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I e Process _ vice d Method Therecof

Field of The Invention

This invention relates to an image processing device and

method thereof which can measure and recognize feature

parameters such as surface area and center of gravity of an
input image obtalned by imaging a given object, which may be on
a prdductibn or inspection line in a factory or the like. In
partiéglar,zthe'invention relates to an image processing‘ﬁevice |
aﬁd a method for automatically creating_a window designating-

the region of the input image which is to be recognized.

- - Backaround of The Invention
Image processing devices generally recognize the shape and
vype of -object obfained as image information in two steps:

first, they'establish a so called 'wihdow'.to designate the

region of the input image which is to be recognized: and

second, they measure various feature parameters of the imége

‘within the window such as its surface area and center of

Pigures 11A-11C.i11ustrate a process used to establish a

window. In Figure 1lla the input image 1 is obtained by imaging

~ the given objéct through an appropriate imaging device. The

input image 1, having an identifiable portion 1la, is then
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displayed on the display screen of a video monitor of the image
processing device (_not'; shown) .

While viewing the display screen, as shown-ih Figure 11B,

the operator uses a mouse or other appropriate input device to

enter various points P; which define the region(s) which the

system recognizes, i.e., image comparisons with scanned cbjects

that are to be performed. This region consists of the area in

and ar und portion la of the :Lmage. The coordinates of points

B

are then sent to the image processing device, which creates
a polygonal window 2 by connecting the operator-identified
points P; to each .other with straight lines.

" Another embodiment which can be useci to create such a
window is shown in Figure 11C. In this embodimént, the

ageraf:or can input predetermined standard shapes 3 and 4, which -

.may be circles, squares, or other geemetrical shapes large

enr.;ugh t_o contain portidn la of the image. The 'i;nage process- _
ing' device then creates a window 5 in a fashion simi'lar té that
described above by combining _sta_ndérd"'figitres 3 and - 4.

When the first conventional embodiment shown in Figure 11B-

is used, the operator must enter a large n'umberr of points Py

_ which is a troublesome process. In other words, if only a

small number of points P, alre entered, it is difficult ¢to

create a window 2 which conforms to the shape of the portion la -

Q
L3 I

the image. In this caée, there is a danger that the portion

jud

a of the image will protrude over the édge of the window 2 |
which has been generated. Beyond b;ing inéxact, the process is
usually time consuming. | |

With the latter embodiment of Figure.1lC, a number of

standard figures must be combined if the shape of portion la of
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- 3
the image is at all complex. This_process can become unwieldy,
and it is difficult to create, using only the standard figures,
a window 5 which conforms to the contour of portion 1la. | _

Figures 12A-12C illustrate another embodiment for éreating_

5 a window whiéh eliminates the aforementioned problems. In this

empodinent, the object is imaged and a gray' image 6 is

generated in Figure 12a which will in turn be used to create a

recaognition window. The gray image 6 is binarized, and the
binary image 7 is stored in the image memory (Figure 12B).

16 In Figure 12C, the same binary image is sent to the window
memory, where an expanding or shrinking process is performed on
it to create the expanded image 8 (Figure 12D) or a shrunken
image 9 (Figure 12E). Images 8 and 9 are both binary images.
The portion labeled 10a is the region 8 the image contaihing

15 .tne black pixels; the white area labeled 10b is the region con-

.tainiﬁg the white ﬁixels. Images 8 and 9 are established;aﬁ
vindows for ingﬁt image 11. |
TO uée theée windows, for example, if an operator was
iﬁspecting cbjects forlburrs or bulges, he would use a window

20 consisting of the aforementioned expanded image 8 since these

‘ defects are accentuated. By totalling the black pixels within
the window and comparing the total with a reference value, it
would be possibie'fdr him to detect the presence or absence of
hurrs or bulges. If a operator was inspecting an objecﬁ for

