the
pixe; E(1H+ZD) is accepted by the latch 33.

The_foregoing operation is executed every pe;iod
of the clock signal CK. That is, binarization of the
image data and diffusion of the error, which is produced
attendant upon binarization,.to the adjacent pixeis,
namely dither processing, are execufed pixel by pixel.

Fig. 9 illustrates the overall configuration of
the image restoration circuit 14; and Fig. 10 illustrates
a_specific example of the construction of a small-area
restoration circuit 41 shown in Fig. 9.

As mentioned above, the window WN is set in the

input image and the window WN is scanned in the horizontal
and vertical directions. The window WN is subdivided into
the plurality of small areas SA.

The size (n x m) of each small area SA is decided
by the number of flip-flops 42 contained in one small-area
restoration circuit 41. In this embodiment, the size of
each small area SA is 4 x 4 pixels, as shown.in Fig. 10.
The.size {number of bits N) of the window WN in the
horiéontai_di?ection is decided by the size (number of
bits n) of the small-area restoration'circuit‘41 in the
horizontal direction and the numbér of stages (N/n = 16

stages in this embodiment) of the small-area restoration




the pattern-matching techni que invol ves cal cul ating
cross-correl ation val ue between the restored inmage
t he standard i nmage. Fig. 21 illustrates anjteXanpi-e..Qf 1!
configuration of an inmage processor 10B accorgypditite ER6et S SooREqis 1 8bBoN
of *the first enbodi nent. Conponents |dg§§|cal wi th those accordlng To the
first variation shown in Fig. 13 are deSignated by |ike reference
characters. This variation differs in that the difference calculating
circuits 15Adrculiték 4andn hdepddlcikeindialgdirection. The size (number °

of bits M) of the window WN in the vertical direction is
decided by the size (number of bits m) of the émall—area
restoration circuit 41 in the vertical direction and the
number of stages (M/m = 16 stages in this embodiment) of
the small-area restoration circuits 41 in the vertical
direction.

In Fig. 9, the image restoration circuit 14 is
provided with (N/n) x (M/m) small-area restoration
circuits 41. The small-area restoration circuits 41
arrayed in the horizontal direction are connected in
cascade. Further, (M-1l)-number of one-bit line memories
(one-bit shift registers) 40 afe provided, and the line
memories 40 also are connected in céscade. Further, the
output of ea&h ;ine memory 40 enters the first column of-
corresponding,sméll-area restoration circuits 41 arrayed
in the vertical direction. That is, the output dither
image data of éhe ditﬁer—image genefating circuit 13 and
the output data of the line memories 40 of the first
through third stages are applied to the small-area
restoratioﬁ circuit 41 in the first column and first row.
Similarly, the output data from four line memories 40 at a
time is applied to those small-area restoration circuits
of the first column that correspond thereto.

With reference to Fig. 10, each small-area



circuits 16a ~ 16k for each detecting a m nimum val uefjare e
cotrelation-value calculating circuits 15Ba ~ 15Bk (00
circuits 16Aa ~ 16Ak for each detecting a nmaxi numyv
dither-imge generating circuit 13 and the iSoptitutsseatti 29
aceording to the first embodi ment shownqgsn Fig. 1 can be used instead of
t he pseudo-gray-Ilevel inage generating <circuit 13A and i mage restoration
circuit 14A, -respectively. As described in the first enbodi nent
and the first '

restoration circuit 41 includes n x m flip-flops 42
arrayed in m row and n columns. The flip-flops 42 in the
same row (lined up in the horizontal direction) are
connected in cascade. Inputted to thé flip~-flop 42 in
each row of the leading column is the output data of a
line memory 40 (the oﬁtput data ofifhe dither-image
generating circuit 13 is inputted to the flip-flop 42 in
the first row and first column of the small-area
_;estoration circuit 41 in the first row and f;rst column)
or the output data of the small-area restoration circuit
41 of the immediately preceding stage. The output data
froﬁ the flip~-flop 42 in each row of the last column is
applied to a flip-flop 42 in the leading column of the
succeeding smal;-area restoration circuit 41 (this is
unnecessary if there is no small-area resto:afion circuit
connected to the succeeding stage).
The output data (one-bit data) of each flip-flop
42 is applied to a white-pixel counting circuit 43. The
_latter counts the number of pixels possessing the white
level (binary data 1) contained in the small area SA.
Since the syall area SA is composed of 4 x 4 pixels in
this embodiment, the maximum value of the count is 16 and
the output data of the counting circuit 43 is capable of

being expressed by a minimum of five bits (expression by
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therrestored inage data I[err] [i=1 ~7r; r (Nn) x (((Mm]
wi ndow WN, and this image data is applied to the corrgloatd by WIbuESO
calculating circuits 15Ba ~ 15Bk. The restosmgshﬁng.—g?»«as_ﬁ“u_g; 13
represented with the small area SA servbgg as picture el enent. nmber

eight bits is of course permissible). Output data I, from
the counting circuit 43 becomes the output data of the
~small-area restoration circuit 41.

The output data Ii of the small-area restoration
circuit 41 is the result of expressing the average
lightness of the small area SA in the form of 16 levels.
This is restored gray-level image data. When thé small
area SA is considered to be one picture element, this
restored gray-level.imége data may be said to express the
lightness in thié element.

If the size of each small area SA is enclarged,.
the resolution (number of levels) of lightness will

.increase but the spatial (two-dimensional) resolution of
the subject will decrease. Accordingly, the size of each
small area SA should be decided upon taking into account
the lightness resolution and spatial resolution required.

By contrast, the window WN would be set in
conformity with the size of the subject to undergo image

- pProcessing. For example, if the purpose of processing is
to judge whether a partial image coincides with the
standard image or to recognize the position of a circle
contained by a subject, the window WN is set to a size
that contains the partial image or the entirety of the
circle.

The clock signal CK is applied to the line
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is. r = 256. Meanwhile, the CPU 17 outputs the corr sBonq%q?é¥mp dat
(text data) Merr] (i =1 ~r) regarding the standar

correl ation-value calculating circuit, whichgybstifute sheet+ 29 AUGUET A6

D fferent inmage data is applied to each the correlation- vaIue
calculating circuit 15Ba ~ 15Bk. These ifens of image data Merr] are held
in a tenporary nenory circuit, such as a text register, in each of the
correl ati on-val ue calculating circuits 15Ba ~ 15Bk. A nornalized cross-

"correlation value Ris calculated in each of the .
memories 40 and to the flip-flops 42 of the small-area

restoration circuits 41 in the aone-described image
restoration circuit 14. The data that has accumulated in
these is shifted sequentially every period of the clock

~signal CK. As a result, the window WN is scanned in the
horizontal and vertical directions. At each pcsition of
the window WN, the restored gray-level image data is
obtained with regard to all of the small areas SA
contained in the window WN.

Fig. 11 illustrates a specific exmaple of the
construction of each of the diffarence calculating
circuits 15a ~ 15k.

The difference calculating circuit includes small-
area difference circuits 50 the number of which is the

~same as that of“the small—-area restoration circuifs 41.
Each small-area difference circuit 50 is constituted by a
subtractor circuit 52, an absolute-value circuit 53 and a
text register 54. The output image data Ii [i =1 ~ (N/n)
x'(M/m)] of each small-area restoration circuit 41 is
applied to the positive input terminal of the subtractor
circuit 52_of the corresponding small-area difference
circuit 50.

Meanwhile, as set forth above, text data M,, which

corresponds to the aforementioned restored gray-level



correl ati on-val ue calculatlng circuits 15Ba ~ 15Bk
follomﬁng equati on:

Rlerr] =1[r([err]IM - ([err]l)([err]h@][err] I1r(
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-([err]l[err'])] [err] \Ahere$lmst]tuteebhee:téﬂﬂsm Gith

redard to i

=1 ~r. The correlgfion value Ris calculated for the

w ndow WN at each position scanned, and the calculated correlation value R
is applied to the correspondi ng peak

image data Ii' and which is created in advance with regard
to the standard image, is stored in the text register 54
of each small-area difference circuit 50 upon.being
provided by the CPU-17. The text data Mi of each £ext
regisfer is applied to the_negativg input terminal of the
subtractor circuit 52.

The text data'Mi is gray-level image data of a

small area obtained by performing processing in accordance

- with a technique exactly the same as that used for the

image data Ii with regard to the'stangard image. In the
illustrated example, the image daté Mi is applied serially
t0 each text register 54 from the CPU 17. However, it ié
of course permissible to apply this data as parallel data
through a data bus.

In the subtractor circuit §2, the text data M is
subtracted from the restored gray-level image data Ii’ and
the absolute value of the reéulting difference is obt :ined
in the abéolute value circuit 53. The data representing
the absolute value of the difference enters the adder
circuit 51.

The adder circuit 51 sums the absolute-value data
outputted by all of the small—area_differeﬁce circuits 50.
The value of the sum is applied to the peak holding
circuit 16, which is the next stage. The value of the sum

outputted by the adder circuit 51 represents the degree of
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detects the maxi num val ue of the applied correlation v{l n t
scanni ng of the wi ndow regarding one picture ends, out} Dﬁéﬁkpﬁgugggﬂgm-
value as well as the coordinates of the posiSubstitote sheetv 280Augiist
whi*ch the maxi mum val ue was produced. Thg maxi rum value and the
coordi nates are applied to the CPU 17. In a manner identical with
that of the first

similarity between the partial image within the window and

the standard iﬁage. The smaller the value of the sum, the
greater the similarity between the partial imaée and the
standard image.

Fig. 12 illustrates a specific example of the
construction of each of the peak holding circuits 16a ~
16k. The peak holding circuit detects the minimum value
of the sum (the minimum difference valuej provided b? the
-corresponding difference calculating circuit and detécts
the coordinates representing the position of the window WN
in which the minimum difference value is produced.

The minimum value of the sum inputted every period
of the clock signal CK is detected by latch circuits 61,
62 and a comparator circuit 60. The maximum value
possible (all 1s, for example) is preset in the latch
circuit 62 at the timing at which the vertical
synchronizing signal VD is applied at the stgrt of peak
holding processing. The sum provided by the difference
calculating circuit is temporarily stored in the latch
circuit 61 every clock signal CK. The comparator circuit
60 compares the value of the sum being held in the latch
circuit 61 and the value being held in the latch 62
(initially the maximum value, as mentioned above; from the
first comparison operation onward, the value is the

minimum value of the sum prevailing up to the current



enbodi ment and the first variation thereof, the CPU 17
appl i ed maxi num correl ati on values fromthe peak hol di
16Ak with the predetermined .threshold val ue and constr
standard i mage has been found if at |east ongupwdtitlitesHest2 1
vallue exceeds the threshold val ue. The tial image found (the image
within the wi ndow that provides the m m correl ation value) is
di spl ayed on a display unit or subjected to various types of neasurenent-
processing. tfhéplnatevehy, valcei HFi €eacCousi Befhg ite UtiNIttied {400ntde
is smaller, the comparator circuit 60 generates an output
signal. The output signal of the comparator is applied to
the latch circuit 62 as a latch timing signal, and the
value of the sum being held in the latch circuit 61 at
this time is latched in the latch circuit 62 as the
minimum value up to the current t;me. Thus, among the
entered sum values, the minimum suﬁ.value'up to the
current time is held in the latch circuit 62.
Meanwhile, an X counter 63 is cleared by the
.horizontal synchronizing signal HD and then counts the
clock signal CK input thereto from this point in time
onward. Accordingly, the count in the X counter 63
represents the X coordinate of the windoleN. A Y counter
64 is cleared by the vertical synchronizing signal VD and
then counts the horizontal synchronizing signal HD input
thereto from this point in time onward. Accordingly, the
count in the Y counter 64 representé the Y coordinate of
the window WN. The output signal from the comparator 50
is applied to latch circuits 65; 66 as latch timing
signals. The latch circuits 65, 66 the;efore_latch the
counts of the respective counters 63, 64 prevailing at
this time. The X, Y coofdinates of the window WN in which

the value of the sum is judged to be the minimum at this

point in time are held in the latch circuits 65, 66.
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CPU 17. . Fig. 22 illustrates an exanpl e of thejconst uﬁélﬁ?ﬁ%ﬁ tihe
cokerel ati on-val ue calculatlng circuit. The su nmawr?l .............

restored image data I[err] is calculated by an adder
square of the sum([err]l)[err] is cal cul at edubstituteghaet ngSCAugust 1996
The square I[err] of each item of restp§§g I mage data I[err] is

I R )

When the next vertical synchronizing signal VD
enters, the maximum value is again preset in the latch
circuit 62 and latch circuits 67, 68, 69 respeﬁtively
latch the minimum value of the difference from latch
circuit 62, the X coordinate of the latch circuit 65 and
the Y cooridnate of the latch circuit 66. Since the
scanning of one picture by the window WN is concluded at
this time, the minimum difference vaiue in one picture and
the X, Y coordinates of the window WN in which the minimum
difference value is produced are hald in the latch
circuits 67, 68, 69 and applied to fhe CPU 17!

