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A PCB DSTING CI:RCOIT FOR AN AUTOMATIC INSERTING 
APPARATUS AND A DSTING METHOD THEREFOR 

TECHNICAL FIELD 

The present invention relates to an automatic 

inserting apparatus, and more particularly to a circuit 

for testing a printed circuit board (hereinafter simply 

referred to as "PCB") capable of minimizing an inferior 

10 rate of the PCB by aut~matically checking the defect and 

modified state of the PCB, and a testing method for 

adopting the same. 

15 

BACKGROUND ART 

As efforts have been directed at trying to 

automatically insert components into a PCB in general 

electronic appliances, the automatic insertion is being 

widely available now. The automatic inserting process 

20 will be described as follows. 

An electric circuit diagram is drafted initially, 

and a PCB pattern is then prepared in accordance with the 

drafted electric circuit diagram. In view of the PCB 

pattern, a PCB is fabricated. Also, information data of 

25 components to be inserted into the PCB is produced. 

By using the pattern of PCB, information with 

respect to mounting positions, mounted components and 

mounting directions of the components are extracted, and 

the extracted information is converted into numerical 

30 control data. 

The numerical control data and component information 

data and components demanded for the PCB are supplied to 

an automatic inserting apparatus which in turn assembles 

the PCB. The components of the PCB which is 
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automatically-inserted with the components are soldered 

by using an automatic brazing apparatus. 

A defect test of the PCB produced as above is 

visually performed by a producer. In connection with the 

5 visual defect test in the PCB, the accuracy of the test 

differs in accordance with the fatigue and physical state 

of the tester. Therefore, the visual test becomes one 

detriment of incurring the defect of the PCB. 

10 

Also, in regard to the electronic appliances 

produced by means of the PCB, the goods are added with 

functions with the lapse of time and the number of 

components are decreased due to the economic basis. In 

these cases, the component information data with respect 

to the changed portions should be manually modified. 

15 Otherwise, the PCB is to be newly fabricated. 

Besides, the detection of the numerical control data 

in terms of the circuit diagram and PCB pattern are 

currently designed by means of a computer aided design 

(hereinafter referred to as "CAD"). However, if the 

20 components are newly added to the PCB or there is no 

numerical control data with respect to the pattern of an 

existing PCB when the new components are to be inserted, l.J 
positions of inserting the new components are should be 

manually measured one by one to produce the numerical 

25 control data. 

DISCLOSURE OF INVENTION 

Therefore, it is an object of the present invention 

30 to provide a testing a PCB for an automatic inserting 

apparatus capable of decreasing an inferior rate of the 

PCB by using hole information of the PCB and hole 

information recorded in a CAD, and a testing method 
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.therefor. 

It is another object of the present invention to 
provide a PCB testing circuit for an automatic inserting 
apparatus capable of easily fabricating the PCB by using 

5 hole information of a reference PCB and a modified PCB 
when components of the PCB is changed, and a testing 
method thereof. 

10 

To achieve the above and other object of the present 
invention, there is provided a PCB testing circuit for an 
automatic inserting apparatus includes a scanner for 
converting an image signal of a reference PCB into image 
data during an off-line state, and an image detecting 
section for converting an image signal of a modified PCB 
into image data during an on-line state. A storing 

15 section stores the image data, hole information data and 
component information data by being formed with an image 
data storage for storing the image data of the scanner 

and image data detecting section, a hole information data 
storage for storing hole information of inserting 

20 components into the reference and modified PCBs, and a 
component information data storage for storing component 
information data to be inserted into the reference PCB. 
Also included as parts are a monitor for displaying the 
image data of the reference and modified PCBs on a 

25 screen, and a controlling section for receiving 

respective image data of the reference PCB and modified 
PCB received via the scanner and image data detecting 
section to detect the hole information data of respective 
reference PCB and modified PCB, comparing detected 

30 respective hole information data to detect the hole 
information data of the modified PCB which does not 
correspond to the hole information data of the reference 
PCB, and storing the unpaired hole information data in 
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the hole information data storing section. 