25 cnips or dents, he would use a window consﬁructed fron the
afcrementionéd shrunken image_9 Since the éhips or dents would
be .!a'c_:re apparent. By totalling the black pixels within the

- window and comparing the total with a reference value, it would:
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be péssible to detect the presence or absence of chips or
dents,

However, the embodiments usin§ the windows described above
suffer from the followinq problem. When the defects; whether
they be burrs, bulgeé, éhips, dents, etc., are microscopic, the
difference between the total of number black pixels 10a within
the window for a normal object and for a defective piece wéuld
not be obvious. For this reason it is dlfflcult to perform a
highly accurate mspectlon for defects. As a result, an

1nspection with a high degree of accuracy is impossible to

Summary of Thg Invention .

In light of the érobléms described above, the objective of
this invention is to prévide an image procéssing device which
can. generate a window automatically withoué_ requiring
complicated manual proceaure, and which can be.;elied on to
perform a highly accurate inspection. .

This invention relates to an -image processlng dev1ce and
rethod thereof whlch captures an image of a given object,
creates a window automatically in the image which it has
received and performs a specified recognition procedure on the
pertion of the image which falls within that window. The

svstem of the present invention includes an image processing

2

evice. The device is equipped with a means to image an
chiact., 1In other words, this device includes an element which
picks up an image of a given object and then generates an input

image to be used as the reference for the creation of a window
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or for recognition procedures. The system also includes a
device for expanding an image, the expanding process being
parformed on the aforementioned reference image to cfeate a'n
expanded image; a means to shrink an image is included. The
shrinking process is then performed on the aforementioned
reference image to create a shrunken image, and a window, which
synthesizes the aforementioned expanded image, is thereby
created which comprises a long and a narrow window which
follows the contour of the aforementioned reference image.

Before recognition operatidns can be performed, the
standard object | is imaged and the expanding and shrinking

processes are applied to the standard image as a reference.

3

hen the expanded and shrunken images are combined to create a

long, narrow window which follows the contours of the image.

~Once this has been completed, the inspection object to be

recognized is imaged and a window of the type déScribed above

Jare

s applied to that image'for insﬁection. Other parameters of

the pertion of the'imaéé.within the window are measured and

As a result, an inspection for burrs or chips yiélds a
clear difference between the values resulting from measuring
the area within the window for a normai and a defective object.
These clear differehces will be manifest even when the defects
are microsgbpic. Defective,pieces can thus be detected with

certainty, and a highly accurate inspection can be performed.
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ef Descripti £T aw
Figure 1 is a schematic view illustrating principles
underlving an embodiment of the invention for generating a

window which is implemented in an image processing device that

is designed according to this invention.

Figure 2 is a block view of an embodiment by which the

window Of Figure 1 is established.

Figure 3 shows the pixel data for all the pixels within

the mask.

Figure 4 is a block diagram showing the configuration of

a first embodiment of the image processing device.

Figure 5 is a bi?ck diagram showing the configuraﬁion of
a second émbodiment of an image proéessing device.

Figure 6 is a flow chart showing the control sequence used
by the CPU in the second embodiment shown in-Figuie 5.

Figure 7 is a block diagram showing the configuration of
a third emquiment of an image processing device.

Figure 8 shows the‘pixelndata for all pixels within the

- mask.

Figure 9 is a block diagram showing the configuration of
a fourth embodiment of an image processing devibe of the.
rresent invention. _' |

Figure 10 is a flow chart showing the control segquence
used by the CPU in the fourth embodiment of Fiqurg'S.

Figures 11aA-11C _show embodiments of existing image
Processing devices used to generate windows.

Figures 12A-12E show another embodiment used to generate

2 window in existing image processing devices.
ﬂ__,_..__-a—————~"
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Figure 13a-13b are flow charts which illustrates the a

differencé between Kokai-Koho Heisei 2-108167 and the invention

descriped herein.