In the case where the image processor 10 is used
in the copying machine for inhibiting securities from
_being copied, data representing the X, Y-coordinates_of
the window WN in which the minimum difference value is
produced do not need to be fed to the C?U 17. Only the
minimum difference value in one picture is fed to the CPU
17 from each of the peak holding circuits 16a ~ 16k. The
CPU 17 finds the minimum one among the minimum difference
values fed from the peak holding circdits 16a ~ 16k, and
judges whether the found minimum oné is equal to or less'
than the threshold value. The coincidence signal is
outputted only when the minimum one is judged to be equal
to or less than the threshold value.

Since a plurality pairs of difference calculating
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[ferr]l[err] of the squares is calculated in an adder ik

The product [err] of the restored imge data I[err] and the tex
Merr] corresponding thereto is cal cul ated i gybstiipeaheet - @ Auglust -1980er
ofsmultiplier circuits 94, and the-sunhherr]lwlof t hese products is
calculated in an adder «circuit 95. T Wth regard also to the text
data Merr], the sum[err]M

circuits and peak holding circuits are provided in the

first embodiment mentidned above, and a plurality of items
of text data which represent a plurality kind; of standard
images are registered in the diffefence calculating
circuits, pattern-matching processings using a plurality
of different standard images are performed in parallel,
resulting in high speed processing.

The text data can be created directly from the
standard image data without the intermediary of dither-
image creation processing and gray-level imége restoration
processing. More specifical;y, éﬁe standard image data
(expressed by eight bits per pixel) is subdivided into a

' plurality of small areas. The image data is summed for
each and every sm§11 area and the résult of the summing
operation is divided by 256, whereby the text data is
obtained. The reason for dividing by 256 is that the

‘image data is represented by eight bits.

First Variation of Firsf Embodiment

In the first embodiment described above, the
dither image data is obtained by binarizing the inpﬁt
image data. , According to the first variation of the first
embodimenf, pseudo-gray-level image data (multivalued
dither image data) is obtained by subjecting the input

image data to a multivalued conversion (quantization to



of the text data Merr] is calculated in an adder circu tn%ﬁ§A€§%F*n%ﬁEET
square ([err]M[err] of this sumis calculated by a sq @rait@ﬁ__ﬂ_i_ﬁul&ﬁlﬁmo&
in the same manner as the restored inmge data I[err]. ‘tFee-—sguaresS WIETY
of these itens of text data Merr] are cal cu astitutieNsHRPERY IAFQUEIEO96
r-aiunber of squaring circuits 97, and e sum[err]Merr] of these squares
Merr] is calculated in an adder circudi’t "98. The product
([err]l)([err]M of the sum([err]l of the restored inage data obtained

from t he addef, Gisvaided mdit! i SHPed Vdlddey. t B daha obt ai ned

fromthe adder circuit 96 is
improvement in restorability is attempted by performing

smoothing processing when the pseudo—gray—le;el image data
is restored.

Fig. 13 illustrates the overall configuration of
an image processor according to the first variation of the
first embodiment. This processor 10A differs from that of
the first embodiment shown in Fig. 1 in that the dither-
image generating circuit 13, image resioration cifcuit 14
and difference calculating circuits 15a ~ 15k are replaced
by a pseudngréy—level image generating circuit 13A, an
image restoration circuit 14A and difference calculating
circuits 15Aa ~ 15Ak. These points which distinguish this
variation from the first embodiment will now be described.

Fig. 14 shows a specific example of the |
construction of the pseudo-gray-level image generating
circuit 13A. Figs. 15 and 16 illustrate the principles
quantization and error diffusion.  Here the input imagel
data is quantized to four values.

As mentioned above, input image data of_256 levels
represented by eight bits is converted into pseudo-gray-
level image data of four levels represented by two bits.
To this end, as shown in Fig. 16, levels 0 (black level),
85, 170 and 255 (white level), of the 256 levels,

corresponding to the levels 0, 1, 2 and 3 of the four



calculated by a multiplier circuit 101. Meanwhil e, dat
nunmber r of small areas is provided by the CPU 17, a
r([err]IM of the nunber r and the value [err]IM obt
circuit 95 is calculated by a multiplier Clr%%b%ﬂﬁﬂé qq €
betWween the output of the nultiplier CIrCUIt Ko
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levels are determined in advance. Threshold values TH1,
TH2 and TH3 are set midway between the former levels.

The input image data "Data" is comparea with the
threshold values TH1, TH2 and TH3 and "Data" is quantized
to pseudo-gray-level image data 00 (= 0) if "Data" is less
than the threshold value TH1; to 01 (= 1) if "Data" is
greater than the threshold value TH1 and less than the
threshold value TH2; to 10 (= 2) if "Data" is gfeater than
the threshold value TH2 and less than the threshold value
TH3; and to 11 (= 3) if "Data" is greater tyan TH3. The
error e produced in this quantization is represented by
the_following equation:

e = "Data" - (0, 85, 170 or 255) Eq. (3)

In this embodiment, the quantization error e of
the pixel E(0) of interest is propagated as is solely
toward the sucbeeding pixel E(D1), aé i;lustrated in Fig.
15.

In Fig. 14, it is assumed that the image data
(eight bits) of the pixel E(0) of interest has been
temporarily stored in the latch circuit 70. The image
data "Data" is applied to the input terminal A of each of
comparator circuits 71, 72 and 73. Data representing the
thréshold values TH1, THZ2, IHB is applied to the input
terminal B of each of comparator circuits 71, 72 and 73.

The comparator circuits 71, 72 and 73 each generate an



multiplier circuit 101 is calculated by a subtractor [cREBLAGEMEST SHEHT! jne
shuare of the result of the subtraction opration is ¢al culsahe Y,
squaring circuit 109, whereby the nunerator of Equat|oﬁm@;§hlguadggﬁne
The product r([err]l[err]) of the output [er rd¢ldtitite She
and the nunber r of snmall areas is calcggated by a nultiplier CIrCUIt 100,
and the output ([err]l)[err] of the ring circuit 99 is subtracted from
this product by a subtractor circuit 105 Sinmilarly, the product

r( Lgr r'M e][ rjgutfut tdepreagentdingenr liY et isfpvaddaagel datd "Paw@nd dthe

nunber r o

the input terminal A is greater than the threshold-value
data at the input terminal B (A > B) and genérate an
output representing O in_all other cases. These
comparator outputs are applied to an adder circuit 74.

The adder circuit 74 sums the comparator outputs
aﬁplied thereto. The résult of addition is 3 if all of
the comparator circuits 71, 72, 72 generate the output 1;
2 if the two comparator circuité 71, 72 generate the
'output 1; 1 if only the comparator c¢ircuit 71 generates
the output 1; and 0 if all of the comparator circuits 71,
72, 713 generate the output 0. The results of addition
from the adder circuit 74 are outpﬁtted as pseudo-gray-
level image data of two bits.

The results of addition outputted.by'the adder

- circuit 74 are applied to a multiplier circuit 75 to be
multiplied by 85. The output of the multiplier circuit 75
takes on a value which is one of the above-menfioned four
levels Q, 85, 170, 255 of the 256 levels.

The image data "Data" of the pixel E(0) of
interest that has been latched in the latch circuit 70
enters the_positive input terminal of a subtractor 76, and
the output of the multiplier circuit 75 enters the
negative inpﬁt terminal of the subtractor circuit 76. The

subtractor circuit 76 performs the subtraction operation.
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[err] of the squaring circuit 103 is subtracted fromjihis prad a
subtractor circuit 107. The results of subtraction p E@Pn@dﬁﬂgﬁiﬁﬁéém
subtractor circuits 105, 107 are nultiplied §qo&ities sRger- 29 Augugpng
cirfcuit 108, whereby the denom nator of uation (7) is obtained.

The output of the squaring circuit 109 1% divided by the output of the
multiplier circuit 108 in a divider <circuit 110, whereby the value R err]

on the left gidRmby Equation (3) and outputs data representing the

error e.

The data representing the error e is ;pplied to an
adder circuit 77, where this data is added to the image
data of the next pixel E(D1). The_result of addition
performed by the adder circuit 77 is latched in the latch
circuit 70 at the timing of the next clock signal CK.

Since the above-described operation is repeated at

- the period of the clock signal CK, the pseudo-gray-level
image generating circuit 13A outputs pseudo-gray-level
image data of two bits at the period of the clock signal
CK.

Fig. 15 illuétrates the overall configuration of
the image restﬁratioh circuit 14A. 1In comparison with the
image restoration circuit 14 shown_in Fig. 9, it will bé
seen that this circuit differs in that the one-bit line
memories 40 are replaced by two-bit line memories 40A.:
Further, as shown in Fig. 18, the construction of a small-

- area restoration circuit 41A also differs froﬁ that 'of the
small-area restoration circuit 41 illustrated earlier.

A specific éxample of the construction of the
small-area restoration circuit 41A is illustrated in Fig.
18. A comparison with the small-area restoratiop circuit
41 shown in Fig. 10 shows that the small-area restoration

circuit 41A differs in that the flip-flops 42 are replaced
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accordance with a selection signal S applied thereto. AY¢

square Rlerr] of the correlation val ue obtai rBubstitute sheet - 29 August 1996
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by two-bit latch circuits 42A. The white-pixel counting
circuit 43 is replaced.by a lightness counting circuit
43A. The circuit 43A is for adding two-bit signals from
the 16 latch circuits 42A. Thus, the small-area
restoration circuit 41A is capable of restoring pseudo-
grayflevel image data of four levels to image data of 48
levels, with the small area SA serying as one picture
element.

In comparison with the image restoration
processing according to the first embodiment, spatial
resolution is the same if the size of the small are SA is
the same. In the second embodiment, however, the input
image data is converted into two-bit, pseudo-gray-level
image data.of four levels, and image restoration
processing is executed using this pseudo-gray-level image
data. This is advantageous in that the resolution of
lightness (density) is improved.

The small-a;ea restoration_circuit 41A further
includes a smoothing circuit 44. The smoothing circuit 244
sums the restored image data, which is outputted
successively by the lightness counting circuit 43A, over

. three periods of the clock signal CK.

An example of the smoqthing circuit 44 is

illustrated in Fig. 19. The restored image data outputted

by the lightness counting circuit 43A is latched
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by_the divider circuit 110 is applied to the correspondi
circuit through the nultiplexer 111. The proces
calculating the correlation value is execut | & -PRY iAGuet 19
clock, and the correlation value Ris obtai%@ggﬂgkggﬂgﬁhﬁndOM/ at each
and every position. ' It goes wrffout saying that processing
equivalent to that of the arithnmetic circuitry (hardware circuitry) shown
in Fig. 22 15,68080L6290 Rl GcEXCCHEEA;BY 81, CRIPHLCEART O9RRATEG SORES (O
. Icabl e"also o t essi

execute this” processing hi's ' IT's app € proc ng 1n the

ot her clock signal CK. The restored image data at a certain

point in time outputted by the lightness counting circuit
43A and restored image data outputted from the latch

. circuits 81, 82 one and two clock periods earlier than
this point in time are added in an adder circuit 83, and
the sum is outputted as smoothed image data Ii (for the
sake of simplicity, the smoothed image data is represented
by the qharacter Ii’ which i§ the same as that of the |
restﬁrédiimage'data of the first embodiment).

Fig. 20 illustrates another example of the
smoothing circuit 44.

Let £(t) replace the restored image data at a
certain time t, and let £(t-1), £(t-2) and f(t-3) replace

. the restored image data one, two and three clock periods.
earlier, respectively. Let g(t) represent the smoothed
image data.

Since the smoothing circuit 44 adds the restored
image data f(t), f(t-1) and £f(t-2), the smoothed image
data g(t) may be written as follows:

g(t) = £(t) + £(t-1) + £(t-2) Eg. (4)

Writing (t-1) for t in Equation (4), we have

g(t-1) = £(t-1) + £(t-2) + £(t-3) Egq. (5)
The following equation is derived from Equations (4) and

(5):
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Enbodi nment Fig. 2 Léﬁ_;g@t% BEEN erall
i mage processor 10C accordi Onépﬁﬁcend entgddi rq
10C differs fromthose of e 0dT TEN %ﬁ%c

variations) shown in Figs. 1, “13 and 2#lim that an image rotation control
- circuit 120 is provided, and.in that a single pair of a difference

cal cul ating ci r.cui"t Jg'Sh_,()or= RA-19 L8l atiggn-gl ue Eq. (6)

The circuit of Fig. 20 executes the arithmetic
operation of Equation (6). Latch circuits 84, 85, 86
latch the items of restored image data f£(t-1), £(t-2), £(t-
3), respectively. The\arithmetiC'operation £(t) - f(t-3)
from the second term onward on the right side of Equation
(6) is executed by a subtractor §ircuit 87. A latch
circuit 89 latches the smoothed image data g(t-1) that
prevails one clock period earlier. Accordingly, the
arithmetic operation on the right side of Equation (6) is
performed in an adder circuit 88, and the_smoothed image
data g(t) is obtained. The circuit of Fig. 20 is
advantageous in that the scale of the circuit is
simplified in actuality in comparison with the circuit of
Fig. 19.

