METHOD AND APPARATUS FOR CHECKI NG M SSI NG PARTS, M SSi"NG’ LEADS* AND
LEADS NOT BENT Field of the Invention The present invention
relates to a nethod and apparatus for insp_ef'gi ng printed circuit boards
wher eby aut omated inspection is needed to ensure product functionality. -
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In today's competitive era, automation, quality control and process control are
constantly emphasised. It is n;ecessary to ensure product reliability, provide warranty
to customers and reduce production of scrap parts. Automatic machine vision
inspection of product is one choice for affording the above.

Most electrical components used in printed circuit boards (PCB's) have leads
by which connections, usually formed by solder welds, are provided to the printed
circuit. |

Visual (manual) inspection of components leads after the process of manual
insertion, automatic iﬁsertion, or both, on a plated through hole printed circuit board, is
a routine and mundane task. However, it is necessary and important to carry out the
inspection before the soldering process as there are frequent occurrences whereby the
leads are only partially inserted, leads inserted but not bent, or particular parts and
components are not inserted or missing. Such a problem presents an application for the
area of computer vision inspection. Through automated inspection of the leads,
autofnatic classification of each of the following is desired to be carried out:

(a) leads fully inserted through the hole, therefore PCB ready to solder;

(b) leads fully inserted through the hole and supposed to be bent but not

bent;
© leads partially inserted, thus considered as missing;
@ leads not inserted, thus considered as missing; and
(e when all leads belonging to a particular part or component are found

to be considered as missing, then it is also classified as a missing part.



I nspection before the soldering process as there are frequent occurrences
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features to detect for mssing surface nounted devices (SMD s).
leads which are not bent, said method comprising the steps of:
illuminating, from an acute angle, a surface of the printed circuit board from
which leads and parts are expected to be viewed;
| forming an optical image of the said printed circuit board from normal to said
printed circuit board and converting the said optical image into an illuminance signal;
creating and positioning a window around one or more topological feature
intensity profile of said illuminance signal;

measuring the value of each of a first predetermined set of attribute(s)
associates with the feature(s) of said intensity profiles inside each window;

comparing the measured value of each said first predetermined set of attributes
to a separate set of reference values, each attribute representing the value of the
corresponding said predetermined attributes with no missing part(s) or missing lead(s)
or lead(s) inserted but not bent that are present and establishing the types of defects
when the measured value of said first predetermined set of attributes differs from the
corresponding said reference value by more than a predetermined tolerance.

In accordance with another aspect of the present invention there is disclosed
apparatus for inspecting printed circuit boards to detect missing parts, missing leads and
leads not being bent, said apparatus comprising:

a stage for supporting the printed circuit board(s) with the leads or parts or
both on the printed circuit board facing an image acquisition means;

one or more illuminator(s) supported away from the printed circuit board for
illuminating the printed circuit board(s) from an acute angle to a surface of the printed

circuit board(s) from which said leads and parts are expected to be seen;



Summary of the Invention I n accordance with one aspect of the
present invention there is disclosed a nethod for inspecting a printed
circuit board to detect mssing parts, mssing | eads, and |eads which are
not bent, said nethod conprising the steps of: illumnating, fron
an acute angle, a surface of the printed circuit board from which |eads
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(b) measuring the value of each member of a predetermined set of
attributes associated with the features of said intensity profile inside each window;

(c) comparing the measured value of each said predetermined set of
attributes to a separate set of reference vélues, each attribute representing the value of
the corresponding said predetermined set: of reference values with no missing lead(s),
no missing part(s) and no lead(s) bent; and

(d) establishing the types of defects when the measured value of the
said first predetermined set of attributes differs from the associated said reference value
by more than predetermined tolerance.

In the described embodiments, the first principle adopted is that the light ray
emitted from the illuminator(s), at an acute angle to the printed circuit board, is
reflected off the surface of the printed circuit board, leads, and parts. One or more
camera(s) are arranged in fixed positions, to register image reflected rays of the
illuminator(s) from assigned fields of view, if the camera(s) are placed and orientated in
the 3D space such that the reflected ray are admitted by the camera projective axis.