Detajled Description of The Invention

Referring now to Figufe 1 wherein like reference numerals
refer to like elements, this figure illustrates the principles
underlving the embodiment used t6 generate a window for an
actual image processing device designed according to this
invention. As shown, a sample of a standard.or normal object
ié imaged for recognition, and the'mondchrome image obtained is
then binarized. . The ‘resulting binary image, now known as the.
reference image _15, is 'ﬁhen‘ subjected. to expansion and
shrinkage processes which generate an expanded image 13 and a
shrunken.image 14 in parallel. By ﬁaﬁing the exclusive-OR of

images 13 and 14, a long, narrow window 15 is generated which

follows the contour of the aforementioned reference image 12.

A Japanese Kokai-Koho, Heisei 2-108167 discloses an

.optical device to inspect an object if there is any defect,'

such as burrs or bulges. The disclosure cf-the that reference
is incorpofated herein by reference. The main structure of
this invention comprises an expansion/shrinkage ﬁ:rocessi_ng unit
and an exclusive-QR.caléulation unit. The expansion/shrinkage

Processing unit processeé images by first éxpanding digital

image data of the object to be inspected, and then shrinking

i

waxd

€ output data obtained from the expansion process. In other

¥ords, expansion and shrinkage processing are implemented.

SeqQuentially. The exclusive-OR calculation unit then perforns

Sheet Has Been Replaced-

T i




10

ook
in

20

- 8
an exclusive-OR calculation between the output of the
expansion/shrinkage processing unit and the original image data

of the object shown in FIG. 13b. The main difference between

(a s

he Japanese invention of Kokai-Koho and this invention is that
this invention automatically generates a long, narrow window
which follows the contour of an object image to be inspected.

Japanese Kokai-Koho, Heisei 3-~63889 on the other hand discloses

‘an image processing algorithm to inspect an object. This

algorithm also comprises the steps of an expansion and
s’n'rinkage process, but does not comprises the exclusive-OR
opérations that produce a contained window.

Figure 2 is a block diagram of an actual embodiment by
which the aforesaid window is established. 1In this Figure, 12
is the binary image which will be used as the reference image,
as described above. A mask 17, which is composed of 3 x 3
pixels horizontally and vertically arrayed, is applied to the
rgference image 12. Then the expanding and shrinking processés
are carried out by means of raster scanning. |

Figure 3 shows the pixel data, X0 to X8, for all the
rixels in mask 17. .An individual pixel datum.might be assigned
the valué "1," for éxémple, to indicate a black pixel, or "O"
to indicate a whité pixel. |

Returning to Figure 2, mask 17 is used in a raster scan
pPerformed to expand the image. If there are any black pixéls
within the mask 17, fhe target pikel (ih this example, the
Center pPixel) is regarded as black, and its pixel datum, now
known as X0/, is assigned the value "1." To shrink the image,

the target pixel (again, the center'pixel) is regarded as white -
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if there are any white pixels within the mask 17, and its pixel
datum, now known as X0”, is assigned the value "0." By taking
for
corresponding pixels, we can generate a long, narrow wlindow 15
which follows the contours of the reference image 12.

Figure 4 is a block diagram of a first embodiment of the
image processing device 18 for generating a window as described
above,

In this first embodiment, the .object is imaoed and the
hardware illustrated in this figure expands and shrinks per
pixel the obtained binary image. The exclusive-OR calculation:
is processed , and the window 15 shown in FJ.gure 1l is generated.

~ The 1mage process:.ng device 18 is composed of a TV camera
19, whlch captures . the image of_ the object and generates a
monechrome im'age that can be used to create a window or to
perform recognition procedures. The image processinq unit 20
is connected _to camera 19. The processing unit. receives
nonochrome image signals from t;.ne TV camera 19 and uses thenm to
generate a window or- to perform recognitions. The image
E-’roeessinq u.nit 20 contains a pre-processing unit 21, a window
generator unit 22, a control unit 23, a measurement unit 24,
and an image memory 25. Each of these elements are further
described below. _

The pre-processing unit 21 includes an A/D converter 26
and a binarization circuit 27. The operations of the A/D
“onverter 2¢ involve convert.ing a monochrome signal sent from
*he TV camera 19 from an analog form to a digital

e~’~"!"595eni:at:1.o_n. Binarization circuit 27 then binarizes the
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menochrome signals according to a specified binarization

‘threshold value and then generates a binary image of the

aicnal.