As described in connection with Fig. 15, the error
e of the pixel E(0) of interest is propagated solely
toward one succeeding pixel E(D1J. However, since the
error in the pixel E(D1) is further propagated toward the
following pixel E(D2), in actuality the error of the pixel
E(0) of interest has an influence upon image data even at
fairly distaﬁt pixels. The greater the distance from the
pixel of interesf, the smaller the degree of this
influence. In accordance with the above-described

smoothing processing, image restoration that rakes into
o T

eet Has Been Reflaced

TR
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24 shows a specific exanple of the . L =2
constructrion of the image rotation control cSubgtitutesheet - 29 August 1996
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account the influence of the-error at the pixel of
interest is performed. Restorability is improved as a
result. More specifically, since_the restored image data
of a small area is smoothieg spatially, resolution in
terms of lightness.is raised without causing a decline in
spatial resolution. The precision of matching processings
in the difference calculating circuits 153a ~ 15Ak are
improved. This is adventageous in e case where it is.
required to express minute differences in lightness, as in
a low-contrast image.

Each of the difference calculating circuits 15Aa ~
15Ak is basically the same as the difference calculating
circuit shown in Fig. 11. Whereas'ls—level restored image
data is dealt with in each of the differehce calculating
circuits 15a ~ 15k, 48-level restored end smoothed image
data is dealt with in each of the difference calculating

_ circuits 15Aa ~ 15Ak. This is the only difference.:  Of
course a plurality of text deta representing different
standard images are registered in these difference

calculating circuits 15Aa ~ 15Ak.

Second Variation of First Embodiment
In the first embodiment and the first variation
thereof, the difference method used as the pattern

matching technique involves calculating, for each and
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Thes affine transfornmation from X1, Y1 to X2, Y2 are exfpiressed.a WS

[err] In a dase where the image is rotateq Batedn
around a center (X err], Y[err]), the paranetSubstifuteos
fol1ows: ; -43-

every small area SA, the difference iﬁ lightness between
the restored image in the window WN and the standard image
by means of each of the difference calculating.circuits
15a ~ 15k or 15Aa ~ 15Ak.
In the second variation of the first embodiment,
the pattern-matching £echnique invqlves calculating a
normalized cross-correlation value between the restored
image in the window WN and the sténdard image.
Fig. 21 illustrates an example of the overall

- configuration of an image processor 10B according to the
second variation of the first embodiment. Componénts
identical with those according to the first wvariation
shown in Fig. 13 are designated by like reference
characters. This variation differs in that the difference
_calculating circuits 15Aa ~ 15Ak and the peak holding
circuits 16a ~ 16k for éach detecting a minimuﬁ value are
replaced by correlation-value calculating circuits 15Ba ~
15Bk and peak holding circuits 16Aa ~ 16Ak for each
detécting a maximum value, respectively. The dither—-image
generating circuit 13 and the image restoration circuit 14
according to the first embodiment shéwn in Fig. 1 can be
used instead of the pseudo-gray-level image generating
circuit 13A and image restoration circuit 14A,
respectively.

As described in the first embodiment and the first
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variation thereof, the image restoration circuit 14 or 14A
outputs the restored image data Ii [i=1~1r; r= (N/n) x
.(M/ﬁ)] within the window WN, and this image data is
applied to the correlation-value calculating bircuits 15Ba
~ 15Bk. The restored image data Ii is represented with
the small area SA serving as pictufe element. The number
of small areas SA is 256 in terms of the example described
above. - That is, r = 256. Meanwhile, the CPU 17 outputs
the corresponding image data (text_data) Mi (i = 1 ~ rf
regarding the standard image for eéch correlation-value
calculating circuit, which is the matching criterion.
Different image data is applied to each of the correlation-
- value calculating circuit 15Ba ~ 15Bk. These items of
image data Mi.are held in a temporary memory circuit, such
as a_text register, in each of the correlation-value
calculating circuits 15Ba ~ 15Bk. A normalized cross-
correlation value R is calculated in each of the
correlation-value calculating circuité 15Ba ~ 15Bk in
accordance with the following equaﬁion:
RZ = [r(SIM) - (£1)(M)1%/[e(s1?) - (51%)]
- tr(sM?) - (sm?l Eq. (7)
where ¥ represcnts addition with regard to i = 1 ~ r.
The corfelation value R is calculated for the
window WN at each position scanned, and the calculated

correlation value R is applied to the corresponding peak
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case where the image is tranforrred into a SDAUGHM
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paraneters are set as foll ows: Substitute sheet -
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holding circuit 16Aa, 16Ab, ..., or 16Ak. The peak

holding circuit detects the maximum'value of the applied
correlafion value R and, when the scanning of ‘the window
regarding one picture ends, outputs this maximum value as
well as the coordinates of the position of the window WN
.in which the maximum value was produced. The maximum
value and the coordinates are applied to the CPU 17.

In a manner identical with that of the first
embodiment and the first variation thereof, the CPU 17
compares the applied maximum correlation values from the
peak holding circuits 16Aa ~ 16Ak with the predetermined
threshold value and construes that ;he standard image has
been found if at least one of the maximﬁm correlation’
value exceeds the threshold wvalue. The partial image
found (the image within the window that provides the
maximum correlation value) is displayed on a display unit
or subjected to various types of measurement processing;
Alternativeiy, a coincidence signal is outputted from the
CPU 17.

Fig. 22 illustrates an example of the construction
of the correlation-value calculating circuit.

The sum 3I of the restored image data I, is
calculated by an adder circuit 91, and the.square of the

- sum (ZI)2 is calculated in a squaring circuit 99. The

square Iiz of each item of restored image data I; is
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A= a | B =C=D=0 - E =a F =0 9%
Eq. "(11) When the inmage is maintained as is, the p Qﬁﬂﬁer ar
defined as foll ows: A =E= 1 B =C =D FDa;e? .........................
Eq. .(12) In the circuit shown in Fi gSubdtitutae 6

supplied fromthe A/D converter- 11 is wiggten in the

calculated by r-number of squaring circuits 92, and the
sum ZIZ of the squares'is calculated in an adder circuit
93.

The product IiMi of_the restored image data Ii and
the text data Mi corresponding thereto is calculated in
respective ones of r-number of multiplier circuits 94, and
the sum ZIM of these products is calculated in an adder
circuit 95.

With regard also to the text data M,, the sum'ZM
of the text data Mi is calculated in an adder circuit 96
and the square (ZM)2 of this sum is calculated by a
squaring circuit 103, in the same manner as. the restored
image Qata Ii‘ The squares Mi2 of these items of text
data Mi are calculated in respective ones of r-number of
squaring circuits 97, and the sum zMz of these squares Mi2
is calculated in an adder circuit 98.

The product (SI)(SM) of the sum 5I of the restored
image data obtained from the adder circuit 91 and the.sum

'.ZM of the text data obtained from the adder circuit 96 is
calculated by a multiplier circuit 101. Meanwhile, data
representing the number. r of small areas is provided by
the CPU 17, and the product.r(ZIM) of the number r and the
value IIM obtainéd from the adder cifcuit 95lis calculated
by a multiplier circuit 162. The difference between the

output of the multiplier circuit 102 and the output of the



i mage menory 12 as is, i.e., without the affine tre ﬁgpgn@ngNTswEEm he
I myge data is read out of the image nenory the affi

performed and transforned i mage data is transferred el i de.nage
generating circuit 13 (or the pseudo-gray-| e@absiitvigEhegbnet gy 518
13A). The affine transformation of the 4ymage is attained by the affine
transformati on of addresses (X and Y coordi nates) -of the inmge data.

An X counter 121 is cleared by the horizontal synchronizing signal HD and
then count spilheipl Pk signalt 104 i Putaldiereten foym thilstgeotdrin tine
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circuit 106, and the square of the result of the
subtraction opration is calculated by a squaring circuit
109, whereby the numerator of_Equation (7) is obtained.

The product r(ZIz) of the output ZIZ of adder
circuit 93 and the number r of small areas is calculated
by a multiplier circuit 100, and the output (Zi)2 of the
squaring circuit 99 is subtracted from this product by a
subtractor circuit 105. Similarly, the product r(ZMz) of
the output ZMZ of adder circuit 98 and the number r of
small areas is calculated by a multiplier circuit 104, and
"the output (ZM)2 of the squaring circﬁit 103 is subtracted
from this product by a subtractor circuit 107. The
results of subtraction performed by these subtractor
circuits 105, 107 are multiplied together by a multiplier
circuit 108, whereby the denominator of Equation (1) is
obtained.

The output of the squaring circuit 109 is divided
by the output of the multiplier circuit 108 in a divider
circuit'llo, whereby the value R2 on the leff side of
'Equation (7) is obtained.

A multiplexer 111 selects one df the qutputs'of
the subtractor circuit 105 and the divider circuit 110 in
accordance with a selection signal S applied thereto. 1In

any case, the square R2 of the correlation value obtained



coordinate of the inage data. A Y counter 122 is
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by the divider circuit 110 is applied to the corresponding
peak holding circﬁit through the multiplexer 111.

The processing.for calculating the corrélation
value is executed during oﬁe period of the clock, and the
‘correlation value R is obtained for the window WN at each
" and every position.

It goes without.éaying that processing equivalent
to that of the arithﬁetic circuitry (hardware circuitry)
shown in Fig. 22 is capable of being executed by a
computer programmed so as to execute this processing.
This is applicable also to the processing in the other

circuit blocks illustrated in. Fig. 1, Fig. 13 or Fig. 21.

Second Embodiment

Fig. 23 illustrates the overall configuration of
an image processor 10C according to a second embodiment.
This image processof 10C differs from those of the first
embodiment (inclusive of its variations) shown in Figs. 1,
13 and 21 in that an image rotation control circuit 120 is
provided, and in that a single pair of a difference
calculating circuit 15 (or 15A, or correlation-value
calculating circuit 15B) and a peak holding circuit 16 (or
16A) are connected in place of the plurality pairs.of
these c¢circuits. |

Fig. 24 shows a specific example of the
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thereto fromthis point in tine onward. Accordingly, tlhe count. q& th Y
counter 122 represents the Y coordinate of the imge Haife: 3 ﬁhA

X1 and Y1 are fed to an affine transformer circuit 128=
paranmeters Ato F are applied to the affine st;beﬁm‘tersmetelzssmwuéﬂﬁ%ﬁthe
CPU 17. When the image data is wittengn the inage nenory 12, the
paraneters A to F expressed by Equation (12) are set in the affine
transformer circuit 123. Accordingly, X, Y-coordinates X2, Y2, which are

- the sane as ddmstrmjatir d6n &ﬁqthe'image rotation control circuit 120

which performs an affine transformation to rotate the
image data.
The affine transformation from X1, Y1 to X2, Y2

are expressed as follows:

X2 A B C\ [/Xx1
= Y1 Eq. (8)
Y2 D E F 1

In a case where the image is rotated by an angle 0
arocund a center (XO, Yo), the parameters A to F are set as

follows:

A = cos§
B = -siné
C = X0 - cose-XO + 31ne-Yo
D = sin 6
E = cos @
F = Y0 - sing- XO - sinef Yo Eq. (9)

In a case where the image is desired to be
enlarged'a times, the parameters should be selected as
follows:

A=1/a

E = 1/a

F

i
o

Eq. (10)

In a case where the image is tranformed into a



respectively, are outputted fromthe affine transforner
the inage data is read fromthe inmage nenory 12 and thg
the paraneters expressed by Equation (9) is give
The coordinates X2 and Y2 transforned sabstituaedheet @I oghgedLIG]" |
(9)" are outputted fromthe affine trans grmer circuit 123. The coordi nates
addresses for accessing the inmage nenory 12.

by O,
123.

data X2 and Y2 are used as
The affine
sof t war e.

transfornmer circuit 123 may be realized by hardware or

reduced Aliakgé BFh 1K Cil lodedz 818 &s Mdipa i reCtimal e P 4 L1

image, the parameters are set as follows:

A =g

B=C=D=290

E =g

F=20 Eq. (11)

When tbe image is maintained as is, the parameters
are defined as follows:

A=E-=1

B=C=D=F-=20 Eq. (12)

In the circuit shown in Fig. 24, the gray iﬁage
data supplied from the A/D converter 11 is written in the
image memory 12 as is, i.e., without the affine
transformation. When the image data is read out of the
image memory the affine transformation is performed and
transfbrmed image data is transferred to the dither-image
generating circuit 13 (or the pseudo-gray-level image
genepating circuit 13A). The affine transformation of thé
image is attained by the affine transformation of
addresses (X and Y coordinates) of the image data.