Secondly, the intensity of the illumination is variable by a control knob. By
doing so, it is therefore possible to vary the illumination to achieve an intensity level at
which the contrast of the leads, and parts can be differentiated from the tracks and
markings on the printed circuit board. Hence, the respective regions on the image can

be segmented as well as highlighted. At any instance, those leads that are not fully



apparatus for inspecting printed circuit boards to detect m ssing parts,

m ssing | eads and |eads not being bent, said apparatus conprising:

a stage for supporting the printed circuit board(s) with the |leads or parts
or both on the printed circuit board facin@'an | mage acqui sition neans; ~
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of the said image acquisition neans to detect no |ead(s), lead(s) inserted
but not bent, kastsl khephighkighted and segmented region are then input to the "classifier" which
outputs the result as either "GOOD", or missing part(s), missing lead(s) generally
classified as "NOT GOOD".
Brief Descrinti f the Drawi

Figure 1 is a cross-sectional view of part of a printed circuit board;

Figure 2 shows an automatic system of the preferred embodiment for detecting
missing leads and missing parts;

Figure 3 shows the system of Figure 2 integrated with the other peripheral
units;

Figure 4 shows the apparatus for a standalone system of another embodiment
for detecting missing leads, and missing parts;

Figure 5 shows the principle upon which the described embodiments are based
where each ray of light from a ring light is reflected from the specular surface of the
leads and parts such that the angle of incidence ray is equal to the angle of reflected
ray;

Figure 6 illustrates a series of sketches in two dimensions of a plurality of
leads which are "Good" and a plurality of leads which are "Not Good" or missing
leads;

Figure 7 illustrates a series of sketches in two dimensions of parts which are
classified as "Good" and cases which are classified as "Not Good" or missing parts;

Figure 8 shows a flowchart of the teaching process prior to the inspection of a

new model of a printed circuit board; and



(a) creating a wi ndow around each of one or nore feature intensity
profiles in said output signal; (b) neasuring the val ue
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If any of the leads 3a are bent, or otherwise not inserted through the hole 4, it will
result in no electrical contact made between the lead 3a and a conductive pad 5a of the
PCB surrounding the hole 4. When all the leads 3a belonging to the part 1 are bent,
the part 1 will not be considered mounted to the printed circuit board 2 and would
usually drop away from the printed circuit board 2. Missin;g parts are also due to cases
of empty loading cartridges or machine insertion errors. Further, one of the causes of
weak solder joints is where the leads 3a are partially inserted and can thus cause
premature failure of the printed circuit board 2.

A surface mount device (SMD) is illustrated as a part 6 which is mounted on
the printed circuit board 2 by placing corresponding leads 3b firmly on top of the pad
surface 5b. The part 6 can be firmly held to the printed circuit board 2 by applying
sufficient adhesive substance either on the body of the part 6 or on the printed circuit
board 2.

Figure 2 shows the apparatus for the automatic system of one embodiment for
detecting missing leads 3a or 3b and missing parts 1 and 6. The apparatus comprises a
motor 7 and a conveyor 8 which transfer the printed circuit board 2 in the X-direction
as illustrated so as to enable all area of the printed circuit board 2 to be inspected. The
conveyor 8 also acts as a supporting means to the printed circuit board 2. The motion
of the motor 7 is controlled by a programmable motion control unit 9.

One or more image acquisition devices or line scan video cameras 10 are

trained on the surface of the printed circuit board 2. The video cameras 10 can be
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Between the printed circuit board 2 and the cameras 10 are positioned one or

more illuminator(s). If linear illuminators (not shown) are used, the illuminators are
arranged in such a way so as to best circumscribe the optical axis of the video cameras
10. A ring light 11 as illustrated is the most suitable illuminator found by the present
inventors to be used to circumscribe the optical axis of the video camera(s) 10. The
intensity of the illuminance can be controlled by a dimmer controller and adjustable by
using a dimmer knob, (not shown, but well known in the art).

The ring light 11 illuminates the plated through leads 3, and the parts 1 and 6
from an underside of the PCB 2 at an acute angle to the surface of the printed circuit
board 2. The video cameras 10 sense the intensity of the upwards reflected light and
produce an output signal which varies accordingly with the intensity.

The video cameras 10 are coupled to a machine vision processor 12 which has
one or more micro-processors (not shown), and which processes the output signals of
the video cameras 10 to detect missing leads 3 and missing parts 1 and 6 and leads
inserted but not bent. In addition, the machine vision processor 12 also serves as a host
computer and interface with the motion controller 9, and interfaces with the user via a
monitor 13 displaying both text and video images, by means of user inputs such as a
keyboard and track ball (not shown).