(19

The window generator unit.zz uses a binary image of a
normal sample as the reference imagellz. The unit 22 generates
the window 15. fhe'window generator 22 includes gate 28, the
mask scanning circuit 29, an expansion circuit 30, a shrinkage
circuit 31, an exclusive-OR circuit 32 and a window memory 33.
Each circuit is also set forth in further detail below.

The mask scanning circuit 29 establishes the aforesaid

‘mask 17, with 3 x 3 pixels arrayed horizontally and vertically,

in reference image 12. It then scans the raster. The scanning
circuit 29 contains six latching circuiﬁs, 34 through 39, and
two shift registers, 40 and 41. Pixel data X0 through X8 for
the pixels within 2the aforesaid mask~ 17 are output
simultaneously by the mask scanning circuit 29 to the expansion
circuit 30 and shrinkage circuit 31.

The aforesaid expansion circuit 30 expands reference image
i2 by one pixel's worth and generates the aforesaid expanded
image 13. For this reason, it contains a cifcuit whose design
conforms to Formula 1, given below. Pixel datum X0” for the
center pixél is output to the exclusive~OR circuit 32 as the
result of ﬁhe expansion operation. ‘The plus.signs in Formula
1 rapresent the calculation of logical sums.

Formula 1. | |

X0’ = X0 + X1 + X2 + ... oo + X8

The aforesaid shrinkage cifcuit 31 shrinks the reference

image 12 by one pixel's worth and generates'the aforesaid
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shrunken image 13. " For this reason, it contains a circuit
whose design conforms.to'l-‘ormul'a 2, given below. Pixel datum
X0* for the center pixel is output to the exclusive-OR circuit

32 as the result of reduction. The asterisks in Formula 2

LF]

represent the calculation of logical products.
Formula 2.
X0" = X0 * X1 * X2% ,,, ... * X8

4

The aforementioned exclusive~OR circuit 32 receives as

pat
=]

inputs the pixel data X0/ and X0“ for the corresponding pixels

h

rom the expansion circuit 30 and shrinkage circuit 31. It
performs an exc1u51ve-OR calculatlon to generate a long, narrow -
window 15 which conforms to the contour of the reference image

12, and it stores this_window'in the window memory 33.

Pt
in

‘The control unit 23 contains the CPU 42 which is the
nucleus of the micfocomputer control and calculation
'cperations. The RQM 44, ﬁAM 45 and I/0 port 46 are connected
to the CPU.42 via a bus 43. The ﬁroéram is stored in the ROM
44 and the RAM 45 provides the capability for reading and
eo writing of all data.
The afdrementioned gate 28 is connected to the aforesaid
bus 43 via the'interface'47. The CPU 42 outputs gate control
signals through the interface 47. The gate 28 is closed during

window generation and open during measurement procedures.

N
n

The imége memory 25 captures an image of the object to be
recognized and stores the (binary) input image obtained. The
measurement unit 24 accepts as input from the CPU 42 the binary

image signals read out of the image memory 25 and the constitu-
S T T _
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ent data for window 15, which are read out of the window memory
i3 ... The measurement unit 24 measures feature p'arameters'of the
portions of the.image which lie within the window 15, such as
its area. The measurement values are sent to the CPU 42 by way
ef the bus 43, and. the CPU 42 comparés them to the reference
values to discriminate the form and other features oflthe-
ocbject being inspected’.