An X counter 121 is cleared by the horizontai
synchronizing signal HD and then counts the clock signal
CK input thereto from this point in time onward.
Accordingly; the count X1 in the X cdunter 121 represents

the X coordinate of the image data. A Y counter 122 is
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and a buffer circuit 125 is_a bi-directional buffer. fﬁEEACEMFyéggﬁrcnits
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read/ wite signal RFRWfed ?HlSSHE@Abﬁﬁ I'n fhe witilog_operation
i mge data fromthe A/D c trafubetifte sheethe29 m@;smms@/ 12

t hrough the buffer _51-

cleared by the vertical synchronizing signal VD and then
counts the horizontal synchronizing signal HD input
thereto from this point in time onward. Accoédingly, the
count Y1l in the Y counter 122 represents the Y coordinate
of the image data. These counts X1 and Y1 are fed to an
affine transformer circuit 123.

The parameters A to F are épplied to the affine
transformer circuit 123 by the CPU 17. When the image
data is written in the image memory 12, the parameters A
to F expressed by Equation (12) are set in the affine
transformer circuit 123. Accordingly, X, Y-coordinates
X2, Y2, which are the same as the input X1, Y1,
respectively, are outputted from the affine transformer
circuit 123. When the image data is read from the iﬁage
memory 12 and the image is rotated by 6, the parameters.
expressed by ﬁquation (9) is-given to.the circuit 123.
Thé coordinates X2 and Y2 transforhed in accordance with
Equation (9) are outputted from the affine transformer
circuit 123. The coordinates data X2 and Y2 are used as
addresseé for accessing the image memory 12. The affine
transformer circuit 123 may be realized by a hardware or
software.

A buffer circuit 124 is a one-directional bpffer

and a buffer circuit 125 is a bi-directional buffer.

These buffer circuits 124 and 125 are enabled by a

Thfs Sheet Has Been Reﬁ




circuits 124 and 125. Further, wite pul ses produceq BEPIACEWERY 8HEELi|f 126
I nsynchronismwith the clock signal CK is fed to tlhe igggEAnggggg 121 In
- t

t he readi ng operation, the inage data read out of {lhieate 21 s
transferred to the dither-inage generating ciggdtituté 6
bi -directional buffer circuit 125. The %eading operation.of the inmage data
. fromthe image nenory 12 is also execD? d in synchronismwth the clock
signal CK In the i mage processor 10C shown in Fig. 23, the

read/write signal R/W fed by the CPU 17. In the writing

operation, the image data from the A/D converter 11 is

- transferred to the image meﬁory 12 through theibuffer
circuits 124 and 125. Further, write pulses produced by a
NAND circuit 126 in synchronism with the clock signal CK
is fed to the image memory 12. In the reading operation,
the image data read out of the image meﬁory 12 is
transferred to fhe.dither—image generating circuit 13
through the bi-directional buffer circuit 125. The
reading operation of the image data from the image memory
12 is also executed in synchronism with the clock signal
CK.

In the image processor 10C shown in Fig. 23, the
text data representing a single standard image, e.g., the
standard image having a rotation angle of zero degree as-
shown in Fig. 5 is registered in the difference
calculating circuit 15.

The video camera 9 sequentially outputs video
signals representing the same subjept images at
prede;ermined time intervals, e.g., field intervals (1/60
sec.) or frame intervals (2/60 sec.). The video signals
are converted into image data by the A/D converter 11 in
sequence to be fed to the image memory 12 through the
image rotation control circuit 120. Alternatively, a

video signal representing a frame of the subject image is



text data representing a single standard i nmage, e.g.,
havi ng a rotation angle of zero degree as shown in Fi at% |33nr§&5 l,gsﬁred I n

the difference calculating circuit 15. The Wi-deq_

sequentially outputs video signals representg ptth@ svdet -S2O)ATFusT PITE
predetermined tinme intervals, e.g., flqgg_lntervals (1/60 sec.) or frane
intervals (2/60 sec.). The V|deo signal ™ are converted into i nage data by
~the A/D converter 11 in sequence to be fed to the image nmenory 12 through

i mge rehehhOPe8OBEAR! thET 6¥ibo 12me Mt 6T | V&l YonFerted into

image data of one frame to be stored in a frame (field)
memory. The image data is read from the frame'memory
repeatedly at predetermined time intervals to be fed to
the image memory 12 through the image rotation control
circuit 120.

A pattern-matching processing in the calculating
circuit 15 is repeated at predetermined time intervals.
In the first period, the imagg data picked up by the
camera 9 is applied to the dither-image generating
Qircuit 13 through the image rotation control circuit 120
without any rotation. The minimuﬁ.difference value in one
picture obtained by the pattern matching with the standard
image is outputted from the peak holding circuit 16 to be
fed_to the CPU 17. In the second period, the image data fo
" be fed to the dither-image generating circuit 13 is
rotated through the image rotation control circuit 120 by
an angle 81 (81 is an arbitrary angle). The image
rotated by 61 is compared with the standard image and the
minimum difference value obtained by this comparison is
fed to the CPU 17 from the peak holding circuit 16. 1In
this way the pattern-matching processing is repeatedly
exeéuted while the rotational angle in the image
rotational control circuit 120 is changed gradually as 01,

201, 3601 and so on. When the processings have been

REPLACEMENT SHEmYS



vi.deo signal representing a frame of the subject ina.eBEQ#ACEMENTSHEET
-53- outputted fromthe vi =87 conv@rted hn.oAuﬁnggb
of one frane to be stored in
read fromthe frame nenory

be Ted to

arifiicasmpeefied dEENNENOr Yy Baie - Mo e WAL AL
epeat RgPYAGEDDI Sulafuth BRESTE D Augesy A998 0
- 34 -

—

finished N times, N images having different rotation
angles i°86 (i = 0, 1, 2, ..., N-1) have been compared with
the standard image and N minimum difference vaiues {or N
maximum difference values) are obtained.

The CPU 17 executes minimum operation of N minimum
difference values and further compares the minimum
operation result {(which is a minimum value among the N

minimum difference values) with a threshold value. If the

" minimum operation result is equal to or less than the_

threshold value, the CPU 17 decides that an image which
coincides with the standard image is present in the image
picked—up. Of course the CPU 17 can recognize the x,'Y
coordinates of the window WN in which the image matched
with the standard image exists.

In accordance with the second embodiment, since
only one pair of the calculating circuit 15 and peak
holding circuit 16 is sufficient to perform pattern -
matching processings with regard to the images having
different rotational angle, the hafdware construction of
the image processor 10C is simplified, although relatively

long time is required to complete the processings.

Third Embodiment
Fig. 25 illustrates the overall configuration of

an image processor 10D according to a third embodiment.

i




the i mage nenory 12 through the i THge. rotatFse r ol
A pattern-matchi ng processing ir_—TTEQ;éﬁméﬁB I rcul
predeterm ned tine intervals. t he

up by the camera 9 is applied to the B Oty te SRyt sc i
thriough the image rotation control_cirg§§[ 120 without any rotation. The
m ni mum di fference value in one picturé& obtained by the pattern matching
with the standard image is outputted fromthe peak holding circuit 16 to
be The image processor 10D is provided with a plurality pairs
" of the difference calculating circuits 15a, 15b, 15c¢ (or
15Aa, 15Ab, 15Ac, or correlation-value calculafing
circuits 15Ba, 15Bb, 15Bc) and peak holding circuits 16a,
16b, 16¢c (of 16Ac, 16Ab, 16Ac). However a number (three
in Fig. 25) of pairs of the above circuits in the third
embodiment is less than that in the first embodiment
(inclusive of its variations). Further the image
processor 10D-of the third embodiment is provided with the
image rotation control circuit 120.
The text data representing the standard image is
" registered in each of the calculating circuits 15a ~ 15¢c.
The standard images for the célculating circuits 15a ~ 15c¢
are the same, but have different rotatiénal angles. For
example, the standard images for the.circuits 15a, 15b and
15¢ are of the rotational angles of 0, 82 and 202 degrees,
respectively (92 is an arbitrary angle).
The pattern'matching processing is repeated
(B/302)-1 times for one image picked-up while the picked-
up image is rotated gy an angle of 302 for eaﬁh processing
thréugh the image rofation control circuit 120. That is,
in the first processing the picked-up iﬁage is not rotated

(i.e., rotational angle is zero). The rotational angles

are 302, 662, 962, ... in the second processing and the

succeeding processings. The angle 8 is a range of angle

This Sheet Has Been RTlaced :




fed to the CPU 17. In the second period, the imge datjaREPLACEMERT SHEET hi
di t-her-image generating circuit 13 is rotated throug
- control circuit 120 by an angle 01 (01 is an arbitra

rotated by
di fference

repeat edl y

t he 'naaﬁ rotatio
_ : Daeg’iéh. AUGNI996 g
01 is conpared with the standard gBgfuABSHeEF =29 Aogast ToF

val ue obtained by this conpaﬁéson s fed t6 the CPU 1? fro
peak holding circuit 16. In this way the”

m t he

pattern-matchi ng processing is

executed while the rotational angle in the imge rotational

control cirglide ledatShédanges. groadiiaddy dsgibles) 201, 301 and so on. Wen
t he processings have been

AlternatiVely, the rotation angles of the standard
images for the calculation circuits 15a ~ 15c are set to

0, 120 and 240 degrees, respectively in the case of

'8 = 360 degrees. The picked-up image by the camera 9 is

rotated by the image rotation control circuit 120 by i.g2

for each pfocessing, where i is incremented with every
processing from zero, i.e., i =0, 1, 2, 3, ...,
(Br3062)-1.

In this way, the'image pickéd-up is substantially
compared with the standard images having rotation angles
i*82 (i =0, 1, 2, ..., B/82-1). The CPU 17 judges
whether or not the picked-up image coincides with any one

of the standafd images based on the minimum difference

‘values (or maximum correlation values) fed from the peak

holding circuits 16a ~ 16c (or 16Aa ~ 16Ac) in the same
way as the first and second embodiments.

According to the third embodiment both the number
of pairs of the circuits 15a ~ 15¢, 16a ~ 16c and the
number of processings to be executed are relatively small,
so that the construction of the image processor 10D is
relatively simplified in comparison with the first
embodiment and_thelprocessing time is relatively short in
comparison with the third embodimént.

As seen from Equations (10) and (11), the picked-
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. up image can be enlarged or reduced by the image rotation
control circuit 120. Accordingly, enlarged image or
reduced image may be compared with, even'enlarged and
rotated or reduced and rotated image may be compared with
the standard imageé.

As many apparently widely different embodiments of
the present invention can be made without departing from
the spirit and scope thereof, it is to be understood thaf
the invention is not limited to the specific embodiments

thereof except as defined in the appended claims.



The CPU 17

e.

Y coordinates of the window WN in which the inmage matched wth the
standard i "WBRATEXISSICLAIMED IS:

1. An image p:ocessor comprising:

pseudo-gray-scale image generating ciréuit means
for converting input image data, which is represented by a
first prescribed number of bits per pixel, into pseudo-
gray-scale image data represented by a second prescribed
number of bits, which is less than said first prescribed
number of bits;

image restoration circuit means for restoring the

pseudo-gray-scale image data generated by said pseudo-gray-

scale image generating circuit means for each and every

one of a plurality of sﬁall areas, each of which comprises
a plurality of pixels, with said each small area serving
as one restored pixel, and outputting restored image data;
and

a plurality of similarity operating circuit means,

which operate in parallel, each for calculating an index

value representing a degree of similarity between the

restored image data outputted by said image restoration

circuit means and text data representing a standard image
set in advance, the standard images for the plurality of
similarity operating circuit means being different from
one another.

2. An image processor according to claim 1, wherein

the standard images are images of models which are

ation of Nmnimm d fﬁmﬁ?ﬁtmm

further conpa m ni num. operation result (whichfi
anmong the N rﬁﬂ" f" "’ ﬂMﬁ val ues) with a threshplR8
ntnlnuntoperat to or Iessshbgﬂuhg% cEtF 2t

CPU 17 deci des that an’ |nage mhlch CO|$g|des with the standard |nage IS
present in the inmage picked-up. O cou

e the CPU 17 can recogni ze the X,
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perform patter | essings with regard to AV Ng
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processor 10C i s* si‘nplifMedS although ga%glatively long time is required
to conpl ete the processings. Thi rd Enbodi nment Fig. 25
illustrates the overall configuration of an inage processor 10D according

to a third gqledi-@®* from one another.