Referring to Figure 3, all the apparatus shown in Figure 2 is provided as a
single unit represented by an automatic system 14 which is integrated with the other
peripheral machines. A loader 15, including a mechanical arm, pushes out the printed
circuit board 2 from a rack (not shown), to the platform of a incoming conveyor unit
16. The loader 15 can house a number of racks waiting in sequence for their printed

circuit board 2 to be automatically pushed out to the conveyor 16.
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After the inspection process, the printed circuit board 2 is transferred out of

the system 14 into a sorter 17. The sorter 17 sorts the printed circuit board 2 according
to "Good" and "Not Good" designation. From here, a "Good" printed circuit board 2
is either be transferred to the next stage of the assembly process (not shown) or to a
conveyor 18 in line with a stacker 20. The printed circuit board 2 is then be pushed
into a empty slot of the rack housed in the stacker 20. On the other hand, a "Not
Good" printed circuit board 2 is transferred to a conveyor 19, and manually removed
for rework purposes. Often, a separate stacker 21 is interfaced with the conve):'or 19
for rework to be done at a later time in a fully automatic configuration. "

The described system 14 configured with the peripherals 15, 16, 17, 18, 19,
20 and 21, is generally intended to be put on-line with other production processes.
However, the apparatus can be reconfigured to be used as a standalone unit. Figure 4
shows the apparatus for a standalone system in accordance with another embodiment_
for detecting missing leads 3 and missing parts 1 and 6. The apparatus comprises a jig
22 to hold the printed circuit board 2. The number of image acquisition devices or line
scan video cameras 10 that are trained on the surface of the printed circuit board 2 very
much dependent on the size of the PCB 2. Each video camera 10 produces an image of
a designated section of the printed circuit board 2. The video cameras 10 can be either
mounted with their respective optical axis substantially normal to the inspection surface
of the printed circuit board 2, or at any other suitable position where the optical path
can be altered (eg. reflected) by some optical means such as mirrors, prisms etc.
accordingly (not shown). The standalone system also has a ring illuminator 11,
machine vision processor 12, video monitor 13, dimmer controller and knob, serving

the same functions and purposes as described earlier.



-5 - Figure 9 shows a flowchart of the inspection programfor the
automatic system executed by the vision processor to inspect the unknown
quality of leads and parts of a piece of printed circuit board. Detailed
Description of the Best Mdde of Performning-8he Invention Referring
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where the leads 3a are partially inserted and can thus cause prenature

failure of thgrofcted! £ds.CiHenoe withogediideo camera 10 fixed in the three dimensional space,
the features of the leads 3 can be enhanced by placing the illuminator 11 in three
dimensional space such that the incident rays 23 are at an acute angle, and such that the
acute angle of incidence rays 23 is equal to the angle of reflected rays 24 with respect
to the specular surface normal of the leads 3. For an ideal lead 3, the video camera 10
will image a bright visual signature 25 of a pattern which corresponds to the surface
area of the lead 3 Also note that the image of the lead 3 is very much saturated
whereas the surface of the printed circuit board 2 image a very much darker 26
reflection.

Similarly, the incident rays 23 which are at substantially normal angles will
strike the surface of the parts 1 and 6, and printed circuit board 2, which faces the
video camera 10, and such surfaces will be imaged as darker regions. However, the
top surfaces will be imaged as darker regions. However the top surfaces and the edges
of parts 1 and 6 will appear brighter than the printed circuit board 2, but will not
appear as bright as the surface of the leads 3. The image profile is the projection of
three dimensional surface feature on the printed circuit board 2 to the two dimension
image plane.

Figure 6 shows a plurality of illustration of two dimensional side view sketches
of leads which are classified as "Good" and leads which are classified as "Not Good"
either the leads are missing, not inserted or not being bent. The image profile of a
straight through the lead 27 when viewed from the top constitutes two annular shapes
28,29. The top of the lead 27 is projected to the centre 28 of a dark region annular

shape 29. For a bent lead 30, a visual signature 31 corresponding to the top surface of



A surface nount device (SMD) is illustrated as a part 6 which is nounted on
the printed circuit board 2 by placing corresponding |eads 3b firmy on top
of the pad surface 5b. The part 6 can be firmly held to the printed
circuit board 2 by applying sufficient adh®sive substance either on the
body of the part 6 or on the printed circuit board 2. Figure 2
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are very much dependent on the extent the corresponding leads 40 and 41 have been
inserted through the hole 4 or the extent the leads 40, 41 and 42 have been correctly
bent during the process. All the four cases 33, 34, 35 and 36 are not acceptable and
are classified as "Not Good" by the system.

Figure 7 shows a plurality of illustration of two dimensions sketches of parts
which are classified as "Good" and cases which are classified as "Not Good" or missing
part. The image profile of a SMT resistor part 43, has two semi-bright regions 44 and
.45. A portion of each semi-bright region 44 and 45 is surrounded by a much brighter
region 46 and 47. The regions 46 and 47 are joined by two very thing bright outlines
48,49 representing the edge feature of the resistor part 43. In the case of SMT
capacitor part 50, it will have similar image profile as the image of the SMT resistor
part 43 except that the regions 51,52 are joined by a thick bright outline 53 and 54.
For the SMT condenser part 55, one semi-bright region 56 is bigger than the other one
57 and the brighter regions 58 and 59 are joined 60 and 61.

