
5 Image Processing pevice and Method Thereof 

Field of The Invention 

This invention relates to an image processing device and 

10 :method thereof which can measure and recognize feature 

parameters such as surface area and center of 9'ravity of an 

input image obtained by imaging a given object, which may be on 

a production or inspection line in a factory or the like. In 

part~c.ular, ~.the invention relates to an image proc·essing ~evice 

15 ~rtd a method for automatically creating a window desiqnating 

the ·region of the input image whicl\ is to be recognized. 

Background of The Invention 

Image processing devices generally re~oqnize the shape and 

20 type of'· object obtaine~ as image information in two steps: 

first, they establish a so called 'window' to designate the 

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

second, they measure various feature parameters of the image 

within the window such as its surface area and center of 

Fiqures llA-llC illustrate a process used to establish a 

window. In Figure lla the input image l is obtained by ima9inq 

t~e 9iven object through an appropriate imaging device. The 

input image l, having an identifiable portion la, is then 
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displayed on the display screen of a video m.oni tor of the image 

procesainq device {not shown). 

While viewing the display screen, as shown in Figure 118, 

the operator uses a mouse or other appropriate input device. to 

s enter various points P1 which define the region(s) which the 

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

that. are to l:>e performed. This region consists of the area in 

and around portion la of the image. The coordinates of points 

P: are then sent to the image processing device, which creates 

10 a polyqonal window 2 by connectinq the operator·-identified 

point$ P1 to each other with straight lines. 

· Another embodiment which can be used to create such a 

window is shown in. Figure llC. In this embodiment, the 

operator can input predetermined standard sh.apes 3 and 4, which · 

l 5 may be circles, squares, or other geemetrical shapes. large 

enough to contain portion la of the image. The.ima9e process­

ing device then creates a window 5 in a fashion si~flar to tl')at 

described above by combinj,ng st~ndard .. figures 3 and·4. 

~11en the first conventional embodiment shown in Figure llB· 

20 is USQd, the operator· must enter a large number of points Pp 

which is a troublesome process. In other words, if o·nly a 

small num,t,er of· points P 1 are entered, it is diffleult to 

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

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

25 la of the image will protrude over the edge of the window 2 
, 

which has been generated. Beyond bein9 inexact, the process is 

usually time consuming. 

With the latter embodiment of . Fi9ure. llC, a number of 

standard figures.must be combined if the shape of portion la of 
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the imaqe 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 la. 

Fiqures 12A-12C illustrate another embodiment for creatinq 

5 a window which eliminates the aforementioned problems. In this 

embodiment, the object is imaged and a gray image 6 is 

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

recognition window. The gray imaqe 6 is binarized, and the 

binary image· 7 is stored in the image memory (Fiqure l2B) • 

10 

. 
In Fiqure 12C, the same binary image is sent to the window 

memory, where an expandfnq or shrinking process is performed on 

it to create the expanded image 8 (Figure 120) or a shrunken 

image 9 (Figure l2E). Images 8 and 9 ar~ both binary imaqes. 

The portion labeled lOa is the region 8 the image containing 

:s the black pixels; the white area labeled lOb is the region con-. 

tai.ning the white pixels. Images 8 and ·9 are e$tablished as 

windows for input image 11. 

To use these windows,· for example, if an operator was 

inspecting objects for burrs or bulges, he would use a window 

20 consistinq of the aforementioned expanded image B since these 

detects are accentuated. By totalling the bla.ck pixels within 

the window and comparing the total with a reference value, it 

would be possible for him to detect the presence or absence of 

burr$ or bulges. If a operator was inspecting an object for 

25 chips or dents, he would use a window cc;mstructed from the 

afor.ementioned shrunken image 9 since tne chips or dents would 

be more apparent. By totalling the black pixels within the 

window and comparing the total with a reference value, it would· 
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be possible to detect the presence or absence of chips or 

d~nts. 

However, the embodiments using the windows described above 

suffer from the tollowinq problem. When the defect~, whether. 