3. An image processor according to claim 1, wherein
the standard iméges are formed based on a singie model and
~different in rotational angle or in size from one another.
4. An image processor according to claim 1 further
comprising judging means for determining whether a subject
image represented by the input image data coincides with
at least one of the standard images on the basis of the
index values calculated by the plurality of said
similarity operating circuit means.
5. An image processor according to claim 1, whérein
said pseudo-gray-scale image generating circuit means
binarizes the ihput image data using an error diffusion
method and generates dither image data represented by‘one
bit per pixel. |
6. An image processor according to claim 1, wherein
said pseudo-gray-scale image generating circuit means
subjects the input image data to a four-value conversion
using an error diffusion method and generates pseudo—gray—
scale image data represented by two bits per pixel.
7. An image processor according to claim 1, wherein
said image restoration circuit means restores the
pseudo-gray-scale image data for each and every one of a
plurality of small areas, each of which is provided in a

window that scans the pseudo-gray-scale image generated by
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said pseudo-gray-scale image genefating circuit means, and
outputting restored image data for a window at each and
every position; and

said similarity operating circuit means calculates
the index value representing a degree of similarity
between the restored image data of each window
sequentially outputted by the image restoration circuit
meané and text data representing a standard imagelset in
advance.
8. An image processor according to claim 7, further
comprising a plurality of peak holding circuit means each
for detecting an index value, which represents the highest
degfee of similarity, from amdng similarity index values.
regarding each of the windows obtained from said
corresponding similarity operating circuit means, and
position data indicative of the window in which this index
~value is generated. |
9. An imagé prbcessor according to claim 8, further
comprising judging means for determining whether a subject
image'represented by the input image data has an image
portion which coincides with at least one of the standard
images on the basis of the index values detected by the
plurality of said peak holding circuit means.
.10; An image processor according to claim 7, wherein

the index value representing said degree of similarity is
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similarity operating circuit means calculates an absolute
value of a difference between restored image data and
corresponding text data for gach and every small area,
sums the absolute values of these differences over all.
small areas contained in one window and outputs the sum
value as a difference value of lightness.

11. An image processor according to claim 10, wherein
said peak holding circuit means detects a smallest |
différence Qalue from among difference values of lightness
 regarding each of the windows obtained by said similérity
operating circuit means, as well as position data
indicative of the window in which the smallest difference
value is produced.

12. An image processor according to claim 7, wherein
said similarity operating circuit means calculates a cross-
correlation value between restored image data and text
data for each and every window, and outputs this cross-
correlation value as the index value representing degree
of similarity.

13. An image processor according to claim 12, whérein
said peak holding circuit means detects a largest cross-
correlation value from among the cross-correlation values
regarding each of the windows obtained by said similarity

operating circuit means, as well as position data

* c L M S *
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rot'ated by an ang each proggessing through the inage rotation
control circuit 120 That is, in the fTrst processing the picked-up imge
is not rotated (i.e., rotational angle is zero). The rotational angles
are 302, G%dﬂfb?i:lve .of Nt &viITRINA PRSI tHe ArG-deddr criaesedi ng
processings. The angle B is a range of _angles

correlation value is produced.

14. An image processor comprising:

converting means for qonverting input image data
into image data representing images different in
rotational angle or in size from the image represented by
the input image data in sequence at a predetermined period
of time;

pseudo-gray—-scale image generéting circuit means
for converting the image data converted by said converting
means and represented by a first prescribed number of bits
per pixel, every timé the converted image data is supplied
from said converting means, into pseudo—gray-scale'image
.data represented by a second prescribed number of bits,.
which is less than said first prescribed number of bits;

image restoration circuit means for restoring the
pseudo—graf—scale image data for each and every one of a
plurality of small areas, each of which comprises a
plurality of pixels, with said each smali area serviﬂg as
one restored pixel, every time the pseudo-gray—-scale image
data is supplied from said pseudo—gray-scale image
generatiﬁg circuit means and 6utputting restored image
data; and

similarity operatihg circuit means for calculating

an index value representing a degree of similarity between
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the restored image data and text data representing a
standard image set in advance, every time the restored
image data is outputted by said image restorat;on circuit
means.

15. An image processor according to claim 14, further

comprising judging means for determining whethe? a subject

image represented by the input image data coincides with

at least one of the standard images on the basis of the
index values calculated in sequence by said siﬁilarity
operating circuit means.
16. An image processor according to claim 14, wherein
said pseudo—-gray-scale image generating circuit means
binarizes the converted image data'using an error
diffusion method and generates dither image data
represented by one.bit per pixel.
17. An image processof according to claim 14, wherein
saiq pseﬁdo-gray—scale image generating circuit means
subjects the converted image data to a four-value
conversion using an error diffusion method and generates
pseudo-gray-scale image data represented by two bits per
pixel. |
18. An image processor according to claim 14, wherein
said image restoration circuit means restores the
pseudo~-gray-scale image daté for each and every 6ne of a

plurality of small areas, each of which 1is provided in a



ratated by the image rotation control circuit 120 by i SEPLﬁGFM§HEﬁHEET
proce33| ng

ted Mﬁth every proces<|
i this way, the(l :gitéﬂﬁoﬁgsls
subst ant i al | yjmgmﬂimmﬂg mpe st andard | rrgqggtlﬁﬁélsmﬁeto
.02 (i =0, The CP 17 j udges whether or not the
plcked up | mage c0|nC|des Wi t'h any one” f the standard i nages based on the
m ni mum di fference values (or maxi mum correl ation values) fed fromthe

peak hol di Rgn@bwCYhat &Eans tAe HEudEAgrayllelei Ima§e §@ABrated by

said pseudo-gray—-scale image generating circuit means, and
outputting restored image data for a window at Each and
every position; and

said similarify operating circuit means calculates
the index value représenting a degree of similarity
between the restored image data of each window
sequentially outputted by the image restoration circuif
means and text data representing a standard image set in
-advance.
19. An image processor according to c¢laim 18, fufther
comprising beak holding circuit ﬁeans for detecting an
index value, which'répresents the highest degree of
similarity, from amoné similarity index values regarding
each of the windows obtained from said similarity
operating circuif means, and position data indicative of
the window in which this index value is generated in every
predetermined periocd of time.
20. An image processor according to claim 19, further
-comprising judging means for determining whether a sﬁbject
image represented by the input image data has an image
portion which coincidés with at least one of the standard
images on the basis of the index values detected by said
peak holding circuit ﬁeans.

21. An image processor according to claim 18, wherein
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way as the first and second
enbodi nent both t he nunber

and -t he $&$|nls to bEPEMQEMted e rel ptiNvely smaltse-- ro)

t hat the mf‘ﬁ t he Sererge=p [Beritute shdedt-i2@AUgTS ed
i n“conparil |rst enbodlnenksand the processing tine is
relatively short in conparlson with the third enbodi nent. As seen

from Equations (10) and (11), the picked-
the index value representing said degree of similarity is

a difference value in lightness of the image, and said
similarity operating circuit means calculates én absolute
value of a difference between restored image data and
corresponding text data for each and every small area,
sums the absolute wvalues of these differences over all
small areas contained in one window and outputs the sum
valﬁe as a difference value of lightness. |

22. An image processor acCordinQ ﬁo claim 21, wherein
said peak holding circuit means detects a smallest
difference value from among difference values of lightness
regarding each of the windows obtained by said similarity
.operating circuit means, as well as position data
indicative of the window in which the smallest difference
value .is produced.

23. An image processor according to claim 18, wherein
said similarity operating circuit means calculates a cross-
correlafion value between restored image déta and text
data for each and every window, and'outputs this cross-
correlation value as the index value representing degree
of similarity.

24. An image processor according to claim 23, wherein
said peak holding circuit means detects a largest cross-
correlation value from among the cross-correlation wvalues

regarding each of the windows obtained by said similarity

“\,.\\“i\\\“““.\.\\\‘\!\\\“\
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operating circuit means, as well as position'data
indicative of the window in which the largest cross-
correlation value is produced.
25. An image processor comprising:

converting means for converting input image data
into imaée.data representing images different in
rotatiénal angle or in size from the image represented by
the input image data in sequence at a predetermined period
of time;

pseudo-gray-scale image generating circuit means
fof converting the image data converted by said conve:ting
means and represented by a first préscribe@ number of bits
per pixel, every time the converted'image data is supplied
from said converting means, into pseudo—gray-scale image
data represented by a second prescribed number of bi;s,
which is less than said first prescribed number of bits;

| image restoration circuit means for restoring the
pseudo-gray-scale image data for each and every one of a.
plurality of small areas, each of Which.comprises a
piurality of pixels, with said each small area serving as
ohe restored pixel, every time the pseudo-gray-scale image
- data is supplied from said pseudo—gfay-scale imége

generating cifcuit means and outputting restored image
data; and

- a plurality of similarity operating circuit means,



up. i mage can be enlarged or reduced by the inmage rotation <ﬁﬁﬁkﬁﬁEM§NEﬁ#?ET
126. Accordi ngry,entarged—+rage-or reduced i nage may be onpaéqﬂdgkL§§£

even enlarged d or. reduced and rotated i nage ma

with the stan m‘wlm @m " As many aRipakidine! shedtd2Y AligstIeave
enBodi nents of ntlon cgz be made w thout departing from
the spirit and scope thereof it isto “understood that the invention is

not limted to the specific embodi ment s
which operate in parallel, each for calculating an index

value representing a degree of similarity between the
restored image data and text data representingla standard
. image set in advance, every time the restored image data
is outputted by said image restoration circuit means, the
standard images for the plurality of similarity operating
circuit means being formed based on a single model and
_different in rotational angle or in size from one anéther.
26. An imagé processor accoring to c¢laim 25, further
comprising judging means for determining whether a subject
image represented by the input image data coincides with
at least one of the standard images on the basis of the
index values calculated in sequence by the plurality of
said'simiigrity operating circuit means.
27. - An image processor accordiné to claim 25, whereini
said pseudo—gray-scalé image generatiﬁg ¢circuit means
binarizes the converted image data using an error
diffusion method and generates dither image dafa
répresented by one bit per pixel.
28. An image processor according to claim 25, wherein
said pseudo-gray-scale image generating circuit means
subjects the cohverted image data to a four-value
conversion using an error diffusion method and generates
pseudo-gray-scale image data represented by two bits per

pixel.
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29. An image processor according to claim 25, wherein

said image restoration circuit means restorés the
pséudo—gray-scale image data for each and ever§ one of a
plurality of small areas, each of which is provided in a
window that scans the pseudo-~gray-scale image generated by
said pseudo—gray—;cale image generating circuits means,
and_outputting restored image data for a window at each
and every position; and

said similarity operating circuit means calculates
the index value representing a degree of similarity
between the restored image data of each window
sequentially ocutputted by the image restoration circuit
means and text data representing a standard image set in
advance.
30. . An image processor according to claim 29, furthef
comprising a plurality of peak holding circuit means each
for detecting an index valde, which represents the highest
degree of simiiarity, fr&m among similarity index wvalues
regarding each of tﬁe windows obtained from said
corresponding similarity operating circuit means, and
position data indicative of the window in which this index
‘value is generated in every predetermined period of £ime.
31. An image prodessor according to claim 30, further
comprising judging means for determining whether a subject

image represented by the input image data has an image
/ " .

[




gray-scal e image data represented by a second prescribe RERk&QﬁMENTﬁﬁFET

which is less than said firEEg hed of bitg;

restoration circuit means fj St seudo- gr ay|- Batal: é’ Un‘égengg?a
gen_erat ﬂll l’lﬂ' MEMIH grlay- sﬁ;‘?ef'-é'\ ge_agibaking o ehetts

each an plarality of snpgll areas each of which conprlses
a pIurallty of* plxels *With said each siall area serving as one restored
pi xel , and outputting restored i mage data; and

portion which coincides with at least one of the standard
images on the basis of the index values detected by the
plurality of said peak holding circuit means.

32. . An image processor according to claim 29; wherein
the index value representing said degree of similarity is
a difference value in lightness of the image, and said
similarity eperating circuit means calculates an absolute
value of a differencelbetween-restored image data and
corresponding text data for each and every small area,
sumslthe'absolute values of these differences over all
small areas contained in one window. and outputs the sum
value as a difference value of lightness.

33. An image processor according to claim 32, wherein

said peak holding circuit means detects a smallest

‘difference value from among difference values of lightnese

regarding each of the windows obtained by seid similarity
operating circuit means, as well as position data
indicative of the window in which the smallest difference
value is produced.