For SMT parts such as diodes, transistors etc. having gull wing leads 62, the
image profile is made up of small bright regions 63 corresponding to the number of
leads 62 for each part. If any part is missing, the image profile will be other than the
image profile of the surface of printed circuit board 64.

Figure 8 shows a flowchart of the teaching process prior to the inspection of a
new model of the printed circuit board 2. Firstly, the data of the printed circuit board 2
is loaded into the system 14 at step 65. Components' data such as circuit number,
location, orientation, pitch etc. is saved in a computer aided design file at step 66.

From the computer aided design file, the co-ordinates of components is then converted
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location of component windows is then saved in a reference file, step 71. The file is
then loaded prior to the inspection of the printed circuit board 2.

Figure 9 shows a flowchart of the inspection program for the automatic system
14 executed by the vision processor. 12 to inspect the unknown quality of leads and
parts of a piece of printed circuit board 2. The inspection routine commences with step
72 when a piece of the printed circuit board 2 is transferred to the conveyor 8 of Figure
2. The conveyor 8 then moves in the X-direction to the predefined first location in step
73. After step 73, in step 74 each respective video camera 10 captures the image of the
area of the printed circuit board 2 within its field of view. If there are more images to
be captured a decision made in step 75, the conveyor 8 transfers the printed circuit
board 2 to the next position in order for the next image(s) be captured in set 76. If
there are no images to be captured, step 76 is skipped. Segmentation is to be carried
out in step 77.

After step 77, step 78 is executed whereby a window is created enclosing leads
and parts intensity profile whereby the data is obtained from the computer aided file
created during teaching process.

Once the windows are created, predefined attributes such as area, mean,
connectivity, perimeter, brightness etc. are measured in step 79. Once completed
measuring the attributes, a comparison is made in step 80 with the value of the

attributes established earlier so as to identify any leads and parts classified generally as



i nserted but not bent. In addition, the machine vision processor 12 al so
serves as a host conputer and interface with the notion controller 9, and
interfaces with the user via a nonitor 13 di splaying both text and video

i mages, by neans of user inputs such as a™ Keyboard and track ball (not
shown) . Referring to Figure 3, all the apparatus shown in Figure 2

i i ded i ngl e, unit ted h topmt i tem 14 which
s tntegrated WPt oPHle GpAEST clBSHIGRED i Carmbh PHEESCoRING it (RS of RIS RRTFYS o

mechani cal ar printed circuit board 2 froma rack (not
shown), to thga %‘{égf‘{}%ﬁ%‘ﬁg%“t&ﬁ‘?%com ng conveyor unit 16. The | oader 15 can

house a number of ragls tl?ﬁ?b(gdﬁé}g%&{' of §dP B¢ §ﬁéc§1 SHakd wﬂ%ﬂg&t Bfire Qf.erzﬁﬁzj fmages

board 2 to be autonmatically ed out to't conveyor _
-7 - to Jd1Gapt@rRME VNt kool ehd 18T fndgle thHe! inseBort pfdparh BARbgcesitack K
conveyor 8 of the "automatic inspection nmachine 14. re than one printed

circuit boardstepcidn Whe &yolsbminues unyil tthe [aonmeyo of the phineedpeirdtieBofdr Z us t
board 2 will only be fed to the system 14 when the system 14 is ready to
i nspect a newcaptunet @dd cheakedt Thednspeltidroprogram ends in step 82.

The flowchart of the inspection program for the standalone system have all the
steps of the automatic system step except step 73 and 74. The printed circuit board is
placed in a jig 22 instead of a conveyor.

Many of the different prior art systems available commercially are very
expensive, complex and difficult to operate. Furthermore each prior art approach to
solve the problem has its own limitation, eg. during imaging stage, small but important
features can be missed and not be able to classify the type of defect.

The described embodiments provide a system which is low in cost and simple
to set up and operates. The illuminators arrangement enable selective features of the
leads and parts to be highlighted. Hence printed circuit board tracks detail can be
easily segmented.

The foregoing describes only a number of embodiments of the present

invention and modifications, obvious to those skilled in the art, can be made thereto

without departing from the scope of the present invention.



m ssing |leads 3, leads 3 inserted but not bent, and parts 1 and 6.