5 they be burrs, bulges, chips, dents, etc., are microscopic, the 

difference between the total of number black pixels lOa within 

the window for a normal object and for a defective piece would 

not be obvious. For this reason it is difficult to perform a 

highly accurate inspection for defects. As a result, an 

10 inspection with a hiqh deqree of accuracy is impossible to 

1 --=' 

perform. 

summary of The Invention 

In liqht of the problems described above, the objective of 

this invention is to provide an image processing device which 

can generate a window automatically wit.hout requirinq 

complicated manual procedure, and which can be relied on to 

perform a highly accurate inspection. 

This invention relates to an image processing device .and 

20 method thereof which 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 

portion of the image which falls within that window. The 

system of the present invention includes an image processing 

device. The device is equipped with a means to image an 

object. In other words, this device includes an element which 

picks up an image of a given objeQt and then generates an input 

iMage to be used as the reference for the creation of a window 
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or fo= recognition procedures. The sy~tem also includes a 

device for expanding an image, the expanding process being 

p~rtormed on the aforementioned reference image to create an 

expanded image: a means to shrink an image is included. The 

5 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 

10 

!ollows the contour of the aforementioned reference image. 

Before recognition operations can be performed, the 

standa~d object is imaged and the expanding and shrinking 

precesses are applied to the standard image as a reference. 

Then the expanded and shrunken images are combined .to create a 

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

15 · once this has been complet;ed, the inspection object to be 

reco.gnized is imaged and a window of th_e type described above 

is applied to that image for inspection. Other parameters of 

the portion of the image .within the window are measured and 

20 As a result, an inspection for burrs or chips yields a 

clear difference between the values resulting from measuring 

the area within the window for a normal and a defective object. 

These clear differences will be manifest even when the defects 

are rr..icroscopic. Defective. pieces ca·n thus be detected with 

25 c~rtainty; and a highly accurate inspection can be performed. 
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Brief Description of The prawings 

Fiqure 1 is a schematic view illustratinq principles 

underlying an embodiment of the invention for 9cneratinq a 

window which is implemented in an image processing device that 

5 is designed according to this invention. 

10 

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

window of Figure 1 is established. 

Fiqure 3 shows the pix~l data for all the pixels within 

the mask. 

Fiqure 4 is a block dia9ram showin9 the configuration of 

a f lrst embodiment of the image processinq device. 

Figure 5 is a bl~ck diagram showing the configuration of 

a second embodiment Of an image processing device. 

Figure 6 is a flow chart showing the control sequence used 
' . 

15 by the CPU in the second.embodiment shown in Figures. 

20 

25 

Fiqure 7 is a block diagram showing the ·configuration of 

a third embodiment of an image processing device • 
.. 

Figure 8 shows the pixel data for all pixels within the 

Figure 9 is a block diagram showing the configuration of 

a fourth embodiment ·of an image processing device of the 

present invention. 

Figure 10 is ~ flow chart showing the control sequence 

used by the CPU in the fourth embodiment of Figure 9. 

Figures llA-llC show embodiments of existlnq image 

processing devices used to generate windows. 

Fiqures l2A-12E show another embodiment used to generate 

P.i window in existinq image processinq devices. 
~=-=--::____----
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Figure 13a-1Jb are flow charts which illustrates the a 

difference between J<okai-Koho Heisei 2-108167 and the invention 

described herein. 

Detailed Description of The Invention 

Referring now to Figure l wherein like reference numerals 

refer to like elements, this figure illustrates the principles 

underlying the embodiment U:sed to generate a window for an 

actual image processing device designed according to this 

10 inv$ntion. As shown, a sample of a standard or normal object 

is imaged for recognition, and the tftonochrome image obtained is 

then binarized •. The· ·resulting binary imaqe, now known. as the 

reference image 12, is ·then subjected to expansion and 

shrinkage processes which generate an expanded image 13 and a 

l5 shrunken image 14 in parallel. By taking the exclusive-OR of 

images 13 and 14, a lon9, narrow window 15 is generated which 

follows the contour of the aforementioned reference imaqe 12. 