More specifically, the image data of the reference 

PCB supplied via the scanner and the image data of the 

modified PCB provided from the image detecting section 

5 are supplied to the controlling section. Then, the 

controlling section extracts the hole information data 

from respective PCBs by using the image recognition 

algorithm, compares the extracted hole information data 

to extract hole information data without a counterpart. 

10 The unpaired hole information data is supplied to the 

monitor and hole information data storing section. Thus, 

the monitor displays the unpafred hole information data 

in the PCB, and the hole information data storing section 

stores the unpaired hole information data therein. 

15 Consequently, since the PCB can be fabricated in 

accordance with the unpaired hole information data, the 

PCB is easily fabricated when the components are changed 

or modified. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and other advantages of the 

present invention will become more apparent by describing 

in detail preferred embodiments thereof with reference to 

25 the attached drawings in which: 

FIG. 1 is a view showing a construction of a PCB 

testing circuit for an automatic ins~ting apparatus 

according to a first embodiment of the present invention; 

FIG. 2 is a view showing a method for testing the 

30 PCB of the automatic inserting apparatus according to the 

first embodiment of the present invention; 

FIG. 3 is a view showing a construction of the PCB 

testing circuit for the automatic inserting apparatus 
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according to a second embodiment of the present 

invention; and 

FIG. 4 is a view showing the method for testing the 

PCB of the automatic inserting apparatus according to a 

5 second embodiment of the present invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

FIG. 1 is a view showing a construction of a PCB 

testing circuit for an automatic inserting apparatus 

according to a first embodiment of the present invention. 

In FIG. 1, ·a reference numeral 1 denotes a scanner for 

reading out an image signal of a reference PCB to conver~ 

it into image data; and 4, an image detecting section for 

15 reading out an image signal of a modified PCB to convert 

20 

it into image data. A reference numeral 2 denotes a 

controlling section for receiving the image data of 

scanner 1 and image detecting section 2 to extract 

respective hole information data by using an image 

recognition algorithm, and compares the extracted hole 

information to provide hole information data without 

having a counterpart. 

A reference numeral 3 denotes a storing section 

which includes an image data storage 3A, a hole 

25 information data storage 3B and a component information 

data storage 3C for respectively storing the image data, 

hole information data and component information data 

provided from controlling section 2. Also, a reference 

numeral 5 denotes a monitor for receiving a control 

30 signal from controlling section 2 to display the image 

data. 

FIG. 2 is a view showing a method for testing the 

PCB of the automatic inserting apparatus according to the 
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first embodiment of the present invention. Referring to 
FIG. 2, the method for testing the PCB of the automatic 
inserting apparatus will be described. 

The image data of the reference PCB supplied via 
5 scanner 1 is read out (step 101), and the hole 

information of the reference PCB is extracted from the 
read-out image data by means of the image recognition 
algorithm. Then, the extracted hole information data is 
stored in hole information data storage 3B (step 102) . 

10 

15 

20 

After performing step 102, reference coordinates are 
set by using the hole information data of the reference 
PCB, and the set reference coordinates are utilized to 
obtain relative coordinates of the reference PCB (step 

103). 

Meantime, the image data of the modified PCB 
supplied via image detecting section 4 is read out (step 
104), and the hole information of the read-out image data 
is extracted by using the image recognition algorithm 

(step 105). 
After executing step 105, the hole information data 

of the modified PCB is utilized for setting reference 
coordinates, and the set reference coordinates are \...) 
employed to obtain relative coordinates of the holes of 

the modified PCB (step 106). 
25 Successively, the hole position information of the 

reference PCB and modified PCB respectively obtained in 
steps 103 and 106 is used for comparing the hole 
information data (step 107). Then, the hole information 
data unpaired in step 107 is marked onto the reference 

30 PCB (step 108) . 
The unpaired hole information data marked onto the 

reference PCB is stored in hole information data storage 

3B (step 109) . 
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The operation and effect of the PCB testing circuit 

formed as above and corresponding method according to the 

first embodiment of the present invention will be 

described. 