After the inspection process, the printed circuit board 2 is transferred
out of the system1l4 into a sorter 17. The_ sorter 17 sorts the printed
circuit board 2 according to "Good" and "Nb% - Good" desi ghation. From here7y
a "Good" printed circuit board 2 is either be transferred to the next
stage of the senbly process (not shown) or to a conveyor 18 in line with
a stacker 20.%%{%[1\6% nted circuit board 2 is then be pushed into a enpty

|l ot of th k h dinth cker 20. On the other, hand, a "Not Good"
Srinted circu t board 2 | & (RGRST A UBPing B FRADCIGS BIRG (1 Asicr yuissing

. , ) i s i f
eroved Lor SSHRTbyRHeRERSS PR BN .S58 el Syl <o

automati c confjeguration. The described system 14 configured with
t he peripherals 15, 16, 17, 18, 19, 20 and 21, is generally intended to be

put on-line wth ot iBimiMaGA CirbANMPARRE ARAS, a sHITNRVS the (P RtIPGRGA bSar FPork €
reconfigured to be used as a standalone unit. Figure 4 "shows the apparatus

for a standal eviiclsleadind parescaro egipsrted 10ibetviewat; her enbodi ment  for
detecting mssing leads 3 and mssing parts 1 and 6. The apparatus
conprises a jig. 22fomninglad aphiealpimage ed tix saidiptinted avitui? bodidefromniemabto said
i mage acqui sition devices or line scan video caneras 10 that are trained
on the surfac@rigtedigigcugrbioardeand¢anyertingtibe said 2ptical ymageiato arejlluminance signahe
size of the PCB 2. Each video canera 10 produces an i mage of a designated
section of the prinCEAUBE and; posifinning 2 winklow, arpupd Qneephgnore tepglogicale faafise

intensity profile of said illuminance signal;

measuring the value of each of a first predetermined set of attribute(s)
associates with the feature(s) of said intensity profiles inside each window;

comparing the measured value of each said first predetermined set of attributes
to a separate set of reference values, each attribute representing the value of the
corresponding said predetermined attributes with no missing part(s), missing lead(s), or
lead(s) inserted but not bent, that are present and establishing the types of defects when
the measured value of said first predetermined set of attributes differs from the
corresponding said reference value by more than a predetermined tolerance.

2. The method according to claim 1, wherein information on the
positioning of the window generated around each said feature intensity profile is
retrieved from a data bank.

3. The method according to claim 1, wherein only the illuminance
éorresponding to the regions inside each window is analysed.

4. The method according to claim 1, comprising the further step of
controlling the intensity of illumination of the printed circuit board.

5. Apparatus for inspecting printed circuit boards to detect missing parts,
missing leads and inserted leads not being bent, said apparatus comprising:

a stage for supporting the printed circuit board(s) with the leads or parts or

both on the printed circuit board facing an image acquisition means;

N R



nounted with their respective optical axis substantially normal to the

I nspection surface of the printed circuit board 2, or at any other

suitabl e position where the optical path can be altered (eg. reflected) by
sone optical means such as mirrors, prisns Btt. accordingly (not shown). =
The standal one systemalso has a ring illumnator 11, rmachine vision
processor 12, video nonitor 13, dimmer controller and knob, serving the
sane functions and PB¢ §bJIeere jHuminatr(s) sypposted; asyay from the printed circuif board for

:atgo;/e descri bélalllqnef %ﬁﬁé@g@ g#{‘gt g%ﬁ@i f’t%%gir‘]‘?it"ﬁllégéﬁ%@g gﬁ‘&%ﬁ‘@?& ];F%?:agﬁ’&tﬁg
Chrough hol e et Bidls dromm Rt sBld RE) g BT ke GuaRB A fa 98 848 7 c equal to
e t he ref | ect ed s ftagt SEABRHGE MAKS sisbordin ¥ Eflion @ TekBurdion ich the

di mensi onal  spAGSnGEER) kP trainde onohk %ﬁﬁfﬁ& bR prthtdd Sir@fibddr8d) Bor § ! iggi dleo

camera 10 projected axis. Hence with the video canera 10 fixed In
three di mensi anedsity fake refldorditRaing 'of Jight to Prodh@asts (frs§ Dt sRABRWERY VaYies

placing the illum nator 11 in three
with the said intensity of the reflected beams;

a system with processing means coupled to said image acquisition means for
processing the output signal of the said image acquisition means to detect no lead, lead
inserted but not bent, and no parts by:

(a) creating a window around each of one or more feature intensity
profiles in said output signal;

(b) measuring the value of each member of a predetermined set of
attributes associated with the features of said intensity profile inside each window;

(c) comparing the measured value of each said predetermined set of
attributes to a separate set of reference values, each attribute representing the value of
the corresponding said predetermined set of reference values with no missing lead(s),
no missing part(s) and no lead(s) inserted but not bent; and

(d) establishing the types of defects when the measufed value of the
said first predetermined set of attributes differs from the associated said reference value
by more than predetermined tolerance.