20 

25 

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

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

such as burrs or bulqes. The disclosure of the that reference 

is incorporated herein by reference. The main structure of 

this invention comprises an expansion/shrinkage processing unit 
. . 

and an exclusive-OR calculation unit. The expansion/shrinkage 

Procf::\ssin9 unit processes images by first expanding diqi tal 

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

the output data obtained from the expansion process. In other 

'l.:c::>rds t expansion and shrinkage processing are implemented. 

se~~entially. The exclusive-OR calculation unit then performs 
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an exclusive-OR calculation between the output Of the 

expansion/shrinkage processing unit and the original image data 

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

the .Japanese invention of Kokai-Koho and this invention is that 

5 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 

io shrinkage process, but does not comprises the exclusive-OR 

operations that produce a contained window. 

Fiqure 2 is a block diagram of an actual embodiment by 

which the aforesaid window is established. In this Figure, 12 

is the binary image which will be used as the reference image, 

15 as described above. A mask 17, which is composed of 3 x 3 

pixals.horizontally and vertically arrayed, is applied' to the 

reference image 12. Then the expanding and shrinking processes 

ara carried out by means of raster scanning. 

20 

2S 

Figure 3 shows the pixel data, XO to XS, for all the 

pixels in mask 17. An individual pixel datum might be assigned 

the value "1," for example, to indicate a black pixel, or "O" 

to indicate a white pixel. 

Returning to Figure 2, mask 17 is used in a raster scan 

performed to expand the image. If there are any black pixels 

"'ithin the mask 17, the target pixel (in this example, the 

c~nt~~ pixel) is regarded as black, and its pixel datum, now 

known as XO', is assigned the value 11 1." To shrink the image, 

th@ t~rget 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 p~xel 

datum, now known as XO", is assigned the value 11 0. 11 By taking 

the exclusive OR of the pixel data XO' and xo• for 

corresponding pixels, we can generate a lonq, narrow window 15 

5 whie;!h follows the contours of the reference image 12. 

Fiqure 4 is a block diagram of a first embodiment of the 

ima9e processing device 18 for generating a window as described 

above. 

In this first embodiment, the object is imaged and the 

10 hardware illustrated in this figure expands and shrinks per 

pixel the obtained binary image. The exclusive-OR calculation 

is processed, and the ~indow 15 -~hown in Figure 1 is generated. 

The image processing device 18 is composed of a TV camera 

19, which captures. the image of the object and generates a 

15 monochrome i_maqe that can be used to create a window or to 

perform -recognition procedures. The image processing unit 20 

2C 

is connected to camera 19. The processing unit. receives 

monochrome image siqnais from the TV camera 19 and uses them to 

generate a window or· to perform recognitions. The image 

processing unit 20 contains a pre-processing unit 21, a window 

qenerator unit 22, a control unit 23, a measurement unit 24, 

and an image memory 25. Each of these elements are further 
.Mc • ...... scribed below. 

The pre-processing unit 21 includes an A/D converter 26 

and. a binarization circuit 27. The operations of the A/D 

~onv~rter 26 involve converting a monochrome signal sent from 

the TV camera 19 from an analog form to digital 

representation. Binarization circuit 27 then binarizes the 
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monochrome signals according to a specif ie·d binarization 

threshold value and then generates a binary image of the 

.$.~ gnal. 

The window generator unit 22 uses a binary imaqe of a 

s normal sample as the reference image 12. The unit 22 generates 

the window 15. The 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. 

lQ The mask scanning circuit 29 establishes the aforesaid 

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

in ref erenoe image 12. It then scans the raster. The scanning · 

circuit 29 contains six latching circuits, 34 through 39, and 

two shift registers, 40 and 41. Pixel data XO through XS for 

15 t.he pixels within the 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 imaqe 

12 by one pixel's worth and generates the aforesaid expanded 

20 imaqe 13. For this reason, it contains a circuit whose design 

conforms to Formula l, given below. Pixel datum XO" for the 

cent~r pixel is output to the exclusive-OR circuit 32 as the 

result of the expansion operation. The plus signs in Formula 

l represent the calculation of logical sums. 

Formula l. 