The organizatibn of the image processing device 18 is
illustrated in Figure 4 and the actual procedure to recognize
a image of an object ié as follows. | | |

| To create a window or conduct measurement procedures, it
is first necessary, prior to any measureménts, for the TV
camera 19 to captﬁre the image of a normal object sample. A
monochrome image is then generated by camera 19, -ah_d signals
associated with this image.pass thrbuqh the pre-processor unit
21. Unit 21 creates a binary image to be used as reference
image '12. The binary image signals associated with reference
image 12 are then sent through the gate 28 to the scanning
circuit 29. In each scanning position, the mask scannmg
circuit 29 outputs pixel data X0 through X8 for the nine pixels
in mask 17 to the expansion circuit 30 and the shrinkage
circuit 31 simultaneously. These circuits then expand arid
shrink the image. All outputs from the circuits 30 and 31 are
sent to the exclusive-OR circuit 32, The output of the
exclusive-OR circuit 32 is written inﬁo the window memory 33 as
.cc-nstituen-t. data for window 15.

Next, the TV camera 19 captures the image of the object to

be recognized and generates a monochrome image of it. The
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signals associated with this monochrome image are piocessed by
the aforementioned pre-processing unit 21, and a binarized
image is generated to tunction as the input image. This input
image is temporarlly stored in the image memory 25, from which
iv is read out by the CPU 42. The constituent data for the
window 15 are read out of the aforementioned windéw memory 33
to establish a window 15 for.the input image. Area and other ' |
feature parameters are measured for the portion of the image
which falls within window 15. The measurement values are then

sent to the CPU 42, where they'are compared with -reference

values in order to discriminate the form of the object and

detect whether there are any burrs, cbips or other defects.

Figure 5 illustrates .the ‘organization of another
embodiment for the image processing devicé 18 in which this
invéﬁtion has been implemented. |

The image of the object is captured and the binarized

_image which is obtained is used as the reference image 12, but

in this embodiment, software is used:to expand and shrink this-
image on a scale of several pixels. - The exclusive OR is
calculated and a window is generated by software.

The image processing device 18 shown in the Figure 5 is
composed of a TV camera 50 and an image processing unit 51.
The image proéessing unit 51 contains an'A/D converter 52,
which digitizes the analog monochrome image signals input by
the TV camera 50. A b;narization circuit 53 is also inclhded '
which accepts the input of the monochrome signals from the A/D

converter 52 and binarizes them.
e
cet Has Been Replaced

\\||\I\\ N



{]

-
-~
-

[ue)
wm

20

25

'o

14

The binarization circuit 53 outputs the binarized image

‘signals associated with the reference image 12 and the input

image to an image memory 54 and image control unit 55. The
imacge memory 54 stores the binarized image- siénals from
binarization circuit 53 and the constituent data for the window
15, which are then generated in an order to be explained
shortly. Both types of data afe stored as pixel units. The
ther image memory 56 is used for temporary storage of the
panded image 13 or the shrunken image 14 duriﬁg the process
of qahérating a window.

The éforesaid'display control unit 55 first accepts the
input of the monothome image signals and the biharized image
§ignals, then selects one type and outputs them.to the b/aA
converter 58. The D/A converter converts digital input signals
to.analog and outputs them to the video monitor 60.. |

The measurement unit 59 establishes a wlndow 15 for the
binarlzed image related to the input image. It then measures
fsature parameters such as area for the portion of the image
within window 15. | _

The CPU 61 is the nucleus of the microcomputer's control
and éalculation.capability. The ROM 63, RAM.64_and I/0 port 65
are ccnnécted to CPU 61 via bus 62. The control and comparison
program is stored in the ROM'63. The RAM 64 provides reading

and writing of all data. - The input device 66, used to key in

the factor by which the image is to be expanded or shrunken, is

connacted to the I/0 port 65.
Figure 6 shows the sequence in which window 15 is

Genarated by the ‘aforesaid CPU 61. In the nekt section, we
/—_ . .
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shall explaih the operations of the embodiment illustrated in
rigure 5 following this sequential diagram.