6. The apparatus according to claim 5, further including second
acquisition means supported in a position of registration with the illuminator(s) and
trained on a second surface of the printed circuit board(s) for sensing the intensity of
the reflected beams of light and to produce a second output signal which varies with the
said intensity of the reflected beams.

7. The apparatus according to claim 5, further including a stage for
supporting the printed circuit boards, said stage being motorised to move in the X-axis

lying in the same plane as the printed circuit board.

* c L M S *



di nensi onal space such that the incident rays 23 are at an acute angle, and
such that the acute angle of incidence rays 23 is equal to the angle of
reflected rays 24 with respect to the specular surface nornmal of the |eads
3. For an ideal lead 3, the video canera 10 will i mge a bright visual -
signature 25 of a pattern which corresponds to the surface area of the
lead 3. Also note that the imge of the |lead 3 is very nuch saturated

wher eas the surfaceSof thdhpraPREREIS: ASOLHIPE JO 518D 7 en, inclyding, A |GORYRYRE

26 flection. . Simlarl t he |ncident 23 which t
20t o112 | o i s Wbl ARG o Tl 2.
d inted ci i tgb d I f . I . . h
o oL e 1 L1 oboardoge bl gEhDS AP, AR ATuglh Rl

be imaged as %&%ﬁfmﬁagm@g} re w@w%ﬁxﬂed Eﬂ&litsb’cfafr&’scﬁéma};ﬂga}%ﬁ‘agatﬁgges of

parts 1 and 6 ‘w appear ter than the printed circul oard 2, but

wi Il not appear asji@righttheappdigrusacéamgab ddim 8. emghesinchiieng HR B R6 Push €
is the projection of three dinmensional surface feature on the printed
circuit boardot the prinedt oleruiti boerbsinothe raickage q@@naeyr system. Figure 6 shows
a plurality of illustration of two di mensional side view sketches of |eads
which are classifiedlas " Cheodppaatslaccmdingtto ciaisr @, fukthss irfcluslingasn ‘aNtotto Gmskd"

either the leads are missing, not inserted or not being bent. The inage
profile of a the printed circuit boards on the conveyor system, platform into the rack.
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straight through the | ead 27 when viewed fromthe top constitutes two
annul ar shapes 28,29. The top of the lead 27 is projected to the centre 28
of a dark region annular shape 29. For a bﬁpt | ead 30, a visual signature
31 corresponding to the top surface of T -
-9 - the lead 30 with respect to the video canera 10 is projected to the
centre of dark region annular shape 32 é£§8§;f7 and 30 are acceptable and
classified as "Good" by the system ﬁ i s supposed to be bent, it
shoul d have the visual signature of 31, then it is classified as "Not

Good" . When cases such as 33, -34, 35 and 36 occur, the

correspondi ng i mage prof i IMETHOD AND: ABPARAIWS FORECHBCKING and 39. The
visual i sation of casgsisRyNG PARSS, MISSING READS ANDYHANS RSN t he
extent the corresponding | eads 40 and 41 have been inserted through the
hole 4 or the extent the |eads 40, 41 and 42 have been correctly bent

and are ol aod FBipdand pgaraddis ARRRSE Vg enrres ¥ Brintea Yyl ol S0} B
plurality of 'aﬁt!oﬁﬁlh[:ﬁ)) %nﬂﬁe& ﬂﬁ’rlﬁjé g?s@ﬁl'bﬁlnfndsﬁe%fehs%?degfngggrcfe?ermine if there are
any missing parts (1,6) or if the leads (3a,3b) of the respective parts (1,6) have been

incorrectly placed in the through holes (4) of the printed circuit board (2) or upon pads
(5b). An illuminator (11) enables incident light rays to be reflected from an underside
of the printed circuit board (2) for detection by one or more cameras (10). The
cameras output respective image signals which are processed by a processor (12) to
determine if parts are missing, leads are not properly positioned or the leads are bent.
Printed circuit boards found to have defects are automatically extracted from the

production line for re-work.

Fig. 2



whi ch are classified as "Good" and cases-which are classified as "Not Good"
or mssing part. The inmage profile of a SMI resistor part 43, has two

sem -bright regions 44 and 45. A portion of each sem -bright region 44 and
45 is surrounded by a nmuch brighter region 46 and 47. The regions 46 and ~
47 are joined by two very thing bright dPlines 48, 49 representing the
edge feature of the resistor part 43. In the case of SMI capacitor part