XO'= XO+ Xl + X2 + .••.•• +XS 

The aforesaid shrinkage circuit 31 shrinks the reference 

ittt.aqe 12 l:>y one pixel's worth and generates the aforesaid 
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shrur.ken image 13. ·For this reason, it contains a circuit 

whose design conforms to Formuia 2, given below. Pixel datum 

xo• for the center pixel is output to the exclusive-OR circuit 

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

5 represent the calculation of logical products. 

:Pormula 2. 

XO" =XO* Xl * X2* .••••• *XS 

The aforementioned exclusive-OR circuit 32 receives as 

10 inputs the pixel data XO' and xo" for the corresponding pixels 

from the expansion circuit JO and shrinkage circuit 31. It 

perfonns an exclusive-OR calculation to generate a long, narrow 

windo~ 15 which conforms to the contour of the reference image 

12, and it stores this window in the window memory 33. 

15 The control unit 23 contains the CPU 42 which· is the 

nucJ eus of the microcomputer control and calculation 

operations. The ROM 44, RAM 45 and I/O port 46 are connected 

to the CPU 42 via a bus 43. The pro9ram is stored in the ROM 

44 and the RAM 45 provides the capability for reading and 

· 20 writing of all data. 

25 

The aforementioned qate 28 is connected to the aforesaid 

bus 43 via the interface 47. The CPU 42 outputs qate control 

signals through the interface 47. The gate 28 is closed during 

window generation and open durinq measurement procedures. 

The imaqe memory 25 captures an imaqe of the object to be 

recognized and stores the (binary) input image obtained. The 

m~asurement unit 24 accepts as input from the CPU 42 the binary 

i~age signals read out of the image memory 25 and the constitu-

iliiili~Ui 
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ent data for window 15, which are read out of the window memory. 

33. The measurement unit 24 measures feature parameters 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 

5 or the bus 43, and the CPU 42 compares them to the reference 

values to discriminate the form and other features of the. 

object beinq inspected. 

The organizatfon of the image processing device 18 is 

illustrated in Fi9ure 4 and the actual procedure to reco9nize 

lO a imaqe of an object is as follows. 

To create a window or conduct measurement procedures., it 
< 

is first necessary, prior to any measurements, for the TV 

camera 19 to capture the image of a normal object sample. A 

monochrome image is then generated by camera 19, and signals 

15 a·ssociated with this imaqe pass through the pre-processor unit 

21. unit 21 cre~tes a binary image to be used as reference 

i~aqe 12. The binary image signals associated with reference 

imaqe 12 are then sent through the qate 28 to the scanning 

circuit 29. In each scanning· position, the mask scanning 

20 circuit 29 outputs pixel data XO through XS for the nine pixels 

in mask 17 to the expansion circuit 30 and the shrinkage 

circuit Ji simultaneously. These circuits then expand and 

shrink the image. All outputs from the circuits 30 and 31 are 

~ent to the exclusive-OR circuit 32.. The output of the 

2S exclusive-OR circuit 32 is written into the window memory 33 as. 

constituent data for· window 15. 

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

he recoqnized and qenerates a monochrome image of it. The 
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signals associated with this monochrome image are processed by 

the aforementioned pre-processing unit 21, and a binarized 

irna~e ts generated to function as the input image. This input 

image is temporarily stored in the image memory 25, from which 

s it is read out by the CPU 42. The constituent data for the 

window 15 are read out of the aforementioned window memory 33 

to establish a window 15 :tor the input image. Area and other 

feature parameters are measured for the portion of the imaqe 

which falls within window 15. The measurement values are then 

10 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, chips or other defects. 

Figure 5 illustrates . the organiza:tion of another 

e:T".bodiment for the image processing device 18 in which this 

15 invention has been implemented. 

The. image of the object is capt_ured and the binarized 

image which is obtained is used as th~ 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 

20 calculated and a window is generated by software. 

The imaqe processinq device 18 shown in the Figure 5 is 

composed of a TV camera 50 and an image processing unit 51. 

The imaqe· processing unit 51 contains an A/D converter 52, 

which digitizes the analog monochrome image signals input by 

the TV camera so. A binarization circuit 53 is also included 

which accepts the input of the monochrome signals from the A/O 

converter 52 and binarizes them. 
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The binarization circuit 53 outputs the binarized image 

signals associated with the reference image 12 and the input 

image to an ima9e memory 54 and image control unit 55. The 

irnaqe memory 54 stores the binarized image signals from 

5 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 are stored as pixel units. The 

other image memory 56 is used for temporary storage of the 

expanded image 13 or the shrunken image 14 during the process 

10 of q~nerating a window. 