34. An image processor according to claim 29, wherein
said similarity operating circuit means calculates a cross-
correlation value between restored image data and text

data for each and every window, and outputs this cross-

correlation value as the index value representing degree

of similarity.
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rd i mages for tne7glura Ity of simlarity operating
circuit neans bei ng fferent from oné‘dnot her. : An i nmage
processor accordi ng to claiml1, wherein the standard i mages are i nages of

nmodel s whicBgare  an image processor according to claim 34, wherein

said peak holding circuit means detects a largest cross-
correlation value from among the_cross—correlafion values
regarding each of the windows obtained by said similarity
operating circuit means, as well as position data
indicative of the window in which the largest cross-
correlation value is produced.
" 36 An image processing méthod comprising the steps
of:

converting input image'data of one'frame, which is
represented by a first prescribed number of bits per
pixel, into pseudo—gray—scale image data of one frame
represeated by a second prescribed'number of bits, which
is less than the first prescribed number of bits;

summing the pseudo-gray-scale image data for each
and every one of-a plurality of small areas, each of which
comprises a_plurality of pixels and is provided in a
"window that scans the pseudo-gray-scale image generated,
_thereby restoring the image data for a window at each and
every position, with said each small area serving as one
Irestored pixel; and

calculating index values with use of text data of
a plurality of standard images which are different from
one another for each restored image data of the plurality

of frames in parallel, the index value representlng a
e

O A



- 59- different fromone another. 3. An i mage
claim1l, wherein the standard imges are fornmed based

?ggedip]; oced AN EIEIAN 79 = & ¢ urt her supstmitbsiis g
det'er m ni ng whethet a" subj ect -71-

meaAOEM&m'csmam' iEmg [t o

- degree of similarity between the restored image data of
each window and text data representing the standard image
set in advance.

37. An image processing method according to ciaim 36,
further comprising the step of judging whether a subject
image represented by the input image data coincides with
at ieast one of the standard images on the basis of the

index values calculated.

38. An image.processing method comprising the steps

. of:

converting input image data of one frame into
image dafa representing images of a plurality of frames
different in rotational angle or in size from the image
represented by the input image data in sequence at a
predetermined period of time;

converting the image data of one frame converted
by above converting step and represented by a first

. prescribed number of bits per pixel, every time the
converted image data of one frame is supplied, into pseudo-
gray-scale image data of one frame represented by a second
prescribed number of bits, which is less than the first
prescribed number of bits;

summing said pseudo-gray-scale image data of one
frame for each and every one of a plurality of small

areas, each of which comprises a plurality of pixels and



|nage represented by the |nput i mage data coincides with QEPHAQEMENﬁﬁHEET
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bi nari zes The put—1 mage data using an error
ne “Tha

process
generatl
di ffusion
per pixel .

generates dither” ge data represented by one
6 An i mage processor according to claim1, wherein

is provided in a window that scans the pseudo-gray-scale
image generated, thereby restoring the image data for a

window at each and every position, with said each small

- area serving as one restored pixel, every time the pseudo-

gray—-scale image data of one frame is supplied; and
calculating an index valee representing a degree
of similarify between the restored image data of each
window and text data representing a standard image set in
advance every time the restored image data of one frame is
supplied. .
39. . An image processing method accordiné to claim 38,
further comprisiné tﬁe step of judging whether a subject

image represented by the input image data coincides with

~at least one of the standard images on the basis of the

index values calculated and supplied in sequence.
40. An image processing method comprising the steps
of:

convefting input image data of one frame into
image data representing images of a plurality of frames
different in rotational angle or in size'from the image
represented by the input image datalin sequence at a
predetermined period of time;

converting the image data of one frame converted
by above converting step and represented by a first

prescribed number of bits per pixel, every time the
/ ’

T
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| mige data to a four-val ue conversion using an error dif %%e ___________________________

gener at es psmmlﬂuﬂmuumﬁuml mage data represented by t
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|nage restoration circuit neans restorez?the pseudo- gray-scal e 1 mage data

for each and every one of a plurallty smal | areas, each of which is
provided in a w ndow that scans the pseudo- gray-scale | mage generated by

converted image data of one frame is supplied, into pseudo-

gray-scale image data of one frame represented by a second
prescribed number of bits, which is less than the first
prescribed number of bits;

summing said pseudo-gray-scale image data of one
frame for each and every one of a pluraiity of small
areas, each of which comprises a plurality of pixels and
.is provided in a window that scans the pseudo-gray—seale
image generated, thereby restoring the image data for a
window at each and every position, with said each small
area serving as one restored pixel, every time the pseudo-
gray-scale image data of one frame is supplied; and

calculating index values with use of text data of
a plurality of standard images which are formed based on a
single model and different in rotational angle or in size.
from one another for each restored image data of the |
plurality of frames in parallel and every time the
.restored image data is supplied, the index value
representing a degree of similarity between the restored
image data of each window and text data represénting the
standard image set in advance.
41. An image processing method accord;ng to claim 40,
further comprising the step of judging whether a subject
image represented by the input image data coincides with

at least one of the standard images on the basis of the
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9.

An i mage processor according to claims8, further]| REBRFEMENT SHEES
_heans for determ ning whether a subject inmage represe %d b30 '
t mage data has an i mage

t
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standard inmages on the basis of the index val ues detecte
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plurality of said peak holding circuit neamSubSHENGShQﬁ:?%gdg} rocessor
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11. An i mage processor according to claim 10,
from anong difference val ues of
obtained by said simlarity
dat'a
pr oduced.

| i ght ness

12.

bet ween restored i nage data and text
outputs this cross-

further

sai*d peak holding circuit neans for detecting a snall est

regar di ng each
operating circuit neans,
i ndi cative of the window in which the Subktitse sheeter2thdaigust| 1996 s
An i mage processor according to claim7, wherein
simlarity operating circuit neans cal cul ates a cross-
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carrelation value as the index value representing degree :oﬁEgi'
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pseudo- gray-scal e i nage generating circuit nmeans for con[---;n
data converted by said converting neans and represented Iy HBP[AGBMENTSHEET
prescribed nunber of bits per pixel, every tine the conve

ted,i qﬁa
I s. supplied fromsaid converting neans, into pseudo-gray- Daﬂea m ----- ata
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first prescribed nunber of bits; I mge restoration circuit nmeans
for restoring the pseudo-gray- scal e I mage d%ﬁsﬁﬁ&e tar‘fbg détolrﬂé)f a
plurality of small areas, each of which conprises plurality I Xe
with said each small area serving as '
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set in advance, every time the restored image data is Outputted by said
i mage restoration circuit neans. 15, An image processor.according to
claim14, further conprising judging neans for determ ni ng whet-her--a-

subj ect image represented by the input ina Hétitat&ghééi deg Aiigtist pD9beast
one of the standard inmages on the basis of t I ndex val ues calculated in

sequence by said simlarity ~ operating circui t nmeans.
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pselido- gray-scal e i mage generating circuit means
di ffusi on net hod and gener at

| mage data using an error

repgesented by one bit per pixel.

‘claim14, wherein

error diffusion nethod and generates

represented by two bits per

17.

An i mage processor according to claim 14, wherei

sai d pseudo-gray-scale i
subj ects the converted image data to a four-value
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pixel . 18. An i mage processor according to clai
sard inmage restoration circuit neans restores the

data for each and every one of a plurality of small
is provided in a -64- w ndow t hatDasraing.. nP ) .
pséudo- gray-scal e i nage generated by Substitute shéet - 29 August T99
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conprising peak holding circuit neans for detecting an infe}&
represents the highest degree of simlarity, fromanong sfinla
val ues regarding each of the wi ndows obtained fromsaid g ﬁbkﬁbi" UG
operating circuit neans, and position data indicative of ‘t‘“‘,—-J?T“FJQQiW
which this index value is generated in everyg e fgdg e
20. An i mage processor according to clai mf st I’ﬁ’l ot gzogr;%Hdg%rt]glg
judgi ng neans for determ ning whether g%§$bject I mage represented by the

i nput i mage data has an inage port| % ch coincides with at | east one of

t he standard
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| mages on the basis of the index val ues detected by sai
citcuit means. 21. An i mage processor according to
REPLACEMENT SHEET - 68 por tT
representing said degree of similarity is a differencei g rm--l-i.glthe
of the imge, and said -

Substitute sheet - 29 August 1996
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simlarity operating circui t means cal cul ates an absol ut

di #ference between restored i nage data and
each and every snall

over all

a Yifference val ue of
further
detecting smal | est

claim 21,

| i ght ness

smal |

ar ea,

| i ght ness.
conprising a

sald peak hn?

correspondi n
suns the absol ute val ues of
areas contained in one wi ndow and out put &=
LSRGt SRESES 2D AQQQ&@'H Bg6t 0
ding circuit neans
di fference val ue from anong difference values of
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operatlng circuit neans,
in Which the smal | est dlfference

as wel |

as position data

val ue i s produced.

processor according to claim18, wherein
nmeaps cal cul ates a cross-

and text

24. An

PSEUDO-GRAY-LEVEL IMAGE DATA

data for each and every w ndow, an
correlation value as the index val ue represen
| mage processor according
sai d peak holding circuit nmeans for d
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carrelation value fromanong the cross-correl ation val

of *t he wi ndows obtained by said simlarity
nmeans, as well as position data
| argest cross- correlation. value is produced.

i ndi cati ve of the wi
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25. An i mage processor
comverting input
in rotational

conpri si ng:
| mge data
angl e or

converti g

i nto i mage data representi|n %Elslfalz ge"ggrﬁTﬁ‘r"EFEn
in size fromthe inmage represert

put
i mage data in sequence at a predeterm ned period of t Gé))o AUBW

l
ps&udo- gray-scal e i mage generating circuit nggggt,t,jtgrsh@g@vqg Ar@_@ughqggaagé
data converted by said converting nmeans and represented by a first

prescribed nunber of bits per pixejg/ggery tine the converted inmage data.
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data represented by a second prescribed number of blfSREP
saikd first prescribed nunber of bits;

means for
one of a plurality of smalt
wi th said each small
time the pseudo-gray-scale image
pseudo- gray-scal e i mage
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a_plurality of similarity operating circuit neans, - '
each for calcul ating an i \dESPLACEMENT SHEET
representing a degree of similarity between the resffored gng a

whiech operate in-parall el

text data representing a standard image set in advanc
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is outputted by said imge restoration circuit means,|the, . fard es
fow the plurality of simlarity operating circuit Hb‘iri&l%élak 8 hased
on=a single nodel and different in rotational angle ;)r,-)nj_enasinz UBWQ% on
anot her.  26. An i mage processor accoring to clai m.Zb_ ULt (2 R,

coﬁprising j udgi ng neans for determ ning wh : L&Ct 29l RBEEst 1996
represented by the input inmage data coinci dgé&\?mgt{tﬁtégﬁ ?gast on % t he
standard i nages on the basis of the iddedval ues calculated in sequence by

the plurality of said simlarity operating circuit neans. 27. An i mage
processor according to claim25, wherein
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- 68 - 29. An | mage_processor _accor d|[g to claim25, wherein

sai'd i mage restoration ciff rgs the pseudo-gray-scale imge
data for each and every dn BEBLAQEaEﬁaﬁgﬁiﬁy of small areas, each of which

EZ:I S pr QVI ded in a . . Date :...=..%.. 8. ............... Substitute Sheet - 22/10/96

- IMAGE PROCESSOR AND IMAGE PROCESSING METHOD

ABSTRACT

Input image data representing the image of a-
subject imaged by a video camera 9 is applied from an
A/D converter circuit 11 to a ditner-lmage generating
cxrcuzt 13, in whzch the 1mage data is hlnarlzed in
accordance with the error dlffﬂSlon method, whereby
dither image data reptesénﬁed by one bit pér-pixel.is

obtained. The dither lmage data is summed in each and

'every small area compr151ng a pluralxty of pixels by an
image restoratiom circuit 14, whereby gray-level image
data, in which each small area serves as one pixel, is

~ restored. COrrelation va1ués:betﬁeen the restored'imagé
data and a plurality items of text data concerninq
different sféndard images are calculated by arithmetic
.circuits_ISa ~ 15k. The largést correlation-valﬁes and
the positions thereof are téépectivély.senséd by
corresponding peak holding circuits 16a - 16k.