In Step ST1 of Figure 6, a normal model of the object is
imaged by the TV camera 2,'ahd the resulting monochrome image
signals are received by the image processing unit 51 and
digitized. These monochrome image signals are binarized by the
binarization circuit 53, and the binarized image is stored in
the image memory 54 as the reference image 12 (Steps ST2-ST3).

In Step ST4, the CPU 61 causes the refgrence image 12 ih
the image memory 54 to be transmitted to the window memory 57.
It then receives an expansion factor which has been input via
the ihpu.f device 66 (Step ST5).' The CPU 61 accepts the

binarized“imagé signaié associated with the reference image 12

 from the window memory 57. - The expansion proéess is then

verformed the number of times specified, producing the expandéd
image 13. The contents of window memory 57 are then rewritten-
tc reflect then expapﬁed image 13 (Steps ST6 and ST7).

‘When the expansion process has"been perfofmed the
specified'number_of times, the 5udgment in Step" 7 will be YES.
In Step 8, therefore, the CPU 61 causes thg expéﬁded image 13
to be sent from the window memory 57 to then image memory S56.
If the expansion process is not complete at Step ST7, the
Process loops back to the expansion Step ST6. In Step 9, the
reference image 12 is sent from image memory 54 to window
zenory 57. |

In Step ST10, the CPU 61 receives the reduction factor

“hich has been the input via input device 66. It accepts the

binarized image signals associated with the reference image 12
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from the window memory 57. The reduction process is then
performed the number of tim_es_ specified, producing the shrunken
inage 14. The contents of the Qindow memory 57 are then
rewritten'to reflect the shrunken image 14 (Steps ST11 and
8TiZ} |

When the _.reduction process has been performed the
specified number of times, the judgment in Step ST12 will be
YES. In .Step ST13, the CPU 61 accepts the shrunken image 14
from_ the window memory 57 and expanded image 13 from the image

memory 56. The system then performs an exclusive-OR

'calculation, and the contents of the window memory 57 are

réwritten tc'» r.eflect"the'results of that calculation. The
sequence of operatiéns .which qener:ates window 15 4is then
complete.,’

In both of the embodiments discussed abbve, the windc‘n} is .7.

generated using a binary image as the ;-refe,renc.e image 12.

' However, the invention is not limitéd to such an arrangement.

The Vindow might also be generated usihg a -mult;i-\}alued (gray

image) image as the reference image.

Figures 7 and 9 both show embodiments in which the window

is generated using a multi=-valued image. In Figure 7 the

window is generated by hardware and in Figure 9, by software.

Embodiment 3, shown in Figure 7, is analogous to the overall.

‘Pardware configuration of the embodiment shown in Figure 4.

Embodiment 4, shown in Figure 9, is analogoqs to that shown in

Figure 5. corresponding components in the latter embodiments
have been assigned the same numbers so that the detailed

%xplanation need not be repeated.

This Sheet Has Been Replaced

[TEE




-4
o

29

17

In Embodiment 3, whioh ie illustrated in Figure 7, the
ﬁonochrome image signals outputted by A/D converter 26 are sent
to mask scanning circuit 29 through gate 28. The multi-valued
pixel data x0 through x8, which correspond to each of the
pixels in mask 17, are output by mask scanning circuit 29 to
expansion circuit 30 and shrinkége circuit 31 simultaneously.

Figure 8 shows pixel data x0 through x8, which correépond
to each of the pixels io mask 17. Each pixel datum is assigned
a specified gradation value according to the density of the
pixel. |

The expansion circuit 30 expands the multi-valﬁed 
refergnce image by one pixel's worth to create the expanded

image. Tts configuration-conforms to Formula 3, given below.

circuit 30 outputs the pixel datum xo} (the'détum for the

center. plxel) to the calculatlon circuit 67 as a result of the
exoansion process. The word "max" in Formula 3 refers to the
createst value among the p1xel data x0 through X8.