The image data of the reference PCB and that of the 

modified PCB respectively detected from scanner 1 and 

image detecting section 4 are supplied to controlling 

section 2. In turn, controlling section 2 supplies the 

image data of the reference PCB and modified PCB into 

image data storage 3A, extracts the hole information data 

of respective image data, and extracts the hole position 

information of the extracted hole information data. Also, 

by means of the extracted hole position information, the 

hole of the reference PCB is compared with that of the 

15 modified PCB and the hole information data without having 

the counterpart is marked onto the reference PCB. 

The unpaired hole information data is stored in hole 

information data storage 3C. The hole information data is 

supplied to monitor 5 which displays the hole information 

20 data. 

In other words, the image data of the reference PCB 

received via scanner 1 is read out (step 101), and the 

image recognition algorithm is used to extract the hole 

information of the reference PCB. Thereafter, the 

25 extracted hole information data is stored in hole 

information data storage 3B (step 102). 

After executing step 102, step 103 is carried out. 

That is, in step 103, the hole information data of the 

reference PCB is utilized to set the reference 

30 coordinates, and the relative coordinates of the holes of 

the reference PCB are obtained by using the set reference 

coordinates. 

On the other hand, the i~age data of the modified 
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PCB supplied via image detecting section 4 is read out 

(step 104), and the hole information of the read-out 

image data i~ extracted by means of the image recognition 
algorithm (step 105). 

Also, after performing step 105, the hole 

information data of the reference PCB is utilized to set 

the reference coordinates, and the set reference 

coordinates are utilized to obtain the relative 

coordinates of the holes in the reference PCB (step 106) . 

By using the hole position information of the 

reference PCB and modified PCB respectively obtained in 

steps 103 and 106, the hole informatio"n data is compared 

(step 107). The hole information data unpaired in step 

107 is displayed onto the reference PCB (step 108). 

The unpaired hole information data displayed on the 

reference PCB in step 108 is stored in hole information 

data storage 3B (step 109). 

When applying the PCB testing apparatus and method 

according to the first embodiment of t_he present 

20 invention, the hole information data in the reference PCB 

obtained by the modified or added design can be 

u 

automatically detected in accordance with the presence of l.J 
the hole information data detected from the reference PCB 

and hole information data detected from the modified PCB. 

25 For this reason, the time required for newly producing 

the pattern of the PCB can be reduced when the design of 

the PCB is modified or added. 

FIG. 3 is a view showing a construction of the 

circuit for testing the PCB of the automatic inserting 

30 apparatus according to a second embodiment of the present 

invention. In FIG. 3, a reference numeral 11 denotes a 

scanner for reading out an image signal of a reference 

PCB to convert it into image data during a line-off 

··~ 
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state; and 14, an image detecting section for reading out 

the image signal of the PCB to convert it into the image 

data in case of a line-on state. A reference numeral 12· 

denotes a controlling section for receiving image data 

5 via scanner 1 or from image detecting section 14 to 

extract respective hole information data by using an 

image recognition algorithm, and compares the extracted 

hole information with hole information data supplied via 

a CAD to provide hole information data having different 

10 hole sizes. 

A reference numeral 13 denotes a storing section 

which includes an image data storage 13A, a hole 

information data storage 13B and a component information 

data storage 13C for respectively storing the image data, 

15 hole information data and component information data 

provided from controlling section 12. Also, a reference 

numeral 15 denotes a monitor for receiving a control 

signal from controlling section 12 to display the image 

data. 

20 FIG. 4 is a view showing the method for testing the 

PCB of the automatic inserting apparatus according to a 

second embodiment of the present invention. Referring to 

FIG. 4, the method for testing the PCB of the automatic 

inserting apparatus will be described. 

25 The image data of the reference PCB received via 

scanner 11 during the off-line state or provided from 

image detecting section 14 during the on-line state is 

read out (step 201), and the hole information of the PCB 

is extracted from the read-out image data by means of the 

30 image recognition algorithm. Then, the extracted hole 

information data is stored in hole information data 

storage 13B (step 202). 

By using the hole information data extracted from 
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step 202, absolute coordinates are computed (step 203), 

and two reference holes are set from the absolute 

coordinates computed in step 204, and relative 

coordinates of respective holes are extracted by 

5 centering about the set reference holes (step 204). 