Ay
i n"

= - _ , o | (Fig. 1)



|

wisndow t hat scans the pseudo-gray-scal e i mrage generated lnEPLae'EMENTSHEET i
pseudo- gray-scal e i nage generating circuits neans,
i mage data for a wi ndow at each and every p05|t|on .................
simlarity operating circuit means cal cul at e i s o s g
a degree of simlarity between the.restorégﬁLﬁ eact
sequentially outputted by the inmage .restofation circuit means and text
data representing a standard i mage set in advance. 30. An i mage
processor according to claim?29, fuBPBEAFICATION

TITLE OF THE INVENTION

IMAGE PROCESSOR AND IMAGE PROCESSING METHOD
BACKGROUND OF THE INVENTION

Field ¢of the Invention

This invention relates to an image processor and

: ", : -matchi
an image processing method for performing 3%%5%%::3:3:5%5

purposes
processing and the like for the pu=sese~of object

recognition, $fes judging whether a standard image of a
prescribed model exists in the image of a subject, and so
on.
Background Art

A technique available for pattern matching
involves setting a window on image data obtained by

-
imaging a subject, and calculatinq[?egree.of ceoincidence
a.dggrge ] .

or Gefwree-of similarity between partial image data within
the window and standard image data registered in advance.
By executing the above-described processing with regard to
the window at each position thereof,while the window is
made to scan within a picture, a window containing partial

image data exhibiting the highest degree of coincidence or

similarity is detected, thereby making it possible to



conprising a plurality of peak holding circuit neans
I ndex val ue, which represents the highest degree of
simlarity index values regarding each of the w ndo
corresponding simlarity operating circuit e
i ndicative of the window in which-this i nd&> St
predeterm ned period of tine. 31. An i mage processor accordlng to
claim 30, further conprising judging neas for determ ning whet her a
subj ect image represented by the input imge data has an i mage

e HEpLACEMENR IS fEETY an

xnnlanty from afong

recognize a position at which an image identical or

| various tvpes ©
similar to the standard image exists. ThEE?ZEZEEﬁ%ZEﬁ%E
processing ef—vemiouws—eypes~can be executed with regard to
image data within a specified window.

Image data gene}ally is represented by eight or
more bits per bixel. Line memories are used in order to
extract image data within a set window at a video rate.
The line memories, the number ¢f which corresponds to the
number of pixels in the vertical direction gf the window,
are connected in cascade, and image data is transférred

among the line memories in synchronism with a clock

one_time
signal. By extracting image data at a-=Siagle—Stroke ‘*om

a prescribed position of each line memory, e.g., the
terminus of the line memory, one column of image data in
the vertical direction of the window is obtained.

In an image processor having such a configuration,
a problem encoutered is that a large number line memories
of at least eight bits each must bz provided, as a result

the
of which there is an increase in the scale ofl?ardware.
usiqg
Further, pattern-matching processing-ef.eight bits per
pzxel is required. When this is implemented by hardware,
the

the scale bfl§1rcuitry is similarly increased. If it is

attempted to implement the foregoing by software, more

complicated processing results.
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wher ei n

portion which coincides with at | east one
on the basis of the index values detected by the p
hol ding circuit nmeans. 32. An i mage processor

REbEAéélﬂ?ﬂ?‘@i g

raltyo Sal

Substitute sheet -
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SUMMARY OF THE INVENTION

A main object of the present invention is to
provide an image processor and an imaée processing method
which uses less

hardware -eeft—iompodeaed—i-f-55ade.

Another object of the present invention is to
simplify pattern-matching processing.

A further object of the present invention is to
provide an image processor and an image processing method
capable of judging whether the image of a subject includes

a plurality of
a pattern which coincides with at least one oqﬂstandard

image patterns previously set, or whether a standard image
pattern is found in images which are created by rotating
or enlarging or reducing the image of a subject.

An image processor according to the first aspect
of the present invention comprises: psegdo—gray-scale
image generating circuit meaﬁs for converting input image
data, which.is represented by a first prescribed number of
bits per pixel, into pseudo-gray;scale image data
represented by a second prescribed number of bits, which
is less than the first prescribed number of bits:; image
restoration circuit means for restoring the pseudo-gray-
scale image‘data generated by the pseudo~-gray-scale image
generating circuit means for each and every one of a

plurality of small areas, each of which comprises a



the index val ue representing said degree of simlarit
value in lightness of the image, and said simlarity
means cal cul ates an absolute value of a difference b
data and corresponding text data for each d ever

of thes Subotfis

oB

ERLAGH!

absol ute val ues of these differences over F—areas
w ndow, and outputs the sum value as a difference val ue of

A

| i ght ness. 33.

An i mage processor according to claim 32-4further conprising a said peak
hol ding circuit nmeans for detecting a smallest difference value from anong
di fference valuesloftyl iofhipieeds and is provided in a window that scans

the pseudo-~gray-scale image generated by the pseudo-gray-

scale image generating circuit means, with said each small

area serving as one restored pixel, and outputting

restored image data for a window a%t each and every

position; and a plurality of similarity coperating circuit

means, which operate in parallel, each for calculating an

index value representing a degree of similarity between

the restored image data of each window sequentially

outputted by the image restoration circuit means and text

data representing a standarcé image set in advance, the

standard images for the plurality of similarity operating

circuit means being different from one another.

In accordance with the present invention, input

image data is converted into pseudo-gray-scale image data,

and the number of bits per pixel of the image data is

reduced by a wide margin. As a result, it is possible +to

greatly reduce the number of bits of line memories used

when pseudo-gray-scale image data within a window is

extracted at a video rate. Accordingly, the scale of

hardware circuitry can be reduced and cost can be lowered.

Further, gray-sdale image data is restored by

summing pseudo-gray-scale image data for each and every

area

small eme provided in a window. One pixel of restored

image data is equal to the size of the small area.



regardi ng each of the wi ndows obtained by said simlarj
circuit neans, as well as position data indicative of tﬁg&x@
the smal |l est difference value is produced. 34. g
according to claim?29, wherein said simlarit
calculates a cross- correlation val ue betes
data for each and every w ndow, and outputs this cross-

A Leensd

REPLACEME&TSHEET
ty" operating

LY ORELALL NG € NS S 7887

as the index value representing degree afssimlarity.

Accordingly, the number of pixels of restored image data
is reduced so that processing (processing for calculating
a similarity index value) for pgttern matching with text
data is simplified. This leads to smaller scale circuitry
in the case of hardware and to simplification of
processing in the case of software. Since the lightness
distribution of the input image data is substantially
preserved in the restcred image data, the precision of
pattern matching can be maintained.

The pseudo-gray-scale image data is represented by
one, two or more bits per pixel, as mentioned above.
Though lightness resolution is higher the larger the
number of bits, the scale of circuitry is greater ia such
a_

ZEEEe. For practical reasons, therefore, the number of
bits shoﬁld be set desevminad appropriately. The size of
the small areas has an effect upon spatial resoluticn and
lightness resolution. The size of the small areas also
should be determined based upon practical considerations.

The window scanning the pseudd-gray—scale image
can be dispensed with in a case where a position of the
image portion to be searched is known in advance or the
entire imagg of a subject is subjected to a pattern-
matcbing proceésing. This is true of image processors and

image processing methods according to the second and third

aspects of the present invention.

correl ati on val ue



-70- ' 35. An i mage processor according to claim 34,
said peak holding circuit neans for detecting a |arges
value fromanong the cross-correlation values regardi
wi ndows obt ai ned by said S|n1lar|ty oper a irc

position data gub%tn? "f'neet -
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In an embodiment of the present invention, the
standard images are images of models which are different
from one another.

In another embodiment of the present invention,
the standard images are formed based on a2 single model so
that rotational angles or sizes are éiffesemeec- from one
another.

In a preferred embodiment of the present
invention,.judging means are further provided for
§etermining whether a subject image represented by the
input image data coincides with at least one of the
standard images on the basis of the index values
calculated by the plurality of the similarity operating.
circuit means.

According to the first aspect of the present
invention, a plurality of similarity operating circuit
‘means are provided so that index values representing
degrees of similarities for a plurality of standard images

together at the same time
can be obtained #m—e—3dump, resulting in achieving high
speed processing. Further it can be judged whether a
subject image coincides with at least cne ¢f the standard
images, or yhether a standard image is founc in:images
created by rotating or enlarging or reducing the subject

image.

An image processor according to the second aspect



i ndi cative
pr oduced.
converting
prescri bed
one frame
| ess than the first prescribed nunber of bits;

pseudo- gray-scal e i mage data for each
ar eas,

smal |

of the window in which the |argest cross-

36 An image processing nethod conprising

i nput i mage data of one frame, whichis re
nunber of bits per = pixel, into _pseudo-gra
represented by a second prescri @t

each of which

el

:Oﬁmmméw%éﬁ !
the steps of

I 6sig . ed DBL. 18971 1 s

summ ng the

an® every one of a plurality of

means and text data representing a standard image set in

advance, every time the restored image data is outputted

by the image restoration circuit means

According to the second aspect of

the present

invention, the converting means converts input image data

into a plurality items of image data represanting images

different in rotation angle or in size from the input

image in sequence. It is not necessary to arrange 2

plurality of similarity operating circuit

means as the
the

first aspect of the present invention. Acccrdingly, =e=-

the
r————N

hardware construction can be simplified, althougqﬁfime

the

L] .
required foglfntire-processing becomes relatively longer.

It can be judged whether a standard image

is found in

images which are produced by rotating or enlarging or

reducing the subject image, using one standard image.

An image processor according to the third aspect

of the present invention comprises: converting means for

converting ihput image data into image data representing

images different in rotational angle or in size from the

image represented by the input image data

predetermined period of time; pseudo-gray-

in segquence at a

scale image

generating circuit means for converting the image data

converted by the converting means and represented by a

first prescribed number of bits per pixel,

every time the

converted image data is supplied from said converting
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conprises a plurality of pixels and is provided in a w BER}%%%¥E§ES#S th

pseudo- gray-scal e i nage generated, thereby restoring t gPp
wi ndow at each and every position, with said each snall Dples”

one restored pixel; and cal cul ati ndex v ”“§§ gl ext
data of a plurality of standard imnages mhégﬂLﬁ.q &J& £

anot her for each restored inmage data of the plurality of frames in

paral lel, the index value representing a.ig-

comparison with the first aspect of the present invention
and the entire processing time period can be shortened in
comparison with the third aspect of the present invention.
Thé present invéntion provides for methods of
image processings performed in the image processors
described above.
Other features and advantages of the present
invention will be apparent from the following description
conjunction
taken in esmrametieom with the accompanying drawings, in

which like reference characters designate the same Or

similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustratiang the overall
configuration of an image processor according to a first
embodiment;

Fig. 2 is a waveform diagram showing a clock
signal, a horizontal synchronizing signal and a vertical
synchronizing signal;

Fig. 3 illustrates a window set within a picture
as well as a small area set within the window;

Fig. 4a to 4d show standard images extracted from
securities;

Fig. 5 shows standard images created by rotation
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simlarity between the restored i mage data of each w ndgw and%ﬁscdw
representing the standard i mage set in advance. 37. Rate;: M- L SN

processi ng nmet hod according to claim36, further c ris I :

j udgi ng whet her a subject image representéﬂﬂﬁﬁﬂﬂﬁkéﬁg%&#ééﬁﬂﬁJgﬁi 1997

coincides with at |east one of the standard i nages on the basis of the
-4] -

g(t) = g(t=-1) + £(t) - £(t-3) | Eq. (é)

The circuit of Fig. 20 executes the arithmetic
operation of Equation (6). Latch circuits 84, 85,_86
latch the items of restored image data f(t-1), £f{t-2), f(t-
3), respectively. The arithmetic cperation £(t) - £(t-3)
from the second term conward on the right side of Equaticn
(6) is executed by a subtractor circuit 87. A latch
circuit 89 latches the smoothed image data g(t-1) that
prevails one clock period earlier. Accordingly, the
.arithmetic operation on the right side ¢f Equation (6) is
performed in an adder circuit 88, and the smoothed image
data g(t) is obtained. The circuit ¢f Fig. 20 is
advantageous in that the scale of the circuit is
simplified in actuality in comparison with the circuit of
Fig. 19.

As described in connection with Fig. 15, the error
e of the pixel E(0) of interest is propagated solely
toward one succeeding pixel E(D1). However, since the
error in the pixel E(D1) is further propagated toward the
following pixel E(D2), in actuality the error of the pixe;
E(0) of interest has an influence upon image data even at
fairly distant pixels. The greater the distance from the
pixel of interest, the smaller the degree of this
influence. In accordance with the above-described

takes
smoothing processing, image restoration that =sadeess into




i ndex val ues cal cul ated. 38. An i mage processing ' ggugggngﬁ$§nggth

steps of: converting input inmage data of oneifranel I mage
data representing imges of a plurality of frames diffle .![ ______ ﬂﬁﬁgﬂﬂpna
angle or in size fromthe inage representeq) X 31 -J ga—dn '
sequence at a  predeternined period of t i ubstitute sheet "2y NQYqMPeh

I mge data of one frane converted by above converting step and represented
by a first -5] -

cleared by the vertical synchronizing signal VD and then
counts the horizontal synchronizing signal HD input
thereto from this point in time onward. Accordingly, the
count Y1l in the Y counter 122 represents the Y coordinate
of the image data. These counts X1 and Y1 are fed to an
affine transformer circuit 123.