The aforesaid display control unit 55 first accepts the 

input of the monochrome image signals and the binarized image 

signals, then selects one type and outputs them to the D/A 

converter 58. The D/A converter converts digital input signals 

15 to analog and outputs them to t~e video monitor ~o~. 

The measurement unit 59 establishes a window 15 for the 

binarize~ image related to the input image. It the.n measures 

feature parameters such as area for the portion of the image 

within window 15. 

20 The CPU 61 is the nucleus of the microcomputer's control 

and calculation capability. The ROM 63, RAM 64 and I/O port 65 

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

connected to the I/O port 65. 

Figure 6 shows the sequence in which window 15 is 

qenerated by the aforesaid CPU 61. In the next section, we 
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shall explain the operations of the embodiment illustrated in 

Fiqure 5 following this sequential diagram. 

Xn Step STl of Figure 6, a normal model of the object is 

imaqed by the TV camera 2, and the resulting monochrome image 

5 signals are received by the ima9e 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 ste:P ST4, the CPU 61 causes the ref~rence image 12 in 

10 the image memory 54 to be transmitted to the window memory 57. 

I~ then receives an expans~on factor which has been input via 
. 

the input device 66 (Step STS). The. CPU 61 accepts the 

binarized image signals associated with the reference imaq~ 12 .. 
from the window me:mory 57. · The expansion process is then 

15 performed the: number of times· specified, producing the expanded 

irnaqe 13. Th~ contents Of window memory 57 are then rewritten· 

to reflect then expanded image 13 ·(steps' ST6 and ST7) • 

20 

. When .the expansion process has been performed the 

specified ·number ot times, the judgment in·Step-7 will be YES. 

In Step 8, therefore, the CPU 61 causes the expanded ima9e 13 

to be sent from the window memory 57 to then image memory 56. 

I'f. the expansion process is not complete at Step ST7, ·the 

Process loops back to the expansion step ST6. In Step 9, the 

reference imaqe 12 is sent from image memory 54 to window 

~emery 57. 

!n Step STlO, the CPU 61 receives the reduction factor 

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

binarized imaqe siqnals associated with the reference imaqe 12 
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from the window memory 5 7 . The reduction process is then 

performed the number of times specifi~d, producinq the shrunken 

ima;e 14. The contents of the window memory 57 are then 

rewritten to reflect the shrunken image 14 (Steps STll and 

STl~ J. • 

When the reduction process has been performed the 

specified number of times, the judqment in Step ST12 will be 

YES. In Step ST13, the CPU 61 accepts the shrunken image 14 

from the window memory 57 and expanded imaqe 13 from the imaqe 

memory 56. The system then performs an exclusive-OR 

calculation, and the contents of the window memory 57 are 

rewritten to reflect the results of that calculation. The 

sequence of operations which generates window 15 is then 

comvlete. · - . 

In both of the embodiments discussed above, the window is .. 

generated usinq a ··binary image . as the ·reference image 12. 

However, the invention is not I imi ted to such : an arr~ng·ement. 

_The ~indow might also be generated· using a multi-valued (qray 

imaqe) image as the reference imaqe. 

Figures 7 and 9 both show embodiments in which the window 

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

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

Enmodiment 3, shown in Figure 7, is analogous to the overall 

hardware conf iquration of the embodiment shown in Figure 4 • 

Ell\bodiment 4, shown in Figure 9, is analogous to that shown in 

Fiqure s. corresponding components in the latter embodiments 

hav~ been assigned the same numbers so that the detailed 

~xp!anation need not be repeated. 
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In Embodiment 3, which is illustrated in Figure 7, the 

monochrome image signals outputted by A/D converter 26 are sent 

to mask scanning circuit 29 through gate 28. The multi-valued 

pixel data xo through xa, which correspond to each of the 

5 pixels in mask 17, are output by mask scanninq circuit .29 to 

expansion circuit 30 and shrinkage circuit 31 simultaneously. 