50, it will have simlar imge profile as the inage of the SMI resistor
part 43 except that the regions 51,52 are joined by a thick bright outline
53 and 54. For the&*SMI condenser part 55, one sem -bright. region 56 is

bi gger than the other one 57 and ghg;brighter regions 58 and 59 are joined
60 and 61. F' SMI parts as diodes, transistors etc. having
gull wing |eads 62, th i . is made up of small bright regions
63 corresponding to th afls 62 for each part. If any part is
m ssing, the image profy ot-&r than the image profile of the
surface of printed circiit board 64. Figure 8 shows a flowhart of
t he teachi ng process pri e i hspection of a new nodel of the printed
circuit board 2. Firstly, the dat he printed circuit board 2 is

| oaded into the system 14 at ste data such as circuit

nunber, |ocation, orientation, M ~ is Sayed in a conputer aided
design file at step 66. Fromthe t he
co-ordi nates of conponents is ther| c
AN r—
' ]
| -
)
L0
L.
o
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- 10- to pixel .representation at step 67. In step 60, if necessary, the
anount of overlaps between one video canera 10 field of vieww th others
video canera 10 field of views 1is calculated. Step 68 al so takes care of
all ocating all the conponents to the resgectlve i mge franme correspondi ng™
to the video canera 10 to be inspected. In step 69, the machine

vi sion processor 12 is progranmed to create a w ndow around each inmage of
the | eads. The nunber of windows to be created for each part is dependent
on the intensity profile of the part as described earlier on. After
generating all the windows for all the conponents, the user can nodify and
fine tune the |ocation of an individual w ndow at step 70. Wen al
necessary nodifications are nade, the |[|ocation of conponent w ndows is
then saved in a reference file, step 71. The file is then |oaded prior to
t he inspection of the printed g{rcuit_board 2. Figure 9 shows .a
flowhart of the ins ectlon pPAGA or the aut I C systiem IZ ecut ed

by the vision processor " the unk l'i tgy of | eady and
parts of a piece of printed NENoard 2. ein cton routire
commences With step 72 whg N t he inted §iycwt board |2 is

transferred to the conveyor

13
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2. The conveyor 8.then noves in the X-direction to the predefined first

| ocation in step 73. After step 73, _in step 74 each respective video
canera 10 captures the image of the area of the printed circuit board 2
withinits field of view. If there are nore inmages to be captured a

deci sion made in step 75, the conveyor 8/t%ransfers the printed circuit
board 2 to the next position in order for the next inage(s) be captured in
set 76. If there are no images to be captured, step 76 is skipped.
Segnentation is to be carried out in step 77. After step 77, step
78 i s executed whereby a window is created enclosing | eads and parts
intensity profile whereby the data is obtained fromthe conputer aided file
created during teaching process. Once the wi ndows are cgreated,
predefined attributes .such as ar ey G L Vi | e
brightness etc. are neasured in 1€ pasuring the

attributes, a conparison L of the -
attributes established earlie 5 eads and parts
classified generally as : .-
11 - )

)

AN

Figure 3
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"Not Good". Further classification is carried out according to the type of
parts defects as seen in Figures 4 and 5. - After the conpletion of
step 80, step 81 checks whether there are any inages to be captured. If it
is not the |ast image, the inspection prgggamcontrol goes back to step ~
73. The cycle continues until the last inmage of the printed circuit board 2
is captured and checked. The inspection programends in step 82.

The flowchart of the inspectionsprogramfor the standal one system have al
the steps of the automatic s QM step except step 73 and 74. The printed
circuit board is placed in ap1T\22 instead of a VEWQI . - Many
of the different prior art s ﬁ\available co r et y\ar e (@pry
expensi ve, conplex and diffycult ©\§

\ operate. Fur rmore\egRchepti or art
approach to solve the proghl em has \iiomn i m ion, eg uring i magi ng

stage, snall but inportgrt featuref\can be m gsgd and not\ e abhe to )
classify the type oa’\r ect. The descf ifbed enbodi tsprovide a

system which is | o cost and sinpl\\ to setf fip and oper . The
iIlum nators arrangghent enabl e sel ectilwe feafyres o ads and parts
to be highlighted. Nence printed CirCUI\ boarflftra et ald-4can.be easily

Yhe foregoing descriyges ohlly a n enbqgdi nents of

=

segnent ed.
t he present

N
AN

11

C
12
Figure 4



|nvent|on and nodi fications, obvious to those skilled in the art, can be
made thereto without departlng fromthe scope of the present invention.