Formula 3. | | |

X0’ = max (x0, x1, x2,-..; cee, X8)

The shrinkage circuit..31 shrinks the multi-valued

reference image by one pixel's worth to create the shrunken

image. 1Its cohfiguration conforms to Formula 4, given below.

‘Circuit 31 outputs pixei datum x0”, (the datum for the center

pivel) to the calculation circuit 67 as the result of the
reduction process. The word "min" in Formula 4 refers to the

lovest value among the pixel data x0 through x8.
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?o:mula 4.

x0" = min {x0, %1, %2, ... ..., X8}

The aforesaid calculation circuit 67 receives as input the
pixe_l data x0’ and x0" for the corresponding pixels from
expansion circuit 30 and shrinkage circuit 31 and perf§rms the
calculation shown in Formula 5, given below. The result y of

this calculation is output to binarization circuit 68,

Formula 5.

v = | x0’ - x0" |

The aforesaid binarization circuit 68 binarizes'the input
data v using a specifie§ binarization threshold value. .It thus
generates the constituent data for the long narrOW'window 15.
Th% éuécessive writing of these da£a into'ﬁindoﬁ‘memory 33
stores window ;S'in.the,memory,'?_ﬁ.”-_ . R |

In-Embodiméﬁt 4, which is illustrated in'Figure 9, :ne
image'memory 54'§€ores the monochrome image signals from A/D

converter 52 and the window memory 57 stores the constituent

data for window 15, which are generated in an order to be

explained shorﬁ;y. Both types of data are stored as pixel
units, The other image memory 56 is used for temporary storage
of the multi-valued expanded image 13 or shrunken image 14
during the process of generating a window.

?igure 10 shows the sequence in which window 15 is
generated by the aforesaid CPU 61. 1In the next section we
shall explain the opefations of Emb6diment 4, th¢h is

illystrated in Figure 5, following this sequential diagram.
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In Step 1 of Figure 10 (labelled "ST 100" in the figure),
a normal model of the object is imaQed by TV camera 2, and the

resulting monochrome image signals are received by the image

processing unit 51 and digitized. These monochrome image
5 signals are stored in the image memory 54 as the reference
im e {Step ST102).
In Step ST103, the CPU 61 causes the reference image in
the said image memory 54 to be transmitted to the window memory
57. It then receives the expansion factor which has been input
10 via the input device 66 (Step ST104). The . CPU 61 accepts the
monochrome image signals associated with the reference image
from the window memory 57. _The expansion proeess is-performed
the"eumber of éimes' specified, producinq a multi-valued
eipanded. iniage‘.;' : The contents of the window memory 57 are
= rewritten;to reflect thls_expanded lmage (Steps ST105-106).
When the expansion: process has - been performed -the
specified number of times, the 5udgment in Step ST106 will be
YES, iq Step ST106, the CPU 61 causes the-expanded imaée to be

sent from- window memory 57 te the image memory 56. In Step

NS
“©>

ST108, the sYstem causes the aforesaid reference image to be
sent froﬁ the image memory 54 to the window memorf 57.

In Step ST109, the CPU 61 receives the reductien factor
which has been input via the input device 66. It accepts the
Ronochrome image signals associated with the reference image
from the windeQ'memory 57. The reduction process is performed
the number ef times specified; producing a mulﬁi-valued |
Shrunken'image. The contents of the window memory 57 are

- Tewritten to reflect the shrunken image 14 (Steps ST110-111).
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when the reduction process has been performed the
specified number of times, the judgment Step ST111 will be YES.
'In Step ST112, the CPU 61 accepis the shrunken image frem the

window memory 57 and the expanded image from the image memory

5 5§, It then calculates the absolute value y of the difference
between the two sets of pixel data. The value Yy is then
binarized uslng a speczfied binarization threshold, and the