Figure 8 shows pixel data xo·throu9h x8, which correspond 

to each of the pixels in mask 17. Each pixel datum is assigned 

a specified qradation value accordinq to the density of the 

l'j pixel. 

The expansion circuit 30 expands the multi-valued 

reference image by qne pixel's worth to create the· expanded 

image. Its configuration,conforms to Formula 3, qiven below.. 

Circuit 3 o outputs the pixel datum xo' (the · da~um for the 
. . . 

15 center .. pixel)· to ·the calcula~ion ci_rcuit. 67 ·as a ·r•sult .. of the 
. ·: . ...... . . . 

expansion process. The word "max" in Formula ~ r.efEirs· to the 

greatest value among the pixel data xo through xs. 
i; •. 

. Formula 3. 

xo' = max ( xo , xl , x2 , . . . • •• , xs } 

The shrinkage circuit 31 shrinks the multi-valued 

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

imaqe. Its configuration conforms to Formula 4, given below. 

Circuit 31 outputs pixel datum xo", (the datum for the center 

Pixel) to the calculation circuit 67 as the result of the 

?'eduction process. The word "min" in· Formula 4 refers to the 

lowest value among the pixel data xo through xs. 
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Formula 4. 

vQ" • m1'n {XO, Xl X2 XS} 
"" I t • • • • • • I 

The aforesaid calculation circuit 67 receives as input the 

pi>i:el data xO' and xo" for the correspondinq pixels from 

5 expansion circuit 30 and shrinkage circuit 31 and performs the 

calculation shown in Formula 5, qiven below. The result y of 

this calculation is output to binarization circuit 68. 

Formula 5. 

10. y = I xo' - xo" I 

The aforesaid binarization circuit 68 binarizes ·the input 

data y usinq a specified binarization threshold value. It thus 

generates the constituent data for the lonq narrow window 15. 

!5 Th•· successive writing of· ·these data irito ·window· ~emory 33 

20 

stores.window l~ ·in .the.memory, .. • .. 

In Embodi~ent 4, w~ich· is illustrated in· Figure 9, the 

image memo~y 54 'stores the monochrome imaqe 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 shortly. Both types of data are stored as pixel 

units, The other image memory 56 is used for temporary storaqe 

of the multi-valued expanded image 13 or shrunken image 14 

during the process of generating a window. 

Figure 10 shows the sequence in which window 15 is· 

generated by the aforesaid CPU 61. In the next section we 

shall explain the operations of. Embodiment 4, which is 

illustrated in Figure 5, following this sequential diagram. 
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In Step l of Figure 10 (labelled "ST 100 11 in the figure), 

a normal model of the object is imaged by TV camera 2, and the 

resulting monochrome imaqe signals are received by the image 

processing unit 51 and digitized. These monochr.ome imaqe 

5 signals are stored in the image. memory 54 as the reference 

j_mage (Step ST102). 

In Step STl03, the CPU 61 causes the reference imaqe in 

the said image memory 54 to be transmitted to the window memory 

57. It then receives the expansion factor which has been input 

:o via the input device 66 (Step ST104). The.CPU 61 accepts the 

monochrome image signals associated w~t~ the reference image 

from the window memory 57. The expansion process is·performed 

the number of t.imes· specified, producinq a multi-valued 

expanded. image. The contents of the window memory 57 are 
. 

:~ rewritten to refle9·t this ~xpanded imaqe (Steps- ST105-lO~). 

When the expansion proces.s has · been . performed ·the 

specified number 9f times, the judgment in Step ST106 will be 

YES. Ii: Step ST106, the cpu· 61 causes the ··expanded image to be 

sent from· window memory 57 to the imaqe memory 56. In Step 

ST1oa, the system causes the aforesaid reference imaqe to be 

sent from the image memory 54 to the window memory 57. 