- 12 - CLAI Ms: 1. A nmethod for inspecting a printed
circuit board to detect missing parts, nlsS|ng | eads, and | eads inserted
but not bent, said nethod conprising thé5§%eps of : i |l um nating,
from an acute angle, a surface of the printed circuit board from which

| eads and parts are expected to be viewed, form ng an optica

i mage of the said printed circuit board fromnornmal to said printed
circuit board and converting the said aptical inmage into an illum nance

si gnal ; creating and positioning a wi ndow around one or nore N
topol ogical .feature intensity profil pof—saieyi || UM nance signal;
measuring the value of each of a firsf predeteym ned set of ai |bute(s)
associates with the feature(s) of sai% intensi{y profiles insi &é each

w ndow,

Figure 5



conparing the neasured val ue of each said first predeterm ned set of
attributes to a separate set of reference values, each attribute
representing the value of the corresponding said predeterm ned attributes
wWith no mssing part(s), mssing |lead(s), or |ead(s) inserted but not
bent, that are present and establi shing & types of defects when the
nmeasured value of said first predeterm ned set- of attributes differs from
the corresponding said reference value by nore than a predeterm ned

t ol er ance. n2D€R.Z. 'rI"_E]e# met hod according to claim 1, wherein

i nformation o tesentationt he w ndo e ai d
feature intensity pre(ffbi le is rétdrri]eved fr @a@gg%am@@dp?aﬁg R
The net hod according to claim 1, wherei %y th Il um nance

correspondi ng to tfye regi ons insidg W ndow | 324 , :

The net hod Mo g _claim
control | i ng&%ﬁr gity of 11T
5. Appar aTus {\sEass '
parts, m ssing | ealy e »

conpri si ng: a Stc ed clr
with the leads or parts or both on thsdrint32 circ ' aci ng an
| mage acqui sition neans; -




- 13 - .ope or nore illumnator(s) supported away fromthe printed
circuit board for illumnating the printed circuit board(s) from an acute
angle to a surface of the printed circuit board(s) fromwhich said |eads
and parts are expected to be seen; . : (first) inmage acquisition -
means supported in a.position of registrd¥Pon with the illuninator(s) and
trained on the surface of the printed circuit board(s) for sensing the
intensity of the reflected.beans of li.ght to produce an (first) out put

si gnal which hﬁs W th tge.ﬁaid intensity of the reflected beans;

a systemwit héﬁ SSre$ @llanpl ed to sCamegea bmage Rrofikens for
processi ngAfQe output signal of therypaid i mage zfquisitkﬂg nmeans to detect
no | ead, | €dd—nserted but not bents and no ﬁ4 s by: i

profiles in ss . P o ¢ val ue
of each nenber : gy T B Rt '

Figure 7 .



the correspondi ng sai d predeterm ned set .of reference values with no

m ssing lead(s); 'no mssing part(s) and no |l ead(s) inserted but not bent;
and (d) establishing the types of defects when the
nmeasured value of the said first predeterm ned set of attributes differs ~
fromthe associated said reference val ue8/®y nore than predeterm ned

t ol er ance. : 6. The apparatus according to claim 5, further
i ncluding second acquisition neans supported in a position of
registration with the illumnator(s) and trained on a second surface of

the printed circuit board(s)
beans of |ight and to produc

TOl sensing the rntensity ol the refl ected
a sbocdd’@%gmnfnpeh. n#l%%m ch vlpries with the
said intensity of the reflecfed b&awgoorainares, pich, Ype, The_fappar
according to claim 5, furthdr iﬁdﬁﬂm%lap ﬁ%‘@%’rdf@é}bpg?\i\ng/taﬁeg
printed circuit boards, said]|stage bei ndBP&-®Ed to nove ih the X-axis
lying in the sane plane as t ' ' ' .
- 14 - 8. The appar at us ac-cord*'n’g to claim?7,
i ncl udi ng a conveyor

Loy

further

Save components data to CAD file 66
. ¢ ~_/

Convert component coordinates _ | 67
from mm to pixel. ~_""

Y

Cadiculate each camera overla
and dllocate windows for inspection 68
in each frame ~_

v

Specify number of windows 69
according to component type ~+~

v

Modify and fine tune windows
locations. Ensure windows 70
generated for inspectionare |

accurate., ~—

v

‘Save inspection data to reference 71
file ~__

Figure 8



sysfem which acts to deliver the printed circuit boards to the apparatus.

9. The apparatus according to claim7, further including a conveyor
system which acts to receive the printed circuit boards fromthe apparatus.
10. The apparatus according to claim8, further including an armto push
out the printed circuit board in the r&éR to a conveyor system
11. The apparatus according to claim9, further including an armto push
the printed circuit boards on the conveyor system platforminto the rack.
: 72
Load PCB onto the rolling )
Conveyor System 7 3
Y o
} Roll PCB

»Y -
Capture Image(s) |

" Roll PCB fo
next $osiﬂon

* Yes N /"“ 76
Roll PCB .
o 1= > — 17
Segmentthelmage  |'

Create window enclosing leads }
and parts intensity profile.

\ —

Measure Attributes /

¥ 80
Check for defect J :
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