10 

Meantime, the hole information data stored in hole 

information data storage 13B is read out, and the 

relative coordinates of respective holes of the read-out 

hole information data are computed (step 205) . Also, in 

order to test whether the hole of the PCB is included in 

the center of the hole computed in step 205 or not, 

circumscribing squares are covered over respective holes 

of the PCB extracted in step 204 (step 206). 

When the hole of the PCB exists within the covered 

15 circumscribing square, the hole size of the PCB is 

compared with the hole size supplied from the CAD (step 

207). In step 207, if the hole sizes are identical to 

each other, it is decided as a normal hole, and if not, 

it is decided as an abnormal hole (step 208). 

20 The hole information data corresponding to the 

abnormal hole decided in step 208 is displayed on monitor 

15, and the defective hole information data is stored in \..J 
hole information data storage 13B (step 209) . 

The operation and effect of the PCB testing circuit 

25 formed as above and method according to the second 

embodiment of the present invention will be described. 

The image data of the PCB provide via scanner 11 

during the off-line state or image detecting section 14 

during the on-line state is supplied to controlling 

30 section 12. In turn, controlling section 12 extracts the 

hole information data of the PCB from the image data of 

scanner 11, and receives the extracted hole information 

data and hole information data of the CAD stored in hole 
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information data storage 13B to compare the size of two 

holes, thereby detecting a defective hole in accordance 

with the result of the.comparison. 

The hole information data detected as being 

5 defective is stored in hole information data storage 13C. 

10 

Then, the hole information data is supplied to monitor 15 

which displays the defective hole information data. 

In other words, the image data of the reference PCB 

received via scanner 11 during the off-line state or 

provided from image detecting section 14 during the on­

line state is read out (step 201). Thereafter, the hole 

information of the reference PCB. is extracted by using 

the image recognition algorithm from the read-out image 

data, and the extracted hole information data is stored 

15 in hole information data storage 13B (step 202). 

20 

The absolute coordinates are computed by using the 

hole information data extracted in step 202 (step 203) . 

Then, two reference holes are set from the absolute 

coordinates computed in step 203, and the relative 

coordinates of respective holes are extracted by 

centering about the set reference holes (step 204) . 

On the other hand, the hole information data stored 

in hole information data storage 13B is read out, and the 

relative coordinates of respective holes of the read-out 

25 hole information data are computed (step 205). Then, in 

order to test whether the hole of the PCB is included 

into the center of the hole computed in step 205 or not, 

the circumscribing squares are covered over respective 

holes of the PCB extracted in step 204 {step 206) . 

30 If the hole of the PCB exists within the covered 

circumscribing square, the hole size of the PCB is 

compared with the hole size supplied from the CAD (step 

207) . When the hole sizes are identical to each other in 
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step 207, it is decided as the normal hole, and if not, 

it is decided as the abnormal hole (step 208). 

The hole information data corresponding to the 

abnormal hole decided in step 208 is displayed on monitor 

5 15, and the inferior hole information data is stored in 

hole information data storage 13B (step 209) . 

When applying the PCB testing apparatus and method 

according to the second embodiment of the present 

invention, the presence of the hole information data and 

10 hole size supplied from the CAD are compared with the 

presence of the hole information data computed from the 

PCB and hole size to automatically detect the defect of 

the PCB, so that the testing time of the PCB is shortened 

to heighten the productivity. 

15 While the present invention has been particularly 

shown and described with reference to particular 

embodiment thereof, it will be understood by those 

skilled in the art that various changes in form and 

details may be effected therein without departing from 

20 the spirit and scope of the invention as defined by the 

appended claims. 

u 
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CLAIMES: 

1. A printed circuit board testing circuit for an 

automatic inserting apparatus comprising: 

a scanner for converting an image signal of a 

5 reference printed circuit board into first image data; 

image detecting means for converting an image signal 

of a modified printed circuit board into second image 

data; 