The parameters A to F are applied to the affine
transformer circuit 123 by the.CPU 17. When the image
data is wrﬁtten in the image memory 12, the parameters A
to F expressed by Equation (12) are set in the affine

ransformer circuit 123. Accordingly, X, Y-coordinates
xz[ Y2, which are the same as the input X1, Y1,
resﬁectively, are outputted from the affine transformer
circuit 123. When the image data is read from the image
memory 12 and the image is rotated by 8, the parameters
expressed by Equation (8) is given to the circuit 123.
The coordinates X2 and Y2 transformed in accordance with
Egquation (9) are outputted from the affine transformer
circuit 123. The coordinates data X2 and Y2 are used as
addresses for accessing the image memory 12. The affine
transformer circuit 123 may be realized by -s hardware or
software

A buffer circuif 124 is a one-directional buffer
and a buffer circuit 125 is a bi-directional buffer.

These buffer circuits 124 and 125 are enabled by a



of one franme is supplied, into pseudo- gray-scale |nane dat
represented by a second prescribed nunber of bits,
first prescribed nunber of bits;
I mage data of one frame for each ‘and ever$
areas, each of which conprises a plurality of plxels and

finished N times, N images having different rotation
angles i°06 (i =0, 1, 2, ..., N-1) have been compared with
the standard image and N minimum difference values (or N
maximum difference values) are obtained.

The CPU 17 executes minimum operation c¢f N minimum
difference values and further cocmpares the minimum
cperation result (thch is a minimum value among the N
minimum difference values) with a threshold value. 1If the
minimum opération result is eqﬁal to or less than the
threshold value, the CPU 17 decides that an image which
coincides with the standard image is present in the image
picked-up. Of course the CPU 17 can recognize the X, Y
coordinates of the window WN in which the image matched
with the standard image exists.

In accordance with the second embodiment, since
only one pair of the calculating circuit 15 and pezak
holding circuit 16 is sufficient to perform pattern -
matching processings with regard to the images having
different rotational angle, the hardware construction of

o
the image processor 10C is simplified, althougﬁﬁfelatively

long time is required to complete the processings.

Third Embodiment
Fig. 25 illustrates the overall configuration of

an image processor 10D according to a third embodiment.
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The image processor 10D is provided with a plurality pairs
of the difference calculating circuits 15a, 15b, 15c¢c (or
i5Aa, 15Ab, 15Ac, or correlation-value calculating
circuits 15Ba, 15Bb, 15Bc) and peak holding circuits 16a,
16b, 16¢c (or 16Ac, 16Ab, 16Ac). However a number (three
in Fig. 25) of pairs of the above circuits in the third
embodiment is less than that in the first embodiment
(inclusive of its variations). Further the image
processor lbD of the third embodiment is provided with the
image rotation.control circuit 120. |

The text data representing the standard image is
registered in each of the calculating circuits 15a ~ 15¢.
The standard images for the calculating circuits 15a ~ 15¢
are the same, but have different rotati;nal angles. For
example, the standard images for the circuits 152, 15b and
15¢c are of the rotational angles of 0, 82 and 262 degrees,
respectively (02 is an arbitrary angle).

The pattern matching processing is repeated
(B/382)~1 times for one image picked-up while the picked-
up imaée is rotated éy an angle of 3682 for =ach processing
through the image rota;ion control circuit 120. That is,

in the first processing the picked-up image is not rotated

(i.e., rotational angle is zero). The rotational angles
are 362, 662, 982, ... in the second processing and the
agﬂes

succeeding processings. The aagdte B is a range of angle

e



wi ndow and text data representing a standard i mage set ir| RERLAGEMERTYEHEET l
time the restored image data of one frane is supplied.

e
processi ng neLhed—aeeerdrng‘TU‘tlaln138 further conpri<|ﬁgmtz Qﬂg%ggﬁ .....

j udgi ng whet her e represented by. the ut
coi ncides wt E ‘ﬁﬁm t he st anda%ﬂﬁ.ﬁéﬂgﬁv hﬁ’ﬁ h%
I ndex val ues supplled I n sequence. 40.
processi ng nethod conprising the steps oki .

W=,
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mage
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a difference value in lightness of the image, and said
similarity operating circuit means calculates an abéolute
value of a diffgrence between restored image data and
corresponding text data for each and every small area,
sums the absolute values of these differences over all
small areas contained in one window and ocutputs the sum

value as a difference value of lightness.
further comprising a

11. An image processor according to claim 10,, wheressw
for detecting £

se*d-peak holdzng circuit means devteeces z smallest
d;;berence value from among difference values of lightness
regarding each of the windows obtained by said similarity
operating circuit means, as well as positicn data
indicative of the window in which the smallest difference
value is produced.

12. An image processor according to claim 7, wherein
said similarity operating circuit means calculates a cross-
correlation value between restored image data and text
data for each and every window, and outputs this cross-
correlation value as the index value representing degree

of similarity.

 further com rising a.
13. An image processor according to claim 12, :§§£§§=

for detecting
seaid peak holding circuit means deteects 3 largest cross-

correlation value from among the cross-correlation values
regarding each of the windows obtained by said similarity

operating circuit means, as well as position data
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oonverting i nput inmege data of one frame into inage dat
I mges of a plurality of frames different in rotationa

fromthe imge —+epresented—by the input inmge data in s

pr edet er m ned perrod of conyerting the im ' ata ,of 4 §
franme converted lW'vae conver@-ﬁéﬁé&ﬁ%ﬁ” t _ i&ﬁm—@_&
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the index wvalue ;epresenting said degree of similarity is
a difference value in lightness of the image, and said
similarity operatihg circuit means calculates an absolute
value of a difference between restored image data and
corresponding text data for each and every small area,
sums the absolute values of these differences over all
-small areas contained in one window and outputs the sum

value as a difference value of lightness.

further comprising a
22. An *mage processor acco*d*ng to claim 21, whe=exn

 for detecting
eesd peak holding circuit means deseess-a smallest -

difference value from among difference values of lightness
regarding each of the wlndows obtained by said similarity
operating c;rcu;t geans, as well as position data
indicative of the window in which the smallest difference
value is produced.

23. An image processor according to claim 18, wherein
said similérity operating circuit means calculates a cross-
correlation value between restored image data and text

data for each and every window, and outputs this cross-

cerrelation value as the index value representing degree

of similarity.

further comprising a
24. An image processor according to claim 23, =Fé§%;%~

for detecting
&aide peak holding circuit means deteets~a largest cross-

correlation value from among the cross-correlation values

regarding each of the windows obtained by said similarity
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nunber of bits, ‘which is less than the first prescribgd ngéfigiggﬁs

summi ng sai d pse

one of a plural | tmlm lmfﬂlli‘,gggeeggtha I" B efhé "'aca a pl! urat Tty of

pi xel s and

IS prdvi dedti n®a M w that scans the pseudo-gray-scale
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29. An image processor according to . claim 25, wherein

said image restoration circuit means restores the
pseudo-gray-scgle image data for each and every one of a
plurality of small areas, each of which is provided in a

window that scans the pseudo-gray-scale image ¢generated by

-said pseudo-gray-scale image generating circuits means,

outggts

andzaaﬁgaéaaag restored image data for a window at each
and every position; and

saia similarity operating circuit means calculates
the index value representing a degres of similarity
between the restored image data of each window
sequentially outputted by the image restoration circuit
means and text data representing a stancdard image set in
advance.
30. An image processor according to c¢laim 29, further
comprising a plurality of peak'holding circuit means each
for detecting an index value, which represents the highest
degree of simiiarity, fram among similarity index values
regarding each of the windows obtained from said
corresponding similarity operating circuit means, and
position data indicative of the window in which this index
value is generated in every predetermined period of time.
31. An image processor according to claim 30, further
comprisiné judging means for determining whether a subject

image represented by the input image data has an image

Yy
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i mage’ generated, thereby restoring the image data for

E' et

every position, with said each small area serving as ored pi xel ,
every time the pseudo- gray-scale inmage data of one fr uﬂﬁﬂn ..... and
cal cul ati ng i ndéex values mnfh use of text a ﬁ& nﬂj4—-

3 ) u;fi

i mages which are singl e Rt—t1

rot ati onal anglel nl“ﬂ & IWlﬂlone anot her for each restored i mage data
of the plurality~orciframes Isn parallel agg.every time the restored inmage
data is supplied, the index val ue

portion which coincides with at least one of the standard
images on the basis of the index values detected by the
plurality of s;id peak holding circuit means.

32. An image processor according to claim 29, wherein
the index value representing said degree of similarity is
a difference value in lightness of the image, and said
similarity operating circuit means calculates an absolute
value of a difference between restored image data and
ccrrespondiﬁg téxt data for each and every small area,
sums the absolute values of these differences cver all
small areas contained in one windogkand cutputs the sum

value as a difference value of lightness.

33. An image processor accordihg to c%aim %5, %%gégia

for detectigg
=aidr peak holding circuit means detecss 2 smallest

difference value from among difference values of lightness
regarding each of the windows obtained by said similarity
operating circuit means, as well 2s position data
indicative of the window in which the smallest difference
value is produced.

34. An image processor accoraing to claim 29, wherein
said similarity operating circuit means calculates a cross-
correlation. value between restored image data and text

data for each and every window, and outputs this cross-
correlatién value as the index value representing degree

of similarity.
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representing a degree—of simlarity between the restored‘REﬂh&@ﬂﬁﬁ&I%ﬁEﬁT
each wi ndow and t ext enting the standard inmege set in advance.
41.° An i magi\‘m“m mh ﬂﬁod according to claim 40| Detek-ShOEC-1997.----

BRIBR OY, I'sng

conprising the *whet her a subggpbétitutéBfee
. input image data coincides with at |east.qgiE o1 tIE standara 11nages o tne
basis of the
REPLACENVENT SHEET further comprising a

35. An image processor according to claim 34, sheresn

for detectin
Sadd. peak holding circuit means a largest cross-

correlation value from among the cross-correlation values

regarding each of the windows obtained by said similarity
operating circuit means, as well as position data
indicative of the window in which the largest cross-
correlation value is produced.
36 An image processing method comprising the steps
of:

converting input image data of one frame, which is
represented by a first prescribed number of bits per
pixel, into pseudo-gray-scale image data of one frame
represented by a second prescribed number of bits, which
is less than the first prescribed number of bits;

summing the pseudo-gray-scale image data for each
and every one of a plurality of small areas, each of which
comprises a plurality of pixels and is provided in a
window that scans the pseudo-gray-scale image generated,
_thereby restoring the image data for a window at each and
every position, with said each small area serving as one
restored pixel; and

calculating index values with use of text data of
a plurality of standard images which are different from
one another for each restored image data of the plurality

of frames in parallel, the index value representing a
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is provided in a window that scans the pseudo-gray-scale
image generated, thereby restoring the image data for a
window at each and every position, with said each small
area serving as one restored pixel, every time the pseudo-
gray-scale image data of one frame is supplied; and

calculating an index value representing a degree
of similarity between the restored image data of each
window and text data represehting a standard image set in
advance eveéy fime the restored image data of one frame is
supplied.
38. An image processing method according to claim 38,
further comprisiné the step of judging whether a subject
image represented by the input image data coincides with
at least one of the standard images on the basis of the
index values calculated and supplied in sequence.
40. An image processing method comprising the steps
of: .

converting input image data of one frame into
image data representing images of a plurality of frames
different in rotational angle or in size from the image
represented by the input image data in sequence at a
predetermined period of time;

converting the image data of one frame converted

_the

bQEEEave converging step and repre;ented by a first

prescribed number of bits per pixel, every time the

]
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The image processor 10D is provided with a pluralify pairs
of the difference calculating circuits 15a, 135b, 1S5c (or
15Aa, 15Ab, ISAc, or correlation-value calculating
circuits 15Ba, 1sab,.1sac) and peak holéding circuits 16%,

16b, 16c (or 16Ac, 16Ab, 16Ac). Hecwever 2 number (three

in Fig. 25) of pairs of the above circuits in the third

+

embodiment is less than that in the first embodiment
(inclusive of its variatic;s). Further the ;mage
processor ibD of the third embodiment is provided with the
image rotation control circuit 120. |
The text data representing the standard image is
registered in each of the calculaﬁing circuits 132 ~ 15¢.
The stahda:d images for the calculatiﬁg circuits 18a ~ iSc
are the same, but have different_fctati;nal angles. Ffor
example, the standa;d images for the éircuits 152, 155 and
15¢ are of the rotational angles of Q, 82 and 262 degrees,
respectiveiy (62 is an arbitrary angle).
| The pattern matching processing is repeated
'(5/362)-1 times for oﬁe image picked-up while the picked-
up image is rotated éy an angle of 362 for sach processing
through the .image rotation control circuit 120. That is,

in the first processing the picked-up image is not r tated

(i.e., rotational angle is zero). The rotational angles
are 362, 662, 982, ... in the second processing and the
' angles

succeeding processings. The anglé' B is a range of .aagle-