In Step ST109, the CPU 61 receives the reduction factor 

Wbich has been input via the input device 66. It accepts the 

l!lonochrome imaqe signals associated with the reference image 

from the window memory 57. Th.e reduction process is performed 

the number of times specified, producing a multi-valued 

shrunken image • The contents of the window memory 57 are 

rewritten to reflect the shrunken image 14 (Steps STll0-111). 
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When the reduction proce$s has been performed the 

specified number of times, the judgment Step STlll will be YES. 

In step ST112, the CPU 61 accepts the shrunken image from the 

window memory 57 and the expanded image from the image memory. 

5 56. It then calculates the absolute value y of the difference 

between the two sets of pixel data. The value y is then 

binarized using a specified binarization threshold, and the 

contents of the window memory 57 are rewritten to reflect the 

result of the calculation. The sequence of operations which 

10 generate window 15 are now complete (Step ST113). 

As described above, the ima9e processinq device of this 

invention captures the ima.ge of a given object and performs ex-. 
pansion and reduction process~s using the obtained .r~ferenee 

ima9~ to . gener·a te · expanded and. shrunken images ~- By combining 

15 '· these ime;i9es,· it 9enerates a lonq, narrow win~ow which follows 

the contour. of the said re~erence. imaqe. · This window can be 

20 

used to inspect piec~s of work for burrs,.chips, and so forth. 

When feature parameters are measured for the area within the 

winaow, an obvious difference will be observable between the 

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 the 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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invention being indicated by the attached claims rather than 

the foregoinq description. All changes which come within the 

meaning and ra·n9e. of equi valency of the claims are therefore 

intended to be embraced therein. 

iliirritilmr 
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mlr:\.'LIS CLAIMED IS: 

1. An imaqe processinq device to reco9nize an imaqe of a 

aiven object comprising: -· 

5 camera means for capturin9 an image of an object to be 

!O 

inspected, and for generating image si9na_ls from said image of 

said object; 

processing means for receiving said images said image 

precessing unit comprising: 

pre-processing means for converting said images from 

analog to di9ital data 1 

window generating means for generating a window of a 

reference object~ 

" .: t: . :--n.!. -·' 

. 
control means for controlling said·image processing 

image memory means for s_toring said image; and 

measurement means for me.asuring feature parameters of 

a portion of said image falling within said window. 

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

wherein said window generating means comprises: 

a gate circuit to open said window generating means during 

window generation, and to close it during measurement 

Procedure; 

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

3 Pixels arrayed horizontall"y and vertically to said image 

obtained from said reference object, and then to apply raster 

scilnn!.nq; 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \Ill 
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an expansion circuit for expanding by one pixel 1 s worth of 

output data from said mask scanninq circuit: 

a shrinkaqe circuit for shrinking by one pixel• s worth 

said output data from said mask scanning circuit: 

"'" 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. 

J. An image processing method compr.i,sinq the steps of: 

imaging a standard reference object by a TV camera to 

genera~e image siqnal.s; 

binarizing said image slgnals of said standard reference 

storing·said binarized data in an image memory unit; 

transmitting said bii:iary data of said standard reference 

object to a· window memory: 

inputting an expansion factor; 

performing expansion of said binary data which represents 

said standard reference object a number of times represented by 

said.expansion factor: 

transmitting said expanded data to said image memory unit: 

inputting a shrink amount for a shrinkage factor: 

shrinking said binary data which represents said standard 

reference object by said shrink amount: 

perfonnin9 an exclusive-OR calculation: 

111111111111111111111111111111 · 
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outputting said expansion and said shrink data in order to 

qenerate said window1 and 

storing said window in said window memory. 

4. The image processing device provided in claim 1, 

, wherein said control means reads said window of said standard 

reference object stored in said window memory and compares it 

with a measurement value of said qiven object qenerated by said 

measurement means to recoqnize if said given object is the same 

10 as said standard reference object. 

, -... ;-

. . 
5. The J,maqe processing device provided in claim 1, 

wherein.said feature parameter of said measurement means is an 

area which falls within, said window. 

6 •. ·The imaqe processing device provided in claim 1, 
. . 

wherein said digital data outeut from said pre-processing means 

is binary data which represents black and white. 

7. The image processing device provided in claim l, 

wher~_in said digital data output from said pre-processing means 

is multi-valued data wnich represents black, white, and qray. 