I contents of the window memory 57 are rewritten to reflect the
result of the calculation. The sequence of operations which

1 generate window 15 are now complete (Step ST113).
" As described above, the image processing device of this
invention captures the 1maqe of a given object and performs ex-
pansieon and reductlon processes using the obtalned reference

image to_generate~expanded and shrunken images, By.comblnlmg'

)
Ln

these-images; it generates a long, narrow window which follows
the centour.of the said reference;imaqe.' This window can be
used fo 1nspect pleces of work for burrs,.chips, and so forth.
When feature parameters are measured for the area wlthzn the

window, an obvious difference will be observable between the

(3]
<

values obtained for normal and defective pieces, even when the
defects are microscopic. Thus defective pieces can be detected
with certainty, and it’ is possible to conduct a highly accurate
inspection. The objectives of tne invention have been achieved
with notable results.

The present invention may.be embodied in other specific
forms with departing = from the spirit or essential
Characteristics thereof. The present embodiments presented are

illustrative and not restrictive with the scope of the
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inventibn being indicated by the attached claims rather than
the foregoing description. All changes which come within the

meaning and range of equivalency of the claims are therefore

intended to be embraced therein.
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1. An image processing de\_rice to recognize an image of a
given object comprising:

5 | ~camera means for capturing an image of an object to be
in'hpecﬁed, and for generating image signals from said image of
said object:

processing means for receiving said im'ag.és said image
processing unit comprising: |

o pre~-processing means for converﬁing said images from
analeg to digital data; ._

window_generating means for generating a window of a

raference object;

.,  control means for controlling said image processing

image memory means for storing said image; and
measurement means for measuring feature parameters of

a portion of said image falling within said window.

2. The image processing device as provided in claim 1,

¥herein said window generating means comprises:

a gate circuit to open said window generating means du:ing
'*findoui generation, and to close it during measurement
Proecedure;

a2 mask scanning circuit adapted to apply a mask with 3 x

¥ pixels arrayed horizontally and vertically to said image

Sbtained from said reference object, and t"hen to apply raster

SCanning;

—/__,__'—-———__‘
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an expansion circuit for expanding by one pixel's worth of
oﬁtput data from said mask sCanning circuit:;

a shrinkage circuit for shrinking by one pixel's worth
said output data from said mask scanning circuit;

an exclusive-OR circuit for performing an.exclusive-OR
calculation on an output from said expansion circuit and an
output from said shrinkage circuit in order to generate said
window: and |

‘a window memory to store said window.

3. An image processiﬁg method comprising the steps of':

_imaging a standard reference object by a TV camera to

' generate image signals;

binarizing said imagé_signals of said standard reference

storing said binarized data in an image memory unit:

transmitting said binary data'of said standard reference

- object to a window memory;:

inputting an expansion factor:;

performing expansion of said binafy data which‘represents
said standard reference object a number of times represented by
said expansion féctor;

tr&nsmitting said'expandéd data to said image memory unit:

‘inputting a shrink amount for a shrinkage factor;

shrinking said binary data which repfesents said standard .
reference cbject by said shrink_ambunt:

performing an exclusive-OR calculation;

-
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outputting said expansion and said shrink data in order to

24

generate said window; and

storing said window in said window memory.

4. The image processing device provided in claim 1,

- wherein séid contrql means reads said window of said standard

reference object stored in said window memory and compares it
with a measurement value of said given object generated by said
measurement means to recognize if said given object is the same

as said standard reference object.

5. The image processing device provided. in claim 1,
wherein said feature parameter of said measurement means is an

area which falls within. said window.

6. The image processing device provided in claim 1,
vherein said digital data output from said pre;processing'means

is binary data which represents black and white.

7. The image proceSSing device provided in claim 1,
wherein said digital data output from said pre-processing means

is multi-valuéd data which represents black, white, and gray.
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