10 

storing means for storing said first and second 

image data, hole information data and component 

information data by being formed with image data storing 

means for storing said first and second image data of 

said scanner and image data detecting means, hole 

information data storing means for storing hole 

15 information of inserting components into said reference 

and modified printed circuit boards, and component 

information data storing means for storing component 

information data to be inserted into said reference 

printed circuit board; 

20 a monitor for displaying said first and second image 

data of said reference and modified printed circuit 

boards on a screen; and 

a first controlling means for receiving respective 

first and second image data of said reference printed 

25 circuit board and modified printed circuit board received 

via said scanner and image data detecting means to detect 

said hole information data of respective reference 

printed circuit board and modified printed circuit board, 

comparing detected respective hole information data to 

30 detect the hole information data of said modified printed 

circuit board which does not correspond to said hole 

information data of said reference printed circuit board, 

and storing the unpaired hole information data in said 

I 1111111111111 1111111111111111 
* C L M S * 
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hole information data storing means. 

2. A printed circuit board testing circuit for an 

automatic inserting apparatus as claimed in claim 1, 

wherein said first controlling means performs steps of 

5 detecting said hole information data having a modified 

design from said hole information data of said reference 

printed circuit board and that of said modified printed 

circuit board, and said steps comprises: 

a first step of reading out said first image data of 

10 said reference printed circuit board, and extracting said 

hole information data of said reference printed circuit 

board from said read-out first image data by using an 

image recognition algorithm; 

a second step of setting reference coordinates by 

15 using said hole information data of said reference 

printed circuit board, and obtaining relative coordinates 

of said holes of said reference printed circuit board by 

using set reference coor~inates; 

a third step of reading out said second image data 

20 of said modified printed circuit board, and extracting 

said hole information data of said modified printed 

circuit board from said read-out second image data by 

using said image recognition algorithm; 

a fourth step of setting reference coordinates by 

25 using said hole information data extracted in said third 

step, and obtaining relative coordinates of the holes of 

said modified printed circuit board by using the set 

reference coordinates; 

a fifth step of detecting unpaired hole information 

30 data by using said hole information data of said 

reference printed circuit board and modified printed 

circuit board extracted in said second and fourth steps; 

and 

11111111111111 11111 1111111 1111 
* C L M S * 
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a sixth step of storing said unpaired hole 

information data detected in said fifth step in said hole 

information data storing means. 

3. A printed circuit board testing circuit for an 

5 automatic inserting apparatus as claimed in claim 1, 

further comprising a second controlling means for 

comparing said hole information data stored in said 

reference printed circuit board received via said scanner 

with said ·hole information data of said CAD stored in 

10 said hole information data storing means, and detecting 

the defect of said reference printed ·circuit board. 

4. A printed circuit board testing circuit for an 

automatic inserting apparatus as claimed in claim 1, 

wherein said second controlling means performs steps of 

15 comparing said hole information data of said reference 

printed circuit board supplied via said scanner with said 

hole information data of said CAD to detect the defect of 

said reference printed circuit board, and said steps 

comprises: 

20 a seventh step of reading out said first image data 

of said reference printed circuit board received via said 

scanner during an off-line state, and extracting said 

hole inforni.ation data of said reference printed circuit 

board from said read-out first image data by using said 

25 image recognition algorithm; 

an eighth step of computing absolute coordinates by 

using said hole information data extracted in said 

seventh step, setting two reference holes from said 

computed absolute coordinates, and extracting relative 

30 coordinates of respective holes by centering about the 

set reference holes; 

a ninth step of reading out said hole information 

data of said CAD stored in said hole information data 

111111111111111111111111111111 
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storing means, and computing said relative coordinates of 

respective holes of said read-out hole information data; 

a tenth step of covering circumscribing squares over 

r~spective holes of said reference printed circuit board 

5 so as to check whether said hole of said reference 

printed circuit board computed in said eighth step is 

included in the center of said hole computed in said 

ninth step, and comparing a hole size of said printed 

circuit board with a hole size supplied from said CAD 

10 when the hole of said printed circuit board exists within 

said covered circumscribing square; and 

·an eleventh step of deciding as a normal hole when 

said hole sizes are identical to each other or an 

abnormal hole when ·said hole sizes are different from 

15 each other in said tenth step, and storing said hole 

information data corresponding to said abnormal hole in 

said hole information data storing means. 

20 

5. A method for testing a printed circuit board of 

an automatic inserting apparatus comprising: 

a first step of reading out first image data of a 

reference printed circuit board received via a scanner, 

and extracting hole information data of said reference lJ 
printed circuit board from said read...;out first image data 

by using an image recognition algorithm; 

25 a second step of setting reference coordinates by 

30 

using hole information data of said reference printed 

circuit board, and obtaining relative coordinates of 

holes of said reference printed circuit board by using 

said set reference coordinates; 

a third step of reading out second image data of a 

modified printed circuit board supplied from image 

detecting means, and extract_ing hole information data of 

said read-out second image data by using said image 

11111111111111111111111111 \Ill 
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recognition algorithm; 

a fourth step of setting reference coordinates by 

using said hole information data extracted from said 

third step, and obtaining said relative coordinates of 

5 said holes of said modified printed circuit board by 

using said set reference coordinates; 

a fifth step of detecting unpaired hole information 

data by using said hole information data of said 

reference printed circuit board and modified printed 

10 circuit board extracted in said second step and fourth 

step; and 

a sixth step of storing said unpaired hole 

information detected in said fifth step in said hole 

information data storing means. 

15 6. A method for testing a printed circuit board of 

an automatic inserting apparatus as claimed in claim 5, 

further comprising: 

a ninth step of reading out said hole information 

data of said CAD after performing said second step, and 

20 computing said relative coordinates of respective holes 

of said read-out hole information data; 

a tenth step of covering circumscribing squares over 

respective holes of said reference printed circuit board 

so as to check whether said hole of said reference 

25 printed circuit board computed in said second step is 

included in the center of said hole computed in said 

ninth step, and comparing a hole size of said printed 

circuit board with a hole size supplied from said CAD 

when the hole of said printed circuit board exists within 

30 said covered circumscribing square; and 

an eleventh step of deciding as a normal hole when 

said hole sizes are identical to each other or an 

abnormal hole when said hole sizes are different from 

I If Ill~ 1111~ D~l 111(1 II If 11 
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each other in said tenth step, and storing sai~ hole 

information data corresponding to said abnormal hole in 
said hole information data storing means. 

7. A method for testing a printed circuit board of 
5 an automatic inserting apparatus comprising: 

10 

a seventh step of reading out first image data of a 

reference printed circuit board received via a scanner 

during an off-line state, and extracting hole information 

data of said reference printed circuit board by using an 

image recognition algorithm from said read-out first 
image data; 

an eighth ~tep of computing absolute coordinates by 
using said hole information data extracted in said 

seventh step, setting two reference holes from said 

15 computed absolute coordinates, and extracting relative 

coordinates of respective holes by centering about the 

set reference holes; 

a ninth step of reading out said hole information 

data of said CAD stored in said hole information data 

20 storing means, and computing said relative coordinates of 

respective holes of said read-out hole information data; 

a tenth step of covering circumscribing squares over lJ 
respective holes of said reference printed circuit board 

so as to check whether said hole of said reference 

25 printed circuit board computed in sai.d eighth step is 

included in the center of said hole computed in said 

ninth step, and comparing a hole size of said printed 

circuit board with a hole size supplied from said CAD 

when the hole of said printed circuit board exists within 

30 said covered circumscribing square; and 

an eleventh step of deciding as a normal hole when 

said hole sizes are identical to each other or an 

abnormal hole when said hole sizes are different from 

1111111111111111111 1111111 1111 
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each other in said tenth step, and storing said hole 

information data corresponding to said abnormal hole in 

said hole information data storing means. 

8. A method for testing a printed circuit board of 

5 an automatic inserting apparatus as claimed in claim 7, 

wherein said seventh step is performed by reading out 

said first image data of said reference printed circuit 

board provided from said image detecting means during 

said on-line state, and extracting said hole information 

10 data of said reference printed circuit board by using 

said image recognition algorithm from said read-out first 

image data. 
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